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AVERAGES, STANDARD DEVIATIONS, AND INTERCORRELATIONS
OF NAVY APTITUDE TESTS

ABSTRACT

The present report aims to answer some basic questions regarding
(a) the quality of recruits at each of four large naval training
stations, and (b) the aptitude tests used in the classification of
recruits. The basis for the present report consists in data for 43,539
recruits, as given on Hollerith cards received from the Bureau of Nawval
Personnel. The principal findings are:

1. The men at the Great Lakes training station made significantly
higher scores, on the average, than the men at Newport, San Diego, or
Norfolk; on the average, the men at Norfolk madc the lowest scores. From
these facts it appears that thc Creat Lakes station could fill pro-
portionately larger service-school quotas than the other stations. So
long as significant differences among stations exist, it would appear
desirable to make some adjustment in serviec-school quotas, in accord
with observed differences; olherwise, a comparatively superior group of
men is drawn from the high-ranking stations, end a comparatively inferior
group from the low-ranking. The appropriate degree of quotu-adjustment
depends both on the extent of stution-differences in the various tests
(sce Tables XII-XVI of the present rcport), and the relation between
test scores and success in the service schools.

: 2. The Arithmetic and Mechanical Aptitude tests are of suitable
difficulty; but the General Classification, English, and Spelling teste
are too easy to provide thegmost efficient differcntiation of superior
from average or inferior recruits.

. In general, men who mzk: high scores on one test tend also to
make better-thun-average scores on the others. The relations among the
various tests, however, are not uniform, some tests becing more closely
reloted than others. Specifically, the General Classification, English,
and Spelling tests are fairly closely relatud to each other; the
Mechanical Aptitude test shovis, in genernl, a compearatively low relation
with the other tests. The fairly close reletions among the GCT, English,

"and Spelling tests suggest that thesec tests are all measuring morc-or-
less similar abilities; so that one or two of thesc tests could probably
be eliminated from the general testing program without significant loss.

4. In general, the higher thc school grade completed by a recruit,
the higher his score on the zptitude tests; the increase in test scores
is especially apparent between grades six and twelve, becoming smaller
after grade twelve, and negligible sfter grade sixtusn. These findings




support the common practice of favoring recruits who have at least e
high-school education. By itself, however, the school grade completed
by a recruit ia not an sdequate index of ability, since wide individual
differences in test scores are found among men who are similar with

respect to education.

5. The analysis of the data brought to light certsin evidence of
inconsistencies, irregularities, or errors. About five per cent of the
Hollerith cards had to be rejccted becnuse of incoupleteness (principally,
lack of school-grade-~conplcted), or beceuse of obvious error (c.g., age
of recrult reported as zero, or school-grude-completed reported as 95).
Some of the test scores rccorded on the Hollerith ccrds are impossible,
The statistical data for the Mcchanical Aptitude, Arithmetic, and English
tests displayvd noteworthy peculiarities at certain of the stations; thus,
in Mechanical Aptitude, 28.2 per cert of the men at Norfolk were reported
to have a score of 10; vhereas less thon cne-half of one per cent of
the men at Great Lakes were ruported with this score. Such & hugh dis-
crepancy is probably due, in main purt, not to a rezl difference bctween
the men at the different stations, but to some inconsistency or irregularity
of procedure. The correlutions betrween the tests also differ excessively
from station tc station. All in all, it would cppear that a single, given
score cannot be depended upon to meun the same thing fron person to person
or station to station. The inmportance of these facts with regard to the
selection of men for service schools is apparent.

The findings reported above confirm the conclusion reached in
Report No. 1, namely, that variations in procedure from one station to
another constitute a problem of fundamcntsl importance nnd serious
magnitude. It is for this reason that a highly systematic program of
continuous coordination of procedures at the verious stations is
advisable., This suggests thc desirability both of regulearly scheduled
visits to the ststicns by representatives from the Bureau of Navel
Persenncl, anc of periodic statistical appraisal of test results from
the various stations.




AVERAGES, STANDARD DEVIATIONS, iND INTERCORRELATIONS
OF NAVY APTITUDE TESTS

I. INTRODUCTION

The present study is based on the data in 43,539 Hollerith cards
received from the Bureau of Naval Personnel, for the recruits report-
ing to Naval Training Stations between January and April, 1842. Each
card contains the recruit's tecst scores and other information. The

purposes of the present study are:

1. To compare the average quality of recruits received at each
of four large navul training stations (Newport, Norfolk, Great Lakes,
and San Diego).

2. To compare the individual differcnces (i.e., dispersion or
variability) in quality of recruits received at each of the naval
training stations.

8. To study the frequency distributions of scores in each test
at each station, for such light as may be gained on validity and other
matters.

4. To'calculate the intercorrelations among the various tests at
each station, and to interpret the results.

' 5. To determine the relation between school-grade-completed and
scores on the various tests.

The specific test-scores included in the present study are:

1. Score on the O'Rourke General Classification Test, Junior
Grade, Forms C and D, Navy Edition.

2. Score on the O'Rourke Mechanical Aptitude Test.
8. Score on U.S. Navy Stendard Recruit Test in Arithmetic.
4. Score on U.S. Navy Standard Recruit Test in English.

5. Score on U.S. Navy Standard Recruit T‘aat in Spelling.




II. AVERAGES

In the table on pegz 6 are presented the avernges (means) and
standard deviations of scores cn each tcst at each station. The results
for averages have been graphad in Chert I.

From Chart I it is clear that the Great Lakes station is receiving

men who make higher scores, on the average, than any other station. The
rank-order of each station on each test is given in Table I below.

TABLE I

Rank of Each Station in Average Score on Each Test
(Based on 43,000 cards)

Renk on

General Mechanical
Classification Aptitude Ari;:::tic E;:i.tsh

Test

QGreat Lakes

1
Newport 2
8
4

1
8
San Diego 2
4

Norfolk

Tho essential point of Table I is that, on every test, the Great
Lakes station ranks first, while the Norfolk stetion ranks last.

In comnection with repert No. 1, & total of about 1,000 ansver
sheots from Newport, Norfolk, Great Lakes, and Sen Diego were carefully
rescored by the staff of the present project. It is safe to consider
these data as reclatively free from errors of scoring, recording, etc.
For purposes of comparison, the data from these rescored papers have
been presented in Table III. The averages in Teble III give general
support to those of Table II with respect to the relative positions of
the Great Lakes and Norfolk stations; but in general, the amount of
difference among the verious stations is smaller in Table III. As an
illustration, the difference between Great Lakes and Norfolk on the
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TABLE II
Summary of Means and Standard Deviations of

Navy Aptitude Tests for All Stations
(Based on 43,000 cards)

Number of Standard
Test by Stations Cages Hean Deviation

GcT
Newport
Norfolk
Great Lakes
Sen Diego

MAT
Newport
Norfolk
Great Lakes
San Diego

Arithmetic
Newport
Norfolk
Great Lakes
San Diego

English
Newport
Norfolk
Great Lakes
San Diego

Spelling
Newport
Norfolk
Great Lakes
Sen Diego




Veans ang Stonderqd Devietions of
Navy Aptituce Tests for A1l Stetiong
(Based on Rescored Answer Sheets)

Number of

Tests by Stations of Standerq
Cages Mean Deviation

GCT (Form B)
Newport 71.18 16.14

Norfolk 65.51 17.84

GCT (Form c)
Newport . 69,42 16.04
Great Lakes 7,25 14,62
s.n DiOEO ' 66.35 17.61

Lar*
NC'pOrt 162;49 52.05
Norfolk . 163.68 54,91
Great Lokes 185,46 63.93
San Diego 174.56 58.“

Arithunetiq
chport 300 ‘7.25 25.45
Norfolk 298 49,93 24,23
Great Lakes 301 ‘63,87 23,29
Sen Liego 296 . 63.17 24,81

English
Newyort 300 68, 38 12, 62

Norfolk : 298 63,46 14,95
Greut Lekes 302 70.21 11,20
Sen Liego 297 69,74 12,75

Spelling
HNewport 300 68,27 22,21
Nor folk 298 56,51 21,36
Grest Loles 301 62,37 20,63
San Diego 296 68,50 21,30

* Data on this test are raw scores, F _




General Classification Test is 11.30 points in Table II, and only about
half this, or 5.75 points, in Table III., In general, the Norfolk
averages on the various tests in Table IIT run about 1/ to 1/R a

standard doviation below those at Grecat Lakes.




II1. STANDARD DEVIATIONS

In Table II on page 6 are presented data on the extent of indivi-
dual differences in ability at each station, as measured by the standard
deviation. Such data are of practical importance, because the greater
the individual differences of sbility within any station, the greater
become the difficulties of successful instruction or training. From
Table II it would appear that the Great Lakes station is, in general,
characterized by the smallest spread of ability (lowest standard

. deviations), while Norfolk is characterized by the largest.* This
conclusion should, however, be checked Ly reference to our data from
‘rescoted answer shoets, as compiled in Table III (page 7). The most
impressive fact about the standard deviations in Table III, for each
test respectively, is their comparative uniformity. To be sure, the
standard deviations at Great Lakes are still somewhat smaller than at
Norfolk, ecpecially in GCT and in English; but in general, the differcnces
among standard deviations in Table III are markecly less than in Table
IXI. Since Table III is based upon highly accurate data, the conclusion
is suggested that the much greater differences in Table II arise in
large part from various inconsistencies of procedure at the various
stations (see section VII). This interpretation seems more tenzble
than the other possible alternative, namely that the semple of approx-
imately 1,000 rescored papers is highly unrepresentative. The extent
of individual differences rithin the various stations may, for
practical purposes, be considered reasonably uniform.

#The only exception to this occurs in the Mechanical Aptitude Test;
and it seems certain that the results for this test are not fully com-
parable for all stations (see sections VI and VII below).
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IV. RELATION BETWEEN SCHOOL GRADE COMPLETED
AND SCORES ON THE TESTS

One of the facts customarily employed in the selection of nmen
is tho educational gradc attained; thus, the high school graduate is
usually preferred to the man whose formal education stopped at the end
of elementary school. To the extent that this educational standerd is
valid, a positive correlation should be foun? between school-grade-
completed and aptitude test scores. An excessively high relationship
between schcol-grade-completed and test scores, hemever, would reise
question whether the tests reflect formal education toc closely, or
duplicate cxcessively the information already provided by school-grade-
completed.

The facts un the relationship betwecen school grade and test
scores, based on the 45,000 cards supplied by the Burceu of Naval
Personnel, are given in detail in Tables V-IX. In these tables may be
found, for cach test, the averagc and the standard deviation of scores
for men complzting each grude cf schonl, respectively; the dota sre
presented for each station separeately, and also for a2ll stations com-
bined. For all stations combined, the correlation-ratios betwecn
school-grade-completed nnd test scores are as set forth in Table IV below.

TABLE IV

Corrslation-Ratio between School Grade Completed
end Test Scores

Test Correlation Ratio

General Classification «56
Mechanical Aptitude .58
Arithmetic .51
English .48

Spelling .52
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None of the correlation-ratics in Table IV is high enough tn
Justify substitution of school-grace-completed for any of the tests --
particularly in view of the case of falsification of the information
for schoul-grade-completed. The corrclation-ratio is highest for the
General Classification tost, and lowest for Mechanical Aptitude. This
accords with the faect that gencral verbal intelligence is definitely
more closely rclated to success anc continuation in school, than is

sechanical aptitude.

Chart II presents, for the total sample (all stations combined),
a graphical summary of the relution between school-grade-completed and
test scores. For every test, between grodes six cnd twclve, there is
on the average a definite advance of score with increase of education;
from grade twelve to grade sixteen thc incrense tends to be smaller
(pil, in the case of the Mechanical Aptitude test); beyond grade six-
teon (college graduation), the average change is negligible. From
Chart II it appears that the men reported to have education of lesg
than fifth grade moke slightly superior test scores than those vho have
had oply fifth-grade education.*

It should perhaps be emphnsized that, among men within any given
educational classification, wide indivicdual differences in test scores
occur. This is indicated in the graphs of Chart II by the lines
labelled 4 1 S.P. and - 1 S.D. ("S.D." being the standard deviation of
scoreg ut each educational classification). The same fact was brought
out by the correlation-ratios previously presented: a correlation-ratio
of .50, for example, means thut the dispersion of scores made by men
of a given educational classificution is, on the average, about 85% as
large as the dispersion of scores made by the total group (including
all cducational levels). It is important not to misinterpret Chart II
as indicating o strong relation between school-grade-complcted and test
scores.

#This moy vory well represent the true situation. On the other
hand, it is possible tmt a certain proportion of those recorded with
"0" in education merely failed to state their last grade completed; such
persons, on the average, may have had higher than fifth-grade education.
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TiBLE V
Means and Standerd Devietions for the

General Clussification Test by Grade Completed

Newport

Number of
Caces

8cheol Grade
Completed

12
7
68
184
801
719
294
641
1289
60
43
16
23
11

0-4

4868

Norfolk

105
162
4€l
999
1558
1427
1610
1947
2488
441
329
27
146
50

Standard
Deviation

19.99
22,41
15.44
14.45
14.:56
12,73
12,731
12.19
10.58
13,63
10.22

7.85
11.17
13.97

14.53
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TABLE V - Continued

Means and Standard Deviations.for the
General Classification Test by Grade Completed

8chool Grade Number of Standard
Completed Cases Mean Deviation

Great Lakes

9

14
76
309
2212
1631
2366
1998
60569
636
369
141
144
35

16878

S8an Diego

2l
33

297
849
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TABLE V - Concluded

Means and Standard Devictions for the
General Classification Test by Grade Completed

8chool Grade Humber of Standard
Completed Ceses Yean Deviation

All Stations

147
206
708
17ep
5647
4526
6072
5686
12854
1634
918
367
398
13

409685
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TABLE VI

Means and Standord Deviations for the
Mechanical Aptitude Test by Grade Completed

8Sohool Grade Number of Standard
Completed Cages Mean Deviation

Newport

12
7
57
183
796
721
990

Norfolk

63
101
338
839

1110
1296
1400
1861
2416
434
323
126
143
49

10798
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TABLE VI ~ Continued

Neans and Stendurd Deviations.for the
Mechanical Aptitude Test by Grade Completed

School Grade Nunber of Standerd
Completed Cases Hean Deviation

Great Lakes

9
14
73

302
2186
1607
2320
1964
6974

631

366

140

13

35

15650

8an Diego

19
28
102
267
969
778
1107
998
2867
384
180
80
80
17

7866




8chool Grade
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TABLE VI - Coneluded

Means end Stendard Deviations for-the
Mechanicel Aptitude Test by

Number of

Completed Cases

All Stations

103
160
670
1591
5363
4302
5817
5469
12630
1509
900
361
385
111

39151

Grade Completed

Standard
Deviation

26,94
20.61
20,72
26.46
36.22
40.11
46.13
48.73
67,10
67.69
56.48
54.89
56,47
63.26

47.40
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TABLE. X

Means and Standerd Deviations. for the
Arithmetic Test by Grade Completed

8chool Grade Number of Standard
Completed Cases lHean Deviation

Newport

12
7
58
184
802
721
997
640
1291
60
43
16
23
10

4864

Norfolk

106
1562
464
997
1566
1427
1511
1947
2491
442
329
127
146
48




TABLE VII - Continued

Means and Standerd Deviations for the
Arithmetic Test by Grade Completed

Number of
Cases

8chool Grade

Completed Mean

Groat Lekes

9

14
76
310
2200
1620
2341
1998
6039
638
367
141
143
85

16820

San Diego

19
27
101
261
968
773
1096
989
2849
381
179
7
80
17

Standard
Deviation




TABLE VII - Continued

lleans and Standerd Leviations for the
Arithmetic Test by Grade Completed

Number of
Cases

8chool Grade

Completed Mean

Great Lakes

9

14
76
310
2200
15620
2341
1998
6039
638
357
141
143
36

16820

San Diego

19
27
101
261

1095
989

179
¢l
80
17

Standard
Deviation




<l

TABLF VII - Uemoluded

Means and Standard Deviations for the
Arithmetic Test by Grade Completed

" 8chool Grade ¥umber of Standard
CompleteA Casos Mean Devietion

All Stations

146
200
698
1762
6526
4441
65944
65574
12670
1621
908
363
392
110

40246
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TABLE VIII

Means and Standurd Deviations for the
English Test by.Crude.Completed .

School Grade Numbor of Standard
Completed Cases Moan Devistion

Newport

12
7
68
184
797
721
993
640
1288
60
43
16
23
10

4862

Norfolk

106
162
464
1000
1663
1427
. 1512

1949
2489
441
329
126
146
48

11762
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TABLE VIIT - Continusd

Moens and Standerd Deviations for tho
English Test by Grede Compleotod

8School Grade Fumber of
Completed Casos

Great Lakes

9

14
7%
11
2203
1619
2344
1998
6046
636
368
141
143
36
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TABLE VIII - Concluded

Means and Standard Devictions for the
English Test by Orude Completed

School Orade Nunber of Standard
Completed Cases Deviation

All Stations

143
196
680
1717
5389
4346
5832
5488
12480
1600
901
366
389
110

39627
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TARLE IX

LY

Moons and Stendard Devietions for the
Spelling Tost by Grede Completed

School Orade Number of : Standard
Completed Cases Deviation

Newport

12
7
1]
184
796
719
989
634

60
43
16
23
10

(-]
" .
»

“8oomvaa
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TABLE IX - Continuod

Moons ond §tenderd Dovietions for the
Spelling Test by Grede Completed

Sohool Grede Number of Standard
Completed Ccses Moan Deviation

Grent Lakog

9

13
76
310
2178
1496
2280
1942
5686
6595
323
131
134
29

16199

8an Diego

16
23
82
222
821
675
979
901
2649




TABLE IX - Concluded

Means and Standard Deviations for the
Spelling Test by Grade Completed

School Grade Fumber of Standard
Completed Cases Mean Deviation

All Stations -

142
196
76
1716
5364
4317
5767
5424
12106
14568
864
347
380
104




V. INTERCORRELATIONS

The correlations among the various tests cre of interest in
several rospects. We ¥ish to know, for example, whether ‘any of the
tests is so highly correlated with any. other as to constitute a virtual
duplication. We wish to know whether the General Classification test
shows (in conformity with its title) the highest avernge correlation
with other tests. WFe wish to know if the correlations among tests differ

markedly cmong the different stationms.

In order to determine the correlations among the various tests, a
sample of 2,000 cards -- 500 frcm each ncval training station -- was
drawvn. The procedure ezployed to assure &n unbiased sample from the total

45,000 cards was a8 follows:

1. The 43,000 cards were classified into four groups, one for each
naval training station.

2. The cards for each station were then classified into fourteen
groups according to school grade completed.

8. A fixed percontnge of the cards in each group was selected at
random* to comprise a sample of about 800 cards for each station.

4. The cards thus selected were next checked for obvious errors --
specifically, for (a) duplicate names; (b) duplicate service numbers;
(c) complets duplication of scores on all tests; and (d) impossible test

scores (see section VII, }).

5. From the cards rem:ining, enough cards were discarded at
random* to reduce the total to exactly 500 for each station.

The intercorrelations for the full sample of 2,000 cases (all
stations combined) are given in Table X; and for each station separately,
in Table XI. From Table X it is clear that the General Classification
test shows the highest averuge correlation with other teats; the Mechanical
Aptitude test shows the lowest. Several of the intercorrelations are
over .50, and that between General Clissification test and Spelling is
over .60. Taken as they stand, the intercorrelations are high enough
to raise question vhether one or two tests could not be omitted without
significant loss in the multiple correlation with a suitable criterion.

It may deserve notice that the r's in both Tables X and XI would in

*The "random" method consisted simply in selecting or withdrawing
every n'th card -- g heing adjusted, in each case, to yield the sample
of desired size. .




goneral be somewhat higher if all differcnces in circumstances of ad-
ministration, or errorc of scoring, coding, etc. wore eliminated.

The intercorrelations among the tests at each station are given
in Table XI. Considerable variation among stations may be observed.
Thus the correlation between General Classification test and Mechenical
Aptitude test at Great Lakes is .42, at San Dicgo is .83; the correla-
tion between General Classification tost and Arithmetic at Great Lakes
is .49, at Norfolk is .61l; etc. In general, the correlations are com-
paratively high at San Diego: the average of all the correlaticns at
San Diego is .56, at the other stations, .45.*% Some of the largest
discrepancies in corrclations are obsarved in connection with the
Mechanical Aptitude test; some cf the smallest, in connection with the
Spelling test. By no means all the observed vnriation of correlations
among the stations coan be ascribed to chance,¥*

#The simple cveraging of correlation coefficients is the most
convenient, even if not theoretically the most valid, procedure. Use
of a more elaborate a2nd theoretically more valid procedure would not
alter our results significantly.

*For & discussion of the problem of heterogeneity of relation-
ships among tests at the different stations, see secticn VII, e.




TABLE X

Intercorrelations of Favy Aptitude Tests
(A11 Stations Combined, N = 2,000)

General l:;t!v;:‘iﬂcgl Arithmetic English Spelling
Test
Test

Classification
t

Tes Teat Teat

.48 «58 52 .61
— .38 48 54
.58 — A4
.48 44 —
34 58 .58

42 -48




TABLE XI

Intercorrelations of Navy Aptitude Tests
(N = 500 for Each Station)

Arith- Spell-
nmetic Enplish ing Average

GC?
umnl... ' I51 .58 .58 055
Norfolke... 61 .64 «60 59
Great Lakes .49 54 «58
San Diego.. 56 .66

MAT
Newport.... 29 22
Norfolk.... | .50 .59 .50
Great Lekes | .42 27 22
San Diego.. "? .63 Y

]

ARITHMETIC |

Newport.... .51
Norfolk-n-. -61
Great Lakes | .49

San Diego.. .56

ENGLISH
Newport.... .58
Norfolk... -‘: .64
Great Lakes .54
San Diego.i .69

SPELLING
Newporte.... .58
Norfolk....- .80
Great Lakes .58
San Diego..: .66




VI. FREQUENCY DISTRIBUTIONS OF SCORES ON EACH TEST

The chief function of any test is to provide a range of scores
within which individunl differences in the ability measured by the test
nmay be distinguished. It is especially important that there should be
no undue "piling up" of cases at any particular score. It is reasonable,
for example, to expect a heavy concentration of scores at or near the
middle of the distribution; in no test, however, should there be o con-
siderable concentration at either very high or very low scores (the term
"low" referring to scores vhich are near or beclow the level that could
be achieved by random or chance responses to the test). For the single,
specific purpose of differentianting those who should be sent to service
school from those who should not, it is desirable that the test be of
such difficulty that the service school men make scores at or above the
"50 per cent point" (i.e., 50 per cent of a perfect score). The propor-
tion of men sent to service schools, however, varies from time to time
with the availoble manpower and the needs of the Navy; sc thet for
general purposes it is best that the fifty-per-cent score be made by the
typical or "average" man.

The frequency distributions of scores in the five tests are
given, for each station separately, and for the four stations combined,
in Tables XII-XVI. In each distribution, the range of scores is clearly
adequate to provide good differentiation of individual differences.
In other respects, however, the distributions are subject to question.
In particular, the General Classification, English, and Spelling tests
appear too easy to provide the most efficient differentiation -~ both
for general purposes, and especially for the specific purpose of select-—
ing men for gervice schools. The Arithmetic and Mechanical Aptitude
tests are of sultable average difficulty, but do not cxhibit as much
concentration of cases at the middle as one would normally expect. If
the scores from the individunl stations are examined closely, certain
anonalies appear -- e.g., the heavy concentration of high scores in
Arithmetic at the Great Lukes station, the lsrge number of zero scores
recorded for the English test at Norfolk, etc. These fertures, however,
appear to arise from inconsistencies or irregularities of procedure at
some of the stations, rather than from features characteristic of the
particular tests; these matters are considered in some detail in the
following section of the present report.
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TALLE XII

plétFibutions of Scores on General Classifioation Test

Grest San
Newport Norfolk . lakes Diego Total
Soores Freq. Freq. Freq, Freq. Freq.

95-99 388 534 1% 1111
90-94 779 1856 464 3324
86-89 1118 2807 726 5113
80-84 1222 2731 954 5472
76-19 1208 2362 1011 5247
70-74 1094 1856 941 4573
66-69 1025 1292 845 3696
60-64 896 961 802 3141
5669 869 506 684 2413
50-54 - : 748 362 574 2029
46-49 629 221 407 1338
40-44 488 168 336 1116
36-39 313 108 216 710
30-34 296 37 130 500
26-29 236 37 96 386
20-24' 202 22 3 310
16-19 112 10 42 169
10-14 13 10 30 167
6- 9 5 8 11 »
0- 4" 56 11 82

Total 11740 16878 8489
liean®* 65.72 77.02

Standard
Deviation* 14,53 20.59 13.16

¢ The means and standard deviations are computed from un-

grouped data, not from the frequency distributions.




Distribution, of Soores on Vechenioa) Aptitude Test

Great San
Newport Norfolk Lakes Diego Total
8oores Freq. Prec, Freq. Freq. Freq.

96-99 167 345 507
90-94 9 178 880 1081
85-89 29 265 1118 1495
80-84 60 272 1164 173z
75-79 99 265 . 1040 1772
70-74 148 283 1165 2115
65-69 267 344 1120 2368
60-64 321 438 1137 2676
5669 473 448 1041 2758
50-64 514 592 768 2557
4549 626 - 284 508 2241
40-44 648 520 75€ 26665
35-39 547 47 631 2234
30-34 463 576 676 2166
25-29 296 531 654 1879
2024 185 693 581 1814
15-19 102 767 567 1682
10-14 37 3660 376 4078
5- 9 10 224 8 260

Ce 4 13 __48 11256 1201
Total 4837 10798 15650 39161

Mean* 46,26 33.88 47,40

Standergd
Deviation® 15,3 25,86
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TABLE XIV

Distributions of Scores on Arithmetio Test

Great S8an
Newport Norfolk Lakes Diego Totel
Soores Freq. Freq. Freq, Freq. Freq.

96-99 1156 %0 1626 262 232
90-94 126 366 1281 198 1961
86-89 185 442 1¢09 311 2347
80-84 179 482 1397 316 2373
76-79 2n 540 1374 402 2687
70-74 307 6560 1272 400 2639
665-69 286 836 1084 621 2527
60-64- 325 606 10%® 466 2436
6559 326 648 942 642 2457
50-54 336 736 798 609 2381
46-49 369 584 700 541 2184
40-44 340 092 610 444 2086
36-39 306 503 499 1969
30-34 276 456 469 1916
26-29 290 6456 356 478 1769
20-24 266 309 424 1777
16-19 219 709 261 362 1641
10-14 161 642 177 288 1268
6~ 9 186 130 199 996
0= 4 7 108 178 740

Total 4864 16820 - 7808.. 40245

Mean® 48,17 44,75 66,08 47.83 63,73

Standard ’
Deviotion* 23.89 26,80 23,46 26,00 26,47

¢ The mesns and atandard devietions are computed from une

grouped data, not from the frequenoy distribuuon..




Distributions of Scores on English Test

Newport

Scores Freq.

95-99
90-94
86-89
80-84
76=79
70=74
66-69
60-64
656-569
50-64
46-49
40-44
35-39
30-34
26-29
20-24
15-19
10-14
6= 9
0- 4

Norfolk
Freq.

10
43
86
169
194
294
330
486
629
641
687
910
870
9
939
1066
' 949
887
721
977

Total 4862

uo-n‘ 65.81

Standard
Deviation* 12,63

11762

21.56

Great
Lakes
Freq.

72
466
1083
2096
2891
3162
2497
1588
804
461
266
167
106
86
31
22
14

7

4

11

San
Diego
Freq.

93
42
29
12
16
21

Fr.q.

96
669
1616
3136
4475
5448
4792
3793
2404
1839
1416
1449
1260
1248
1083
1136
1001
914
746
1019

16831

71.32

11.66

7092

15.23

39527

68.02

22,78

¢ The means and stendard deviations are computed from ine

grouped dete, not from the frequency distributions.




Scores

96-99
90-94
85-89
80-84
76-79
7074
65-69
60-64
56=569
5054
46-49
40-44
36-39
30=-34
26-29
20-24
15-19
10-14
5-9
0- 4

badiSL T )
]

Total
Mean*

Standard

TABEE XVI

Distributions of Scores on Spelling Test

Newport
Freq.

99
158
162
380
227
460
274
516
283
473
298
479
218
314
166
161

63

46

11

14

——rr—y

4632
57.13

Deviation® 20,57

Norfolk
Freq.

Ml
464
419
2
548
837
566
963
6596
898
632
909
594
791
503
728
429
460
228
‘141

11739
51.91

24.68

Great

' Lakes

Freq.

769
1276
1162
1771
1279
1708
1116
1391

843
1102

610

808

416

467

196

167

66
27
19
27

San
Diego
Proq .

191
815
301
479
425
641
448
670
438
876
417
573
3563
438
249
243
83
73
27
28

Total
Proq.

1400
2262
2034
3322
2479
3646
2404
3540
2160
3149
1967
2769
15681
2010
1104
1289
641
606
286
© 210

15199
67.71

19.26

7068
57.82

2l1.23

38838
59.62

22,63

# The means and stendard deviations sre computed from un-

grouped data, not from the frequenoy distributions.




e ' VII. INCONSISTENCIES, IRREGULARITIES, ERROR§

In any extensive program conducted nt widely separated points,
inconsistencies and irregularities of various kinds are likely to creep
in; these are sometimes the source of serious inefficiency or injustice
in the selection and disposition of personnel. In the present data,
evidence of irregularity or error is not lacking. Thi: scetion of the
report presents such inconsistencies, irregularities, or errors as
became apparent during analysis of the data.

A. Evidence from Punched Cards

It was not, of course, possible for us to verify the accuracy
with which the Hollerith cards hnd been punched. Certain inst~nces of
incompleteness or error, however, were obvious. For example, a con-
siderable number of cards (1,858, or about four per cent) were entirely
blank for school-grade-completed. Table XVII below lists the types of
error found in a sample of 564 cards which were rejected for some reason
other than absence of school-grade-completed (in a number of cases, the
cards contained more than one error each).

TABLE XVII
Types of Error Found in a Sample of Rejected Cards

Ambiguous punching of school-grade-completed
{blank for one Aigit)e « « ¢ « ¢ o o o o 0 o o o

Unreasonable figure for school grade completed
(25-951m1u1ve)--a-o--ono--a.oo

Ambiguous punching of test score (blank for one digit)

Unreasonable figure for age (0-16 inclusive and
46-95 inclusive) « o « ¢ o ¢ o o s 0 0 s e

Punched 22 for location of Service School. .
Exact or particl duplication of another card

Other errors « o « « « o« o o o o o o s o o o




)

Under "other errors" in Table XVII are included such errors as
data punched in wrong columns, double punching in one or more columns
of the card, missing data, and incomplete date. Altogether, 2,184, qr
about five per cent, of the cards had to be discarded from all score
tabulations. As the study progressed, additional cards were found con-
taining an error or omission fcr individual tests; such cards wore put
aside during the tabulation of the test concerned, and then returned to
the file for use in the tabulation of other tests. In gencral, a card
was not discarded for error unless the error was pertinent to the data
being tabulated.

B. Impossible Test Scores

Since the examinee's score on the Arithmetic test is five times
the number right, each score should be a multiple of five¥*; similerly,
on the Spelling test, each score should be a multiple of tvH. % .\ cun=-
siderable number of cards were found, however, which deviated from this
rule (see Tables XVIII and XIX). Such errors may have arisen either in
the scoring of the papers or punching of the Hollerith cards. In our
statistical analysis a card with an impossible test score was eliminated
only from the particular distribution in‘which the cefectivc test seore
would be involved.

C. Special Peculiarities of Frequency Distributions

Some noteworthy peculiesrities are apparent in the distributions
for certain of the tests. Specifically, in the Arithmetic test (Table XIV),
the percentage of cases in the top category, 85-89, is three times as
large at Great Lakes as at any other station. On the Mechonical Aptitude
test (Table XIII), a heavy excess of scores is observed in the interval
O-4 for Great Lakes; while at Norfolk the excess is even greater in the
interval 10-14. Another peculiarity of the Mechanical Aptitude test is
the discrepancy in ghape of the distributions for Great Lakes and Norfolk
vs. Newport and San Diego; the two former distributione temd to be
rectilinear (little tapering of frequencies at the ends of the distribu~
tion), while the latter distributions are of more nearly customary foram.
On the English test (Table XV), the Norfolk station is characterized by
& surprisingly heavy proportion of low scores in general, and of zero
scores in particular.®#* Charts III-V give a graphic portrayel of some

#This is true except for perfect scores of 100, which are punched
as "99" in order to avoid using three columns of the Hollerith card for

any one test score.

##The average score for Norfclk on the Engliah Test is 33; this
may be compared with the average of 66 for Newport, 71 for Great Lakes,
and 64 for San Diego (Table XV, p. 38). :




TABLE XVIIX
Arithmetic Scores Not Multiples of §

fumber of Scores Not Multiples of 5*

Cases Number

4864 B !

TABLE XIX
Spelling Scores Not Multiples of 2

Per cent

Mumber of Scores Not Multiples of 2%
Nunber

Cases

48352 8
405

# Not including scores of 99.

Per cent
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of these facts.®*

Peculicrities such as those mentioned abdéve probably do not arise
merely from clerical errors in the punching of Hollerith cards. The
excess of high scores in arithmetic at Great Lakes is probably due
wholly or mainly to the fact that the men at Great Lakes were given a
review in arithmetical computation prior to taking the tests, wherens
the men at the other stations were not. The rectilinear form of the
scores for Mechunicsl Aptituie at Great Lakes and Norfolk evidently
arises from the use of percentile norms at these stations. The causes
for the other peculiarities, unfortunately, cannot be so certainly
stated. One possibility thzt always exists 1s the failure of men to
make sufficiently heavy marks on the answer sheets; another is the
failure to make use of the special electrographic pencils; another is
the possibility of copying (especielly if men are seated closc together);
another, a misteke in timing during the administration of the tests;
another, the use of an inaccurate or improper scoring-key in the test-
scoring machine; another, the failure to cdetect improper functioning
or operation of the test-scoring machine; still another, some lack of
uniforuity in the use of norms (especially when two ?ifferent kinds of
norms are avuilable for a test, or a given set of norms is in one way
or another incomplete or peculiur¥*). Some of these possibilities, to
be sure, are not very probable. Whatever the effective causes may be,
it seems certain that inconsistencies, irregularities, or errors have
entered to limit the comperability or validity of scores on some of
the tests.

D. Means and Standard Devintions based on Cards
versus Re-Scored Papers

As was mentioned in an early part of the present report, certain
highly accurate date were available from Report No. 1, based on rescored

*In Charte III-V we have plotted the percentage of cases having a
score of exactly zero or exactly ten, rather than the percentage of cases
in the interval 0-4 or 10-14.

#*In particuler, the norms for the Mechanicel Aptitude test are
not as complete as they should be. According to these norms, a raw score
of 133 is equivalent to a percentile score of 11; but no percentile scores
are given for raw scores below 133.

If low scores on the MAT were assigned ¢ percentile rank of 10 at
Norfolk and O at Great Lakes, this would account for part of the concen-
tration of scores at these points for these stations. But other factors
probatly also play a part, since it seems unlikely that there should be
80 many men with such very low scores at either Norfolk or Great Lakes.
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papers. The raccore? papers represent only a small sample (approximately
250 cases from each of the four stations); in consequence, complete
agreement between results from these papers and from the cards could
hardly be expected. Nevertheless, extreme disagreement might well lead
to question. Furthermore, we should expect that the differences among
stations would be gregter when based on smell samples than when based

on large, because in the case of small samples the true differences among
the stations tend to be augmented by fluctuations of sampling.

As o matter of fact, however, the differences among stations are
notably gmaller on the basis of the small sample of rescored papers than
on the basig of the 43,000 cards. Thus, the lowest and highest mean
scores in GCT, from the rescored papers, are 65.51 and 71.26, respecitvely
(range of means, 5.75); on ths basis of the 45,000 cards, the correspond-
ing figures are 65.72 and 77.02 (range, 11.50) (see Tables II and III).
All the other tests, it may be emphasized, show a considerably greater
difference in range of means than the GCT; the English test (to choose
the moat glaring case), ranges in mean from 65.45 to 70.21 on the basis
of the rescored papers, and from 35.35 to 71.52 on the basis of the
45,000 cards.

The same facts are found when, instead of the means, the standard
deviations in the two sets of data are considered (see again Tables II
and III). Thus, in GCT, the standard deviations based on the rescored

papers run from 14.62 to 17.61 (range of S.D.'s, 2.99); based on the
45,000 cards, the corresponding figures are 15.16 and 20.59 (range, 7.43).
Again, the data from GCT provide only a modest estimate of the degree

of discrepancy.

The irregularities mentioned in sections b and ¢ above, for the
Mechanicel Aptitude and English tests, would contribute to the results
that have been noted in the paragraphs above. It deserves emphasis,
however, that the discrepancies wec are here concerned with appear not
only in the case of the MAT and English tests, but also in the case of
the GCT, Arithmetic, and Spelling tests. The results from the 45,000
cards thus would appear to confirm the conclusion rcached in Report
No. 1, namely, that variations in procedure from one station to another
constitute a problem of fundamental importance and serious magnitude.

E. Hetérogeneity of Regression Coefficients

As was to be expected, and as is shown in Tables X and XI above,
all of the tests show positive correlation with each other. The correla-
tions between any two particular tests might be expected to be similor
at the different stations; as a matter of fact, however, considerable
differcnces may be observed. Thus, the correlations between MAT and
GCT range from .42 (at Great Lakeas to .53 (at San Diego); between GCT
and Arithmetic, from .49 (at Great Lakes) to .61 (at Norfolk); etc. A
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primary question is whether the variution of correlation coefficients
among the different stations is greater than might be expected from
random fluctuation due to chonce. If the variaction excceds that expected
by chance, the next question concerns the possible sources of such true
or non-chance heterogeneity.

Among the possible sources of non-chance heterogeneity in correla-
tions are differences between so-called "alternate forms" of & test; in-
consistencies or errors in the administration of tests; inconsistency
in the use of norms; errors in scoring; etc. One further possible cause
of heterogeneity, however, is the purely technical factor of differing
range of scores at the various stntions. Other things being equal, the
wider the range of scores (as measured by the standard deviation), the
higher the correlation coefficients will be. In order to avoid the
influence of this factor, we may examine not the correlation coefficients
betweon tests, but the regression coefficients. The regression co-
efficient of Y or X indicates the average rate of chenge of scores in
Y per unit change of acore in X; briefly and non-technically, it shows
how closely the scores in Y reflect 'a change of scores in X. To pick
an extreme and simple case, if the correlation between X and Y is zero,
then the average Y score for men making a low score in X is the same as
for men meking a high score in X; the scores for Y do not at &1l reflect
changes in the scores for X; and the regression coefficient equals zero.
In such a case, the regression of X on Y -- or the sensitivity of X to
changes of score in ¥ -- is also zero. In general, however, the regression
of X on Y diffcrs somevhat from that of Y on X (unless the standerd
deviations of X and Y are equal).

The regression coefficients between all the various pairs of tests

(GCT and MAT, GCT and Arithmetic, etc.) are given in Table XX. The homo-
geneity of the regressions betveen MaT und GCT at the four stations --
and similarly between MAT ancd Arithmetic, MAT and English, etc. -- vas
tested by the procedure outlined in Snedecor's Statistical Methods,
Chapter 12. The velue of "F" for cach set of regression coefficients
at the four stations is given in Table ¥X. The "F" values in this table
are to be interpreted as follows. If F equals 2.60 or less, the likeli~-
hood that the observed variantion in regression coefficients would have
occurred as a result of random fluctuation from 2 homogencous universe
is § per cent or more*; in other vwords, it is reasonable to assume that
the sct of regression coefficients is homogeneous. Of the twenty sets
of regression coefficients in Table XX, only three meet this standard;
namely, the regressions of Arithmetic on GCT (F = 2.3), Spelling on GCT
(F==0.4), and Spelling on irithmetic (F =1.5). If the value of F is
- between 2.60 and 3.78, the likclihood is between 1 and 5 per ccnt that
the observed variation in the set of regression coefficients would have

. *See the Table of F in G. W. Snedecor's Statigtiral Methods, pp. 184-
187 (third edition, 1940).
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TABLE XX

Regrossion Coefficients for A1l Pairs of Tests,
hccording to Stution®
(n =500 for Each Station)

frithnetie English Spelling

GCT
Newport .81 52 -85
Norfolk .86 .74 «79-
Great Lakes 1.01 .52 .87
San Diego L —260 =82
Valuc of E .5 87 Q.4

MAT )
Newport A2 42 .23 .26
Norfolk 154 .58 -26 127
Great Lakes «R0 «26 .13
San Diego —64 267 Y Y 4 280
Value of £ 36,5 10.7 PY AR 8:4.
ARITHMETIC
Nevport 26
Norfolk 40
Great Lakes 2R
San Diego —a56
311

.59

34 —48
1.5
ENGLISH
Nev:port
Norfolk .41 .80
Great Lakes .65 1.03
San Diego .80 +59 .90 85
Value of ¥ 11.0 4.8 9.6 8.6

SPELLING
Newport 41 .17 .49 eoe
Norfolk .46 .34 .53 cee
CGreat Lakes .32 .28 .66 coe
San Diego .55 <21 .81 41 500
Value of F 9.9 3.1 2.7 8.3 oo

#The test nemed along the X-uxis is the "dependent" variable in
euch test-pair. Thus, the first entry of the first row, .51, is the rc-
greasion coefficicnt of MAT on GCT (at Newport); vhile the first ontry of
the first column, .42, is the regression coefficient of GCT on MAT (at
Newport). In gonural, the table is best rcaq dorn the columns, rather than
across the rovs. ?

.as I87

32
.43
.24
240
Velus of F 18,6 5.6
’65
«55
«56
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occurred by chance in sampling a homogenous universe. In this case,

there is some doubt as to homogeneity, but it cannot be definitely

assumed that the results are heterogencous. Two sets of regression co-
efficients meot this stendard; namely, the regression of MAT on Spelling

(F =8.1) and the regression of irithmetic on Spelling (F = 2.7). The
remaining sets of regression coefficients -- 15 out of 20 -~ are definitely
heterogeneous. The values of F for thcse remaining sets range from 4.8

to 36.5.

It is hard to think of any "good" reason for the heterogeneity of
regression coefficicnts at the different stations. Why should not a
change in GCT score from (say) 50 to 70 be accompanied by the same average
increment in Arithmetic score at all the stations? One answer is that
a score of 50 in GCT (or a corresponding score in Arithmetic) does not
mean the same thing at different stations.® Such a dispority might con-
ceivably arise through the inequivalence of so-called "elternate forms"
of a given test. Serious incquivalence of alternatec fornmg, however, is
very uncommon. It appears likely that some other factor or factors must
be operative. What the responsible factors ere, is not revealed by the
present analysis; any of the irregularities alrecdy pointed out, or still
others not identified, might play a part. The heterogeneity of regression
coefficients indicates definitely that inconsistency of one esort or
another does exist.

—""""%0ur entire discussion has assumed linear regressions throughout.
Theoreticelly, if the regression of ¥ or X were curvilinear, and scores
at any one station extcnded much above or below the scores at any other,
heterogenelty of regressicn would be both expected and legitimate. These
conditions do not obtain in the present study.
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VIII. SUMMARY

the
and

The present report answers some basic questions concerning (a)
wality of recruits at each of four large naval training stations,
b) the aptitude tests used in the classification of recruits. The
basis for the present report consists in 43,559 Hollerith cards received
from the Bureau of Naval Personnel. It has been found that:

1. The men at the Great Lakes training station made higher scores,
on the average, than the men at Newport, San Diego, or Norfolk; on the
average, the men at Norfolk mode the lowest scores. Such facts deserve
consideration in the establishment of service-school quotas for the various
stations.

2. As measured by the standard deviation, the extent of individual
differences within the various stations may, for practical purposes, be
considered fairly unifora.

5. The frequency distributions of scores indicate that the Genersal
Classification, English, and Spelling tests are too easy to provide the
most efficlent differentiation. The Arithmetic and Mechanical Aptitude
tests are of suitable average difficulty, but fail to exhibit as much

concentration of scores at the middle as one would ordinarily expec_t.

4. The intercorrelations among the various aptitude tests range
from .34 (Mechanical Aptitude x Spelling) to .61 (General Classification x
Spelling). In general, the lowest correlations are found between the

Mechanical Aptitude test and others (median ==.43); the highest, between
the General Classification test and others (median = .55).

The inter-
correlations tend to be highest at San Diego, and lowest at Newport
(theoretically, the intercorrelations should be fairly unifora from
station to station).

In general, some of the intercorrelations are
sufficlently high to suggest that one or more of these tests could be
eliminated from the general testing program without significant loss.

5. There is a positive relation between school grade completed
and scores on the aptitude tests.

The highest correlation-ratio, .55,
is found between school grade completed and scors in the General Classifica~

tion test; the lowest, .58, between school grade completed and score in
the Mechanical Aptitude test.

For every test, between grades six and

twelve, there is on the average a definite advance of score with increase
of education; from grade twelve to grade sixteen the increase tends to
be smaller (pil in the case of Mechanical Aptitude test); beyond grade
sixteen (college graduation), the average change is negligible.

It
deserves emphasis that, among men within any given educational classifica-
tion, wide individual differences in test scores occur.




T P S I e T ._-j
B e Ve S

About five per cent of the

of incompleteness (e.g., lack
of schoolwgrade- (e.g., age of recruit reported
as 85 years). orded on the Hollerith cards
are impossible. The frequency distributions of scores for the Mechanical
Aptitude, Arithmetic » and English tests displayed noteworthy peculiarities
at certain of the stations; thus, in Mechanical Aptitude, 28.2 per cent
of the men at Norfolk were reported to have a score of 10; whereas less
than one-half of one per cenf‘ of the men at Great Lakes were reported
with this score. Such a large discrepancy is probably due, in main part,
not to a real difference between the men at the different stations, but
to some inconsistency or irregularity of procedure. The correlations
and regression coefficients betwoen the tests also differ excessively
from station to station, suggesting that given score cannot be depended
upon to mean the same thing at different stations. These findings con-
fira the conclusion reached in Report No. 1 of the present project;
namely, that variations in procedure from onpe station to another constitute
& problem of fundamental importance and serious magnitude.
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