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WHETHER by force of tradition, or for reasons of expedience,

. 1t has been the practice to administer and score group tests of
- ability, aptitude, and achievement in such a way as to yield
~only a time-limit score, defined as the number of items cor-
rectly answered within a specified length of time. Thus, the

~ time-limit score often becomes the sole measure of the behavior
b ‘tjép:r'esentéd m a test. When a test is “validated” with tespéCt
. to some extegnallcrité‘ric_)_ri, a time-limit score, rather than some
~ other type of score; is most likely to be used as the measure

- which is correlated with the criterion. Likewise, in making a
. factor analysis of a battery of tests, one is most likely to use

th ¢u;’i§ht.USége we shall 1d
vior, resp 7, by the terms lev
and spe iguoring the possibility that these two aspects
- of test performance may play different tles in any given situ-

er 'is a revision of:githesis. "'tj'_éetitc}'d*bY3t}ic*ﬁr'st-~néx’me'd*“a}ixthbtﬂ as s
MA, degree. Titdiana niversity, 1943 : :
s were emplo Baxter (1), who
. independence of speed and level fn 4 single omnibus test: of: intelligence’ The present
i study, in cffect, extends Baxter's approach to tests of varying content: E
: - 411
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ation, the applied psychologist runs the risk of obtaining vahd

ity coefficients lower than those which might be obtained if the
level and speed components were correctly weighted in the pre-
diction. For example, if the level score on a test has greater
validity than the speed score in predicting a criterion, use of the

time-limit'score may tend to mask the potenti‘al validity of the

test by introducing the “dead wood” variance of the speed com-
ponent. In factor analysis there exists a real danger that the
primary factors which are found in a set of time-limit scores
may themselves be factorially complex, that is, that they may
consist of both speed and level components. When these pri-
mary factors are correlated, as is frequently the case, one should
not consider the hypothesis that the correlations indicate the

presence of a general factor of intelligence until it is shown that -
they are not due to the presence of an underlying speed factor.

It is true that a logical distinction between speed and level

elements in test performance has long been recognized. How-
ever, in practice it has been assumed that since these elements -
appear to be highly correlated they are merely different aspects -
of the same underlying entity and that consequently the dis- |
tinction can be ignored. Furthermore, it has been assumed -

that in any case the normal exigencies of group test adminis-

tration preclude any attempt to make separate measurements
of speed and level. Without undertaking to review the litera- -

ture on the problem, we believe that these assumptions will bear
analysis.

The assumption that speed and level are different aspects of
the same thing has arisen partly through confusion in terms and

partly through mlsmterpretatlon of the experimental ev1dence; T
The most frequent error is that of identifying time-limit scorg_s :

as “speed” scores and then proceeding to cite correlations be:
tween time-limit scores and scores obtained in unlxmlted ti
The pomt has been missed that these correlations are spurlousl

high, since they rest on a part-whole relationship. The score
obtained in unlimited time is équal to the time-limit score plus
whatever the subject can accomplish in additional time. More-~
‘over, the correlation between these scores is a function. of the
length of the time-limit, for obviously as the t1me’hm1t xs.”
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lengthened the time-limit scores become more similar 16 300G
obtained in unlimited time, It any case, correlations

as even .7 or .8 are still not high enough to rule out the
bility that a speed component, mdependent of leve

the time-limit scores. ©~ © L
The number of- studies  in which correlatior ¢ B
obtained between rate-of-work scoses and level SCOrES 18 exeeads
ingly small. The obtained correlations are seldom more than
moderately high but even these have occasionally been cited as
showing the fundamental identity of speed and level compo-
nents in test performance. S
These misinterpretations have usually occurred in connec-
tion with test performances in which the subjects vary con-
siderably with respect to their ability to answer the items and
in which the scores involve the number of items correctly
answered. A particularly dangerous misinterpretation, how-
ever, is likely to arise in connection with tests in which the sub-
jects vary mot in their item-passing ability, but only in their
rate of performance. One frequently cited study is that carried
out by Paterson and Tinker (7), who came to the perfectly
sound conclusion that when corrected for attenuation, the cor-
relation between “work-limit” and “time-limit” scores on a
speed-of-teading test is virtually perfect. The work-limit score
was not the number of items correctly performed in unlimited
time but, instead, the time taken to read all the paragraphs in
the test. The time-limit score was the number of paragraphs
read within a time-limit. What Paterson and Tinker showed,
then, was that in the measurement of a rate of performance
it makes little difference whether the scores are expressed in
terms of performance-per-unit-of-time or time-per-unit:of-per-
formance. ‘A convenient paradigm is that of a runner’s speed,
which can be expressed either in terms of feet per second
terms of seconds per foot. It is a mistake; however, to general-
ize the results of the Paterson and Tinker study by inferring
that “work-limit” and “time-limit” scores in the usual sense
will be highly correlated in situations: where elements of test

performanice other than rate are measured. - -
With respect to the presumed impracticability of measuring




~ of level components (such as vocabulary knowledge, abili
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speed and level components separately within a time-lmit, we
can only point out that few attempts have been made to explor
the problem. With ingenuity, it should be possﬂale to dey
relatively simple methods of making separate measureme‘
even within a reasonable time-limit.

We would by no means assert: that speed and 3eve1 com"a.,
nents of test performance are invariable entities from te
test. Rate of performance in one task may be completely i
pendent of rate of performance in another task. Similarly,
components undoubtedly vary from test to test. The inve:
gation reported here establishes the independence of seve
distinct types of speed, in addition to a general speed fa
and previous factorial investigations have isolated several ty

solve problems expressed verbally, etc.).

We conclude this general introduction by making sev
recommendations in the fields of test construction and fa¢
analysis. First, we suggest that persons responsxble for
standardization and validation of tests experlment with
differential validities of speed and level scores and incorpor,
any significant findings in the directions for administering,
ing, and interpreting the tests. Investlgatnons should be m
of the possibility of restandardizing various published tes
terms of speed and level. Persons charged with selecting te
for use in given situations should give preference to tests wh
have been so standardized. Collateral’ experiments siw
meanwhile be directed towards discovering more efficient ;
reliable methods of measuring speed and level than, say, 1
employed in the present investigation. :

Our second major recommendation is that in fac
studies aimed at discovering unitary abilities, tests should
represented by speed scores, level scores, or both, and that i
time-limit scores are to be studied at all they should be trentes ﬁ
in the manner exemplified in the investigation reported here. -

The Experiment’

In order to establish the linear independence of speed g
level scores it was decided to study by factor analysis a matm.
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of correlations between speed, level,

number of short mental ability tests;
~ speed scores were obtained as t
. the subject to work from the beg
_ attempting every item once, [ re de
. number of items correctly answer 1 biect:
: to take all the time he desires to try every tem and
- .over his work. Time-limit scores were defined as the
_ of items correctly answered within 2 prescribed time-limit,
... The test battery consisted of the eight subtests of the Re-
- vised Alpha Examination, Form 5; the Minnesota Speed of
. Reading Test for College Students, Form A; and several tests
- which had been specially constructed for previous factorial in-
vestigations. These included Letter Grouping and Scattered
X’s, studied by Thurstone (8); and Phrase Completion and
. Disarranged Morphemes, constructed by Carroll (2, 3). The
. Revised Alpha Examination was used because its subtests ap-
pear to measure verbal, numerical, and reasoning factors, to
judge from Guilford’s analysis of the original Army Alpha test
(4), and because it is somewhat more practicable to administer
and score than the original Army Alpha. Letter Grouping and
Disarranged Morphemes were included to aid in defining the
- domain of reasoning ability. Scattered X’s was included to test
- the hypothesis. that the Perceptual Speed factor (P) as mea-
. sured by the test might be involved in some of the speed scores'

studied heijéi The Minnesota Speed of Reading Test'
uded because it was believed that speed of reading mig
lated to speed scores on mental tests which contain
aterial. : _ P
Speed, Tevel, and time-limit scores (as de
btained for each test or subtest i the ba
cceptions. For the Minnesota Speed -of R
aly score obtained was the number of paragrap rke
ctly or incorrectly; in the prescribed 6-mmute time-limit.
his.score measures the speed aspect of perforn ce on-tk
test.  The:score on Scattered X’s was the number of x’s found
~ and marked in 4 minutes; again, this score is primarily a mea-
. sure of rate of performance.  Plirase Completion had no time~

1y, W
ding
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limit and was scored by means of a key the construction i
which has been described in a previous article. (3). Sp
mstructions and procedures were devised to obtam spced Tewsl,
and time-limit scores on the same test. - '

A large clock with a sweep-second hand was placed it
view of the subjects. First the subjects worked on a te
for the prescribed time-limit, marking an “x” in the margin-

- after the last answer written within the t1me~lmnt. They .
were then instructed as follows: “Continue working rapldl'
on the test to the’ end, but do not yet change any ans
you have already written. As soon as you each mdxwdually§
finish the test, quickly look up at the clock and record at the
bottom. of the page the minutes and seconds you required to.
do the remainder of the test below the X. Do not stop too
long on any one problem, You may guess at answers you
don’t know or leave blanks. Write the time before you. go
back to fill blanks or make corrections. After you record.
your time, you may take your red pencil and make any addi-
tions or corrections, but do not erase present answers.” The"

stildents were allowed to work on each test until all had: =

finished, except on the Disarranged Morphemes and Letter -
Groupmg tests, where a few students were not able to finish._
within 23 and 18 minutes, respectively, after the time-limit.
This procedure yielded a #ime-limit score, which resulted

from the application of the prescribed scoring formula to a}lv:v: 1

answers written in ordinary pencil up to the X marked b
the subject. The speed score was the number of minute
and seconds recorded at the bottom of each test. The leve
score was the score on the entire test; if an answer in blacl
was followed by a different one in red, the latter was taken
as the answer for purposes of arriving at the level score. _
The time-limits used for the subtests of the Revised 4
Examination were those recommended by Tinker and B
(9) for use with college students. For experimental purpe
scores for two time-limits—2 and 4 minutes—were obtain
subtest 2, Arithmetical Reasoning.
The subjects were undergraduate students in eleme
experimental psychology at Indiana University. The an:
of test scores was based upon 91 complete cases—12 men an
79 women.
. The markedly skewed distributions of certain speed s
(on the subtests Addition, Common Sense; Same-Opposite;
Disarranged Sentences in the Revised Alpha) were made maore
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-tlme-hmxt scores and speed scores or’ befwee _
- and level scores were placed in a subsidiary matnx and factored
L separately (See Table 1 for the correlations represented in the
~ hain and subsidiary matricés.) Corrélations among time-limit
. variables were not analyzed at all." Essentlally, the procedure
"mvolved locating the time-limit variables ‘in the factor space
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nearly normal by convertmg‘ them 't
number of seccnds : ¥ all v:

tions for gx'oupmg or- attenuatton we
cients. Before the correlation matrix
analysis, the level and time-limit scores on subt sts: Add1

Common Sense, and Disarranged Sentences weére dlscar :

first, because most of the students made perfect scores in un“
- limited time, and second, because time-limit scores were very

highly corre!ated with speed scores. Scattered X’s was omitted
from the analys1s because it was little correlated with any other

_ variable in the battery. It was therefore concluded that the
- Perceptual Speed factor as measured by Scattered X’s is not

significantly involved in the speed variables studied here.

The Factor Analysis

Level and time-limit scores, as defined here, are overlapping

- measures since the level score on a test can be regarded as equal
. to the time-limit score plus whatever additional correct answers
. the subject can give in time beyond the time-limit. There is

likewise an obvious overlap between speed and time-limit scores

- since the faster the subject works the more items he has an

opportunity to pass within the time-limit. It was believed that
these factors of overlap would introduce spurious dlmensm_ns In
the factor analysis if the correlation matrix were ana}yzed in

2 the usual fashion. To put the matter . dn‘ferently, insertion of
o the time-limit scores would spuriously raise the communahtxes
- of the speed and level scores. A special method of facto
- _matrnx was suggested by Dr. L R Tucker.

z the
]he - ma r_;’;ﬁtri‘x,
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TABLE 2
The: Centroid Matrix

Test H I 11 v A VI .

5 32 -.37 -.10 -.18 -.05 27 36

6 43 -40 -.09 .35 18 -.18 54

7 71 05 - .41 -.18 -.17 -.11 75

8 62 .10 ~.34 -.16 -.04 23 59

9 65 12 ~.28 -.16 -.04 -.05 52
10 63 -.36 -.10 -.18 15 10 60
1 71 -.06 -.21 -.14 07 -07 58
12 76 =21 -.05 ~-.13 05 -.06 65
13 64 18 -1 32 ~.32 -.02 66
14 39 -.16 -.23 32 -.04 -.13 35
16 56 -.24 29 19 -.13 -.10 52
18 48 44 .03 -.05 32 -.04 53
20 67 -2 42 -22 -.18 -.05 72
21 40 18 22 -.20 15 ~24 36
22 61 11 .33 -.17 ~.22 ~-.14 59
23 65 34 28 16 -.18 -.13 70
24 26 06 .24 21 21 31 31
25 51 J4 35 .05 10 12 43
35 58 17 -.34 05 22 -7 56
27 69 -.23 .26 22 ~.05 -.22 .70
28 .58 -.25 .36 07 02 ~.06 .55
30 62 44 -.23 -20 .18 26 77
32 70 -.28 .23 -.25 -.09 -.01 69
33 71 -.13 -.20 -.18 15 ~-.17 64
34 75 15 -1 .03 --.01 02 . .60
36 72 26 .15 .26 -.07 ~09 .69
38 .62 13 .25 18 17 10 54

As shown in Table 2, six centroid factors were extracted.
The centroid matrix for the main correlational matrix was the
basis for the rotation to simple structure, which was accom-
plished by Tucker’s semi-analytical method (10) in five trials.
The transformation matrix (Table 3) was used to obtain the
final rotated matrix (Table 4) both for the main and the sub-
sidiary matrix variables. The time-limit scores did not in any

" way influence the rotational procedures; nevertheless, the vec-
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TABLE 3
The Transformation Matrix
T Fr, _—
4 B c D " E ¥ o A
1 33 30 16 09 18 42 A
I -.77 09 ~16 1 32 7 »‘::1%:'% B ."&
1 29 73 -24 -18 12 -84 c o
v 04 29 8% - 03 20 05 D _u
A\ .38 -.54 07 74 43 Cow A5 E 2
VI 27 00 -30 - 63 79 28 F o
tors for these scores were found to fit well in the simple struc-
ture already established by the speed and level scores. Table 5 In intern.
shows the correlations between the primary factors. . a proje ctior:
TABLE 4 . testonafac
The Rotated Factorial Matrix . : The vari:
o A are rankec
Test Variable A B c D E F : prOjections o
Speed Scores: ' :
§ Addition ........cceiennn 38 -04 -13 -.18 No
6 Arith. Reasoning ........... 46 02 54 28 :
7 Common Sense ............ ~-02 -.06 04 10 10 N
8 Same-Opposite ............ 06 -08 -05 -06 2 A‘%mb:
9 Disarr. Sentences .......... 04 04 02 .10 32 thn
10 Number Series ............ §3 -05 -0 .09 2 Ar“mb'
11 Verbal Analogies .......... 21 -01 06 .16 27 A o
12 Directions -.......coc0venn .38 .10 05 13 5 A"th"
13 Disarr. Morphemes ........ -07 39 34 -3 i pdditk
14 Letter Grouping ........... 13 M 45 12 16 A:f:}f;f
Level Scores: %g @::g;‘
ig Arith. Oﬁeasomng .......... ?)f; (5)(53 3? —gg
Same-Opposite ............ = J -. . :
20 Number Series ............ 31 53 -16 -.14 MOS.t of the_s
21 Verbal Analogies ........... 02 14 -1 30 metical comp
22 Directions ......cvveuiciees 10 ST -0 -04 f N id
gz lg}i;m I(\:’Ioorplinemes ........ -gg 61 .13 _'82 Aac-tOT 1der
rase Completion ........ 21 08 -, i t
25 Letter Grouping ........... 22 .38 .00 .01 rlthmetlcal
ings than the
35 Speed of Reading .......... 02 =16 26 38 may be oﬁere

Time-Limit Scores:

27 Arith. Reasoning .. (2) ... 43 46 32 08

to the .rpeed

28 Arith. Reasomng .4 . .50 46 10 -.02

30 Same-Opposite ... (1) ... -08 -.13 -16 .14 plays onIy an

32 Number Series .. (2%’) 48 34 -13 -08

;i \éerbal Analogies . (g;g ig -.tl)g (l)g .ig ity appears ti
Irections  ....... . 16 .

36 Disarr. Morphemes (8") 04 44 28 08 tively compli

1 ‘Number Seri¢

38 Letter Grouping . (8’) 24 36 17 07 iNu _
- factor becomt
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d level scores. .
1ary factors.
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“TABLE. 5. .
Corralatwn; b:twcm ths I’nmary Factor.r

A 1000 044 .08 w242 002
B 04 1000 . -422 ° o082 es
C -082 ~ 422 1,000 . 081 ~ 401

D -.03% 688 ~.460 130 516

E -242 1052 051 L1000 ~036

F 002 635 - 401 036 1.000

Interpretations of the Factors

In i mterpretmg the factors we follow the arbitrary rule that
a projection larger than .30 indicates a significant loading of a
test on a factor.

The variables having prOJectlons of .30 or greater on factor
4 are ranked below in order of size of projection. Significant
projections on other factors are also given.

Projections
No. Test Variable
A Other factors

10 Number Series (speed) ............... 53 AlF

28 Arithmetical Reasoning (4’ time-limit) . .50 46B

32 Number Series (time-limit) ........... 48 348

6 Arithmetical Reasoning (speed) ........ 46 .54C

27 Arithmetical Reasoning (2’ time-limit) . 43 46B; .32C

5 Addition (speed) ..........00v0nenn.. .38 J34F

12 Directions (speed) .........oenonn.... 38 36F

16  Arithmetical Reasoning (level) ........ .38 .50B v
20 Number Series (level) ................ 31 S3R

33 Verbal Analogies (time-limit) ......... .30 30D; 42F

Most of these tests obviously have to do with Simiil'e'arith~
metical computatlon factor 4, then, appears to be the number
factor N identified in previous studles ’

mgs than the corresponding level scores.

mance of 'the rela—
tively complicated tasks set in’ Arith ical Reasomng and
Number Series. The presence of Dlrectlons (speed) on this
factor becomes understandable when it is noted that a con-
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siderable share of the items mvolve numbers and nigrerical
operations. »
Factor B has the f'o‘_ll'owmg tests:

23 Disarranged Morphemes (ievel) PR ) |
:20 Number Series (level) ....... dennaene . .53
22 Directions (level) i'.......: vreereens 51
16 Arithmétical Reasoning (1evel) ......... .50
27 Arithmetical Reasoning (2/ time-limit) . 46
28 Arithmetical Reasoning (4’ ume-hmxt) 46
36 Disarranged Morphemes (time-limit) . 44
13 Disarranged: Morphemes (speed) '....... .39
25 Letter Grouping (level) .,.....i....... 38
38 - Letter Grouping (time-limit) ©......... : 36
32 Number Senes (tlme-lxmlt) creesrerane 34

In previous factorial studies tests similar to those repre‘:;mx. 1
above have been 1dentlﬁed as tests of reasomng abdn‘y, 0

sures of level of abllxty (txme-hmlt scores being regard ,
function of both level and speed). In the light of thes
siderations, factor B may be identified as a Level of Re
factor. The present battery is too limited to indicate.
tion of this factor to the inductive and deductive 1
factors which have been indicated in previous st
presence of the speed score of Disarranged Morpher
factor is interesting. In contrast to other tests. in this
Disarranged Morphemes is of such a nature that
impossible for a subject to be satisfied with an ineo’rfec:
the subject either solves an item correctly or is force: t
Consequently, speed of performance in thls ta

Reasonmg factor. Parenthetlcally, we may s
several subtle problems in this area which thi
been designed to handle. For example, one woul
how the speed-level relatlons}np varies W1th the d

‘the :subji
rectly or
Factc

B b p—s
N Wy
P bt b A

The test;
factor B.
speed. ]
C may hi
will be sh
limit sco:
weighted
only one
cal Reasc
on this te

Itis of
able negai
bly indica
are hasty
Inaccurate
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tery. Th

Factor

¥ F__actof D
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with Facton
- the presen:
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- Factor D may perhaps be characterized as a
- factor which emphasizes formal relationships

antonymity, genus-species, etc.  Factor |
- with factor B, the Level of Reasoning factor.  Were it not for

SPEED AND LEVEL COMPONENTS = . FT

‘the subject is forced:- by the nature F-ihé».tze '
rectly or not atall, = ..

Factor € is re'pres:en.ﬁe(}: byt}w

0. aAnSWEr Coth

6 Arithmetical Reasoning. (speed): ...

14 Letter Grouping (speed) ., .. ::
isarranged Morphemes  (speed): ... ... G 3

27 Arithmetical Reasoning (2’ time-limit) . - 3200

The tests represented here are reasoning tests also found in
factor B. Factor C, however, is constituted by measures of
speed. Level is not independently represented at all. F actor
C may hence be regarded as a Speed of Reasoning factor. As
will be shown later by multiple regression techniques, the time-
limit scores of these reasoning tests are much more heavily
weighted with level than with speed. It is not surprising that
only one time-limit score (from the 2’ time-limit on Arithmeti-
cal Reasoning) appears on factor C. The 4’ time-limit score
on this test has a loading of only .10 on C. '

Itis of interest to note from Table 5 that there is an appreci-
able negative correlation between factors B and C. This proba-
bly indicates that when other factors are ruled out, those who
are hasty in performing these reasoning tests are likely to be
inaccurate, e e i

Factors D and E lack definition in the present limited bat-
tery. They are represented by the following variables:

Factor D: . D - :Othér
35 -Speed of Reading .................. .38 A6F . -
- 18 .Same-Opposite (level) ............. 34 32E
21" Verbal Analogies (level) ............ 30 i DT
33 Verbal Analogies (time-limit) ....... 30 304, £2F
Factor E: E oo Other :
24 Phrase Completion ................. 46 s
30 Same-Opposite (time-limit) ......... 46 AGF
38 Letter .(gmuping (time-limit) ........ 37 0 368
18 Same-Oppogite (level) .............. 32 34D
25 Letter Grouping (level) ............ 31 38R

verbal reasoning
such as those of
s highly correlated

- the presence of both the level and time-limit scores of Letter

s
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Grouping on the factor, factor' E nght readily be mtex;}r{'ar d
as the verbal factor identified in previous studies.
Factor F is represented by the following variables: .-

F Other
7 Common Sense (speed) .............. 63 ————
8 Same-Opposxte (speed) ....iveveninnns 62 e
11 Verbal Analogies (speed) ............. 46 ——e
35 Speed of Reading .......otvvuennennss 46 38D
30 Same-Opposite (time-limit) ........... 46 46F
9 Disarranged Sentences (speed) ........ 43 —— :
33 Verbal Analogles (time-limit) 42 .304; 30D
10 ber-Seri d) 41 534 :
34 it) ... 38 —
12 Directions (8peed) . ..iverrerriereans 36 384
13 Disarranged K/lorphemes (speed) ...... 36 39B; .34C
5 Addition (speed) ..........iiiiiinne 34
14 Letter Gmuplng (speed) .......oounln 34 A46C

Every one of these variables involves either a direct or an indi-
rect measure of speed It is also true that with one exception
every speed score in the battery appears in the above list. Only .-
four time-limit scores are absent: those of Arithmetical Rea-
soning, Number Series, Disarranged Morphemes, and Letter
Grouping, and in these tests it can be shown that speed ¢
tributes little to the time-limit scores. Hence it may be co,
cluded that factor F is a general speed factor involving rate
work in performance of tasks of the sort found in mtelhgen
tests. The factor is similar to a general speed factor foun
some of Holzinger’s studies (5, 6). The content of a test d
not seem to play any rdle in determining the loading of its spe
score on factor F, since tests of verbal, numerical, and reasonis
abilities all appear in the above list. No definite conclusio
can be drawn from the present data, however, as to whether
factor extends to both easy and difficult tasks.

The presence of Speed of Reading on factor F might
one to suspect that speed of reading is fundamentally inv:
in this factor. However, some of the tests whosé speed s
measure the factor (e.g., Addition, Number Series, and S
Opposites) do not have items containing connected text-t
rial where a speed of reading factor could be expected to oper-:
ate. It appears, therefore, that an individual’s reading speed ;
is partly a function of some more general speed factor.

Alth
more co
lation t
of spee
scores,

Beta-(

Alpha Exa
. Addit
Antb

Comr
Same
Disar
Numl
Verba
Direc
Disarrange;
Letter Gro

NN NN

battery'
tained.
tions mz
In some
SCOTES a1
can be r
Commor
the subj
Opposite
time-liny
on the'p
Even
scores is
compone
(eg,in



» MEASUREMENT

readily be i mterprm d
s studies.
wing variables:

F Other

.63 —_—

62 —

46 ———

46 38D

46 A6E

43 —_— B
42 304; 30D .
41 534 :

38 _—

36 384

.36 39B; 34C

34 384

34 46C

her a direct or an indi-
hat with one exc
in the above list,
: of Arithmetica

shown that speed c
Hence it may be c
actor involving
t found in intelli
| speed factor four
: content of a test
the loading of its spewil
imerical, and reas
No definite concl_
ever, as to whether thy
tasks.
m factor F might I
undamentally invo
:sts whose speed
aber Series, and Sanye
y connected te
d be expected :
vidual’s reading sped
1 speed factor. .. -

SPEED AND LEVEL COMPONENTS 433

Multiple-C orrslatwn Analysis:

Although it is believed that | 'a_c' oma? techn ques’ pro‘ a
more complete and concxse Va the i '

TABLE 6

. Beta-Coefficients and Multiple Correlations in the Prediction of T1me-I.mut 8
Scores (T) from Speed (S) and Level (L) Scores

Relative
Czocr::i::?:x:s Contri?.utions -
Test o Ry.a
rs L e Speed Level
TS L BTL'.
Alpha Examination:
1. Addition ................ 809 344 220 J70 174 .826
2. Arlth Reas. (27) ........ 482 797 439 .165 725 811
2. “4) ..., 323 712 439 012 .706 711
3. Common Sense .......... 830 .29 .187 804 146 843~
4. Same-Opposites .......... 734 616 327 .59 421 835
5. Disarranged Sentences .... | .790 .518 .308 .698 303 842
6. Number Series ........... 673 766 .485 394 .575 .840
7. Verbal Analogies ......... 831 392 338 .788 125 840
8. Directions ............... 649 566 415 .500 358 724
Disarranged Morphemes ....... 596 782 .564 227 653 804
Letter Grouping .............. 451 726 .137 .358 677 808

battery for which speed, level, and time-limit scores were ob-
tained. The beta—coefﬁcnents indicate the relative contribu-
tions made by speed and level in predicting t1me~hmxt scores.
In some tests, such as Arithmetical Reasomng, the time imit
scores are chiefly a function of the level of item dxfﬁcult'" that
can be mastered by the subject, while in other tests; su s

- Common Sense, the time-limit scores are pnmanly measures of
- the subject’s rate of work. In stll other tests, such as Same-
Opposite, speed and level are about equally welghted in the
- time-limit score. These relationships depend to some extent

~ on the particular time-limits which had been set.

Even where the correlation between tnne«hmxt and level

scores is fairly high the conmbutlon of an independent speed
»component to the time-limit ‘score is sometimes fairly large
~ (eg., in the cas

Letter Groupmg) The multiple correla-
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tions in Table 6 are the correlations obtained in the predictics;
of time-limit:scores from. level and speed scores. These mylti.
ple correlations are in some cases considerably higher than the
corrcspondmg zero-order coefficients. . Nevertheless, there
mains in each case.a certain amount of specific (unpredi
variance in the tlme~hmxt score which would ‘militate aga
the prediction of level scores, for example, from a weigl
combination of speed and time-limit scores.

Summ ary

A number: of relatively simple group mental tests were
administéred to 91 college students in such a way as to y;_e_]_d ’
three types of score: speed, level, and time-limit. Speed scores
represented the time required to attempt every item once; level
scores represented the number of items correctly answered in-
unlimited time; and time-limit scores were the number of i it
correctly answered in a prescribed time-limit. Factor anal
revealed that in all cases speed scores were linearly indeperic
of level scores and that time-limit scores could be repres
as factorially complex measures having loadings on both : sp
and level dimensions of ability. Of the factors whxch \
identified several were similar to verbal, numerical, and re
ing factors isolated in previous factorial studles In the dom
of reasoning ability both level and speed factors were idein
A general speed factor involving nearly all of the speed's
was found. It is concluded that because of their factorial
plexity, time-limit scores should be used with consi
caution both in factorial studies and in studies 1nvolvm
prediction of criteria.
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