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VALIDITY ANALYSIS OF TOOL AND TRADE KNOWLEDGE TEST ITEMS
BACKGROUND

The Army Classification Battery (ACB) consists of 11 tests of varied con-
tent, designed to provide the basis for optimal differential classification of
enlisted men for training in Military Occupational Specialties (MOS). Most of
the tests were originally constructed and standardized during World War II.
Research has been conducted continuously since 1949 to maintain and improve the
ACB, to check the validity of tests and composites, and to extend the scope of
the battery's effectiveness to additional MOS. New tests have been introduced
and new forms have replaced existing tests to avoid obsolescence of content and
to counter growing familiarity of examinees with test content. Research has
yielded replacement measures for the Verbal, Arithmetic Reasoning, and Elec-
tronics Information Tests in 1957, and for the Army Clerical Speed Test and
Automotive Information Test in 1962. Two new measures, the Classification In-
ventory and the General Information Test, were introduced in 1958. The remain-
ing four tests--Pattern Apalysis, Mechanical Aptitude, Army Radio Code Aptitude,
and Shop Mechanics--have been unchanged since the inception of the ACB. The
present study constituted a step toward replacement of two measures used for
classification to MOS in the mechanical domain: Mechanical Aptitude (MA), a
component of the Electronics and Motor Maintenance Aptitude Areas, and Shop
Mechanics (SM), a component of the General Maintenance Aptitude Area.

When ACB measures are to be replaced, the question arises as to whether
up-to-date parallel forms of existing tests or measures of & new and different
type would most improve the differential validity of the battery. The crucial
consideration is not the zero-order validity of the measure to be replaced, but
its validity for differential classification. In a comprehensive study of ACB
validity for 73 Army School MOS courses across all non-combat occupational areas
(Helme, 1960), "The Mechanical Aptitude Test and the Shop Mechanics Test appeared
to offer little prospect of differential selection within the broad mechanical
field. Replacements for these tests should be based on a realignment of existing
content, and on inclusion of content more pertinent to specific mechanical job
areas." An experimental Tool Knowledge Test, emphasizing aptitude for working
with mechanical tools and processes rather than comprehension of mechanical and
physical principles, and two experimental Trade Knowledge tests designed to dif-
ferentiate as well as possible among Precision Maintenance occupational job
areas, and among various military crafts Jobs such as Construction (Mos with
first two digits 51), Chemical (53), and fuel and industrial gas production (57),
were constructed (Helme, Kotula, Tracey and Anderson, April 1960) for possible
inclusion in the ACB.




CONSTRUCTION OF EXFERIMENTAL MECHANICAL INFORMATION TESTS

THE ITEM POOLS

de content more pertinent to specific job areas within the broad
items of mechanical information was con-
structed with the assistance of Army enlisted subject matter experts and the use
of both military and civilian technical manuals. These experimental items were
based on selected groups of MOS not specifically represented in the content of
MA and SM. Wire Maintenance, Electrical Equipment Maintenance, Construction,
J+ilities, Fuel and Industrial Gas Production, and Engineer Equipment Operation
and Maintenance. A small set of general content tool items, common to a wide
range of mechanical jobs, was added. While these measures were designed to re-
place and extend the mechanical information content of MA and SM, no items on
physical and mechanica. princip.ies--which make up 67 percent of MA and 35 per-
cent of SM-.wers included. Table 1 shows the composition of the three experi-
mental forms by zontent area. After eliting, revision, and allocation of items
t~ content area in rough proportion to annual personnel replacement requirements,
the items were assembled in three 2xperimental tests:

To provi
mechanical domain, a large pool of

120 items, of which about two-thirds

1. Tool Knowledge, TK-iX 'PT 3961)
The remeinder

involve recognition cf pictures of +toric and association with use.
are va7oaL questions on toods

5. Trade Knowledge, TRK-1X (PT 2963). 110 items on specific trade opera-
tions, of which abou® one-fourth involve illustrations.

3, Trade Knowisdge, TRK-LY 'PT 3965). A form parallel in content and
format to TRK-1X

SCOPE OF PRESENT ANALYSIS

The objective of the present analysis was to develop experimental scales for
the differential prediction of performance in construction and related mechanical
jobs. The present report covers analysis of items for (1) difficulty level in
samples representative of the Army input population and (2) validity for perform-
ance in selected electrical maintenance and engineer construction training
courses. A necessary intermediate step in the analysis was to determine whether
{tem statistics in relatively small samples representative of individual MOS or
MOS of near equivalent requirements wtuld be sufficiently stable to constitute a
basis for predictive scales which cculd be cross validated in subsequent studies.




» Table 1
DISTRIBUTION OF TOOL AND TRADE KNOWLEDGE ITEMS BY CONTENT CATEGORY
Tool Knowledge Items Trade Knowledge Items
Content Category (Form TK-1X) = (Forms TRK-1X, TRK-1Y)
Electrical 15 L8
Carpentry 39 36
! Plumbing, Heating, Refrigeration 15 28
E Masonry, Quarrying 16 28
" Construction Machinery Operator - 28
' Water and Industrial Gas Supply - 16
Rigging — 20
Steel Structurss Construction -- 16 |
Machinist 5 =
Painting and Paperhanging 6 --
Miscellaneous 24 -
Totals W) —mrn

120 220
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PROCEDURE

PATA COLLECTION

The three experimenrtal forms were administzred to a sample of general en-
listed input and samplss of ioput to MOS training programs from September 1960 to
September 1961 at the Re:eption Ststion and Engineer Training Centsr, Fort
Leonard Wood, Missouri, the Erngineer Sckocl, Fort Belvoir, Virginia; and the
Southeastern Signal S-hanl, Fort Gordsn, Georgia. The Reception Station {general
input) sample was tested at thne time of ACB testing; the MOS training input sam-
ple were tested just pricr to begimning the respective training programs. Each
examines was given the Tocl Knowledge Test and one of the Trade Knowledge forms.
In addition, scores on ACB tests were obtained from the Enlisted Qualification
Record, DA Form 20 From =¢am:ness aidministared each of the *wo Trade Knowledge
Tests, five MOS zamples wers initially s=t up [Table 2),

ITEM SELECTION

For =2acp validavicn sample, A-L through A-5 and B—l through B-5, point bi-

seriai correlation cc=fiizients of eacn item response with final course grade
were obtained [n each of these sampis:z, and in the general enlisted input sam-
pies, A.£ and B-5 the proportions giving each response Were determined.

In selsrring items, +the intvixl step w2s to eliminate from consideration ail
items answerad coryectly ‘r.wy less trgn 10 p2roznt or more tksn 90 percent of the
general input ssmples T hocnsioe itame, the uncorrezted p-values correspond-
‘.f\g t~ 10 parcent ani 90 per snt ava 335 and 925, respcrtively ) By these

tandaris the Tool Knoeledjze Test weas red f°i from 120 2 100 items and the two
110-1tem Trsde knowlaige Tests TRK ‘X ani 1Y to 85 and 75 items, respsctively.

The second step was +o 11entify 1tems with validity significantly different
from zero in s positive direction in each sampie Tehle 3 chows that the number
of items iZentified ac valil in 9 givea campie ranged from 12 to 71.

At this peoint 1t was necessary *o marsbal the evidence as to whether the
item statistics, particularly on the TRK items in separate samples, were suffi-
ciently stable for reliance in setting up experimental scales for subsequent
cross validation. The question was of immediste importance in regard to develop-
ing Trade Knowledge test scales in MOS samplses for which cross samples were not
available in the present study. The two samples on which *Tool K.n&uedge item
data were obtsined afforded an opportunity for estimsting the stability of item
indices obtained in such relatively small MOS samples. Results with the TK test
which was sdministered tno both A and E seamples were examined to find to what ex-
tent the same items were identified ac valil in two samples with the same MOS
criterion. Statistical significant correspondence was found only between two of
the largest samples (MOS 1°0) {Tsble 4), This finding suggested that sets of
items identified on single small sampies might well fail to maintain velidity in
an independent sample
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Table 3

NUMBER OF ITEMS IN TOOL AND TRADE KNOWLEDGE TESTS
SIGNIFICANTLY VALID (P £ .05) FOR EACH SAMPLE

MOS Sample TK-1X TRK-1X Sample TK-1X TRK-1Y
120 A-1 Ly 23 B-1 56 Lo
310 A-2 L7 3l B-2 2k 33
i A-3 29 33 B-3 71 39
s11* A-l 33 2l B-L 3l 23
626 A-5 22 23 B-5 26 12

8 Inasmuch as a mejority of cases in each of these samples were in the MOS
indicated, the MOS is used to represent the MOS group throughout the tables
in this report.

Table 4

COMPARISON OF NUMBER OF TK ITEMS IDENTIFIED AS SIGNIFICANTLY VALID
IN BOTH OF TWO INDEPENDENT SAMPLES

Number of Significantly Valid Items In Common

MOS Samples Expected Qbserved Chi-Square P
120 A-1 vs B-1 2k4.64 30 5.76 .05
310 A-2 vs B-2 11.28 12 12 -
321 A-3 vs B-3 20,59 21 .04 -
511 A-l vs B-b 11.22 9 (1.00)® -
626 A-5 vs B-5 5.72 9 3.26 .10

a'(‘;h:l--Squa.re in parenthesis indicates negative relationship.

-6 =




P ———————————

While the jcb analysis had suggested grouping the MOS in the categories of
Construction (120 and 511) and Electrical %;10 and 321), the correlaticn or over-

S lap of items found significantly valid (.05 level, one-tailed test) for each
separate MOS was inspected for additional information useful to the grouping.
Table 5 shows the correspondence in items identified as valid in every possible
pair of samples. There was a definite trend toward better -than-chance corres-~
pondence between sets, 8 of the 40 comparisons showing significant [and positive)
correspondence at the .05 level. To determine whether certain MOS sample pairs
yielded consistently better correspondence than others, however, it was necessary
to sum the chi squares across all four sample-and-test instances. Table 6 pre-
sents the results in terms both of chi square values and phi coefficients of
correspondence. They indicate that there is a significant correspondence be-
tween MOS 120 and both 321 and 511, a lessesr correspondence between MOS 310 and
321, and a borderline correspondence between thsse two MOS and 626. Considering
that the phi coefficients represent a conservative estimate of the degree of
correlation between 1tem validity indices, the findings clearly showed that
stable scales of valii items cannot be expected without basing them on multiple
samples. 1

In general, the combinaticn of MOS indicated by the job analysis was sup-
ported. Fram these results, MOS 321 could have been included in either the Con-
struction or the Electrical grcup, 2 plausible finding in view of the nature of
the Lineman’'s 4quties. Combining the Construction Machine Operation MGS (626 and
627) with the Construction and Utilities MOS was initially considered, but in-
spection of the item validity coefficients showed that there was little correla-
tion bztwean the #wo sste of coefficients. Therefore, MOS 626 and 627 were
treated as s separate group., Decision was msde to use three combinations of
MOS 1irn sssembling the experimental scales: Construction, based on average item
validity for MOS 120 and 511; Electrical, bssed on average item velidity for MOS
310 and 321, Aand General. based on average item validity across all five MOS .

In all, *welve s-sles were constructed-.six TK and six TRK. Three scales for
each measure were based on each sample. Owing to substantial differences in
sample size, simple in%tegral wsights approximating proportions of cases provided
by eack MOS sample in each combinastion were used in averaging the coefficients.
These weignts were as follows:

A Samples, TK-1X and TRK-1X: MOS 120 and 321 (4), MOS 310 and 626 (3),
MOS 511 (2)

B Samples, TK-1X and TRK-1Y: MOS 120 (3), MOS 321 (2), MOS 310, 511,
and 626 (1).

Each scale was composed of the 25 items with highest average validity for the

MOS combination. The scales are shown, with difficulty levels (p-values on
samples A-6 snd B-€ combined) snd validity coefficients, in the tables in the
Appendix, as are also distributions of validity coefficients for items selected
and items rejected for each scale. Table 7 presents median p-values and medians
of average validity coefficients across the MOS included in each scale. Median p-
values in the B samples averaged .08 higher on the Tool Knowledge scales than in A.
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Table 6

COMPARISON ACROSS ALL SAMPLES AND TESTS OF SETS OF VALID ITEMS

IDENTIFIED IN PAIRS OF DIFFERENT MOS SAMPLES

310
321

S5LE

310
321
511

Chi Square
310 21 51 626
1.54 18.67%* 1h.19%% (3.28)%
10.%5% 3.10 7.68 (%P
3.71 7.90%
1.16

Phi Coefficient

210 221 21 €26
07 o L20%% -.10
7% .09 -15(%)
.10 15%
.06

#Significent at .05 level (l-tailsd test)
#Significant at .OL level {l-tailsl test)

8Chi-square in parentheses { ) indicates negative relationship.
b(*) Narrowly fails .05 level of significance: chi-square of 7.78 required.




Median p-values for TRK-1Y (B samples) averaged .14 higher than for TRK-1X obg
tained in A samples. There was also a tendency for the Tool Knowledge items to
be easier than the Trade Knowledge items, a difference possibly ascribable to
the pictorial content of the former as contrasted to the greater verbal content
of the latter. Average item validity coefficients clustered around a level of
.18 in both samples and on all tests. The Tool Knowledge items were slightly
more valid than the Trade Knowledge items.

Table 7

MEDIAN DIFFICULTY AND VALIDITY OF ITEMS SELECTED
FOR MECHANICAL KNOWLEDGE SCALES

Test Samples Scale p-value Validity Coeff.

TK-1X A Construction .69 21
A Electrical .62 .18
A General .66 .16
B Construction ge; .18
B Electrical .72 .24
B Feneral .80 .16

TRK -1X A Construction .52 .18
A Electrical .56 .16
A General e o L

TRK-1Y B Construction .67 LT
B Electrical .68 .20
B General .67 .16

o .



SUMMARY AND CONCLUSIONS

Three experimentsl information teste, the Tool Knowledge Test TK-1X and the
Trade Kuowledge Tests TRK-1X and TRK-1Y, were administered to two general enlisted
input samples and to two samples each of five electrical and construction MOS.
Item analysis ylelded 25-item scalss for heavy construction MOS, electrical main-
tensance MOS, and MOS in the general mechanical domain. The next research step
1 to obtain unbilased estimastes of validity of the scales by cross validation of
the Tool Knowledge scales and velidity generalization and estimates of shrinkage
d for all scales. Information on the potential contribution of these scales as

‘ poseible replacement tests for current ACB measures such as Mechanical Aptitude
and Shop Mechanics will slsc be obtained.
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APPENDIX

Average difficulty levels and validity coefficients for items comprising the
12 scales developed for Tocl Knowledge and Trade Knowledge tests.
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Table A-9

DISTRIBUTIONS OF VALIDITY COEFFICIENTS OF ITEMS SELECTED AND ITEMS
REJECTED FOR THE CONSTRUCTION SCALES OF THE
TOOL KNOWLEDGE TEST

SAMPLES

Validity MOS 120-A MOS 120-B MOS 511-A MOS 511-B
Coefficients Sel. Rej. Sel. Rej. Sel. Rej. Sel. Rej.

45 to .49 2 1

L0 to .Mk 1 1 1

.35 to .39 0 2 2 3

.30 to  .3h 1 il 1 5 L s 3

.25 to .29 6 il 70 6 0 2 I

.20 to .24 11 L 6 2 2 14 5 12

.15 to .19 b 15 10 8 2 12 1 6

10 to 14 1 11 7 31 L 12 L 11

.05 to .09 2 27 25 2 17 1 16

.00 to .04 15 17 1 13 3 12
-.05 to -.01 il 8 10 n
-.10 to =.06 9 L 8 12
-.15 t0 =.1L 1 3 6
-.20 to =.16 i
-.25 to =.21 1
-.30 to -.26
-.35 to -.31
-.40 to -.36

TOTAL 25 95 25 95 25 95 25 95
-2 -




Table A-10

DISTRIBUTIONS OF VALIDITY COEFFICIENTS OF ITEMS SELECTED AND ITEMS
REJECTED FOR THE ELECTRICAL SCALES OF THE
TOOL KNOWLEDGE TEST

SAMPLES
Validity MOS 310-A MOS 310-B MOS 321-A MOS 321-B
Coefficients Sel. Rej. Sel. Rej. Sel. Rej. Sel. ReJ.
.45 to  .L9 p
L0 to .4 it 1
35 to .39 2 1 3 1 2
.30 to .34 3 2 5 2 5 1
25 to .29 5 L L 5 1 9 1
.20 to .24 7 9 2 3 5 1 5 9
15 to .19 3 17 3 9 6 2 5 16
.10 to .1k 2 22 2 26 T 16 33
.05 to .09 3 T 3 16 6 15 16
.00 to .0k 13 2 6 1 35 10
=.05 to =.01 10 12 15 '3
-.10 to ~-.06 7 3 6 3
-.15 to -.11 0 7 L
-.20 to -.15 1 5
-.25 to -.21 2 0
-.30 to -.26 0
-.35 to =.31 0
-.40 to =.36 1
TOTAL 25 95 25 95 25 95 25 95

-23-




Teble A-11

DISTRIBUTIONS OF VALIDITY COEFFICIENTS OF ITEMS SELECTED AND ITEMS
REJECTED FOR THE CONSTRUCTION SCALES OF THE
TRADE KNOWLEDGE TEST ?

SAMPLES
Validity MOS 120-A MOS 120-B MOS 511-A MOS 511-B
Coefficients Sel. Rej. Sel. Rej. Sel. Rej. Sel. Rej.
.50 to .5k 1L
45 4o .49 0
.40 to  .hk 0 1 L
.35 to .39 5 ) 2 1 2
.30 to  .3h4 1 x 1 2 1 2
.25 to .29 L 2 0 5 3 2 6
.20 to .24 6 3 6 0 5 8 7 10
A5 to .19 6 4 10 5 5 8 6 7
.10 to .1k 5 14 5 18 3 13 5 13
.05 to .09 1 1h 1 22 1 20 3 9
.00 to .Ok 1 22 23 1 9 1 14
~.05 to =.01 19 9 6 9
«.10 to -.06 5 L 9 6
-.15 to -.11 L 3 3 5
-.20 to -.16 3 1
-.25 to -.21
-.30 to =-.26
-.35 to -.31
-.40 to -.36
TOTAL 25 85 25 85 25 85 25 85
- -




DISTRIBUTIONS OF VALIDITY COEFFICIENTS OF ITEMS SELECTED AND ITEMS

Table A-~12

REJECTED FOR THE ELECTRICAL SCALES OF THE
TRADE KNOWLEDGE TEST

SAMPLES
Validity MOS 310-A MOS 310-B MOS 321-A MOS 321-B
Coefficients Sel. Rej. Sel. Rej. Sel. Rej. Sel. ReJ.
45 to .49 2
40 to U4 1 2
35 to .39 0 5 1
.30 to .34 1 6 2
25 to .29 L 2 5 8 4
.20 to .24 T 7 3 5 3 2 8 T
15 %o 19 5 9 1 11 8 7 1 9
10 to .14 N 18 2 11 12 T 7 16
.05 to .09 1 16 il 15 2 18 2 16
.00 to .04 10 : | 10 23 1k
-.05 to =.01 5 L 14 17 15
-.10 to ~.06 il 4 6 5
-.15 %o =.11 5 5 s 2
-.20 to -.16 i 1 L 17
0
1

85
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Table A-13
DISTRIBUTIONS OF VALIDITY COEFFICIENTS OF ITEMS SELECTED FOR THE
GENERAL SCALES OF THE TOOL KNOWLEDGE TEST™
"A" SAMPLES "B" SAMPLES
Validity MOS MOS
Coefficients 120 310 321 511 626 120 310 321 511 626
.45 to .49 1 2 1
40 to .4k o] i i: i
.35 to .39 1 3 2 3 2 3
.30 to .34 1 3 2 0 1 L Ly 3
25 to .29 5 7 5 1 i 3 6 2 i
.20 to .24 7 5] 1 3 2 2 2 6 8 5
15 to .19 7 5 6 4 3 7 2 3 0 L4
.10 to .1k 5 3 9 3 i 10 3 3 2 2
.05 to .09 L € 1 6 4 2 Z 2 1
00 to .Ob 3 0 2 2 2 8
-.05 to -.01 0 0 2 g 1
-.10 to -.06 0] 2 0 ik
-.15 to -.11 1 1 1
-.20 %o -.16 il
-.25 to «.20
-.30 to =.26
-.35 to ~.31
-.4%0 to -.36
TOTAL 25 25 25 25 25 25 25 25 25 25

a17'0r any given sample, the total item validity distribution is the sum of the
selected and rejected frequencies as shown in Tables A-9 through A-12. The
distribution of rejected items is obtained by subtracting these distributions
from the total distributions.
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Table A-14

DISTRIBUTIONS OF VALIDITY COEFFICIENTS OF ITEMS SELECTED FOR THE
GENERAL SCALES OF THE TRADE KNOWLEDGE TEST®

Trade Knowledge 1X Trade Knowledge 1Y
% Samples Sampies
3 . Validity MDS MOS
Cosfficients 120 310 321 511 626 120 310 321 S11 626
50 to .54 ak
45 to .49 i o}
ko to b z 0 2
55 1 39 1 (0 2 2 1 1
30 to .34 1 1 1 1 2 i 1 0
25 to .29 4 3 5 2 2 6 3 2 1
20 to .2L 6 3 2 N 1 5 3 9 6 4
15 to .19 5 L 8 5 5 8 3 3 5 2
10 to .1k L 5 Q z 5 € 3 6 L 3
05 to .09 1 4 5 2 3 2 1 2 1 2
00 to .0k 2 z i 1 5 1 2 5 L
-.05 to =01 (0] 1 2 15 1 L
10 to «.06 ] 1 0 1 il 3
-.15 to =.1l 1 1 (o} (o]
-.20 to =.15 1 1 1
«.25 to =.21 -
-.30 to -.26
-.35 to =.31
8 -.40 to «.36
'
TOTAL 25 25 25 25 25 25 25 25 25 25

5For any given sample, the total item validity distribution is the sum of the
selected and rejected frequencies as shown in Tables A-9 through A-12. The
distribution of rejected 1tems 1s obtained by subtracting these distributions
from the total distributions.
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