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ABSTRACT 

This report describes a shipboard follow- up study of the performance 

of Navy Machinery Repairmen whose aptitudes. ski l ls. interest s and 

achievements had been thoroughly studied two years earlier while they 

were in Class "A" m training. 

Sh ipboard performance was assessed in ·two ways: (1) by administering 

a practical performance test requiring skill in the use ·of machinery re­

pair equipment; (2) by securing ratings by supervising petty officers 

of each person's ability to perform the various aspects of the MR's 

shipboard job. 

The r esults strongly suggested that performance tests and supervisory 

ratings were best regarded as complementary cri teria of shipboard perfor­

mance. While these two measures did not correlate with each other. 

both correlated signifi cant l y with many logical predictors, including 

apt itude and interest measures, pract i cal work during training, and 

predictions of success by Cl ass "A" School instructors. 

When the two shipboard measures were combined to form a simple 

composite criterion, it was estimated that over 50% of the true variance 

was accounted for by scores made two years earlier on a combination of 

scores made on: ( 1 ) mechanical knowl edge tests; (2) training projects 

involving t he use of lathe and milling machines; and (3) predictions by 

school instructors as to eventual suitability as an MR. 
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, BACKGROUND 

SUPERVISORY RATINGS AND PRACTICAL PERFORMANCE TESTS AS 

COMPLEMENTARY CRITERIA OF SHIP30ARD PERFORPilANCE 

Chapter l 

SUMMARY AND OPERATIONAL IMPLICATIONS 

This was one of a series of studies designed to investigate the utility of 

· various measures that might be employed as criteria of shipboard performance, 

Previous studies in this series had indicated that both job sample tests and 

supervisory rating scales could be developed t hat would yield. reliable and 

discriminating measures of the shipboard performance of Navy enlisted personnel 

(10,ll , 12, 13,14,lSi However, these studies indicated very little common variance 

between performance tests and supervi sory ratings. This lack of correlation 

created questions concerning the extent of valid variance in bot h t ypes of 

criterion measures, The present study was designed to examine more completely the 

r elationships between supervisory ratings and performance tests given aboard ship 

and to describe their nature by exami ning the,i r variance in common with a 

substantial number of other measures. 

PROCEDURE 

A job sample performance test for Machinery Repairmen requiring the con­

!struction of a specially designed product through the use of shipboard lathes, 

;shapers, drill presses, and hand tools was developed together with a specially 

:tailored rating scale covering both the t echnical and non-techni cal aspects of the 

MR's shipboard job, The subjects for study were 64 Machinery Repairmen serving 

aboard Navy destroyers, aircraft carriers, tenders, and repair ships. These men 

had been the subject of study two years earlier while undergoing Class "A" MR 

training during "tich time extensive measures of their basic aptitudes, interests, 
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and school achievement were made, This st udy investigated the relationships 

between the measures obtained in the school environment and those obtained two 

-years later in the operating environment. 

RESULTS 

The relat i ve independence of scores on performance test s designed to sample 

the practical aspects of the shipboard job and scores on rat ing scale traits also 

defined to reflect the various aspects of the job was again observed, The corre­

lation between t he total score on the shipboard job performance test and average 

score on the supervisory rating scale for the 64 subjects was .03. 

In spite of this independence, both shipboard proficiency measures showed 

substantial relationships to various measures obtained two years earlier in the 

training environment. Ten of t he 20 predictor measures used correl ated signifi­

cantly with one or both of the shipboard measures. 

Scores on t he job sample performance test administered aboard ship. correlated: 

, 44 with scores made during Class "A" training on school work 
samples requiring basic milling, fine lathe threading. and 
hand 1Qtl performance skil l s; 

. 39 wi th composite scores made during Class "A0 training on 
t ests of mechanical knowledge, perceptual speed, and 
spatial relations; 

~ with predictions (ratings) made by school instructors two years 
earlier on suitability ill doing lli job of! Machinery 
Repairman. 

Scores from the supervisor ' s rating scale administered aboard ship also 

.correlated s igni ficantly with logical predictors from the school environment: 

.44 with scores derived from school work samples in the Class "A" 
t raining envi r onment requiring skills in lathe turning to 
specifications and fine lathe treading; 

2 
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.29 with scores on a test of me chanical knowledge administered 
at the time of Class "A" training; 

,35 on measures of achievement in MR School as reflected by 
· scores on written examinations for each phase of training; 

.35 with predictions (ratings) made by the MR School instructors 
on the suitability of each graduate for doing the job of! 
Machinery Repairman, 

Since both the shipboard job performance test scores and t he shipboard super­

visory rating scores correl ated significantly with a number of l ogical predictors 

and yet were essentially independent of each other, a simple unweighted composite 

of the two measures was formed. This composite shipboard performance criterion 

correlated: 

.51 with scores made on school work samples requiring skill in 
' fine~ threading and basic milling machine operations: 

. 47 with intellectual aptitude factors commonly defined as 
mechanical knowledge, spatial relations, and perceptual 
speed; 

.27 with interest in mechanical rates as measured by the Clark 
Navy Interest Profile; -

.35 with school achievement in Class "A" training as measured by 
written examinations on the course content; 

.42 with the predictions (ratings) of school instructors as to 
subsequent suitability s.§. ill!. f!R in t he fleet, 

The best combination of predictors for the composite shipboard criterion 

-proved to be: 

1, 
2. 
3. 

4. 

5. 

Fine lathe t hreading ) 
Basic milling operations ) 
Lathe turning to specifications) 

as reflected by practical 
performance on school work 
samples, 

Mechanical knowledge) 
) 

as reflected by the Navy and Guilford­
Zimmerman Mechanical Knowl edge tests. 

Rated suitabil i ty for the l\'lR job) 
) 

as estimated by instructors 
during Class "A" training. 

This produced a multiple R of .62*. 

* Estimated by Doolittle method, corrected for shrinkage to ,58. 
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DISCUSSION 

There were five basic classes of predictors used in th is study. These took 

the form of scores derived on factors identified in earlier studies performed whi le 

the subjects were in basic training. They included : 

a. Intellectual aptitude factors 
b. Interest factors 
c, Measures of academic achievement (written examinations) 
d. Measures of academic achievement (school work samples) 
e. Instructor ratings of suitability as an MR 

Some indication of the complementary nature of the two shipboard criterion 

measures can be obtained by comparing their correlations with the five classes of 

predictors. All classes of predictors showed relationships with both the ship­

board ratings and the shipboard job performance test in spite of the fact that 

these two measures did not correlate with each other. 

Scores on intellectual aptitude variables correlated more often with the 

shipboard job performance test scores than with the shipboard ratings, Tests of 

mechanical knowledge, spatial relations, and perceptual speed all showed significant 

correlations with the job performance test . In addit ion, scores on number facility 

just fell short of producing a significant negative correlation.* Ily way of 

contrast, only one intellectual aptitude test, mechanical knowledge, correlated 

significantly with the ratings assigned by the supervisors aboard ship. 

A test of interest in Navy rates developed by Clark failed to correlate 

significantly with either t he shipboard job performance test or t he shipboard 

.supervisory r at i ngs taken separat ely. When the two criteria were combined, however, 

a significant correlation of , 27 with interest in mechanical rates was obtained, 

The academic achievement variable was defined by writ ten examinations given 

, in the Class "A" training environment at t he end of each two weeks of instruct ion. 

'* Negative relationships bet ween mechanical and numerical skills have been noted 
by other investigators (5, p. 827). 

4 
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Scores on these tests correlated significantly with shipboard ratings given by 

supervisors two years later but not with the shipboard job performance test. 

Eight group performance factors describing the practical work of the MR 

trainee in the school environment had been defined in the earlier study (6). Of 

these, only one, fine lathe threading, correlated significantly with both the ship­

board job performance test and the shi pboar d supervisory rating scale scores. 

However, scores on factors called hand tool performance and basic milling machine 

operations correlated significantly with the shipboard job performance test but not 

with the shipboard ratings , Scores on a factor called lathe-turning-to-specifi­

cations correlated significantly with the shipboard ratings but not with the ship­

board job performance test, In addition, a score on another school performance 

factor , basic lathe threading, correlated significantly with the composite ship­

board criterion while failing to achieve a significant relationship with either of 

the criteri on measures separately. 

Of speci al interest was the significant correlation found between the ratings 

given by instructors at the end of each phase of training in the RlR Scho_ol and 

subsequent performance aboard ship as measured by both the j ob performance test and 

:the supervisory ratings . [Each instructor was t old to rank the trainees in the 

:order in which he would 1 ike to acquir e t hem if he were opening up a new machinery 

repair shop. ) 

In the school envi ronment, t he i nst ructors ' ratings had been found to correlate 

appreciably with both academic achievement as measured by written tests (.63) and 

with various work sampl e measures refl ecting the practical aspect s of MR training 

(.23 to .57) , A question of spuriousness justifiably could be r aised concerning 

~hese correlations because of the instructors ' knowledge of exami nation grades and 

·intimate· acquaintance with the products turned out by the student s during t raining. 

.However, these same instructor rankings correlated ,32 two years later with the 

shipboard job performance t est scores and . 35 with the ratings given aboard ship 

5 
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by superior petty officers. When the two shipboard criterion measures were combined, 

the instructor rankings wer e f ound to correlate .42 with the resulting scores. This 

suggests that instructor predictions of subsequent shipboard performance may be a 

useful i ntermediate criterion f or select i on and classificat ion studies, especially 

if close observation of trainee performance is practiced in the school environment 

and the ratings are gathered with proper instructions and a well~designed scale, 

All of the correlations reported above, while statist i cally significant, suffer 

to an unknown degree from the unreliability of both of the shipboard criterion 

measures, The nature of the shipboard j ob performance test prohibited its being 

readministered for purposes of estimating reliability, While it is known that the 

scori ng procedures were highly reliable (,93) and there was evidence of split-half 

reliability (,87), it is known that test i ng conditions were far from standard 

aboard the many ships where data collect i on took place. I t is probable that the 

performance test suffered from considerable error variance and the ratings from a 

lack of discrimination among traits, The very l ow correlation between the two 

shipboard measures may in part have been due to these limitations. 

With such measurement problems, the magnitude of correlations obtained between 

the various predictors and t he unweighted composite criterion is encouraging. Few 

studies have shown higher relat ionships between criterion measures and predictors 

that, on logical grounds, should be related to them. The fact that two years had 

elapsed between the time when t he prediction data were gathered and the shipboard 

performance measured, adds significance to the results. During this time the 

subjects had experienced many different j ob assignments and their opportunity for 

'practice on t he various kinds of equipment was a highly uncontrolled variable. 

The orientation of this study has been toward the identification of variance 

in two commonly used, but rarely substant i ally related, kinds of performance 

criteria - supervisory ratings and job per formance tests. This has been done by 

6 
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examining t he relat i onships bet ween t hese measures and certain logically rel ated 

predictors. The evidence presented her e suggest s t hat both test s of practical 

performance and properl y executed rat i ngs by superiors very likel y are relevant 

performance cr iter ion measur es , and t hat some combination of the two is superior, 

on both logical and empiri ca l grounds, t o eit her one al one. 
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Chapter 2 

PDRPOSE AND METHODS OF THE STUDY 

IN'IRODUCTION 

Experience has shown that it is possible to construct discriminating and 

reliable job performance tests of t he practical factors of a Navy rate, Similarly 

it has been possible to construct rating scales which apparently reflect both the 

technical and non-technical aspects of shipboard performance, However, the 

relationships between these two types of performance measures frequently have been 

found to be so low that one might question the extent of valid variance in either 

or both kinds of measures, 

It is also common for written job knowledge tests to be employed both as 

criteria of achievement in the training environment and as a basis for promotion 

in the operating environment. This class of measures frequently fails to correlate 

substantially with either supervisory ratings or t est s of practical performance. 

However, all t hree types of measures have shown some relationships with grades 

obtained in basic training and with a variety of well known aptitude test scores 

(7, 10). 

In an effort to clarify relat ionships among these various classes of measures 

under relativel y controlled condition_s and with more extensive measurement than 

the shipboard environment usual l y permits, an earlier study of the performance of 

200 Mach inery Repairman trainees had been conduct~d (6). Advantage was taken of 

the many practical performance tasks requi red by Class "A" training to make 

extensive measurements of the practical skills invol ved and to relate these to 

written achievement measures, commonly recognized aptitude variables, and rankings 

by instruct-ors . 

Factor ana l ytic studies were conducted of the intercorrelation of these 

variables. It was found t hat t here was vi rtually no overlap between the skills 

8 
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measured by practical performance tests and the abilities measured by conventional 

aptitude tests. It also was observed that the written achievement tests were 

ineffective for assessing t he practical performance skills of them. trainees. 

Ratings of the in students by the school instructors were found to contain 

substantial variance in common with a number of the performance measures. However, 

these ratings also contained reliable variance not associated with practical perfor­

mance measures and confirmed earlier findings that ratings are factorially complex 

(1, 13). 

Another result of the earlier AR st'udy was that a hypothesized general factor 

of machinist skills was not found. · Rather the practical performance of the trainees 

seemed best described by a number of relatively narrow common factors. The data 

also suggested that t he factorial nature of machinist performance underwent a 

change as training progressed. It could be assumed that the modification of skills 

with advances in training and experience would continue, up t o a.poi nt , after the 

t r ainees were given t heir regular duty assignment s. 

Scores on over 100 aptitude, interest, achievement and work sample measures had 

been accumulated during the ii[1 study. These had been intercorrelated and factor 

analyzed with the result that 20 factors describi ng the aptitudes, interests1 skills 

and instructor assessments of the 200 t rainees had been identified. 

It was felt that' this afforded an excellent opportunity for a follow-up study 

of their sh ipboard performance. The wi de variety of well-defined factors describing 

the trainees' behavior and aptitudes during training could be related to follow-up 

measures of the same men, as rated MRs aboard sh ip, with a possible consequence that 

some light would be shed upon the nature of t he variance in the shipboard perfor-

mance measures. 

9 
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EXPERIMENTAL QUESTIONS 

The present i nvestigation was designed to answer the following questions: 

1. For a rate such as r.-n, where the practical performance requirements 
are clearly defined , how much common variance will be found between 
scores on a practical job performance test and ratings given by 
supervi sing petty officers on various aspects of the total shipboard 
job? 

2. To what extent is the variance in a practical performance test 
administered aboard ship identi f iable from: 

a. practical performance demonstrated during training 
b. aptitude and interest factors 
c. achievement i n school as r eflected by written tests 
d. predictions (ratings) by instructors of subsequent success as 

an ~R aboard ship? 

3. To what extent is the variance in ratings assigned by sh ipboard 
supervisors identified by these same predictors? 

4. Is it indicated that a composite criterion of shipboard _performance 
should be formed? If so , how much of the reliable variance in the 
composite criterion measure can be accounted for by these various 
classes of predictors, singly and in combination? 

THE CRITERION MEASURES 

The Shipboard Job Performance Test 

The r,1achinery nepairman• s responsibilities aboard ship com_monly require 

the fabrication of metal components according to blueprints cont aining 

specified t olerances for si ze , fit , and finish . Construction of these units 

r equires t he use of lathes, shapers, drills, hand tools1 and milling machines. 

It was desired to develop a practical performance test in the form of a 

blueprint t hat would call f or the construction of an object reasonably like 

those that might be required of a rat ed lR and which would sample as many of 

t he skills previously identifi ed in t he school environment as practical. With 

the aid of instructors at the Class "A" MR School, the test blueprint shown 

in Figure 1 was designed. The skills required in the construction of this 

product included lathe turning,. t hread cutting, taper cutting, drilling, 

milling, cutting an inside taper, and cut ting a hemisphere. 
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Administer ing the Job Performance Test 

Si nce the subjects of this study were aboard ships in widely scattered 

geographical areas, it was impossible for the research staff personally to 

supervi se all of the performance test ing. Wherever possible the ship in 

question was visited, l1owever, and arrangements were made with the engineering 

or supervising petty officer for administration of the test . 

These supervising personnel were instructed in such matters as the need 

for strict adherence to the administ r ative instructions and for insuring the 

independence of each examinee's efforts. 

It was requested that the test product be scheduled as a part of regular 

ship's work, if at all possible. Estimates by ~'R School instructors and 

experience while pre-testfng the test had indicated that on the average about 

8 hours would be required for the construction of the t est product . It became 

evi dent early during data collection, however, that the average time required 

would be closer to 15 hours. For this reason, it proved impossible in most 

cases to complete the test during one day's work schedule and i t was often 

necessary t o schedule the test work during off-duty hours so that it would not 

interfere with routine shipboard requirements. Both of these conditions 

helped create non-standard test administration conditions and , to an unknown 

degree, may have introduced error variance in the performance test scores, 

Some of the subjects of the study were on ships in r emote areas or were 

not available in their home ports at the time of the field worker's personal 

visits. In these cases, arrangements for the performance testing were made 

by mail . I t was recognized that this was contrary to all good test procedure 

but in view of some of the questions surrounding t he use of pract ical perf or­

mance tests in the Navy, it was felt that it would be desirable to give this 

procedure a try. 

12 
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It should be mentioned that there probably was not much need for detailed 

administrative instructions with this test . The blueprin~ itself, largely 

stood as a set of instructions, The requir ement that the examinee determine 

the most effective way to go about constructing the product may be considered 

a part of the test, 

Scorina the Job Performance Test 

The earlier study of ~R performance in the school environment had indicated 

that many of the performance fact ors cut across product type and were most 

readily identified by the kind of operation involved. (See section on -

predictor variables below.) Consequently it was deemed important to score 

the performance test so that the various operations invol ved, if they did 

reflect different basic skill factors, could be related to the factor scores 

previously identified in the school environment. For each part of the product, 

therefoi:e, measurements were taken which would reflect the extent to which 

diamet ers, lengths, radi i, tapers , and the like conformed to the actual 

specifications called for in the blueprint. Other parts of t he product were 

scored by assigning judgments to the excellence of fi nishes. For those parts 

of the product designed to join with another component, standard gauges were 

used to assign scores on fit, In all, 33 measures, not incl uding total score, 

ivere derived from the test product. These are listed in Table I along with 

the units of measurement employed, the median score obtained, and Q as a 

measure of variability. 

Because it was desired to minimi ze as many scores of error variance in 

the performance measure as possible, all products were scored on all 

characteristics by two judges independently. These judges employed common 

scales and definitions insofar as possible in arriving at the score values. 

13 
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Table I :;~: 
(""; ,.. .. 
:,.. 

Units of Measurement, Averages, Dispersions_ and Agreement of Judges '-'' 

I on Scores Derived from the Shipboard Job Performance Test 
<-•~ 

(N = 64) -,· 
r,· 

I Mdn. 
o::·· 

Inter-Judge 
Measure Unit~ of Me2surement Score _Q_ Agreement {rhol 

I 1. !ladius fit 5-pt. scale (rating) 2.9 1.2 .97 
2. " fin, 5- pt. scale 2,0 .9 .% 

I 
3. Fl at diameter .001tl .001 .002 ,95 
4. ti width • 001" ,010 .011 .95 
5. II fin, 5-pt. scale 2.0 .5 .90 

I 
6. Body length .005" .018 ,014 ,89 
7. " diameter .00111 .002 .001 .95 
8. " fin. 5-pt. scale 2.0 .8 .sa 
9. Bevel fit II " 1.0 .6 • 71 

I 10. .. fin, " II 2.0 ,7 .84 
11. Undercut diam, • 001" .002 ,002 .92 
12. " length 5-pt, scale 1.2 .6 .77 

I 13. " fin. " ti 2.0 .a .94 
14. Keyway specs. 

I 
(1. ,d. ,w. ) .005t1 .034 . 018 .95 

15. Pinhole specs. 
(ctr. angle, 

I 
align. ) 5-pt . scale 1.2 ,6 , 86 

16. Pinhole diameter " " 2.0 1.0 .91 
17. Acme thread diam. • 001" .002 .002 .88 
18. " 11 length .005" ,014 ,010 .90 

I 19, II II fin, 5-pt. scale 2.1 .7 .89 
20. Taper length • 00511 .008 ,005 ,83 

I 21. II diameter • 002" ,006 .003 ,93 
22. II fit 5-pt. scale 3.0 1.0 .99 
23. II fin . II " 2.0 .9 .91 

I 24. Square width • OOltl .007 ,005 .98 
25. II length • 005" .017 .020 .92 
26~ II alignment 5-pt. sca l e 1.6 1.4 .93 

I 27. ANS thread length .005" ,018 ,020 • 70 
28. " " diam. , 00111 ,004 .003 ,92 
29. II .. fin. 5-pt. scale 2.0 .6 .82 

I 30. Overall length " " 1.8 ' .7 .96 
31. Hex length • 003" .008 .008 .96 
32. " diagonal • 010" .044 .040 ,98 

I 33. Inside taper fit 5-pt. scale 2.9 1.0 .94 

Median .92 

I 34. Total score .98 

I 
I 
I 14 

I 
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The accuracy of t heir scoring procedures is reflected in the last column of 

Table I where the extent of their agreement on t he rank order of the products 

for each characteristic is reflect ed by rho coefficients. These coefficients 

ranged from .70 to , 99 with a medi an Value of .92. Agreement on the score 

for total product was . 93. 

It was possible to ut ilize t hree kinds of scores from t he t est product, 

1. A score for each of the 33 individual measurements. 

2. Scores for cert ain combi nations of measures that produced sub­
totals thought to be rel ated to t he performance factor s observed 
in the school environment, 

3. Total score for the ent ire test pr oduct . 

The Shipboard Performance Rati ng Scale 

The shipboard performance rating scale followed a design similar t o that 

employed in previous studies of shipboard criteria which had been found to 

provide di scriminating and reliable results (8), The scale was in graphic 

form and required that the supervis ing petty officer rate his men by locating 

each one with respect to 25 hypothetical m•s that were lined up such that 

they ranged from the best to the poorest Mn in the Navy (See Figure 2) . This 

was done for each of 15 traits of performance in turn, The instructions 

emphasized that the rater should compare each man rated with respect to all 

machinery repairmen that he had known of t he same rn grade. Verbal 

descriptions of hypothetical cases were printed on the rat ing form at both 

extremes and at t he mid-point of each scale t o serve as anchoring definitions 

for the r aters . 

Since the number of men belonging to the study sampl e found aboard any 

one ship ranged from 1 to 8, the opportunity to make man-to-man comparisons 

differed for different raters, In those cases where only one examinee was 
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USE OF TOOL 6 rrs 

--
No MR of his pay grade has less tool bit troubles~ .................. , •• , ••• • ••••••• .a c:, t 

r-,· 

. . ,, 

He has aboat the•- amount of tool bit troubles as ,, 
the typical Iii! ••• , 

,, ., ,, 
.,, 

.,, 
Few, if any, have as much ,~ t 
trouble with tool bits as 

he does ••• 

' 

t ,, 
,, 

ft 

Figure 2, Sample page from shipboard per!omance rating scale, 
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involved, the scale essentially served to produce an absolute rating. 

The various traits were chosen for inclusion in the scale after· consul­

tation with a number of Chief Machinery Repairmen serving as instructors at 

them School. They were asked to describe as specifically as possible what 

they look for in a good Machinery Repairman and how they would determine from 

observation whether the individual possessed the desired qualities. 

Administration of the Shipboard Performance Rating Sca le 

In t hose cases where it was possible for a staff member personally to 

visit the ships involved, detailed instructions were given to the supervising 

petty of ficers covering such topics as common errors in rat ing, the logica l 

independence of traits, and the need for di scrimination. In those cases where 

it was necessary to depend upon t he mails, reliance was placed on the printed 

instructions and examples provided at the beginning of the rat i ng booklet, 

In all cases it was required that the ratings be completed prior to the 

beginning of performance testing and returned to the research organization. 

This was necessary because it was desired that the ratings refl'ect the 

impressions held by t he supervis i ng petty officers prior to demonstrated 

performance on the test. 

Scoring the Shipboard Performance Rating Scale 

A score for each trait in the rating scale was derived for each man 

depending upon where he had been placed in the total line-up from 1 through 

25. The raw score derived from each scale was used since previous research 

using various transformations of rating scores had shown t hat the ratings 

apparently contained the most valid variance when raw scores were used (7). 

Tabl e II shows the mean and standard deviations of scores given the 

total sample for each trait in the rating scale . The physical mid-point of 
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the rating scale would be represented by a score of 13.0. I t can be seen 

from Table II that there was some leniency effect , the mean r atings assigned 

to the various traits ranging from 14. 4 to 17 .5, This effect was slight 

compared to that obtained with many rating scales, however, and the discrimi­

nation represented by an average standard deviation of better than 4.0 

suggested that the raters were reasonably realistic and discriminating in their 

appraisal s. 

Table II 

Means and Standard Deviations of Shipboard Rating Scale Trait Scores 

-1L _Q'._ 

l . Pride in Work 17 ,5 4.0 
2. Response to Authority 17,0 4.1 
3. Persistence with a Job 17,6 4.3 
4. Acceptance of Responsibility for Mistakes 17.0 4.7 
5. Lack of Need for Supervision 17.0 4,3 
6. Planning a Job 16.6 4.5 
7. Use of Tool Bits 16.4 4.1 
8. Ability to Produce a High-Grade Finish 15. 8 3. 0 
9. Working to Specifications 16.6 4.5 

10, · Skill in Reading Blueprints 15.9 4.2 
11. Care of Tools and Machinery 16. 6 4,5 
12. Use of a Lathe 16.9 4.0 
13. Use of a Hilling Machill!e 15, 2 4.8 
14, Use of a Shaper 14. 4 4.7 
15. Job l~n Olvl edge 17.0 3.8 

THE PREDICTOR VARIABLES 

It will be recalled that the predictor data used in this study had been 

generated two years earlier in t he Class "A" training environment. In an attempt 

to answer questions concerning the nature of variance i n practical performance 

measures, a fact or analysis had been conducted of the i ntercorrelation~ of aptitude 

·and interest test scores, measures of pract ical performance required by the school 

curriculum; formal ¾Titten achievement test scores, and instructor apprai sals of 

the potential worth of each trainee as an AR. This had resulted in the 

ident ification of five broad classes of factors as shown in Table III: 

18 
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Table III 

Predictor Factors Together with Test Variables 
Leading Highest on Each Factor 

I Aptitude. Factors 

1) Verbal Comprehension 
a) Guilford-Zimmerman, Verbal 

Comprehension 
b) Navy GCT 

2) General Reasoning 
a) Guilford-Zimmerman, General 

Reasoning 
b) Navy Arithmetic Reasoning 

3) Number Facility 
a) N-3 Subtraction and Multi­

plication 
b) N-1 Addition 

4) Mechanical Knowledge 
a) Guilford-Zimmerman, Me­

chanical Knowledge 
b) SRA Mechanical Comprehension 

5) Spatial Relations 
a) Vz-2 Punched Holes 
b) S-1 Cards 

6) Associ ative Memory 
a) PMA First-Names 
b) PMA Word-Number 

7) Perceptual Speed 
a) Guilford-Zimmerman, 

Perceptual Speed 
b) FACT lA, Inspection 

8) Motor Control 
a) Ai-2 1 Tracing, Easy 
b) Ai-3, Traclng, Difficult 

II Interest Factors 

9) ·Interest in Mechanical Rates 
. a) Engineman Int erest 
· b) Gunner's Mate Interest 

10) Interest in Mechanical Activity 
a) Interest in Mechanical 

Activity 
b) Interest in Manual Activity 
c) Interest in Precision 

III Work Sample Factors 

11) Lathe Threading, Basic 
a) C-Clamp Screw-Fit 
b) C-Clamp Screw-Specifications 

12) Lathe Threading, Fine 
a) Parallel Clamp Screw-Fit 
b) Parallel Clamp Screw- Speci­

fications 
13) Har.ct Tool Performance 

a) Parallel Clamp-Finish 
b) C-Clamp-Finish 

14) Lathe Precision Turning 
a) Mandrel and Fits-Specifications 
b) Mandrel and rit s-Fit 

15) Lathe Turni ng to Specifications 
a) Morse Center-Specifications 
b) Morse Gauge-Specifications 
c) Gear Blank- Specifications 

16) Lathe Turning to Finish 
a) Morse Center-Finish 
b) Morse Gauge-Finish 

17) Milling Machine, Basic 
a) Male Blocks-Specifications 
b) Female Blocks-Specifications 

18) Milling Mach i ne, Complex Indexing 
a) Square 
b) Hex Nut 

IV Academic Achievement Factor 

19) MR School Achievement (Written Tests) 
a) MR School Examinat ion (Phase VI) 
b) " 11 

" (Phase I) 
c) 11 

" 
11 (Phase III) 

d) Purdue Milling Machine 

V Instructor Assessment Factor 

19 

20) Rated Suitability for the Job 
a) Supervisor Rank (Phase II) 
b) 11 11 (Phase IV) 
c) " 11 (Phase V) 
d) " 11 (Phase VI) 
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The apt itude and interest factors were defined by well kno,m published tests 

whose factor content had been ident ified in previous studies, The work sample 

factors , of course, had been discovered for the first time in the study of trainee 

performance. It was not known to what extent these factors would be revealed in 

.the subsequent shipboard performance of rated MR's, The same was true of the 

academic achievement factor which had been defined mainly by the school's regular 

phase-end writ t en examinations. 

It was of interest also to learn whether the f ifth class of predictors defined 

by appraisal s of school instructors would be predictive of various aspects of 

subsequent shipboard performance, In t he school environment they had been related 

subst antially t o both the qualit y of pract ical work performed and to formal 

achievement as measured by written tests, 

A score on each of the 20 predictor f actors was derived for each subject 

according to Catell's method for estimating factor endo1'll!lents by summing the scores 

of individuals on the high l oading tests for each factor,· The hi gh loading tests 

used for this purpose also are i dentified in Table III, (More complete descriptions 

of the individual tests has been given in an earlier report (6) . ) A test was not 

included for estimating fact or s cores i f i t showed substantial loadings on more 

t han one common factor, In addi tion an att empt was made to use only those tests 

whose factor saturations were not markedly dissimilar. Equal weight was given to 

each test, The summed scores for each fa ctor were then transformed to centiles to 

provide a common median and range for the several distributions. 

TIIE SUBJECTS 

64 rat ed Machinery Repairmen who had previously been tested as students at the 

:class "A" Machinery Repair School , Naval Training Center, San Diego, served as 

subjects for the study. Since graduation, these men had been serving their enlist­

ments aboard a variety of Naval vessels including light and heavy repair ships, 
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aircraft carriers, seaplane tenders, destroyers, destroyer escorts, and floating 

dry docks. Each man had been on active duty a minimum of two years since being 

graduated f r om the school. 

During t he data collection phase of this follow-up study, it was possible to 

locate approximately 120 of the original 2,00 Machinery Repairman st4de11t s, Field 

trips were made to Long Beach, San Diego, San Francisco, Norfolk , New York, 

Philadelphia, Ne1vport, Providence, and Boston in an attempt to make personal contact 

_with the supervisors of as many of these men as possible. As previously indicat ed , 

: where this was not possible an attempt was made to set up the test and rating 

procedures by mail. 

Discharges, transfers , disciplinar y actions, and prior commitments of various 

kinds, together with incomplete data on some cases, resulted in a reduction of thi s 

potential sample from 120 to 64. Although this number was smaller than was 

desired, it was felt that the wealth of data available on each subject fully 

justified the follow-up study. 

A comparison between the scores of the predictor variables of the 64 subjects 

comprising the follow-up sample and those of the ori ginal group of 200 tested in 

-the training environment indicated that t he follow-up sample was unbiased insofar 

:as basic aptitudes, interests and ski l ls were concerned. Using the 46 tests 

employed to derive factor soores, it was found that the median scores of the 

follow-up sample were significantly greater than .50 (the median for all centile 

scores) for only two tests. It was evident from inspection of the score distri­

butions that differ ences between medians of t he follow-up sample and its parent 

group were within t he standard error of measurement. 

Of the 64 men comprising the follow-up sample, 27 were second class MR's, 23 

were third class MR's, 4 were strikers, and 10 did not report at the time of the 

study. To some extent this represented differential shipboard experience although 

as pointed out previously all men had had a minimum of 2 years of sea duty, 
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STATISTICAL PROCEDURES 

The study took the form of a straight forward correlational and multiple 

regression analysis . This requi red t he determination of: 

1. the most suitable scor es to use for each of the two shi pboard 
performance criterion measures. 

2. t he validity of each predictor or class of predict ors for the two 
criterion measures. 

3, the i ntercorrelations of the pr edictors. 

4. the best combination of predictors for each criterion variable. 

5.. the best composite criterion. 

6, the best combination of predictors for the composite criterion. 

All necessary intercorrelation matrices were computed on the SWAC at UCLA by 

Dr. Andrew L. Comrey. All other statistical work was accomplished by calculator, 

multiple R's being estimated by the Gingerelli approximation or the Doolittle method 

as seemed appropriate. 
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Chapter 3 

llESULT3 I: INTER.COR.HELATIONS AND RELIABILITIES OF MEASURES 

CRITERIA 

Intercorrelations of Shipboard Job Performance Test Scores 

It will be recalled that, i n developing the performance test for ship­

board use, an attempt was made t o encompass as many of the practical activi ties 

of the Machinery Repairmen as possible in a single test product. An attempt 

also was made t o reflect those performance factors that previously bad been 

identified from the work sample measures in the training environment. 

Since time limitations made it impractical to have each subject produce 

more than one product, any attempt to relate scores on the performance 

fact ors found i n the school envir onment to performance on t he shipboard test 

required that scores on the latter be broken down to reflect t he various 

kinds of skills involved. 33 measures had been made in scor ing the shipboard 

product. It was felt that these could be l ogically combined into certain 

subt otal scores that might logically be rel ated to the performance skills 

identified in the school environment. 

It was of interest first to compute t he intercorrelations bet1veen these 

subt otal scores to determine whether relatively independent factors of perfor­

mance were to be found in the behavior of skilled repairmen as had been found 

with trainees. In Tabl e IV the intercorrelations of scores on the various sub­

operations of the shipboard performance test are presented. They do not differ 

greatly in magnitude from intercorrelations reported with other types of 

performance 'test batteri es where a broad sampling of the practical performance 

of a rating has been attempted (11 , 12). The general magnitude of correlation 

probably is no greater than would have been expected considering that the 

factor analysis of work sample measur es in the school environment had required 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

·a. 

Table IV 

Intercorrelations of Shipboard Performance Test Scores 
for Various Operations 

I 2 3 4 5 6 7 0 

Lathe Threading, Basic 

Lathe Turning to Specifications 37 

Lathe Turning, Basic 34 38 

Drilling 16 26 28 

Milling Operations 14 32 37 17 

Lathe Turning to Finish 48 27 35 22 33 

Acme Thread Specifications 02 23 42 03 37 33 

Radius Specifications 03 16 23 17 57 16 18 

an oblique solution, In any event the correlations were such that it seemed 

reasonable to proceed with a test of the hypothesis that the several skill s 

identified from the work sampl e measures in school would be related to scores 

made on the various sub-operations on the shipboard job performance test . 

Before this hypothesi s could be tested, however, the general questions 

of the rel i ability of performance on these several sub-operat i ons had to be 

considered. It was entirely possible, of course, that the rel atively low 

intercorrel ations obtained might have reflected little more than unreliability 

among t he measures. 

Reliability of the Shipboard Job Performance Test 

Lengthy administration time and the fact that t he job per formance test 

required t he utilization of shipboard machinery t hat was heavily programmed 

made it impossible to obtain retest reliability measures o{ job performance 

for this study. A total of 33 measures was made on each t est product, however, 

making it possible to obtain some split-half estimates. It must be admitted 
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that the half-tests were insufficiently long to ~lace much confidence in 

these estimates and questions al so could be raised concerning their compara­

bility in terms of difficulty. Nevertheless it was felt that some evidence 

of reliability would be better than none at all, The split -half estimates, 

corrected for double length, are shown in Table V, The various measures that 

make up the two half-scores are shown in each case, 

Table V 

Split-Half Reliabilities for Various Sub-Operat ions 
of the Shipboard Job Performance Test 

Operation 

Lathe Threadina, Basic 
ANS thread length 
ANS thread diameter 
ANS thread finish 
B_evel f it 

Lathe Turning to Specifications 
Taper lengt h 
Taper diameters 
Taper fit 
Hex fit (inside bore) 

Lathe Turning, Basic 
Body length 
Body diameter 
Flat diameter 
Flat width 
Undercut diameter 
Undercut length 

Drilling 
Pinhole alignment 
Pinhole diameter 

rtt Operation 

,26 Milling 
Hex nut diagonal 
Hex nut length 
Keyway depth 
Keyway width 
Keyway length 

.51 Square width 
Square length 

Lathe Turning to Finish 
Taper finish 
Body finish 

.65 Undercut finish 
Flat f inish 

. 36 

ANS thread finish 
Bevel finish 

Acme Thread Specificat ions 
Acme thread diameter 
Acme thread length 

Radius Specifications 
Radius fit 
Radius finish 

Decision to Use Onlv the Total Job Performance Test Score· 

ru 

,41 

.81 

. 19 

. 95 

The i ntercorrelat ion analysi s and the split-half reliability computations 

had indicated that it was at least feasibl e to go ahead with a study of 

relationships between the various predictor variables and the shipboard job 

performance test scores broken down by t ype of operation. The results of 
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c:: this correlat i onal analysis are shown in Table VI. In this matrix a coefficient ~; 
of .25 is required for signifi cance at the .OS level of confidence. 

Table VI 

Correlations Between Scores on Sub-Operations of Shipboard Performance Test 
and Similar Work Operations During Class "A" Training 

Shipboard Performance Operation 
Class "A" School Lathe Lathe Lathe Lathe Acme Total Training Threading Turning Turning Drill- Mill- Turning Thread Radius Product Ooeration Basic to Snee Basic ina ina to Fin. Soecs. Soecs, Score 
Lathe Threading, 06 18 01 26 13 13 23 15 Basic 
Lathe Threading, 

15 22 20 40 09 26 24 15 Fine 
Hand Tool 

23 25 09 10 12 19 26 21 ' Performance 
Lathe Precision 

14 15 19 -08 10 07 21 04 Turnina 
Lathe Turning 

- 04 - 11 10 30 05 02 08 -03 to Soecs. 
Lathe Turni ng 

14 17 - 01 15 -12 23 -01 -18 to Finish 
Milling Machine, 

29 26 34 40 20 18 18 02 Basic 
Milling Machine, 

29 03 16 19 -06 06 09 -05 Comolex Indexina 

While many of the correlations in Table VI are significant, it i s 

evident that there are no systematic patterns of relat ionships between the 

work sample scores on practical operations in MR School and the apparently 

similar types of scores produced by the operational breakdown of the ship­

board job performance test. For example, while Basic Lathe Threading as 

measur ed aboard ship shows two significant correlations with factor scores 

from practical performance in the school environment, it failed to correlate 

significantly with the factor identified as Basi c Lathe Threading in the 

school environment. 

This lack of systematic and logical relationships can be observed 
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throughout the tab l e of correlations. The results of this analysis, and from 

the fact that the breakdown of the shipboard job performance test into sub­

operations had t o be accomplished rationally rather than empirically, led to 

the conclusion that only the tota l score from the shipboard job performance 

test should be used in subsequent analyses. The marginal rel iabilities of 

the sub-operation scores strengthened this conviction. and, at the same time, 

raised the question of the reliability of t he total performance test score.* 

A spli t -half reliability est imate for the total performance test score 

was made by assigning the 33 separate scores derived from the product into 

two halves such that approximately the same number of scores for lengths, 

diameters, fits and finish was represented in each half. In addition an 

attempt was made to represent each basic type of operation in t he two halves 

(see Table VII). When this was done the resulting reliability (corrected) 

for the shipboard performance test t otal score was .87. 

While it is recognized that the assumptions for split-half reliability 

estimates can hardly be justified with a test that is known to be factorially 

complex, it is again felt that this estimate is better than nothing. Although 

factorial complexity might act t o produce a low split-half estimate , the 

likelihood of correct ed errors in the two arbitrary halves of a performance 

test of t his kind makes it desirable t o regard this value as an upper bound 

of the estimated reliability. 

* A similar analysis relating the 33 separate scores derived from the various part s 
of the test product to the various work sample scores made in Class "A" training 
produced almost no significant correlat i ons. This made the rel iability of these 
single scores highly suspect. The greater number of signi ficant correlations 
appearing in the analysis reported above may have been a function of improved 
rel iabi lity as more items were included in the job performance test score. This 
line of reasoning would also support the conclusion that only .1.Q1& score on the 
job performance test shoul d be used for future analyses . 
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Tabl e VII 

Division of Scores Into Halves for Reliability Estimate 
of Shipboard Job Performance Test Score 

A 

ANS thread length 
ANS thread finish 

Taper length 
Taper fit 

Body length 
Bo_dy finish 

Flat diameter 
Flat finish 

Undercut diameter 

Pinhole alignment 

Hex nut diagonal 

Keyway depth 

Square length 

Acme thread finish 
Acme thread diameter 

Bevel finish 

Radius fit 

B 

ANS thread diameter 

Taper diameter 
Taper finish 

Body diameter 

Flat width 

Undercut length 
Undercut finish 

Pinhole diameter 

Hex nut fit (inside bore) 
Hex nut length 

Keyway width 
Keyway l ength 

Square width 

Acme thread length 

Bevel fit 

Radius finish 

r tt = . 87 (corrected for double length) 

Intercorrelations of the Shipboard Rating Scale Trait Scores 

In Table VIII the intercorrelat ions of t r ait scores from the shipboard 

rating scale are presented. Inspection readily reveals the f requently found 

high intercorrelations among rated traits. Only on Use of a Shaper, a piece 

of equipment not available in many of the shipboard settings , did the corre­

lations systematically drop below the ,50 to , 80 range. 
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Table VIII 

Intercorrelations Among Shipboard Rating Scale Trait Scores 

l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

l Pride in l~ork 

2 Ilesponse to Authority 69 

3 Persistence with a Job 74 67 

4 Acceptance of Responsibi l ity 63 55 74 
for Mistakes 

5 Need for Supervi sion 71 62 87 76 

6 Planning a Job 64 51 60 58 69 

7 Use of Too l Bit s 65 45 67 50 69 63 

8 Ability to Produce High- 69 55 70 55 72 64 81 . 
Grade Finish 

9 Working to Specifications 77 61 77 64 77 72 81 88 

10 Skill in Reading Blueprints 

11 Care of Tools and r.Jacllinery 

12 Use of a Lathe 

13 Use of a Milling Machine 

14 Use of a Shaper 

15 Job Knowledge 

66 54 75 74 77 69 68 71 75 

70 70 72 70 73 56 56 65 65 62 

65 54 76 63 79 65 80 84 84 76 69 

54 54 62 43 61 52 58 67 62 54 56 65 

37 32 43 37 36 34 49 37 39 34 42 32 49 

72 65 75 62 71 56 62 59 71 53 58 66 46 39 

In spite of this general magnitude of relationships, more than one factor 

of rated behavior may be represented in this matrix. Because it did not seem 

warrant ed, from tlte po int of view of investment in either time or funds, the 

factor analysi s which would have answered this question was not performed. 

Instead it was decided that different ia l patterns of correlations would be 

looked f or in the already computed relationships between scores on the various 

rat ing scale traits and scores on the several sub-operations of the shipboard 

job performance test . 
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I t was argued that if different factors of performance were represented 

in the rating scale scores, differential patterns of correlations should have 

been obtained with the several scores derived from the shipboard job perfor­

mance test. The failure of this hypothesis t o be verified i s revealed in 

Table IX. With the except ion of the correlations between t he score on drilling 

Table IX 

Correlations Between Scores on the Shipboard Rating Scale Traits 
and Scores on the Several Operations of the Sh ipboard Job Performance Test 

Operations on Job Performance Test 

Lathe Lathe Lathe Lathe Acme 
Rating Scale Threading Turning Turni ng Drill- Mill- Turning Thread Radius Total 

Traits Basic t o Snee Basic inn ina to Fin. Soecs. Soecs. Score 
l Pride 1n 

-02 07 06 27 -09 11 07 04 ITT Work 
2 Response t o 

-06 02 -04 13 -19 -03 -03 -05 -08 Authoritv 
3 Persist ence -19 14 - 11 31 -06 -01 -04 03 00 with a Job 
4 Acceptance 

of Responsi-
-17 14 -25 12 00 -02 03 05 -02 bility for 

Mist akes 
5 Need for 

-15 18 -19 30 -15 -06 -22 - 02 -08 Suoervi sion 
6 Planning a 

-06 20 05 18 07 21 12 06 19 Job 
7 Use of Too l 00 16 12 24 -08 -02 -07 - 05 06 Bits 
8 Ability t o 

Produce a 
-15 14 09 38 -07 04 -03 07 08 High-Grade 

Finish 
9 Working to 

Specifi- -11 09 11 30 -07 03 -02 - 03 05 
cations 

10 Skill in 
Reading -11 03 -14 17 -13 03 -07 -02 -03 
Blueorints 

11 Care of Tool. -14 08 - 05 21 01 -14 -10 09 -03 & Machinerv 
12 Use of a -12 14 04 22 -09 -00 -09 -10 02 Lathe 
13 Use of a 

Milling -17 05 04 32 - 09 01 -06 00 01 
Machine 

,14 Use of a 
Shaner -03 14 11 34 07 -02 08 13 13 

15 Job Knowl edg, -11 21 - 04 11 - 10 -05 04 06 01 
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operations and the several rating scale traits, few significant relationships 

of any kind will be observed. 

Particularly noteworthy was the lack of relationship between the several 

rating scale trait scores and 1.21.!tl score on the job performance product. 

These correlations ranged from - .08 to .19, none of them being significantly 

different from zero. 

Reliability of the Shipboard Rating Scale Total Score 

This result raised again the question of the reliability of the criterion 

measures , this t ime of the scores on the rating scale traits. Because there 

was a general lack of diagnostic quality in the rating scale scores, as 

reflected by the uniformly high iniercorrelations, it was decided that in 

subsequent analyses a simple average of the 15 rating scores would be used 

in an effort to insure reliability in the rating measure. 

An estimate of internal consistency of the rating scores was made by 

randomly dividing the scales into two groups, summing the scores for each 

group of traits, and correlating the two halves. This produced a coefficient, 

corrected for double length, of .97 in.dicating that whatever the rating scale 

· measured, it measured with a high degree of consistency. 

PREDICTORS 

Intercorrelations of Predictors 

In Table X the intercorrelations among the 20 predictor variables 

derived f rom measures administered during the Class "A" School training of 

the subjects are presented. For the most part these intercorrelations were 

relatively low, which was to be expected since the predictor scores represented 

endowments on factors that previously had been found to be largely independent. 

Only a few correlations above .40 will be noted. These include a 

correlation between Mechanical Knowledge and Spatial Relations of .47, 
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Table X 

Intercorrelations among Predictor Scores 
(N = 64) 

l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

1 Verbal Comprehension 
2 General Reasoning 20 
3 Number Facility 36 39 
4 Mechanical Knowledge 43 22 -08 
5 Spatial Relations 23 45 08 47 
6 Associative Memory 18 22 33 08 -18 
7 Perceptual Speed 16 01 13 38 18 02 
8 Motor Control 18 04 29 05 09 21 15 
9 Interest in Mechanical Rates -11 -01 -07 39 14 19 04 -02 
10 Interest in Mechanical Activity -13 00 u02 11 11 ~ll·-12 04 33 
11 Lathe Threading, Basic 06 15 06 21 13 08 21 09 22 -04 
12 Lathe Threading , Fine -10 12 -16 24 19 -09 21 02 10 - 20 54 
13 Hand Tool Performance 17 15 -03 29 17 08 24 03 09 -22 40 41 
14 Lathe Precision Turning 14 - 02 - 02 03 - 01 08 20 14 - 04 - 19 04 17 26 
15 Lathe Turning to Specifications -05 - 06 -14 22 05 -10 04 -05 23 02 15 36 23 23 
16 Lathe Turning to Finish -04 03 -16 04 -05 -10 02 -10 12 09 20 24 '57 26 24 
17 Milling Machine, Basic 11 20 -03 24 25 13 -13 -17 17 05 20 28 13 05 25 03 
18 Milling Machine, Complex 18 20 08 24 12 1.5 08 -16 16 - 02 28 14 14 08 05 26 27 
19 ~fil School Achievement 52. 37 31 43 40 21 14 10 17 01 '57 18 35 20 17 11 19 32 
20 Rated Suitability for the Job 41 13 09 38 30 02 19 ·01 16 -05 45 30 45 24 32 28 23 57 63 
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a correlation that is often noted; a correlation of .45 between General r ·· 
:,;, ,.,, 

Reasoning and Spatial Relations, also a common findingj and a correlation of .43 ~-
- ;­.. ,. 

between Verbal Comprehension and Mechanical Knowledge, a not frequently n· 

encountered finding. Thi s last relationship has been interpreted to mean that 

restricted verbal skil l s in this sample of personnel were responsible for 

inducing a loadi ng in the mechanical knowledge tests on the verbal factor. 

There are a number of other moderate correlations in this matri~ that 

are of general i nterest , A correl ation of .41 between Verbal Comprehension 

and the prediction by im School inst r uctors of the Suitabil ity of each trainee 

for performing the work of an MR perhaps r eveals an important degree of 

reliance on intellectual considerations in rating a man's capabilities for 

practical performance. The correlation of .52 between Verbal Comprehension and 

scores on the MR Academic Achievement examinations suggests a reason for the 

relationship observed, In this sample, at least, achievement on the written 

examinations was dependent upon verbal comprehension to a much higher degree 

than might be desired. The school instructors, having knowledge of academic 

grades, thus produced ratings that we-r e i n turn loaded on the verbal compre­

hension factor. 

The MR School achievement test scores correlated .63 with the instructor 

predictions of Suitability ll .fil! l!!!i· In addition they correlated .40 or 

higher with three aptitude test variables, Mechanical Knowledge, Spatial 

Relations, and Verbal Comprehension. 

Only two other predictor variables frequently showed rel ationships with 

other predictors above .40. Basic Lathe Threading correlated , 54 with Fine 

Lathe Threading, .40 wi th Hand Tool Performance and .45 with instructor 

predi ct ions of Suitabil ity ~ ..fil! MR. Hand Tool Performance, in addition to 

its correlation with Basic Lathe Threading, correlated .41 with Fine Lathe 
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Threading and .45 with rated Suitabi lity i.2!. the MR job. 

The instructors' ratings or predictions of eventual Suitability .2.§. .s.!! ~R 

proved to be the most complex factor ially of all the predictors. As previously 

mentioned, they correlated .41 wi th Verbal Comprehension, .45 with Basic Lathe 

Threading, .45 with Hand Tool Performance, .57 with Complex Mi ll ing Mach i ne 

operations, and ,63 with them written achievement examinations. In addition, 

these ratings correlated significantly with tests of Mechanical Knowledge, 

Spatial Rel ations , Fine Lathe Th read ing, and Lathe Turning to Specifications. 

These indications of the complex fact orial composition of t he school 

instructors' ratings are of considerable interest in themselves . The 

substantial correlations with performance factors may have result ed from the 

fact that. the instructors' responsibi lities required t hem to be closely 

familiar with the work samples produced by the trainees., In addi tion they had 

access t o information regar ding the t rainee's achievement as reflected by the 

school ' s written subject matter test s. The high validity of their ratings for 

the various school criteria might therefore be regarded as a result of 

atypical (if not spurious) opportunities to have knowledge of trainee perfor­

mance. Subsequent analyses showed, however, that these same instructor 

ratings bore important relationships to performance aboard ship two years 

later, suggesting that, whatever the reason, they reflected impressions t hat 

were import ant for eventual success. 
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Chapter 4 

RESULTS II: RELATIONSHIPS BETWEEN THE SHIPBOARD CRITERION 

MEASURES AND VARIOUS PREDICTORS 

The analyses reported in Chapt er 3 had indicated that: (1) both shipboard 

criterion measures were characterized by a hi gh degr ee of internal consistency; 

(2) the criterion measures wer e essential ly independent of each other; (3) the 

several predictors were l argely independent of each other and therefore might shed 

some light on the differential nature of the shipboard criterion measures. Corre­

lational analyses were conducted, therefore, between the various classes of 

predictors and the t wo shipboard performance measures, singly and in combination, 

CORRELATIONS OF THE SHIPBOARD CRITERIA WITH APTITUDE FACTORS 

Job Performance Test 

Total score on the shipboard job performance test correl ated significantly 

with three of the eight aptitude factors as shown in Table XI. The three 

tests showing si gnificant relationships with the job performan ce test , 

Mechanical Knowl edge, Spatial Relations and Perceptual Speed, appear quite 

logically related to performance r equiring mechanical ski lls. Together they 

produced a multiple R of .39 with total score on the performance test. 

Table XI 

Correlation of Shipboard Criterion 
Measures with Aptitude Factors 

(N = 64) 

Aptitude Job Performance 
Test 

Average Rating 
Score 

l Verbal Comprehension 
2 General Reasoning 
3 Number Facility 
4 Mechanical Knowledge 
5 Spatial Rel ations · 
6 Associative Memory 
7 Perceptual Speed 
8 Motor Control 

* significant at 5% level 
** significant at 1% level 
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It is noteworthy that Number Facility just missed correlating signifi­

cantly in a negative direction with the job performance test. Consi dered from 

the vie1~oint of the job to be performed, which requires a certain amount of 

computational skill in setting up t he work, this is di fficult to compr ehend. 

On the other hand, other investigators have noted slight negative correlations 

between measures of mechani cal and numerical aptitude (5). 

Supervisory Ratings 

Only one aptitude variable, Mechanical Knowledge, correlated signifi­

cantly with the ratings assigned by supervising petty officers aboard ship. 

It is of int erest that the tests of Mechanical Knowledge used showed validity 

for both cri terion measures in spite of the fact that the subjects had been 

pre- selected on the Navy Mechanical test. It is also of i nterest that the 

ratings of supervisors aboard ship apparently were less dependent upon variance 

of an intellectual kind than those assigned by instructors _in the m School 

two years earlier (see Chapter 3). 

COl1.1ELATIONS OF THE SHI P30A.'1D CRITERIA IYITII CLASS "A" ·scHOOL WORK SAMPLE FACTORS 

Job Performance Test 

In Table XII it will be observed that scores on the shipboard job perfor­

mance test correlated significantly with three of the eight performance_ factors 

previously i dentified in the Class "A" School environment . Taken together, 

Basic Milling Machine operat ions, Fine Lathe Threading, and Hand Tool Perfor­

mance, as measured in the school environment, predicted performance on the ship­

board job performance test with a multiple R of .44. As suggested by the 

discussion i n Chapter 3, it is not possible from the data generat ed by this 

study to asso ciate specific performance opera t ions identified in the school 

environment with specific oper ations on the shipboard performance test. However, 

since these significant correlations cut across all major operations commonly 

engaged in by MR's aboard ship they are regarded as particul ar ly significant 

from a logical point of view. 36 
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Table XII 

Correlation of Shipboard Criterion 
Measures with School Work Sample Factors 

(N = 64) 

Work Sample Factor 

11 Lathe Threading, Basic 
12 Lathe Threading, Fine 
13 Hand Tool Performance 
14 Lathe Precision Turning 
15 Lathe Turning to Specifications 
16 Lathe Turning to Finish 
17 Milling Machine, Basic 
18 Milling Machine, Complex 
* significant at 5% level 

** significant at 1% level 

Supervisorv Ratings 

Job Performance 
Test 

,21 
.34** 
,30* 
,16 
.04 
,08 
.37** 
.12 

Average Rating 
Score 
.20 
.32* 
,06 
.20 
.40** 
. 09 
. 23 
. 11 

The shipboard performance rat ing scale produced two signi ficant corre­

lations with the performance factors identified in the training environment 

plus thr ee near-misses. A combination of scores on Lathe Turning to Specifi­

cations and Fine Lathe Threading produced a multiple R of .44 with the ship­

board rat ing scale total score. 

The most striki ng difference between the correlation of the work sample 

factors with the two shipboard criterion measures occurred with Lathe Turning 

to Specifications . The variance associated with this factor was presen~ to a 

very significant degree in the shipboard ratings but not in the job perfor­

mance test. Whether this difference would stand up under repeat ed observations 

cannot be stated with confidence. It is conceivable, though, that adherence 

to specifications could be regarded as an extremely important trait by the 

shipboard supervisors while producing very l ittl e variance in the j ob perfor­

mance test score. 

A reverse argument could be used to explain the differ ence in common 

variance shared by the shipboard j ob performance test and the shipboard ratings 
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\vith scores on the Hand Tool Performance factor. It is quite conceivable that 

skill with hand tools among ·a group of rated petty officers could be taken for 

granted by t heir supervisors. In any event, differential skill with hand 

tools might not be as readily observable as differences in abi l ity associated 

with the operation of machines . 

CORRELATIONS OF THE SHIPBOARD CRITERIA WITH INI'EREST, ACHIEVEMENr , AND INSTRUCTOR 
ASSESSMENr FACTORS 

This group of predictors included factors defined by the written achievement 

examinations covering the course content for various phases of instruction at the 

&fil School; two tests of interest, one developed by Clark for Navy rat es, and one by . 

Guilford, et al, for Air Force personnel ; and the ratings by school instructors of 

each man on his suitability as a future machinery repairman. 

[Each inst ructor had been asked to rank his students in the order in which he 

would like to acquire them if he were opening up a new machine shop. This 

instruction 1>1as designed deliberately to foster a considerat ion of all of the 

·desirable characteristics of men performing in a machine shop rather than simply 

the more narrow aspects of t he j ob as reflected by t he mechanical skills involved.] 

Job Performance Test 

In Table XIII it can be seen that of this heterogeneous group of 

predictors only the instructors• ratings of sui tability, made two years 

earlier, was significantly predictive of performance aboard ship as measured 

by t he job performance test scores. Neither the interest factors nor the 

formal school achievement factor corr elated significant ly with practical 

perf ormance as measured. 

Supervi sory Ratings 

Two of this group of predictors correlated very significantly with 

r atings given by shipboard supervising petty officers t wo years later. The 
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rat ings of sc·hool instructors agreed significantly with the shipboard ratings 

as did scores on the formal achievement tests given in the Ml School. Again, 

neither of the interest factors correlated significantly with the shipboard 

rating scores. 

Table XIII 

Correlation of Shipboard Crit erion Measures 
with Interest, Achievement and Instructor Rating Factors 

(N = 64) 

Predictor 

9 Interest in Mechanical Rates 

10 Interest in Mechanical Activity 

19 trR School Achievement Examinat i on 

20 Rated Suitability for t he iR Job 

* significant at 5% level 
** significant at 1% level 

Job Performance 
Test 

.23 

- . 10 

.19 

.32* 

Average Rating 
Score 

.17 

.14 

.35** 

.35** 

MAXIMIZING THE PREDICTABLE VARIANCE IN THE TWO SHIPBOARD CRITERION MEASlllES 

Although no measure of the amount of reliabl~ variance was available for either 

shipboard criterion measure, it was considered of interest to determi ne the 

correlation between an ~ptimum combination of the predictor scores and each of the 

criterion measures. 

Variables for computing multiple correl at i on coefficients were selected using 

the Gengerelli approximation method. With this method, the values of the various 

regression coefficients are chosen successively until the pool of variables making 

independent contributions of valid variance is .exhausted (3) . 

Job Performance Test 

Table XIV shows the validities, beta wei ghts, and mul tiple correlation 

coefficients for the best combination of pred i ctors for the sh ipboard job 
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performance test score. A combination of two work sample performance scores 
\ 

developed from the training environmen~ and two basic aptitude test scores 

produced a multiple R of .56. Because cross-validation was not possible a 

standard correction for shri nkage was applied which gave a corrected R of , 53, 

Table XIV 

Best Combination of Predictor Variables for the 
Separate Shipboard Criterion Measures 

Criterion Measures 

Shipboard Job 
Performance Test 

Shipboard 
Supervisory Ratings 

Variable 

Milling Operations, Basic 
Lathe Threading, Fine 
Perceptual Speed 
Spatial Relations 

Lathe Turning to Specs. 
MR School Achievement 

(written exams) 
Lathe Threading, Fine 

Validity Beta 

,37 ,37) 
,34 .24) 
,32 ,29) 
,32 ,18) 

.40 ,40) 

,35 .28) 
. 32 , 13) 

Multiple R 

R = ,56 
cR = .53* 

R = ,51 
cR = ,49* 

* Because cross-validation was not possible, a standard formula for shrinkage was 
applied: · lL i-ihere N is the number of cases and m the 

<ill = [1 - (1 - R2 )(.ii...=J)] I,! 
N - m 

number of variables, 

Supervisory Ratings 

A similar procedure was followed in select ing variables that would 

maximize the predictable variance in t he shipboard rating scale scores . In 

this case two of the wor k sample scores from the training environment, plus 

the scores defined by the formal achievement tests at t he MR School, provided 

the best combination of predictors. The computed multiple R was , 51 which 

corrected' for shrinkage to .49, The validities and beta weights for each 

predictor variable may be inspected in Table XIV. 

DEVELOPMENT OF A COMPOSITE SHIPDOARD CRITERION MEASURE 

Examination of the relat ionships between scores on various traits of the ship­

board rating scale and various aspects of performance on the shipboard performance 
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test had revealed no systematic patterns of non-zero correlations. Furthermore, 

total score on the rating scale correl ated very nearly zero tllith total score on the 

shipboard performance test.* 

Since both shipboard criteria wer e predictable to a substantial degree, and 

in a logical way, by the various measures made during training, it was readily 

apparent that a combination of the two shipboard measures was just ifiable and 

probably would represent a closer appr oximation of the ultimate criterion than 

either measure alone. 

Since there appeared to be no logical reason for weighting either sh1pboard 

criterion measure more heavi ly than the other, a simple summation of the total 

rating scale score and the t otal job performance test score, after each had been 

reduced to centile form, was made. The resulting score is hereafter referred to 

as the composite shipboard criterion~. 

COl:mELATIONS OF THE COMPOSITE SHIPBOARD CRITERION WITH VARIOUS PREDICTORS 

In Table XV, the correl ations of the 20 predictor variables with t he composite 

shipboard criterion are shown, It will be noted that each broad category of 

predictors, aptitude, work samples, formal school achievement, interest scores, and 

instructor ratings achieved one or more significant correlatio.ns with the composite 

criterion. In all, 10 of the 20 predictor variables correlated significantly with 

the composite 1dth two others falling just short of the 5% significance level. 

·* It is of interest that, contrary to the fi ndings of earlier studies, neither 
shipboard measure was related to them grade of the subjects , Pay grade 
correlated .04 with total score on t he shipboard performance test and - .01 with 
total score on the shipboard rating scale, (N = 30 2nd Class MR's and 23 3rd 
Class m's.) 
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Table XV 

Correlations of Predi ctor Variables with 
the Composite Shipboard Criteri on Measure 

Aptitude Factors 
Verbal Comprehension 
General Reasoning 
Number Facility 
Mechanical Knowledge 
Spatial Relat ions 
Associative Memory 
Perceptual Speed 
Motor Control 

Interest Factors 
Interest in Mechanical Rates 
Interest in Mechanical Activity 

• 16 
-.09 
-.12 

, 43** 
• 33** 
• 01 
• 30* 
.00 

. 27* 

.09 

* significant at 5% level of confidence 
** significant at 1% level of confidence 

Work Sample Factors 
Lathe Threading, Basic 
Lathe Threading, Fine 
Hand Tool Performance 
Lathe Precisi on Turning 
Lathe Turning- to Specs. 
Lathe Turning to Finish 
Milling Operations, 3asic 
Milling Operations, Complex 

Academic Achievement Factor 
m School Written Exams 

School Rating Factor 
Rated Suitabi lity as an m 

.26* 

. 44** 

. 23 

. 22 
• 31 * 
.12 
, 37** 
.ll 

• 35** 

.42** 

In addition to the fact that so many of the predictors correlated significantly 

with the composite shipboard criterion, it is of interest that Interest i n Mechani­

:cal Rates, which had failed to correlate appreciably with e i ther of the shipboard 

·criterion measures taken separately, was related to the composite criterion t o a 

signifi cant degree. 

The next procedure was to maximize the predictable variance in t he composite 

.shipboard cri terion measure. For this , a more exact measure of the beta weight s 

~ban those provided by the Gengerelli approximation was desired. The Doolittle 

method of solving simultaneous equations therefore was select ed, 

The variables to be included i n t he multiple ~orrelation shoul d be those 

having the highest validities and the lowest intercorre l ation with other valid 

predictors. The matrix of intercorrelations of the valid predictors i s produced in 

Table XVI for easy reference. 
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------------------------
Table XVI 

Intercorrelations of Predictor Variables 
and Their Validities for the Composite Shipboard Criterion 

Interest Acad .. School Lathe Mill. Lathe Lathe 
Mech . Spat . Pere. in Mech. Achiev. Rating Threading Mach. Turning Threading AQtitude Factors Knowl. Ilel. Speed Rates Factor Factor Fine 3asic Specs. Basic Mechanical l~nowledge 

Spatial ~elations .47 
Perceptual Speed .3,3 .09 

Interest in Mech. :!ates .• 39 .14 .04 
Academic Achievement Factor .43 . 40 , 14 .17 
School Rating Factor .38 .30 .19 .16 .63 
Work SamQle Factors 

Lathe Threading, Fine .24 .19 .21 .10 .18 .30 
Milling Machine, Basic .24 .25 -. 13 .17 .19 .23 .28 
Lathe Turning, Specs. .22 .05 .04 .23 .17 .32 .36 .25 Lathe Threading, Basic .21 .13 .21 .22 , 37 . 45 . 54. .20 .15 

Correlation of Each 
Predictor with Composite 
Shipboard Criterion Score 

.43*~· .33** .30* .27* .35** .42** .44** .37** .31 * .26* 

** significant at 1% level 
~• significant at 5% level 
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MAXIMIZING THE PREDICTABLE VARIANCE IN THE COMPOSITE SHIPBOARD CRITERION 

In Table XVII, the validities and beta weights for the best combination of 

predictors for the composite criterion are shown. It will be noted that three 

work sample measures from the school environment, one aptitude measure, and the 

ratings of suitability given by the school instructors are involved. Using this 

combination of predictors, a multiple R of .62 (corrected for shrinkage to .58) 

was obtained, 

Table XVII 

Best Combination of Predictor Variables for the 
Composite Shipboard Criterion Measure 

Variable Validity Beta Multiple R 

Composite Shipboard Lathe Threading , Fine .44 .25) 
Criterion Mechanical Knowledge .43 .24) 

(Unweighted sum of Rated Suitability for the R = 
total job perfor~ MR Job .42 .19} cR = 
mance test score Milling Operations, Basic -~ .18) 
and total super- Lathe Turning to 
visory rating Specifications .31 .06) 
score) 

The multiple correlation of .62 indicates that nearly 40% of the total 

variance in the composite shipboard criterion score could be ·accounted for the 

variance in scores obtained two years earlier on work samples produced in the 

,training environment, a test of mechanical knowledge , and the predi ctions of 

school instructors of subsequent suitability as a machinery repairman, 

.62 

.58 

Absence of reliability data for the criterion scores does not permit an 

estimate of how much of the reliable variance in the composite shipboard criterion 

;was predictable by these variables. In view of known uncontrolled conditions that 

.prevailed during the administration of the performance test aboard ship, and in 

view of the estimated split-half reliability for the performance test of .ITT, it 

is regarded as unlikely that the composite shipboard criterion had a reliability 
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in excess of .75, If this value can be taken for the sake of argument , the 

predictors listed in Table XVII account for over 50% of the true variance in the 

shipboard criterion. Even allowing for the shrinkage that would be expected with 

cross-validation, the extent to which the variance in the composite sh i pboard 

criterion has been accounted for provi des considerable insight into the nature of 

a suitable criterion for the shipboard performance of mechanical rates in the Navy. 
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Chapter 5 

DISCUSSION 

The findings of this study suggest that the _shipboard performance of certain 

Navy rates can be meaningfully assessed by means either of job sample performance 

tests or supervisory ratings. Most important, however , they indicate that .Q.Q1h 

kinds of measures may be required if the most meaningful shipboard criterion is 

to be developed. 

These concl usions are reached largely on the basis of the essential independence 

observed in t he present study between ratings assigned by supervisors aboard ship 

and performance aboard ship as measured by a job sample test . Many other stuaies, 

both by t he present investigators and others,· similarly have produced low corre­

lations between ratings and perform~nce tests. While such results often have led· 

to questions about the utility of either t ype of measure as a practical criterion, 

abundant evidence was produced by the present study tp indicate that both measures 

may bear substantial relationships to a number of logi cally pertinent predictor 

variables and still remain largely independent of each other. The use of both, 

therefore , may not only be desirable, but essential i f a proper appraisal of 

performance i s to be obtained. 

Other arguments can be advanced from past research concerning the probable 

complementary nature of these two criterion measures . The need to employ practical 

performance t ests seems certain in view of the almost universal surprise of 

officers, petty officers, and instructors when they observe the actual performance 

capability of t heir men under controlled test condit ions. Again and again the 

_performance capabilit ies of Navy personnel , as tested , have fallen below the 

expectations of observers who felt they knew the skil ls of t heir men very well, 

.This has been f ound true in· hot.Ji the train i ng and operat ional environment, 
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The need for supervisory ratings as a criterion measure to complement tested 

performance also can be supported on the basis of observations from past studies. 

For one thing, it is known that the factorial structure of ratings is complex. 

For another, it is evident that a number of important intangibles, ~ich may 

include adaptation to shipboard life, good relations with superiors and other men, 

.performance of military duties, ability to understand and communicate instructions, 

willingness and ability to learn, and so forth , very probably are reflected to some 

degree in the ratings assigned by superiors, 

The rati'ngs assigned by MR School instructors two years prior t o this follow­

up study clearly contained variance of an intel l ectual and academic sort as well 

as those kinds associated with the technical sk i lls required to produce fine, 

machined components. For this reason , it would seem that t he predictions of 

Class "A" School instructors, gathered with a properly designed rating scale and 

the proper. trai ning in rating methods , might serve as an important i ntermediate 

criterion for many studies concerned 'with the selection, classification, and 

placement of enlisted Naval personnel . Generalizing from one mechanical rate to 

others may not be f ully j ust ified, of course. I t seems reasonable, however, that 

such a criterion would be superior to t he frequently used school grades with their 

high proportion of verbal variance. I t can be said without fear of contradiction 

that when written test scores are used as criteria, verbal and other kinds of 

intellectual variance will play a much more important role than they apparently 

do in subsequent performance aboard ship. 

Both practical performance tests and rat ings of performance by superiors 

should be the su~ect of continued investigation by those studying performance 

criteria. The nature of performance tests can be largely specified and determined 

by those skilled in performance test ·construction. The nature of performance 

ratings, and the bases upon which one human being judges the performance and the 
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desirability of others in t he job environment, remain unclear in spite of the 

tremendous number of studies where perfor mance ratings have been employed. This 

is likely t o remain the case until judgments of human performance are made under 

more controlled conditions and under circumstances where t hey can be related to 

· objective external criteria. It is to this probl em that future investigations under 

this contract will be directed. 
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