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CHAPTER I
STATEMENT OF PROBLEMS

The modern practice of mental measurement is
dependent upon many basic principles or concepts -
validation, standardization, objecti#ity, reliability,
discriminating ability, norms, and ease of administration
and scoring. Consequently, an intelligence test is to be
judged by the extent to which it adheres to these principles.
Unfortunately, the production of tests, and their adoption,
has far outpaced proper critical evaluation, even after
their-use has become relatively widespread. 4s Stuit
- puts it, "Careful studies of validity and reliability
coefficients and norms presented by test authors are &dll too
rare." (23)

The California Test of Mental Maturity (4dvanced .
Battery) consists of a total of 253 items, requiring two
periods of about.45 minutes each to administer. It
includes 3 pretests designed to detect gross defects of
sight, hearing, and motor coordination, and 13 subtests
arranged as power tests. The subtests numbering 4 to 16
are grouped into sections: A(memory, tests 4 and 5 - 53
items), B(spatial relationships, tests 6, 7, and 8 - 45 items),
C(Reasoning, tests 9 to 15 - 105 items), and D(Vocabulary,
test 16-50 items). The memory group is designed tohtesf
immediate and delayed recall; The tests on spatial

relationships are intended "to reveal orientation in and
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ability to utilize spatial relationships"; those on reasoning
~are designed to "reveal evidences of the higher games of
mental activity"; and the vocabulary test is to reveal
"maturity of the apperceptive processes with references to
ideas and growth of meaning." From the battery of subtests,
three IQ's are obtained: Total Mental Factors (total séores),
Language Factors (scores on subtest 5, 14, 15 and 16), and
Non—Language Factors (tests 4 and 6 to 13 inclusive). The
tests results are grouped to éhow a diagnostic profile (or
the individual testee, and the manual of directions. provides
tables for the conversion of raw scores into IQ's.

The CTMM has received considerable praise in the few
years since its publication, and whereas its use apparehtly
has been reasonably widespread, such analyses as Stuit
recdmmends have not been carried out. The only investi-
gation dealing with reliability and validity that has
appeared inthe literature since its publication has been
that of Traxler (29). ‘He attempts to investigate the
reliability of the CTMM, the relation between language and
non-language IQ's, the correlation of the CTMM with other
tests of mental ability, and the relation of each type of
IQ to reading ability. Although his sample is a small one,
part of Traxler's findings on reliability point to some

disagreement with the figures given by the test authors.

!



Apparently, the usual evaluation of a test is
expressed by most authors after a study of the makeﬁgp of
the test and the accompanying manual of directions, and any
other pertinent information immediately available, and some
recoﬁrse to statements of users of the test. Thus Harris
claims that the California Test of Mental Maturity is
probably the best test available above the five-year
level. (8), and Kuhlman writes, "... Wwe believe that the
unabbreviated batteries are to bé classed among the very
best on the market for de?ermining general levels of mental
maturity." (15)

Aécording to the Manuel of Directions, the partic-
ular value of the CTMM (Advanced Battefy) designed for use
with students in Grade 7 to the college sophomore level,
is in its diagnostic possibilities. Some of its significant
features, as cited in the manual, are the following:

l. It purports to make a diagnostic evaluation, for each
student, of those mental abilifies which are related to
success in various types of school activity- "in order that
the teacher may utilize this information directly‘in aiding
students who have learning difficulties".

2. It provides a diagnostic profile showing the extent to
which the student possesses these abilities, "thus enabling
the teacher to see at a glance the probable source of
difficulty or success."

3. Being primarily diagnoétic, the test yields not one
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but three mental ages (MA's) and intelligence quotients
(1Q's) - total, language, and non-language. .

4. 4gain according to the manual, "the number and variety
of.test situations assures a high reliability."

5. The test correlates aﬁproximately .88 with the
Stanford-Binet. The manual does not indicate the number
of cases in the sample from which this. particular coeff-
icient was calculated.

6. The norms are adjudged comparable to those regularly
obtained by use of individual psychological examinations
and well-standardized group tests.‘

'Educatiohal Bulletin No. 14 adds further information
about the value of the CTMM as an aid to diagnosis in the
schoolfoom, and also notes that its value is enhanced by the
inclusion of pretests designed to detect gross ﬁefects of
hearing, vision, énd motor coordination. The Bulletin also
'quotes cgrtain testimonials received in praise of the test,
of which the foliowing is illustrative: "we believe the
California Test of Mental Maturity to be the finést
intelligence test available, and we use it from the first

to the twelfth grade.™

Purpose _and Method of Present Study
It is apparent that a certain service will be -
rendered by an analysis of this test. For this purpose

answersxare sought to the following questions:



I.(a)

(b)
(e)
(a)

What is the level and range of difficulty of
individuval items? '

Are the items arranged in order of difficulty?
How difficult are the various subtests?

To what extent do the items differentiate between

superior and inferior students?

II.(a) How relisble are the scores for total, language,

and non-language factors?

(b) How:. reliable are the various subtests?

III.(a) How well do Otis IQ's correlate with IQ's obtained

(b)

(c)

IV.

from the CTMM?

Howc well do CTMM IQ's correlate with academic

sub jects? |

What is the correlation between CTMM IQ!s and
certain techniéal school shop subjects?

To what extent do the tests fall into the patterns

suggested by the test maekers?



CHAPTER II

A DESCRIPTION OF THE TESTS AND THE SUBJECTS

The sub jects.used in the present study were boys
in Grades 10, 11 and 12 of the Vancouver Technical School,
Vancouver, British Columbia. Approximately 195 students
took the Advapced Battery of the California Test of Mental
Maturity in November 1942; 180 of these had previously taken
tﬁe Otis Quick-Scoring Mental Ability Tests (Gamma Test,
Form Am). Table I shows certain statisties -for the CTMM
and the Otis test.

TABLE I

Means, Standard Deviations, and- Ranges of“fé's
on the CTMM and Otis Tests

CTMM CTMM CTMM .
. Otis IQ | Total IQ | Language IQ |[Non-Language IQ

N | 180 180 180 180

Mean 110.02 111.53 111.70 108.52

S. D. 11.92 9.89 10:58 10.49
' Range| 86-133 832143 | 85-136 78-144

From the Table it is seen that the Means and
étandard Deviations from the CIMM and the Otis are very
comparable. It is also to be observed that.the average 1IQ
for all Vancouver s?udents in Grades 10 o 12 is in the
neighborhood of 111 or 112 (28} thus the sample in the
present study appears to be representative of the Vancouver

secondary school population.
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Traxler, in his study, found that the median IQ
based on language factors was much larger than the median
IQ based on non-language factors. He assumed that this
great difference was occasioned.by the cultural background
of his subjects, which favored language development. It
would be expected, then, that the median IQ of non-language
factors would, in the present sample of technical school boys,
be at least as large as the median IQ for. K language factors;
This 15 not the case; the difference between the two is not
great, but the language factors remains the larger. 1In
‘addition, Traxler finds that the variability (q) for
language factors is greater than for the non-language factors.
This too is not the.case .in the present study.

Students' final marks in various technical sub jects
were obtained from the Technical School. Academic subjects
included English, Science, and Mathematics; shopwork

included woodwork and machine shop.



CHAPTER III
"PRINCIPLES OF TEST CONSTRUCTION

The two main requisites for a measuring instrument
are reliability and validity, and indeed, "the prime
consideration in the construction and edministration of
tests is validity ~ that is, representation of the influence
of factors that the test is to represent." (2) Besides this
primary consideration of validify, other problems are
mainly of an administrative sort; the test must not take too
long to give, it should be reasonably easy to administer etc.
A fest which is highly valid (for a specific purpose) will
represent individual variations in the character it is
supposed to measure with great fidelity. A test which has
a law degree of validity secures responses which represent
strongly the infiuenge of a number of other factors, so that
the character we desire.to measure is somewhat lost among
the many present. What is done in a test, then,_ is-to
attempt to obtain test items which will. stimulate responses
of a given kind, and further, we try to get enough of these
variance types of items so that the undesired factors will
tend to neutralize each other and average out. Unfortunately,
as one wWriter points out in this connection, "Investigaﬁors
so far have attained only moderake success in these

. efforts." (3)



In this chapter it is proposed to deal with
certain of the generally-accepted principles of test
construction, all fundamentally aimed at developing a
scientific measuring instrument.

1. Item Difficulty

The heart of the item analysis problem lies in the
diagnostic value of items. An item must be able to distin-
guish between individuals who have more or less of the trait
that the test attempts to judge. "No item which is answered
correctly by all pupils in a given group can be of any
functional value in a general achievement test for that
group, nor can any item which is answered correctly by none
of that group." (9) One consideration that could be admitted
‘as an exception to this rule is that several very easy
"shock absorbers™ may be introduced at the beginning of a
test so as not to discourage completely the testee.

Although it is generally believed that maximum
discrimination among testees is obtained by items that about -
one-half the individuals can pass, test authorities are not
in agreement upon what is the best form of distribution of
item difficulty. According to some, the spread of scores
on a test should extend from nesr zero to near the highest
possible score (that there should be a range of success
from about 5 to 20 percent to 80 to 95 percent) to ensure
a maximum reliability. On the other hand, Symonds (24)

and Thurstone (28) have shown that a test. consisting of items

-
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of 50 percent difficulty value measures an individual mos%t
accurately. The former viewpoint conforms to what is
generally known as the definition of a power test, and the
latter is a feature of the speed test.

From the sample of the present study, as indicated
in Teble 2, few of the items qualify according to either of

the principles or standards expressed abovei.



TABLE. 2
Item Difficulty - Percentage Passing Each Itenm

-11-

Each Subtest.

. Subtests -

Item 4 5 6 7 8 9 10 11 12 1S 14] | 16
Il 91 96 94 20| 100 o4 97 o9 8 95| 94 98 99
2] 78] 95| 80 63| 99 71 93| 41 85| 92 73 96 92
IRCIEE IIE C
2| 77 4 4 89 9 61 8§ 8 93 4
6 99 89 3? ég 21 79 67 12 63 9 78] 995 6%
o a8 & B B oH B oen o B 8| B B 4

908 ml o MR @ 8 B H B 8o g
12| 93| 86 91 %8 79 g? %% Z 17 4% 8% 26
13| 96| 95 95 25 28 22 31 2 16 21 76 28
14 98 67 61 26 57 52| 21 0 11 16 54 34
15 931 90 59 15 68| 45 11 0 2 5| 17 46
16! 921 72| 41 - . a7
171 96| 41 72 - 42
18| 90 94 78 33
19| 90 79 93 30
20 93| 959 94 - 16
21 78 53
22 92 17
23| 88 77
24| 75 18
25| 94 9
26| 85 12
27 86 34
28 70 22
291 92 23
30[ 56 8
31 90 44
321 71t 20
33 81 16
34 45
35 12
36 8
37 11
38 15
39 10
40 25

41 67
42 16
43 10
44 13
45 10
46 7
47 8
48 2
49 - 5
50 i : _ 7
M%88,780.7181.3132.0]54.5]47.5|66.1|37.1]28.1]57.0[56.6177.4 |34.9
M%': Mean of the Percentages Passing Each Item in
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A quick glance at the Table reveals that there is a
great range of difficulty of items of the whole test,
Varying from items that all students pass, to those that all
fail. 1In addition, there are great discrepancies between
the difficulty values of the items of the various subtests.
For example, not a single item in subtest 7 was passed by
over 80 percent of the subjecté, ﬁhereas tﬁo-thirds of the
items of subtests 4, 5, 6 and 15 were passed by over 80
percent of the students. Thus test 4 is composed primarily
of items of a rather easy nature, whereas most of the items
of subtest 7 are too difficult. Nearly 67 percent of the
items of subtest 4 were passed by over 80 percent of the
students; in subtest 7 only lB_percent of items were passed
by more than 40 percent, aq@;néhé'of the items was passed by
more than 60 percent., In subtest 12, over 50 percent of the
items were paSseﬁ by less than 26'percent of the subjects;
in subtest 9, 6 percent of the items were passed by more
than 80 percent of the group, and 20 percent of the items"
were passed by less than 20 percent of the group.

Table 3 sﬁmmarizes the data of Tablecs 2 in order to
illusfrate more clearly the differences in the difficulty

values discussed above.
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TABLE 3.

Summary of Data on Item Difficulty

No. of ltems No., of Items |[No. of Items passed
passed by over|passed by by between 40 &
Sub-|No. -of| 80% of the less than 59% of
test|Items |group - 20% pupils
4 33 24 0 2
5 20 14 0 3
6 20 13 0 2
7 15 0 2 2
8 10 5 4 1
9 15 1 3 1l
10 15 6 1l 4
11 15 1 5] 2
12 15 1l 8 1
13 15 7 2 2
14 15 5 2 3
15 15 10 1 1
16 80 3 21 8

It will be noted, also, that in subtest 12 more than
50 percent of the items were passed by less than 20 percent
of the group, and only 6 percent‘of the items were passed by
betﬁeen 40 and 59 percent of the subjects. Test.B includes
50 percent of the items passed by over 80 percent, and 40'
percent passed by less than 20 percent. Tests 9, 13 and 14
are similar to test 8.

In the complefe test, out of a total of 253 items,
over 35 percent were passed by more than 80 precent of the
gfoup, and 20 percent were passea by less than 20 percent
of the subjects. In none of the subtests is a majority of the

items passed by between 40 and 59 percent of the group,
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The range recommended by Symonds (28), nor, with the
exceptions of test 8, do any of the subtesté exhibit a

" range of difficulty of from near zero to near 100 percent.

From these date it is apparent that few of the
items fall within the range of difficulty generally.
accepted as the most reiiable, and the diagnostic value of
many of the items is to be questioned.

2. Difficulty of the Subtests

Table 4 shows the meéns and standard deviations
for subtests 4 to 186 inclusive as obtained in the present
study. They are compared to similar data repofted by the
Los Angeles County Suberintendent of Schools (18)

TABLE 4.

Means and Sigmas of Subtests :... .~ . ... . ... oo

Sub- [No. of Obtained Scores Los 4ngeles Scores

test | ltems M. S.D. M. S.D.
4 33 29.30 | 2.98 27 .83 - 4.82
5 20 16.07 2.82 14.08 - 4.15
6 20 16.47 2.72 16.07 3.44
7 15 5.03 2.05 4,09 ~ 2.05
8 10 5.47 1.40 6.11 , 2.05
9 15 7.31 1.74 7.12 2.186
10 15 10.02 1.78 10.29 1.98
11 15 5.59 1.91 4,64 1,93
12 15 4.36 1.89 3.56 1,93
13 15 8.62 2.72 6.58 3.41
14 15 . 8.48 2.35 5.14 ' 2.20
15 15 11,64 1.67 " 10,99 . 2.79
16 50 17,43 6.52 10.75 6.66

The mean difficulty of the subtesfs (as indicated

in Table 2) varies from that of test 12 (28.1 percent of the
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items passed) to that of test 4 (88.7 percent of the items
passed).

 0f the battery of tests comprising the whole, only
tests 8, 9, 13 and 14 approach the mean difficulty level of
50 percent generally considered the most reliable. Tests
4, 5 and 6 are apparently too easy for the sample of the
present study, and tests 7, 12 and 16 éppear too difficult.
. It might be noted, also, that for tests 7, 8, 11 and 12,
the scores obtained are only slightly better than - would be
expected on a chance basis.

The mean scores of the present sample and for the

Los 4Angeles study are roughly comparable, with, howéver,
Some exceptions, especially in subtests 14 and 16. The
present sample appears 1o be less variable than that reported
in the.Los Angeles Study, especially for subtests 4, 5, 6, 8,
13 and 14. No attempt was made td determine the significance
of these differences.

3. Order of Difficulty

Although time'limits are provided,'the test is,
accordingfto the publisher, a power rather than a speed test.
If, as is claimed, the test is of the former variety, there
is good reason to assume that there will be a range of scores
of from near zero percent to near 100 percent, with the
items in increasing order of difficulty. This claim was
appraiéed by computing the rank-order correlating between

obtained order of difficulty and test order in each of the
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subtests. The results appe ar below in Table 5.

'TABLE 5.
Rho Between Obtained Order of Difficulty and Test Order

Subtest N Rho
4 .26
5 37
6 : .16
7 ' ¢ 32
8 1.00
9 - 114

10 .75
11 27
12 .86
13 : .95
14 .85
15 .67

. The values of these correlations indicate that for
6 of the 13 subtests, the items are not érranged even in
approximate order of difficulty. Some of ﬁhe items for this
sample appear to be seriously misplaced. These results may
be compared with those of Hovland and Wondérlic, who report
rank order correlations between test difficulty énd obtained
order of .46 to .75 in various form of the Otis Self-
Administering Test, Advanced Form (13), and with those of
Tyler (31), whose reports rank order correlations of .69 to
.91 in form D of the Terman-McNemar Test.

It was assumed for purposes of this study that a

student attempted all items down to the last one he marked.
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Tabie 6 shows the percentages of students attempting
all.thé items in each subtest, i.e. the percentages who
marked the last item in each subtest.
TABLE 6.
Percentages of Students Attempting All Items

Subtest Percen tage
4 95
5 98
6 98
7 55
8 .03
9 95

10 87
11 69
12 7.6
13 7.6
14 17
15 87
16 49

Evidently, the test is not a speed test, with the
exceptions of subtests 7, 8, 11, 12, 13, 14, 16:. Also, the
fact that the items on all subtests do not vary from very
easy to very difficult suggests that thisiis not essentially
a powef test. '

4, Item Validity

According*to Hawkes, Lindquist and Mann (11),
"an item may be said to have zero discriminating power when
there is no systematic difference between the general
achievement of the pupils who succeed on that item, and those

who fail." For purposes of determining the discriminating
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power of the item, subtest 9 and 10 were selected (both of
low reliability), and the phi coefficient determined for
every item‘in'both. subtests. ( | The subgroups used
were the ﬁpper and.léwér 50 students, and tﬁe coefficients
were obtained from the abac given in Guilford (4). The

results appear in Table 7.

' TABLE 7.
Phi Coefficients of Items in Subtest 9 and 10

3 -

Subtest 9 Subtest 10

% Passing o % Passing |
Item FL.group | *U. group ¢ L.group] U. group I
1 20 34 | .14 98 .98 0
2 72 72 | 0 90 90 0
3 36 32 | -.08 88 96 .13
4 78 g6 | .10 80 82 0
5 32 a2 | .10 72 92 .26
6 88 94 | .10 62 76 .18
7 12 28 [ .20 32 50 .19
8 20 20 0 82 94 .20
9 16 i ' 22 .10 64 80 .17
10 20 f 36 .16 | 14 10 - =,08
11 76 d 82 .08 82 86 0L
12 64 82 " .28 48 74 « 28
13 32 30 |-.03 | 16 18 0
14 48 72 .27 42 60 .19
15 66 74 .10 38 44 .02

X1.. group - lower 50 of sample.
XU. group - upper 50 of sample.
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IIt will be seen from these results that individual
items fail to discriminate satisfactorily between the.
upper and lower groups of the present sample. Indeed, in
some cases, the index of discrimination is negative. The
results are not surprising in view of the low coefficients
of reliability for these two subtests 9 and 10, which are

.01l and .06 respectively.
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CHAPTER IV

RELIABILITY OF THE TEST AND SUBTESTS

According to Warren (35) reliability refers to
"a) either the degree of accuracy of a repbrt, b) the
self-consistency of a test or other meésuring device, or
¢) the reciprocal of the variability of a series o;
measurements from s me chosen standards. (coefficient of
reliability: the correlation among a.sep of measurement or
between similar measurements)” _

The term was originally introduced by Spearman (20)
in 1904, who defined it as follows: "the (correlation)
coefficient betﬁean one-half and the other half of several
measurements of the same thing." In a later work he defined
it thus: "reliability .... this means the amount of corre-
lation between two or more ratings of the same kind.™ (21)
For Ferguson and Jackson (1l4), these definitions give rise
to the confusion evident in present-day considerations of
reliability. According to Ferguson and Jackson the
difficulty arises as a result of the connection, by Spearman,
of reliability and coefficient, and since the interpretation
of correlation coefficients is rather difficult, the connec-
tion has not been a happy one, and has tended to confuse |
rather than to clarify the iséﬁe. The correlation coeffi-=
cient is a measure of the degree of relationship between

two variables; reliability is a measure of departure from a
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perfect relationship. The pos sibility of misinterpretation
is indicated by considering the definition of reliability
by Thurstone (27): ™a test that is subject to relatively
small chance factors in its score is said to be reliable,
while é test with considerable variation from one occasion
to another is said to be unreliable." Here the difficulty
is to determine what is meant by "relatively small" and
"considerable." .

fgggg ﬁethods aré generally employed for computing
reiiability. These include: 1) Test-retest Method: This
is possiblj the easiest method to use in determining the
accuracy of a mental measuring instrument. The difficuity
here, however, is the obvious one that, unlike the repetition
of physical measurements, one can hardly be sure that the
subject has not been changed. "With rare exceptions, what
the testee learns during the first experience with the test
is likely to carry over to the second trial." (5) Since the
sub jects are alive, they, as the objgcts measured,.react to
the process of measurement, and in any case, change.over a
period of tiﬁe at different rates of change. This is an
additional obstacle peculiar to‘measurements involving
the living, and it is one of the main reasbns why the
repetition of a test is not used in all experiments concerned

with the determination of reliability.
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2) Alternate Forms Method: This method requires two or
mére equivalent form of a test. Here one is faced with
somewhat the same problems as in the test-retest method. -
Although the items may not be identical in the two fomms
of the test, the more comparable they are, the more oppor-
tunity there will be for direct transfer between the two
forms. However, the use of equivalent forms is usually
satisfactoryxas long as a sufficient time interval is
allowed to elapse in order to preclude the operation of a
tr;nsfer-effect aided by memory and practice. '
'3) Split-half Method: This thirfd general method is
employed when it is feasible neither to repeat the test,
nor to construct é parallel form. This method consists
simply in giving the test once, and having divided the
test into strictly comparable halves,_two scores are
obtained for the same individual. These are then correlated
to give the coefficient of reliability. According to
Guilford (6), "the split-half method is generally accepted
as the best of the traditional procedures and it.... tells
us of the accuracy of the scores at the time at which the
individual was measured." The chief difficulty with the
split-half method is that ‘the subject is tested on only one
occasion, and relatively temporary influences (feelings,
attitudes, etc.) which would probably differ at other
times and cancel out, affect the scores on both halves of

Clags
the test the same way. Another flaw is that the reliability
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of a test varies with its léngth. However, by means of the
Spearman-Bfown formula, one can estimé§% what the reliability
of the full tesf would be if the two ﬂalves were really
comparable.

Several other techniques have been developed in
recent years which are arrived at eliminating the faults
inherent in the methods described above. Of importance
aﬁong these are the computation of reliability coefficients
based on Rational Equivalence as developed by Richardson
and Kuder'(lVE:method which is a variation of the split-half
technique developed by Rulon (18), and a method termed
analysis of variance largely developeﬁ by Fisher (1).
None_qf these three methods lends itself to a concise
description, but it can be noted that in the formuleae
developed by Richardson end Kuder a reliability coefficient
is computed from the results of a single application of a
test; that by Rulon is determined primarily from split-half
scores with an additional formula utilizing differences
between pairs of scores for indi?iduals; the last mentioned
discards the traditional reliability coefficients and
attempts to analyse the measure of influence of components
which are assumed to make up a score of an individual on a
test.

In the present study, reliebility coefficients were
computed by the split-half method, and corrected by the

Spearman-Brown fofmula, for the subtests as well as for
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total mental factors, language factors, non-langdage
factors, memory, spatial relationships, reasoning, and
vocabulary. Raw“scores were used throughout. The results
appear below in Table 8 ﬁhere they are compared with the
figures given in the manual of directions, and with those

6btained by Traxler in his study.

Reliability Coefficients
Present
Study Manual Traxler
Variables '
Totel mental factors .| .82 .95 .92
Language factors .86 .94 .91
Non-language factors .74 .93 .86
“A. Memory .60 .92 .81
B. Spatial Rel. .66 .89 .65
C. Reasoning _ .68 .92 .83
D. Vocabulary .93 .93 .91

The corfelations obtained in the prééent study are
lower than those reported in the manual of directions with
the one exception of part D (Vocabulary).' The difference in
results'is especially marked in the section entitled Spatial
Relations. It is offered, then, that, except for the
voacbulary section, the groupings of subtests are of value
only in group prediction, aﬁd, although they do not appear

~highly reliable, can be considered to have rather limited
value in diagnosis. With Traxler, .this sfudy raises the
lquestion about the uséfulness of the diagnostic;profile,

for it may reasonably be assumed that the subtests within
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each section, being still shorter, will be even less reliable.

Table 9 presents the reliability coefficients of the sub-

tests.
TABLE 9.

Religbility of Subtests

Subtests Reliability
4 ’ .69
5 .60
6 : .33
7 ' .23
8 .83
9 . .ol
10 .06
11 .90
12 .53
13 : .80
14 .62
15 .35
16 .93

The reliability of a test is affected by é wide
variety of causes in addition to the expected psychological
influencés (e.g. feelings, attitudes and the like).

" Symonds (25) has listea 25 factors which influence the
reliebility of tésts. ‘Of these factors several have been
subject to specific study including the following: 1) the
difficulty of the test items, 2) the number of responses in
the items of the multip}e-response type, 3) practice effect,
4) function fluctuation; 5) variability of the group tested.

In the present study, several of the factors noted
above may have affected -the resuits; certain of these will

be discussed.
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1. Influence of Variaebility of the Gfoup tested: It is a
well-accepted fact that the correlations between two varia-
bles are smaller when based upon scores obtained from
homogeneous'groups. Thus Vernon (32) notes in this
connection, "one important reason why intelligence tests
appear to be of muéh less value for predicting scholastic
aptitude among secondary than among primary school pupils,
and io be poorer still among university students, is that
secondary pupils are more hoﬁogeneous, or more highly
selected than primary ..... correletions necessarily sink
as we pass from the unselected children to the primary
school, from the primary to the secondary, and from the
secdndary to the university level."
2. Item Difficulty: Symonds (24) and Thurstone (28) have
presented convincing arguments to show that a test made up
of items of .5 difficulty value measured an individual most
accurately, and that the best test was made up of items that
could be answered with 50 percent accuracy by the average
individual. Also, the diagnostic value of a test, and its
reliability, are a maximum when the items are about 50
percent difficulty. .The diagnostic'vaiﬁe was found to
decrease when the items departed from this 50 percent level.
3. RBnge of Scores: Closely connected to the factor of

homogeneity is that of the effective range of scores on each

subtest.
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Table 10 indicates the ranges of scores withln

which more than 80 percent of the group fell.

TABLE 10.

Rangé of Scores containing over 80% of Group -

Subtest T Range Effective Range
4 bl .89 16-35 24-33
5 | .60 7-20 12-20
8 1 .33 7-20 13-20
7 5 .23 1-11 ' 3-9
8 " .83 1-10 3-9
9 Y .01 3=12 : 5-10

10 'l .06 4-14 . 8-13
11 I .50 0-11 3-10
12 . «53 1-9 27
13 .80 0-15 ' 5-13
14 .| .62 |. 2-15 - 5-12
15 p .09 7-15 10-14
16 ) .93 3-33 8-28

The distribution of scores is such that the range in each
subtest is materially reduced, thus facilitating the activity
of chance factors in seriously reducing the sige of the
reliability coefficients. |

4, Puzzle - Nature of Items: It is apparent in some parts
of the test that the items are of such a nature as to make
the chance factor the major one pperative. Particulaerly in
the case of subtests of low reli;bility, the correct choice
of answers can be disputed by a i6 year old subject. 1In
many ceses an incorrect answer can be justified on the basis
of ﬁis experiences and thought processes. It can be

noted also in this connection that for subﬁests 7, 8, 11 and

12 the mean scores obtained are only slightly better than4ﬁ°$
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to be expected by chance, thus indicating that the problems
S ED .

assed were not all of a type lending themselves to logical

solution.
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CHAPTER V.
VALIDITY

"The most‘important, the all-important characteristic
of any test is its validity.™ (2. The validity of
a test depends upon the effectiveness with which it measures
that which it is intendéd to measure, or upon the effective-
ness with which it accomplishes the purpose it is intended
to accomplish. Although one may not be able to define with
confidence just what it dqes measure, in the case of a
valid test, one can be sure that it measures something
indicative of success or failure.‘ An intelligence test
claims to measure intelligence, and therefore it should
measure this factor or combination of factors, and the
authenticity of a test depends, in‘'turn, not on any
theoretical analysis, but upon its relationship to a
criterion. .

One of the most difficult of all aspects of the
validity problem is that of obtaining adequate criteria of
what we are measuring, ahd, if we are dealing with
intelligence tests, the intention is almost invariably
success in the performance of intellectual tasks as
exemplified by achievement in school. ﬁence the test
measures simply in thét it prédicts performance at such
tasks, and from a quantitative viewpoint, a high correlation

between a test and its criterion may be taken as evidence
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of validity, provided both the test and-its criterion are
religble. As Guilford points out "From a practical stand-
point, the validity of a test is its forecasting efficiency
in any measurable aspect of our daily living." (7)

| In the present study, scores an: the CTMM were .
correlated with scores obtained by the group in various
acadeﬁic and technical sub jects. Theée correlations are

presented in Table 11 below.

TABLE ii.

Correlations Between Test Scores and Academic Scores

Non Lan- Eng- - WMachine| Wood-
guage lish |Science| Math.| Shop work .

' L036 | ¥.042 |¥.042
Total IQ .49 .35 .36

Language IQ *,042 [*,034 | *,042 |*,041 | *,039 | *.,023
. .34 .52 36 37 43 «74
‘Non-Language IQ LUuD 0 F.040 | *,043 [*,044 | *,044 | *.022
.39 .30 .28 « 26 73
Reasoning *.,032 [*.041 :
«56 37
Vocabulary *,043 | ¥,049 |*.047

32 04 o15

*P.E. = .6745 1 - r>
=
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Analysis of Table 11 gives some evidence of the

Validity'of the CTMM and certain of its parts as an instru-

ment for predicting success in school sub jects -

1. The findings indicate that the language and non-language
IQ's are correlated positively. ‘The reéults in this
case are in ggreement with those reported by Traxler
'who found the ‘two correlating ebout .6. These corre-
lations are lower than thgse found ordinarily between
two mental tests. On the other hand, languasge and non-
language IQ's both correlate quite high with woodwork -
.74 and .73 respectively - indicating apparently that-
either IQ predicts guccéss in woodwork equally well.
The lénguage IQ.corfelates appreciably higher than the
non-language IQ with English marks, bqt,_again, it
correlates higher also with machine shop scores.

2. In generai, the CTMM total IQ's, language IQ's and non-
Jlanguage IQ's are not quite as predictive of success in
English, Science and Méthematics as the majority of
intglligeﬁce tests. Sege{}zéports a correlation of .63
between average ﬁigh School marks and scores on the |
American Council Examination.'"The modal correlation
between school marks and inteliigence test scores are
between .4 and .5." (22) |

3. The language IQ alone predicts success in English,

Science, Mathematics, Machine Shop and Woodwork, as

well as either the total or the non-language I1Q's.
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This has importent implications, especially in view of

the fact that the reliability coefficient of the

language scores tends to be higher than for either the

total or the non-language factors. It would appear
that the test could be reduced to subtests 5, 14, 15

and 16 with no loss in reliability or predictability.

'This would be of great value to the wﬁi”Js7“”5%A°¢f“

teacher and administrator, for auch a test would require
but 40 minutes instead of the present 90 minutes of
testing time. This reduction also seems permissible in
view of the low reliability fo; maﬁy-of the non-language
subtests, and the profiles obtained‘from the scores

probably have little diagnostic significance.

The subtests grouped under reasoning appear fairly

valid when correlated with Science and Mathematics.

This is not unexpected in view of the fairly high

reliability coefficients of several of the subtests'

within this grouﬁ. The correlation with-Science is here

appreciably higher than with mathematics.

The language 1@ where correlated with English. is one of

the higher correlations obtained; thus indiéating the

language factors to be among the morefvalid of the

subtests. |

In general, with exception of the shopwork sub jects,

the CTMM camrnot be considered to be among the more suitable

tests for prediction of scholastic success for the sample

cited in the-present study.
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CEAPTER VI.

CLUSTER ANALYSIS

According to the Manual of Directions, this test

"samples the maturity of memory (delayed and immediate);
of apperceptive processes; of spatial relationships; and of
the logical and mathematical aspects of reasoning." The
test is thus oonstrucfed to group certain of the subtests
according té the particular factor which they are designed
to test. Each of the subtests should accordingly conform
to the particular pattern of the group. To investigate
this possibility, intercorrelations were compiled for the
13 subtests. These appear below in Table 12 along with
those reported by the Los Angeles study. |

' It will be noted that the present coefficients are
roughly comparable to those reported by the Los Angeies
study, but various exceptions are in evidence particularly
where subtests 9 and 10 gppear in the table. It will be
seen, also, that the majority of the coefficients are
fairly low. Of the total 78 intercorrelations 16 were over
.30 as compared to the Los Angeles study which had 21
coefficients of .30 and over. In the present study 24
of the coefficients were lower than .10; in the Los Angeles
study only one of the”coefficients was lower than .10.
Generally, then, the coefficients of correlation of the
present study can be considered appreciably lower than those

of the Los Angeles report.



TABLE 12.

Intercorrelations of Subtests compared with Los Angeles Report
4 5 6 7 8 | 9 10 11 12 13 14 15 16
: o7 | .22 | .20 A0 ) 14| .22 [ 2B | .20 | .35 o2 | Wo4 | W17
4 ) ** | .36 151 01 .09 .08 1 .06 | .31 | .49 .10 .05 |-.01 | .18
T**. .15 .15 .09 23 | .18 [ .32 | .20 | .87 43 | 47 [ 30
|

5] .041 .11 202] .03} .15 .09 251 .03 03] .26 | .30 | .44
. 201 .22 .12 .16 | .21 | .22 | .29 .26 | 23| 17
61 .046] .047 .06 .18 111 .09 | .30} .12 | .17 JA17 | W30 ) .11
- .21 | .23 | .18 « 25 A7 1 .26 .26 | .23 | .16
71 .047] .047 | .047 .14 13 | .08 .18 | .04 .13 .12 | .15 | .06
A5 1 11 ] 15| .15 | .27 <17 .16 .15
Bl .047 .047 | .046 [.046 .04 02 | .12 1 .14 | .24 .14 | .27 ] .03
‘ : .16 .19 13 | .23 .27 20 | .22
9] .047 .046 | .047 {.046 ] .047 03 | .21 | .07 .09 .17 .22 | .06
J .18 .18 | .21 | .22 | .29 .13
10| .047) .047 | .047 ].047 ) .041 |.046 .21 32 | .14 ] .11 | W87 | .16
e . . .29 Ol | .4l o4 .50
11 .043| .044 | .043(.046 | .047 |.046 |.046 .46 | .32 | .34 .26 | .32
' _ .36 « 36 34 1 .22
12 .046f .047 | .047 |.047 ] .046 |.047 |.043 |.037 .28 | .25 33 | .20
: .06 | 43 | .35
13| .047] .047 | .046 |.047 | .044 [.047 |.046 |.043 | ,044 42 | .34 | .09
.46 .41
14 .047] .044 | .046 |.047 | .046 |.046 |.047 |.042 |.044 |.039 26 | .31
13 .047| .043 | .043 |.046 ] .044 }.046 |.032 |.044 |.042 |.042 | .044 .13

16] .046| .036 | .047 [.047 | .047 |.047 ].046 |.043 |.046 [.042 |.043 1,047 -

* _ Los Angeles Study r's

** . Present Study r's

**¥% _ p, E,.of obtained r's.

-—ﬁg-



In order to determine the existence of patterns
(or families) of factors appearing in the subtests, the
intercorrelations were graphed in the group in which they
are placed by the test-makers, according to the plan of
Tryon (30). The results as grouped appear in Charts 1 to 4

inclusive. In these charts the correlations with subtests

9 and 10 are not included.

CHART 1.
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1. Group A (Memory) consists of subtests 4 and 5. It will be
seen that the two subtests tend to a similar pattern, par-
ticularly when they are correlated with subtests 6, 7, 8, 11,
12 and 13. On the basis of the pattern elicited, the two
subtests forming this group can be considered as distinctly
related with respect to the above-mentioned tests, but show
1li ttle tendency to coalesce where correlated with subtests
14, 15 and 16. In the latter case, the tendency is opposite
to that exhibited in the first 5 intercorrelations. This
pattern was also found when correlations were corrected for

alterations.

CHART 2.




s
2. Group B (Spatial Relationships) consists of subtests 6, |
7 and 8. The three subtests of this group evidently tend to
a pattern indicating a certain "family™ relationship. On the
whole, however, the chart indicates a grouping of the three
subtests into a pattern, with some emphasis on homogeneity
of content of the three subtests. A4nalysis of the contents
of thesexthree subtests suggests that the factor being
measured by this subtest is reasonably entitled Spatial

Relationships.

CHART 3.
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3. Group C is composed of tests 9, 10, 11 and 15 and is
labelled logical reasoning. In the present study, the
low reliability coefficients of subtests 9 and 10 did not
justify their imclusion ip thiscluster analysis,
and only subtests 11 and 15 are presented in Chart 3.
It will be seen that these two subtests do not present an
immediately obvious patterning. However, when correléted
with subtests 5, 6 and 7, a relationship is observed - a
much closer and more evident pattern than that with 4, 12,
14 and 16. ZEvidently, the pattern is elicited only in

subtests 5, 6 and 7.
CHART 4.
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4.. Group D consists of subtests 12, 13 and 14 and is termed
numerical reasoning. A certain homogeneity is not unexpected,
and Chart‘4 indicates that a "family" relationship exists

for the thrge subtests when they are correlated with

subtests 4, 6, 7, 8, 9, 15 and 16. A pattern is not in
evidence when the remaining intercorrelations are considered.
5. The profile of correlations of subtest 16 does not fit
into any of the above clusters, and so is to be considered

a resmddal, measuring some factors other than those included

in the agbove families.
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CHAPTER VII.

SUMMARY AND CONCLUSIONS

Modern practice in_respect to mental measurement is
characterized by a groﬁingvallegiance to the implements of
the science coupled with an unfortunate tendency'to neglect
the proper ihvestigation of the implements in use. Thus a
test is published, utilized by many, and criticised without
the empirical investigations necessary for its proper
. assessment. The present study injestigates the California
Test of Mental Maturity, Advanced Battery, in an attempt at
such an assessment.

The test ﬁas given to 195 students of the Vancouver
Technical School with a view to determining its value for
- predicting scholastic achievement. The study was divided
into anaiysis of reliability, validity, and principles
underlying test construction. These three main divisions
were further subdivided ini: order to answer: questions
relating to 1) the level aﬁd range of difficulty of the
individual items of the tests, the order of difficulty of
items, the difficulty of the various subtests, the extent
to which the individual items differentiated between
inferior and'sﬁperﬁor students; 2) the reliability of the
scores far the subtests and for the language énd non-language
factors; 3) the validity of various divisions of the tests

when correlated with academic and Technical shopwork subjects,
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and 4) the extent to which the test falls into the patterns
suggested by the test-makers.

' The results as obtained in the study indicate that,
for the sample employed, the levél of ddfficulty of the
items was not that generélly considered as conducive to
maximum reliability and diagnosis. The same waé true for
the general level of difficulty of the subtésts. On the
basis of correlations computed between obtained order and
test order Bf difficulty, and on the basis of percentages of
students attempting all items in a subtest, it was adduced
that the test was neither a power nor a speed test, but a
composite of the two. The ability of the items to discriminate
between inferior and superior groups of students was left
seriously iﬁ doubt as a fesult of the computation of an
index of discerimination for two of the subtests of low
reliability.

Reliability coefficients were computed for the
subtests. These were f%r lower than those recorded-iﬁ the
manual of directions, and, except in the case of the
Vocabulary section of the test, were not even roughly
comparable. Certain factors influencing test reliability,
such as the variability of the group tested, the item
difficulty, the narrow range of scores, and the puzzle

condeebotfing

nature of some of the items were considered as constituting

to the low coefficients obtained.
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Several of the test scores were correlated with
academic and technical school marks. The results indicate
that the part of the test measuring ianguage factors was
more valid and relieble than either the test as a whole or
the non—languége factors for predicting succesé in academic
and shopworknsubjects. |

The groups of subtests comprising 'memory',
'spatial relationships', and 'numerical reasoning! appeafed
'fo fall into three clusters: The subtests contained in the
'logical reasoning' group 4o not illustrate any particular
tendency to fall into a pattern. _ -

On the basis of the analysis carried out in the
present study, major discrepancies appear between the data
here reported and similar data reported in the manual of
directions. The manual is deficient in not reporting the
results of any item analysis, any statement on level of
difficulty of items and nor are the reliability coefficients
~included in the data. In termé of the recommendation made
by Ferguson and Jackson (14), there are'many gaps in the
manueal directions for the CTMM. In general, it appears
that the test is not particularly suitable in the Technical
High School. Further analysis is necessary to determine

its value elsewhere.
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