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&85TRACT

A performance rating scale that included 10 traits reflecting various
technical and non-technical aspects of Navy shipboard performance was developed
and used to evaluate the performancc of Electrician's iiates (2i's) and Enginemen
(EN's) serving aboard submarines in the Atlantic and Pacific Fleets, Analysis of
results indicated that officers and petty officers using the scale tended:

(1) to agree with one another when they evaluited the same men

(2) to be consistent in their own evaluations from one time to the
next

(3) to discriminate reliably ailong men of the same pay ¢rade

(4) to differentiate, to an appreciable degree, the technical from
the adjustive aspects of shipboard performance,

in addition, a factorial analysis indicated that:

(5) at least two broad "factors” of shipbouard performance ~ one
representing technical skill, and the other, adjustiient to Mavy
life - accounted for most of the intercorrelations among traits

(6} the traits representing the techinical side of performance cor-
related moderately high with independent measures of techuical
skill, but the traits reprcseiating the adjustment side of per-
formance were not related appreciably to any otlier neasurcs
obtained,

As a part of this overali research project practical performances ctests and
performance check lisis for Eii's and €N's were also developed (see Farts I and III
of this Final Report for details),

Relationships between these twe measures and the rating scale are reported

and discussed in this report,

-




Chapter I
SULRARY AND OPERATIONAL IIPLICATICNS

At the time this research was initiated, shipboard performance in the Navy
was cvaluated by wmeans of Juarterly liarks assigned by division officers, It was
considered by many, in the Navy and out, that the Quarterly iiarks did not adecuately
reflect the differences among enlisted men's abilities to perform their dutics,
There was 2 marked tendency for the assigncd scores to pile up around the highest
possible value (4,0). Unless it were asswned that most men's performance was of
equal excellence, ticse marks were failing tc give discriminating and realistic
indications of performance.

For this reason, research wis conducted to determine if more adequate ueans
of rating shipvoard perfcruance could be developed, This report, which is Part 11
of a Final Report of a study of shipboard performance measures, desciribes & per-
formancelrating scale that was developed for use by submarine offiéers and petty
officers in evaluating the performance of Clectrician'’s kiates (Zil's) and Enginemen
(EN's) sefving under then,

In its final form, the performance rating scale, following a {ormat that

permiticd man-to-man comparisons, included these ten traits:

Cooperation Neatness of Work

Inowledge of the Job Care of Equipmeat

Application and Initiative Ability to Troubleshoot
Judgment and Common Sense Sincerity in Doing a Good Job
Leadership Discipline

In addition, a Rank “rder Preference (relative overall value in the gang)

was included ss a summary eveluation,

Ay

A total of 320 Cii's aud 487 EN's were ruted on these traits, The majority
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of the men were rated by at lcast three officers and/cr petty officers, Tie
reliability {(corsistency) of the ratings was calculated by naving a representative

group of raters re-rate their men afier a suitable lapse of time, It was found to

b
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they rated the same men, the average inter-rater agreement on total score being
ry = .70,

The ratings assigned by all raters on each of the traits were intercorrelated
and analyzed to find what general elements (factors) of performance could account
for the intercorrelations, Two factors were isolated in each of two independeént
analyses:

1, Technical competence (ability to meet tie practical or technical demands

of a job)

2, Personal adjustment {attitude towards both job and other elements of

Navy life),

The measures obtained with tlie performance rating scale were also correlated
with scores from two other measures of shipboard performance: performance check

lists and practical performance tests. The check lists were designed to provide

ratings and the performance tests objective scores of ability to perform specific
tasks from Eil's and EN's jobs,

It was found that the rating scale and check list scores were highly cor-
related (about ,83) when tien in all pay grades were rated together {(the substantial
correlation beilween pay grade and performance ratings in part induced this ~or-
relation) ; but the correlations beiween rating scale trait scores and performance
test scores were low to moderate (.25 to ,02). On a within-pay-grade basis, the
two rating devicev correlated moderately (.23 to ,61) while the rating scale scores

and performance test scores correlated low to moderately (,92 to ,48), The
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correlations were generally higher for the Ei's ihan for the EN's,

It was concluded that diccriminating and reiiable ratings of gcneral traits

can be obtained which will reflect important aspects of shipbeard performance,

maaer
i
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ngt, however, indicaie very much aboul ability to perfom speciial

tasks from shipboard jobs,

The present and probable continued use of rating devices as measures of

shipboard performance gives operational significance to many of the findings of

this study,

Specifically:

1,

Reliable and discriminating ratings can be made by Navy officer
and petty officer personnel,

A man-to-man rating format appears to promote discriminating
ratings and inter-rater agrecment,

Ratings shouid be performed separately for different gangs and
pay grades,

Both technical and adjustment aspects of shipboard performance
can be rated.

inter-raier differences in leniency and spread of ratings must be
accounted for in order to achieve maximum usefulness from ratings,
Comparisons of the technical skill ¢f men from different boats

demand the use of performance tests zs well as ratings,




Chapter 1II

BACKGROUND AND DEVELOFHENT CF THE RATING SCALE

Ihe probiem

"Tn wartime ,,, elaboratc routines of test administration aboard ship may
not be feasible, and a more convenient procedure for evaluatirg performance is
needed. The use of rating methods would provide the means for making such evalu-
ations."1

The problem of evaluating the shipboard performance of Navy men is an
exceedingly important one, The success and constant improvement of selection,
training and placement programs depend in large part on the availability-of suitable
performance measures which can be used as criteria against which the effectiveness
of these programs can be judgad,

in the Navy. and particularly in the submarine Navy, evaluations of per-
formance require consideration of a complexity of factors, Technical know-how and
skill are essential; even more importani, however, may be factors of an attitudinal
or adjustive nature tcward Navy life and the men with whom one lives 24 hours a day,

This study is concerned with arn cffort to devise a rating scale which could
be uscd to obtain measures of the many important aspects of shipboard peiformance,

It, together with other studies on the problem of shipboard performance measurcs,

provides partial answers to this important problem.2

1 Iluman Factors in Hiljtayv Effjciency, Summary Technical Report of the Applied
Psychology Panel, NDRC, Vol, 1, Washington, D2, €,, 1946, p, 130,

2 See also Part I, "The use of nractical performance tests in the measurcment of
skipboard performance of Naval enlisted personnel," and Part III, "Ihe use of

performance check lists in the measurement of shipboard performance of enlisted
Naval_personnel,"of this final report,




Ihg Juarterlv Harks System

At the time this research was iniiiated, shipboard performance was regularly
evaluated in {he Navy through the assigning of Quarterly llarks, Enlisted men were
rated on their Proficiency in Ratc and Conduct, and, cdepending cn their job and pay
grade, on their Leadership, Seamanship, and Mechanjcal Ability.

The Cuarterly karks scale had a score range from 0,0 to 4,0, Lowever, a
mark below 2,5 indicated unsatisfactory performance, and there was a tendency, in
practice, for both Division Officers and the men being rated to consider any wmark
below 3,5 unsatisfactory, As a result, the marks tended to pile up between 3.5
and 4,0, with the majority for the higher pay grades a: or near 4,0, Little dis-
crimination resulted from such ratings and a man's scores seldom gave a clear
indication of whether the job he was doing was excellent, good, ordinary, or just
fair,

The problems faced by the Division Cfficer (or whoever does the rating) in
assigning Quarterly llarks may be illustrated by a few extracts from the Dulers

In determining marks, it shall be borne in mind that the mark
for proficiency in rate is intended to be suflicient in itself
to denote a person's ability, habits, and character; in short,

the individual's value to the service in the particular rate.3

The following qualifications are then listed as the determining factors in assign-
ing marks of 4,0 aiid 3,5:

4,0 Competent and reliable in rate, DMNot less than 3,5 in conduct,

3.5 Comperent and qualified in all duties of rate; has qualities suf-

ficient to justify advancement, Not less than 3.5 in conduct ,4

3 Durcau of Naval Personnel ilanual, vp, 181-182,
4 Ibid,, . 183,
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. 1. A rating scale should be designed to reflect, insofar as possible, the

This evident lack of distincticn between the marks, and the emphasis put on
. a single, broad, periformance characteristic may account, in part, for the fact that
most of the Quarterly Marks were at, or near, 4,0,
With this brief critique of the characteristics of Quarterly harks, let us
pass on to the considerations which governed the design of the rating scales

develnped for this study,

Cousideratjons for the design of a rstina scale
A rating scale is @ device that should help an officer or petty officer
organize and express his evaluations of the men who work under him, In order that

they be useful, such evsluations depend to a great exteint on three things:

1. The format of the scale. Does it provide reference points by which
> the rater can reliably detecrmine where each man should be placed on the
scal2?

2. The way relevant asoects of 3o forugnce are described. Do they help

the rater "break down" the job? Do they bring out the different
icatures of performanse? Do the trait descriptions help the rater

visualize the man on the job?

|
3. The wav "levels of pexformance” are defined. Do they help the rater [

separate the "good" from the "not so good", and the "superior” from the

"above average"? |

Requirement t§iig ale constructjon apd design
Investigation of °he rating scale literature and consideratien of the goais i
of this research have led to the following general requirements wiicii affcct

rating scale construction and design:
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diffecences among the perfoxrmance levels of the men beinn rated, That
is, ratings given tc a group of mei should be spread over a relatively
large portion of the scale and few men, if any, should receive the same
score, The scale should yield scores that discriminate,d

A rating scale should be designeé sc tliat 3he "average rating" of a
typical group of men falls somewhere near the middle of the scaie,

The bunching of scores at the upper end of the scale, so typical of
ratings, is unrealistic and reduces discrimination as well, (it will
be remembered that the Quarterly Marks had a tendency to be bunched at
the upper end of the scale, This was a fault of the scale design as
well as a result of overly lenient rating practices,)

A rating scale should be designed so that different raters wiil agree
on the position occupied on the scale by each man rated, This is very
difficult io achieve when raters are forced to rely on descriptive
adjectives or numerical values in establishing key points on the scale,
lore complete verbal descriptions of observable bits of behavior should
be of some help to raters in agreeing on the positions their men occupy,
However, the format of the rating device can also be such as to promote
agreement,

The design of a rating scaie should be such that it will help tie
raters using it to be consistent in their ratings of thc same men from
one rating period to the next, This is relichility in the test-retest

sense, Assuming raters had no recollection of scores given at an

. 3 This assumes, of course, that men are actually different from each other in the
performance characteristics on which they are to be rated, From present day
knowiedge of individual differences this appears a reasonable assumption.

—
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earlier time, there still should be a high relationsiiip between scores
given to a group of men at intervals of, say, 90 to 180 days,
With these requirements in mind, the actual construction of a performance

rating scale was begun,

Format of tile experimeptal scale

Rating scalee typically are single-page arrangements with the name of the
man to be rated at the top of the page and a series of traits on which he is to be
rated listed down the cide, Performance levels on this type of rating form are
usually expressed in terms of some scale of numbers or adjectives, or both, For
example, a man may be rated as "excellent" or "4,0" on one characteristic, or
"good" o1 "3.5" on another, and so forth, This kind of rating form, though simple
in design and easy to rse. minimizes the likelihood of obtainirg useful ratings,
It fails to provide the raters with a satisfactory fraomework for comparison., The
adjectives or numbers used usually have quite different meanings to different
raters at diiferent times, Either, or both, of tic=e eonditions leads to unreliadle
ratings, Words and numbers on a rating scale lagk absolute meaning and are thus
subject to as many interpretaticns as there are raters,

It is exceedingiy difficult to state how absolutely gocd or poor a man is
in his work, It is much easier to say he is good cumpared to ikis or poor compared
to that, The more concrete and meaningful are the reference points against which
these necessary comparisons must be made, the more objective and reliable will be
the resulting ratings., Something more than numbers or adjectives is needed although
ihey may bDe of limited neip. The history oi ratings suggests that this sometiiing
more may be achieved by evaluating a man's performance trelative to that of his

peers,

In most job situations, men belong to an identifiable work group, Each maa

-8 -




within the group either does work similar to that of the others, or works under
approximately the same conditions, or hoth, The membors of this growp provide
meaningful, stable points of reference for 1l raters who are sufficiently well
acquainted with the group to do the rating,

A man's assigned rank {u a group on any one trait, or his average rank in a

group on all traits, is an indication of his level of performance based on meaning-

ful reference points -- namely, tlie other members of the work group,

The performance rating scale was designed with this man-to-man comparative
procedure in mind,® The following features were considered important: (A copy
of the final form of the rating scale may be seen in Appendix B,)

1, Space was provided on each page of the rating scale booklet for the
names of all men within a given work group, Each rater rated cach man
as 3 member of a particular work group., In this study the group was
either the Ei or EN gang aboard submarines,’

2, A single performance trait was listed on each page of the booklet, All
men were therefore rated as a group on ONE trait at a time,

This procedure of rating a group of men on each traic separaiely
is to be conirasied with the usual procedure of ratiang one man on al
traits without direct reference to the oather persons to be rated,

3. The definition of each irait was foilowed by four series of statements

down the side of the page defining various degrees of possession of the

0 The design was not completely original, It was first tested by Stevens and
Wonderlic, “An Effective Revision of the Rating Scale Technique," Personnei
Journal, 13; 1934, 125-134, It was recommended by Guilford, Psvchometric ilethods
ficGraw-Hill Book Co,, New York, 1936, 263-2084, It was further tested by Gilinski
"The Inf{luence of ine Procedure of Judging on the Halo Effect,"” American Psy-
chologist, 2:309-319, 1947,

In subsequent work
well as rate,

, arouns have been homogeneous with respect to pay grade as




trait in question, The top-most croup of statements described
exceptionally cuisianding behavior. The nexi yroup described
clearly above average performance; the third group described
average or satisfactory performance and the last croup of
statenents described below average or undesirable performance,

Thus, three of the four groups of statements described
acceptable performance or better, This was done in an effort to
keep the average rating down towarcd the physical center of the
scale, recognizing both the tendency of raters to rate their
men high and, at the same time, the natural selection and admit-
tedly supericr performance of most higher rated petty officers,
In a column underneath each man's name was a continuum line.
This line was unbroken except for skort horizontal marks which
located on the continuum the pocsition of each group of descrip-
tive statements, The raters could thus locate where, on the
line, a given description of behavior would fall, They could
then decide whether the perferrmance of a man being rated was
equal to, better or worse than a particular description and rate
him at any appropriate point along the entire continuum,

Cn each page of thie rating scale booklet, therefore, appeared
a definition of the trait on which the men were to be rated, four
statements defianing the degree of possession of the trait, and
the names oi the men being raied, Below each of the latter was
a2 column, representing a continuun, in which the rating¢s were to
be made with a check mark.

Each time a man was rated on a given trait, the ratings
assigned other men jicd to be taken into consideration by the

= 10 =
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rater, Thus, each man was directly compared with each other man

- in the croup on each of the traits,

. L i i perforpma iraj for the ratinc scale

To exnlore as many facets of shipboard performance as possible, a wide
selection of traits was made for the preliminary form of thie rating scale,
These traits, which are listed below, were gleaned fron a study of shipboard

jobs and from conversations with Naval personnel:

Social Adjustment r.daptahiiity

wuality of ilork Leadership

Neatness of Appearance Overall Efficiency
Cooperation Neatness of ‘ork

Hatcli Standing hAbility to be Taught
Knowledge of the Job Care of Lcuipment
Discipline Ability to Troubleshoot
finplication and Initiative Sincerity in the Job
Dependability tianual Skill

Cveral) Efficiency in Rate (within pay g¢rade)

In addition to ai overall rank order praference, the final form of the

rating scale consisted of ten traits, These were:

Cooperation Neatness of liork

Knowledce of the Job Care of Equipment

fioplication and Initiative fbility to Troubleshoot
Judonient and Common Sease Sincerity in Doing a Good Job
Leadership Discipline

Jetails of the analysis that led to this final selection of traits are

reported in Chapte:r III,

Use of the performance ravina scale aboard ship

As an exploratory study, the preliminary rating scale was used to obtain

. evalvations of 167 Eli's and EN's of Submarine Squadrons 3 and 7 at San Diego,

-1l -




all pay grades from strilers throuch chief petty officers (CI'C's) were included,
The men rated were selected solely on the Lasis of availability,

# revised preliminary form was used later to obtain evaluations of
206 submarine El's and EN's. Analysis of these two preliminary forms led to
the development of the final form which is included in Appendix B to tiis
report.

The final form of the rating scale was used to evaluate the same groups
of Eli's and EN's that were subsequently evaluated with the performance clieck
lists and tested with the practical performance tests described in Parts I anid
IIT of this report, These groups included 320 EM's and 467 Lil's, the ¢reater

majority of the men being strikers and third class petty officers,

knew the men to be rated well enough to rate them fairly, In most instances,
this meant the Cngineering Cfficer, the two leading Chief Zii's, and the two
Ivading Chief ZIM's, In some instances, ratings were made by the Cxecutive
Cfficer or /. ssistant Zngineering Cfficer,

The majority of the C'i's and CM's were rated by either one officer and

two petty officers or by two officers and ona petty officer; so, typicaliy,

at least three ratings were obtained on each man,

Instruciions to the raters

Written instructions, together with sample ratings, were given to
all raters, (Cxamp'~s may be seen on pages 1 and 2 of the rating scale in
*he nppendix.} In additicii, in the preliminary study raters were instructed
personally by project personnel, Common pitfalls of rating, such as excessive
leniency, halo effect, and high interrelationships among traits due to logical

errors were explained to the raters in simple terms and tley were asxed to

.|




guard against them, DNuring luter administrations, time considerations prevented
persgonal instruction and the written instructions had to suffice,

The written instructions emphasized the following:

1.  The differences, no matter how small, in the performance
levels of the men being rated should be broucht out, iicn
in each work g¢roup should be compared with one another on
each trait, It was suggested that the poorest and best
man in eack group ("best" or "poorest" on the trait in question)
sliould be rated first, and then the other men rated in between,

* .

Laters were instructed to avoid civing tie ratings if at all
possible,

2. The men's pay crades should not be unduely influential in the
in the ratings assicned. iien were to be rated on each char-
acteristic strictly on the basis of their demonstrated perform=-

ance, Raters were cautioned against the general “halo-effect™

of pay grade,

The hols created by pay grade is a real problem in analyzing ratings
given to Naval personnel, 1t is naturz]l for an officer or petty officer to be
affected by the man's pay grade when he evaluates a man's performance, Part
i this influence, no doubt, is the result of genuine differences in ability
reflected in the different pay grades, but part very likely is spurious,

The effect of pay grade on the useifuiness &nd reliability of ratings
was exanined in considerable detail during this study. liost staiistical

anaiysis reported in later chapters were Derforned both on a within and 2cross

pay ¢rade basis in order to answer the many questions iuvolved,

=A% <
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Scoring the ratings

It will be remembered that each definition of a performance trait on
the pages of the rating scale booklet was accompanied by four groups of state-
ments down the side of the page defining the deyree of possession of that
trait, Across the top of the page were listed the names of the men to be rated,
A check mark in a colunn opposite one of the series of qualifying statements
or between two such series, and under a particular man's name, indicated that
man's rated performance level on a particular trait,

The distance of the check mark from the lower end of the column was
converted into a numerical score by measuring it with a centimeter rule, Ail
columns were thirteen centimeters long, and so possible scores ranged from
0,0 to 13.0, Each check mark was read to the nearest half centimeter,

These raw scores varied a good deal from rater to rater in central
tendency and spread, To make ratings from different raters comparable, it
was necessary to convert them into standard scores.0 This had the effect of
producing a comnmon average for all ratings and reduced the effect of differen-

tial spread.

t’Standard scores were expressed in terms of the Sten~scale, Scores on this
scale ranged from O to 9 inclusive, witii the mean at 4,5, Each unit on the
scale covered one-half standard deviation,
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Chapter III

RESULTS FROLi SHIPBOARD USE OF THE RATING SCALL

A, MNeasuring Characteristics of the Scale

Average rating and spread of ratings over the scale

In Table I, appearing on page 17, the mean and standard deviation of
ratings are reported for each trait of the preliminary form of the roting
scale, This analysis was not repeated for the revised form, there being no
suggestion of any differences in results, If anytﬁing, the variability of
ratings on the revised form probably was slightly greater than that reported
here because of the specific instruction in later administrations to avoid

tie ratings. To indicate the variability of the means and standard deviations,

.

Aha wmi VYA ONY wny
LCUHT HAVMM AL WY asae

; ' raluee has heen ineluded in the Table,

520k
In many rating scales there is a notable tendency ror raters to reduce
the usefulness of their evaluations by:
(1) Assigning high ratings, on the average

(2) Indicating littie or no cdifferences betwcen men (small

dispersions),

As indicated in the previous chapter, it was thought that the format of this
scale, together with the manner in which the trait descriptions were graduated,
would reduce boih these tendencies appreciably,

In large part these expectations were realized, There was, of course,
vaeriability in the leniency - stringency factor, mean ratings for individuui
rcters extending all the way from 5,9 te 10,C on the 13-point scale, llowever,
the mean of mean ratings for 42 raters in the preliminary study was 7.0 -- quiic

acceptably near the center of the continuum, 6.5,

-15 =
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In general, the dispeisicac of ratings were sufficlently large to
previde meaningful and usefui discriminations, There were a few raters who
assigned a large percentage of tie ratings, thus producing small standard
deviations and little discrimination, This led to the instruction, for later
adwinistrations, to avoid tie ratings if at all pocssible,

Considerable varicbility can be seen in the means and sprcad of scores
from trait to trait., This could be due to one of several factors or in psrt
due to all of them, Ome possibility is that the variability resulted from
differences in the extremeness of phraseology of the descriptive phrases for
the several traits, A second possible explanation is that raters may have
considered it more logical or essential to assign high mean ratings for some
traits than others, For example, a rater might reason that it was perfectly
satisfactory to assigcn noderate or even low ratings in a trait sauch as
imagual Skill, but might consider it a reflection cn his oyn performance if
anything but high ratings were assigned in a trait such as Ciscinline.
Finally, a third possible explanotion of differences in means and variahil-
ities of the several traits is that they reflect differences which, in fact,
do exist. For example, the mean score in Leadership may be low because a
substantia: proportion of the men rated actually have had no opportunity‘to
display leadership, The mean rating in Djscipline may be high because the
majority of men ciier no disciplinary problems, The variability in lLapual
Skill may be small because there is liitle opportunity'to demons.rate dif-

ferences in motor skills in the particular rates studied,
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Relisbility of the ratings

~n important feature of any evaluating insirument is the consistency
with wiich it mensures, Few reports on ratinc scales of the traditional type
indicate satisfactory reliability and, in meny studies, reliability in the
rate-rerzte sense is not even reported.

Laving established that raters could assicn meanincful and discriminat-
ing ratings, it was next desired to ascertain iow consistently (reliably)
they did this,

Cne hundred fifteen subjects were common to the two preliminary
administrations of the rating scale and also had the same raters each time.
These were non-selected cases from six submarines, being siugled out solely
because of participation in both trial runs, The elapsed period of time
between the first and second ratings varied from five to as much as nine
nonths for the various raters,

Since fairly hich reliability would be expected on the basis of knowl-
edge of a man's pay grade alone, it was decided that the reliability should
be estinated on a within pay grade basis, That :s, for each pay grade, it
wos deterniined whether a civen rater placed his men in essentially the scme order
(based on total score) during the second evaluation as he did on the first, The
self-acreerients and disacreements then were plotted in a four-iold table (split at
ti:e median) and the correlation (tetrachoric) was computied,
(over 300)ratings) the correlation was ry = .83, This compares very favorably with
reliability figures usually obtained with more objective measuring devices,

riealh Aan mesabalaslanl tase o ned A aamoddacna . P R X5 I
OSULII UD HOoYUHVAUVHIIVUL LUALYy “UU 20 LUUIoauTC:I U Yy LULlLdAdaritLIed
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usually attributed to rating scales (,60 to ,70),
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Agreement amona the raters

In addicion to reliability in the rate-rerate sense, a useful rating
device must promote substantial agreement among raters on the relative pro-
ficiency of the men they are rating., Indeed, ratings nrobably can be consid-
ered a satisfactory criterion of nerformance in direct proportion to the amount
of acreenient aron¢ rciers, provided, of course, the characieristics of perforn-
ance Leing¢ rated are relevaont to the ultimate criterion,

Inter-rater acreenent wes deternined by correlating one ratev's judc-
nments on each trait with those of each other vater o had rated the scme
subjects, Thus, if a pair of raters both considered a man either aliuve or
below the median on a certain trnait, it constituted an agreement, 1f, on
the other hand, one rater considered the man above the median and another
considered him below it, a disagreenient was recorded, DLy considering the
rzgression of each rater on each otlier rater, a four-fold table of frequencies
representing agreements and disagreements was establislhied for each trait
in the scale and for average score. From these four-fold tables, tetracloric
correlation coefficients were computed which servcd as indices of agreement,

The question again arose as to the role of pay grazde in determining
uiic magnitude of inter-rater agreement., For example, it seemed a reasonable
assunption that most raters wonld generclly ucree that a first-class petty
officer was bhetter than a third-class netty officer or a strilier., Thus ihe
factor of ney crade clone wiould create considcrable acreciient among raters,

It wcc considered necessary, therefore, to deternine whether there was aay
pasis for acreement among raters independent of the factor of pcy crade.

Cach rater's subjects were grouped by pay crade, On each trait
these pay-crade croups were divided into upper and lower sub-groups with the

division at the median, (If there was only one subject in any given pay

- 19 =
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grade, he was omitted from the calculation,) Those subjects in the upper
sub=group were assigned a passing score (+) whilc those in the Iower sub-
group received a failing score (0),

With these ccores assigned for each rater for each trait for each
pay grade, the intercoirelations of raters' judgments was again a matter of
plotting a four-fold table of frequencies, Ail pay yrades were plotted on the
same table and cuch subject appearcd in the table as many times as there were
pairs of raters who judged him,

The coefficient computea from this table mav be termed a within nay
grade coefficient, The results for each trait, under each of the two conditions,
and for both of the preliminary samples, are shown in Table II on the following
ﬁage. In addition to the agreement on the single traits, the acreement on

average scores is indicated. The values for the traits of Neatness of Apyearance,

Dependability, Adaptability, Abiljty to Troubleshoot, «nd lianual Skill do not

anpear for the second sample since those traits were eliminated from the seCOnd
form of the scale.
Severa' of the results reported in Table II require comment.. There
is considerable variability in the size of the cocfficients from trait tc
trait as might be expected. Considering both samples and both conditions

of correlation, the trait Social Adjusiment seems to be about the least objec-

tive, This is reasonable in view of the obvious difficulties involved both

in defining Social Adjustment and in agreeing on obje’cive indicators for such

2 trait,
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conditions of correlation were Knowledge of the Joi, Discipline, Judgment and

Common Sense and Leadership. It is feit that the behavioral referents for
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TABLE II

INTER-RATER AGREELENT* ON THE VARIOUS RATING SCALE TRAITS
AND ClI AVERAGE 5CORT, FOLR BOTH SALPLLS, UITH PAY GRADC
IN 45 4 VLRIACLE AND UTTII PLY GRADC HELD CONSTANT

Trait First Sample GJecond Sample
@i=107) (11=206)

Pay Pay Pay ay
Grade Grade Grade Grade

In Out In Cut
1. Social Adjustment .32 +26 .46 .40
2. Quality cf Vork .53 56 .95 <39
3, Neatness of Anpearance .42 .42 = =
4, Cooperation .30 .58 ) .57
5. Hatch Standing .45 .44 .60 .99
6. Knowledge of Job .66 61 o 16 .50
7. Discipline .60 87 .62 «38
8. Apnlication and Initiative .49 .99 .00 .24
9. Judgment and Common Sense .61 67 .09 .46
10, Dependability .47 .43 - =
11. Adaptability k) .63 - -
12, Leadership .60 .55 s le <96
13. Overall Efiiciency .54 .62 .65 .91
14, Neatness of Work .0l .46 .64 .44
15, Ability to be Taught .42 .53 .95 .42
16, Care of Equipment 42 .01 230 « 35
17, Ability to Troubleshoot .60 .94 - -
18, Sincerity in Job .44 .60 .60 .44
19, Manual Skill .58 .45 - -

20, Oversll Proficiency in Rate , 37 .63 .06 .40

Average fiating Scale Score .07 .73 S .59

* Tetrachoric Correlation Coefficients
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thesc traits are much easier to define and their manifestations easier to
obscrve, which may explain the greater degree of acreement on them, Further,
they are all traits which refleci 2 basic ability to perform and, as such,
nay tend to correlate with eac¢h other,

The factor of pay grade raised or lowered the inter-rater agrecment
depending upon circumstances, In the first sample, the removal of pay grade
variance caused the majority of the coefficients to incrcase, while a few
renained the same and a few decreased in size, In general, the increase
in acreement occurred with traits which are not so highly related to pay
grade, Thus it may have been that instructions desigred to decrease inter-
trait correlations and reduce halo were somewhat effective with the prelim-
inary sample, and this fac® showed up in the inter-rater agrcement, It was
apparent, in scoriny thic ratings, that pay grade was affecting various raters
differently, Some were overcome by its influence and rated strictly in
accordance with pay grade level on every trait, Others remained more objective,
their ratings in many traits showing much smailer relationships to pay crade,
If both kinds of raters picked the same men within pay grade level as bést
and poorest, then removal of the effect of pay grade sihould increase inter=-
rater agreement, It is believed that this is what happened in the first
sample,

In the revised preliminary sample, hewever, the cencral eftect ot
removing poy grade variance was to reduce the inter-rater acreement, It

. . LR T R ol “e - nosmwn 1
is conciugsd thai iné veason o7 this reversal of the carlior »

[G)

duc to the instructions (this time the lack of them) given to the raters,
Since there was nractically no personal contact with the raters during the

second administration of the rating scale, and since many of the raters in



the second sample had not participated in the first ratings, it is reasonable
to hypothesize that the logical and halo effects created by the presence of
pay grade were greater in the second sample than in the first, This hypoth-
esis is substantiated by the fact that the correiations of pay grade with
other raiing scale variables was higher in the second sample than in the first,
and also by tne fact that tvait intercorrelations were higher in general for
the second sample. It is suggested, then, that pay grade variance contributed
relatively more te the magnitude of the inter-rater agreement in the second
sample, and its removal caused a reduction in agreement,

In concluding the discussion on the agreement of raters, a word 1S
in order about the level of agreement obtained. In general it was more
substantial, both on individuzl traits and on average score, than is usually
reported with conventional scales, Undoubtedly exclusion of some of the less

objective traits would have increased the agreement on average score appreciably,

Intercorrelations of traits and results of factoriaj analvsis

A survey of the literature on rating scales revealed few studies which

K] ¥ pa o
2:3 These studies, with the

1
hod been carried as far as factorial analysis,*!
exception of that by Bolanovich, plus well established indications of rating
fallacies snch as halo effect and logical.errors leave one with the impression

that seldorn are more than one or two foctors required to account for the

high inter-trait corvelatious which typically are. fouud in rating scale studies.

lBolanovich, D, J,, "Statistical analysis of an industrial relations chart,"

J. of Appl. Psvcholocy, 30, 1946, 22-31,

2Chi, Yan-Lin, "Stailisiicai analysis of personality ratings,"d. of Experimen-
tal Eduecation, 5, 1937, 229-243,

3%wart, E., Seashore, S, E, and Tiffin, J., "A factor analysis of an industrial
merit rating scale,” J. of appl. Psvciology, 25, 1941, 401-4806,
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~ part of the unalysis of the present raiiig scale was to deternine
the magnitude of the inter-trait correlations and to pertoru factorial analyses
of the resulting matrices” This was done for each of two preliminary samples
of submarine personnel, under three conditions for each sample with a resultant
total of six analyses, The varicus conditions of these analyses are described

below,

Intercorrelation of traits, Procedure I, In the initial analysis,

traits were intercorrelated in a straightforward manner, Individuals
were assigned plus scores in all traits in which they received sverage
STEN-scores of five or better, and minus sceres in 3ll traits in which
they received STEM-scores of four or less. Tetrachoric coefficients

were then computed,

In additicn to the rating scale traits, each man's general Classifica-
tion Test Scorc (GCT), his ace, length of time on board, educction

and nay grade level were included in the matrix for analysis,

In the l'avy, poy ¢rade is quite naturally related to most traits thot

4]

nake for success, This fact tends to incr.ase the correlation between
traits on 2 rating scale such as the one under discussion, /s in any
orcanization, those indiviudals who are a2t the most advanced levels
are rated hicher because of their positions and, in turn, they have
been advanced to those levels hecause th-y possess more desirable

amounts of the tra. that are necessary for advancement,

In view of this, and the relative naivete of the raters, one wculd

exnect the intercorrelations among the traits to be quite high, This

*Tables III iiirough VIII, the intercorrelation matrices, will be found in
Appendix &,
= 93 =
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expectation was realized as the matrices in Table XII (first sample)
and Teble IV (second sanple) indicate, (Because of tlieir size, these
and the other correlutioral matrices, Tables V, VI, VII and VIII
appzar in sopondix i.,)  The inicrcorrelations in the second samblie
were somcwhat higher than those obtained from the first sample,

This was due probably to less personal instruction of the raters in
the second sample, and to the greater dispersion of scores as a result

of the instruction that no tie scores be given,

[~ word is in order in regard to the reliability of the coefficients
in these and subsequent calcuvlations, The standard errors are less
than the N's of 187 and 280 for the two samples would indicate, This
is true beczuse of the fact that the cell frequencies in the four-
fold tables did not total N, but rather added up te the total number
of pairs of ratings. Since there were two to three raters for every

ratee, this total was considerably greater than X, ]

Ingnection of Tables III and IV indicates that pay grade is lichly

associated with technicul skill as reflected in the traits of Lnowledre

of the Job, Judcment and Counon Sense, Dependability, Leadershi

4Loility io Troubleshoot, and iige. Less highly related to poy grade

is a group of traits which is corsidered to indicate the dey:ive of

personal adjustment to Navy life, In this group avrc Social Adjustment,

Neatness

injative, 4bility to be Taucht, and Neatness of \ork. Length on Board

is seen to have a small relationship to most traits, and Education and
GCT have nractically none, (Submarisc pc:sc.rcl are pire-selected on

GCT.)

- 24 -
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iutercyrrelation of traits. Procedure I1 (Variance within pay cradej.
Because of the substontial relatioaship of pay ¢grade tc most of the
rating scale trait sceres, and because of the great range of abilities
represented in ¢roups containing everyone from striliers to chief
petty officers, withip pav grade intercorrelations were computed

next, treating a man's scoxes as high or low relative only to his

own pay grade average, If some factor (s) other thon pay ¢rade was

in part producing the intercerrelations, then the resulting mairices
should contain significant coefficients, If, however, pay ¢rade weie
the only variable operating tc produce the intercorrelctions; then

tiic matrices would contain only near-zero ceefficients,

In Tables V and VI it is nossible to obtain a very ceneral nicture
of the effect of removing pay ¢rade varviance., It will be noted that
either method of removing pay ¢rade ieduced the intercorrelations

of the traits appreciably, but did not by any means i1educe them to
near-zero, The amount of reduction can be discerned from the sums
of the coefficients of the matrices. In the first sample, the sum of
the coeffccients, Table III was 162,39 (25 variables - disregarding
the signs), In the reduced matrix, Table V (24 variables), it was
115,37, In the second sample, the sum of the coefficients, Table IV
(21 variables), was 125,09, In the reduced matrix, Table VI (20
variables), the sum was 74,61 . This greater change in the second
sampic supporis the hypothesis that lack of instructions during the
second administration increased the halo due te pay grade, and thus

its contribution to the total variance,

fis testinony to the fact that the within poy crade va:iance technicue

5 08 =




was effectively removing thc variance due to pay grade level alone,
the correlation of the rating scale variables with the trait of i.qe
may be examined. In hoth sampies, age coryelated very niginly with
pay ¢rade (.83 in the first sample, .94 in the second). Tewmevinc the
effects of pay grade, then, should be tantamount to removing the
eficcis of age, and the correlaiions of ~ce with the rating scale
variables should distribute themselves rather closely about zero,
Cxaminations of the correlations with age in Tables V and VI reveals
thet in botl samnles tiiis did occur, over three-fourths of the coef-

ficients having values between plus and ninus .15, From this cvidence

(T8

t appears that the reducing procedure accomplished its »urpose,

Intevcorrelation of iraits, Crocedure IiII (hay crade porticlled out),

ns an additionzl check on the teclinicue of reducing within pcy ¢rade
variance, however,.it was decided to compare these ‘results with these
obtained by partialling out statistically the effects of nay c¢rade.
This was accomplished by starting with the origina! matrices and re-
noving the nay grade variance from eacli coefficient by conventional
partialling techniques.4 The pertialled matrices resulting may be
seen in Tables VII and VIII for the first and second samples resnect-

ively,

In comparing specific cor:es»onding coefficients in the reduced and
narticlled matrices, considerable veriation can be seen. Annarently

the tuo proced unce precisely the same offects

2 conparison of the suns of these matrices for hoth samnles yields

striking siniloaricties, In the first sanple, the sun of the reduced

-]

43, ¥, Cuilford, Fundopental Statistics in Dsvcholocy and =ducation (lew York:
veGrow-llilt Dool: Coupany, 1942), npn. 26C-271,
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natrix, Table V, was 115,07 and that of the nartialled matrix, Teble VII,
was 117,67, 1In the second sampie, the sum of the reduced matrix, Tahle
VI, was 74,61 while that of the partialled matrix, Table VIII, was
7,06, Thus the two methods removed approximately the same amount
of variance in each sample, but they treated individual coefficients
somewhat differently, The explanation for this must lie in the fact
thet what was accomplished precisely by mathematics was dependent on
the correlatior of pay grade with the other variables derived from
thie entire samile, while in the reducing procedure each individual
case recuived a decision as to who was hich and who was low within
each pay crade, In other words, if the same amount of variance vere
due to D2y crade in the case of each coefficient, then tihe particlling
niocetdwe should cor:esnond very closely to the reducing proccdure,

It is believed that this was not tlc case in every instance and thus
discreponcies betwsea the matrices resulting fron the two procedures

were to be exnected,

~Ss a final comment on the partialling procedure, it should be pointed

out that the correlations of Age withi the rating scale vairiables again
distributed themselves abeut zerc as they did in the reducing procecure,.
again, onver 70 percent of the corielations with age vere within the

range of plus or minus .15, There were a few more large coefficients than
with the reducing procedurc, however, and a laiger number of negative

coefficienis.

The discussion on the reducing and nartialling procedures should not

be concluded without recognizing thrt these techniques probably renoved

-4




Lov much varvicnce, That is to say, if mony of ilie qualities under
consideration are genuinely related tu pay grade, then removal of the
cffects of pay grade eiiminated real, as well as spurious, variaace,
Zvidence that this was the cuse occurred particularly during the analysis
of tiie second sample of data, ‘len pay grade was partialled from this
motrix, a substantial number of necative ccrielations arose between

the rating scale trzits and such variables as ..qe, Lencth in Service,
and scores in the General Clecssificatiop Test. This, in turn, recuired
a reflection of those variables during “.. factoring procedure, which
led ceventuclly to a few rather substantial negative factor loadings

for these varicbles, These loadings cannot be interpreted in the

usua! sense, and arc regerded as artifacts of the reducing and partial-

iing procedures,

[esults of tlie factor analvses. laving conputed the inter-corielition
of trvaits undcr three conditiens for eachi of the two samples, six
actor analyses were next perfoxmed using the Thurstone method, The
icse onalyses was two-fold: (1) to determine the extecnt
and nature of the factor structure of the rating scale under each of
the thrae ' conditions of corielations, and (2) to determine how simiiar

the factor structure was from one sample to the next,

Cntraction of factors was continued as long &5 the cross-oroduct

o s
of any poir of facto

"
(>

1oadings exeecded the standzrd error of the
zero-order coefficient between the coriesmonding peir of traits in
the original natrix, For the sake of consistency and in order to intro-

duce 2 minimun of assumptions, all rotations were orthogona! and the

- 20 -
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critevic for :otation were positive monifold end simp’e structuve,
Cotations were accomp'ished according to © grephic nethod Cesc:ibed

vy :imnermnn.s

In assembling the traits wihich comprised the rating scale, it was

felt that there were temperamental components of nerformance aboa:d
submarines which were of as much importance 2c tcchnical knowledge

and skills, Theoretically, at least, the temperamenta! components
skouid be independent of the teciinical components, although for any
civen population they micht be corielated, Tor this reasen, orihoco-
ticns were utilized which, in fact, cave very satisfactory
solutions for the original data from both samples, For the sale of
determiaing whether or not the factor structure was altered by the
reducing and ~aitialling procedures, orthogonal rotations we:e emp'oyed
in those anclyses also., Here the resuits were not neaily as satisfcctory
fron the stendroint of identifyinc factors, It mey be that an oblicue
solution would haove resulted in more meaning for these sets of dcotco,

Louiever, such an investigation wes not considered advisable beccuse of

the labor :ecunired,

ted

n Tables I¥, & and XI (iopendix &), the results of the factoria!

analyses neriormed on the data from the first samp’e may be seen.

I, XIII and XIV, are the correshonding results from the

In Tables XI
!

second

T
[+
=3

ple, The riest remarkahle feature of these results is the

due to nay grade was vemoved, In the first samp'e, there were four

f.

SZimmerman, W, 5,, "A simple granhical method for orthogona! rotation of axes",
Psychometrika, 11:51-55, 1946,
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factors before ine effects of nay grade were removed, five factors
in the reduced data, and six in the data in which pay grade was ield
constant by partial correlation, In the second sanpl'e this increase
vas from three to five cnd sevea factors for the matrices f:om which
pay crade wos renoved. [lo obvious exnlanation for this is readily
available, Cne reasonable hypothesis might be, lowever, that in the
first analysis for each semple, pay grade scted 25 a general factlor
and increased the correlation between factors to such an extent that

two or more factors emerged as one,

Identjfication of factors. The most readily idertifiable factors were
extracted from the original matrices of botl samp'es, In both these
analyses a factor called Technica]l Comnetence emerced which was
practicallv svnonomous with pcy grade, The traits and other variables

having the highest loadings in these factors are listed below:

First Sample Technical Competence
Pay Grade 97
iinowledge of Job e 70
Lge 4
Leadership %

Judcment and Common Sense .64
hbility to Trcubleshoct .03

Second Sanple Technical Compeience
Pay Grade 20
hge .95
Length in Service 32
Judgment and Common Sense .80
iinowiedje of Job .80
Leadershin (1]

Quality of York .74
Oversll Efficiency in Late .13




In both original analyses a factor alse emerged which seemed best
identified as Personal Adjustment of some kind, Involved in it were
attitude toward the job and shipmates, effort, sincerity, depandability,
etc. The traits kaving the I''ghest loadings in this factor for each

sample are listed below:

First Sample Personal (.djustment
Conperation o [
innlicetiocn ond Initiative W7
hbility to be Taught o 10
f.dantubility 0 13
Sincerity in the Job .69
Cverall Cfficiency .08
Care of Ccuipment .07
Devendability .04

Second Sample Personal /.djustment
hLbility to be Taught o 75
‘atch Standing .70
Cooperation .66
Lpplicaticn and Initiative .05
Care of Cquipment .64
Sincerity in the Job .64
Social Ldjustment .02
“uality of \iork .00
Cverall Cfficiency .60

i.1so identified from the original data of the first samp’e was a factor

which apnears best described as Carefulness or [leatness in Uork and

ferson, Traits having the highest loadings were:

Fi=st Samn'e Carefulness or lleatness
Luality of lork « 00
I'sotness of lori: o2
Care of Zcuipnent %55
Cvera'l Zfficiency in Iate .00
Discipline .40
lleatness of /.npearance .4C

= 3] =




This rather well defined factor was not identified in the analysis of

the data from the second sample,

The fourth and final factor emercing {rom the original data of the

first sample appeared to be sowc sort of Cfficiency or Job Performance

-4

factor, The traits with principal loadings were:

First Samp'e

Neatness of lork

Overall Dfficiency in Rate
Hatch Standing

Cverall Cfficiency
Sincerity in the Job
liapual Skill

LDbility to Troubleslioot
Judcnent and Cormon Sense
Luality of ‘lork

Efficiency or Job Performance

i)
57
«35
.46
.40
.44
Y
o 37
.34

The third and finzl factor emerging from the oricina’ date of the second

sample was found only in that samp'e,

lihile all loadings were low, it

anpeared to be best identified with Maturity or Experience:

Second Samp'e

Length on Board
Cducation
Knowledge of Job
Judgment
Leadership

llaturity or Cxperience

.46
41
.30
030

»33

The ractors exiracted irom the reduced and -criiailed matrices were

very difficult to identify, Traces of the factors extracted from the

'
3
0

original data, listed above. could b

-~
-

t

af course, were very different due to

cnnn the
3 [ R 134

A
o u

Swmn
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voe

the removal of nay crade vaiiance,

fin attenpt was made to clossify the factors into twn broad groups --

those of a Technical narure and those

= 32 s

of an /.djustuent nature, Zven



with such a brosd clessification, some factors secmed to be as much
a member of one class as of the other, Decause of th~ nossibly
limited significance of these patterns of locdings, they will not

be reported here,

The difficulty in identifying these last groups of factors piobably
rests partly with the fact that too few experimental variables were
included for ideatification of the large number of factors, which
theoretically might be rated, To this difficulty may be added the
fact that the rating scale traits were not sufficiently definitive
to permit & distinction betwcen two factors which were comprised in
lorge pcat of the same traits, For example, in the field of antitudes,
identification of a foctor in which many tests have loadings can be
rmade with considerable confidence if a relotively pure test (such s
nuniber onerations or vocabulary) is hichly saturated with the factor,
In the present analysis, however, one would hesitate to identify o
factor as Cooneration, for exanple, simply because the trait called

Cooperation had the highest lvading .n that factor,

Ydeniification of factors extracted from the reduced and partialled
matrices was increased in difficuity also by the fact that these pro-
cedures remcved a good proportion of genuinec as well as spurious
variance. This ieft many of the traits with reduced loadings in certain
factors, and decreased differences in loadings between traits, This
resulted in less distinct patterns of locdings which were corresnond-

ingly more difficult to identify.
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Chapter 1V

HRESULTS OF THC SGIPDOALD USE OF THE FATING SCALE

3, [Lelationships with other Peiformance lleasures

The nerformance rating scale was the first of three ciiterion measures
developed:- in the study ¢f shiphoui:i peirformonce of [favy eniisted pe:sonnel,
The results reported in previous chanters indicate that it provides 2 weans
for obtaining reliable, disciiminating neasures of at least two general cspects
of shipboard performance -- one techinical and ore adjusiive in ncture,

Later in the study, performance check lists were developed to deteriine
how well officers and petty officers could rate their men on ability to per-
form specific tasks from their jobs.1 These were much more s»wecific and
technical in nature than the general traits of the rating scale,

Finally, actual neiformance tests were constructed aiound tasks repie-
sentative of the Eli and CN jobs aboatrd submarines.2 These provided an opnor-

tunity to compare rated nerformance with actual tested performance,

Corielation of rating scale and check list evaluations

it would be expected that scores from the two rating measures would
correlate anpreciably, simp'y because scores on both were substantially re-
lated to »ey crade, F[art of the relationship of pay grode to the ratings
reflected the genuinely higher average nervtormence ievel of i in the higher

pcy c¢rades, but pait, no doubt alsc reflected the tendency of some icters

=%

1. 1.
highar o

1
“ .

-

to rate men hLigh simply bocause they weie o

able to perform better, It was decided, therefore, thrt the relationships

1
2

See Part III, this report,
See Pa1t I, this report,
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between the two mcasures should be investigated on a xithin pay crade basis,

Tn order to have an estimate of the highest likely relationship, however, it
was decided to correlate, across all pay grades, scores from the check lists

with perhians the most technical rating scale trait, ZLbility to Tioubleshoo,

The results, broken down by officer and enlisted rater, and by ob-
served and total check list ::cores,l annear in Table XV, The very high
relationships obtained, part:cularly in the case of check list total scores,
suggest that the check list and technical traits of the rating scale were

neasuring essentially the same things if scorss were taken across pay ¢rade,

TLBLE XV

CCOLRILATICNS BETUZZI SCCRIS Ol TIT IMATING SCALS TIAIT
".3ILITY TC TRCUDLISHCOT" iMD VANRICUS CLICH LIST GCORES
¢.LL P..Y GIT.DCS INCLUDZD)

SCCRZ ol Shi
Cnlisted rater, observed scores 75 @ = 229) LU = 240)
fficer rater, observel scores .53 MM = 150) 52 8 = 1 49)
Enlisted rater, total scores .89 (N = 234) B3 (il = 293)
Officer rater, total scores 90 (N = 159) L7 G= 215)

The within pay grade study was made on striker and third-class netty
officers only, These were the groups singled out for snecial study as a
resvit of the overall design of the project. (s a nart of this study,

specially designed aptitude tests had been administeraed to men entering the

Submarine School, New London, It was intended thct the relationships between

these tests and the shipboaid criterion measures wouid i exumined, There-
fore attention was focused on sirikeis and third« since few higher ratec

netty officers would have been recent Submarine School graduates,}

l5ee Tart IT1i, this report for a discussion ¢f "observed" check list scores.
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Zerreiniions aie teported for strikeis

-3
o

vesults asp

2y in Table 797

=
-

aid thirds separately and also across nay grade to study the influence of that

varioble at the lower nay (rade levels,

<)

TABLE XVT

LELATIONSHIPS BETMEEM CHECK LIST
AND TATING SCALE TOTAL SCORES

(Striker and Third-Class Petty Gificers, Diserial Correlations)

]
1
54

Strilkers Strilkers
Strikers Thirxds & Thirds Strikers Thirds & Thirds

cnlisted rater, observed scores .65 .93 .50 .2C W42 .30
C{ficei rater, observed scores o IS .40 Y .25 S Al
Znlisted rater, total scores A .45 .61 .41 .01 .50
Cfficer rater, total scores .90 .30 .94 . 30 a3 o

The last two lines in Tcoble ‘VI reveal the correlations between tota’ scores
on tic check iists and total rating scale scores to be substantia®l even within
the lower jay grades and in spite of the fact that some of the rating scale
variance was non-techaical in nature. The inclusion of pay crade variance dnes
not appear to increase these relationships systematically at these job levels,

As a final check on the relationships between check list and rating
scale, secores on each of the tuenty individual tvaits on the prelinminary rating
scale iiere correlated with total check list scores, These results appear in
Table JVII. It cun be seen that, even on a within pay ¢rade basis, the more

technically oriented rating scale traits tended to correlate higher with the

check list scores than those which were more adjustive or attitudinal in nature,

-




TABLE XVII

RELATIONSHIPS BETWEEN PERFORMANCE CHECK LIST TCTAL SCORES
AND SCCRES ON INDIVIDUAL TRAITS OF THE PRELIMINARY RATING SCALE

(Within Pay Grade N = 187)

Torrelation (Tetrachoric)

Rating Scale Traits with Check List Scores
1, Social Adjustment -.10 |
2, Quality of Work . 32%® |
3. Neataness of Appearance 07
4, Cooperation A4 |
5. Watch Standing St ‘
6. Knowledge of Job 490
7. Discipline J29%
8. Application and Initiative .16
9. Judgment and Common Sense J40**
10, Dependability JA0**
11, Adaptability 3T
12, Leadership S0
13, Overall Efficiency L46%*
14, Neatness of Work - (e
15, Ability to be Taught 21
16, Care of Equipment 350
17, Ability to Troubleshoot L4l
18, Sincerity in the Job ,43%
19. Manual Skill ,43re
20, Cverall Efficiency in Rate s %

* Significant at the 5% level,
¢ Significant at the 1% level.

For example, Knowledge of the Job, Judgment and Common Sense, Overall

Efficiency, Ability ¢ Troubleshoot and lLianual Skill all correlated very signi-

firantly with total check list scores on a wiihin pay grade basis, However, cextain
traits associated with the adjustment factor in the rating scale, including Social

Adjustment, Neatness of Appearance, Cooperation, Application and Initiative, and

Ability to be Taught did not correlate significantly,
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Correlations between rating scale scores aad performance test scores

As a final study of the nature of rating scale scores as criteria of ship-
board performance, correiations were compuied with scores on ihe job samplc tests
and written job knowledge examinations, Again, these relationships were studied
first as they existed for all pay grades aud later as they existed within the
striker and third class petiy officer levels,

Table XVITI reveals the across pay grade relationships between the ten
traits on the final version of the rating scale and average job sample test scores

and written job knowledge test scores, Generally, tke traits Ability to Trouble-

and Care of

Leades shil

shoot, Knowledge of the Job, Judgment and Common Sense,
Equipment were more highly related to performance test scores than were otiher

traits, This tendency was more proncunced for Eil's than for EN's,

TABLE XVIII

CORRELATION BETWEEN ACR(OSS-PAY GRADE R “TING SCALE TRAIT SCORES,
AVERAGE JOB SAHPLE TEST SCORES , AND JOB KNOWLEDGE TEST SCORES
(Tetrachoric Coefficients)

EM's* EN's®
Average Joh Average Job
Job Sample Knowladge Job Sample Knowledge

Characteristi; Score Score Score Score
Cooperation .23 .36 .38 .40
Knowledge of Job .50 .48 .34 .ol
Discipline .30 ot 1L 36 « 3D
Application and Initiative .41 .38 92 .40
Judgment and Commor Sense .33 .47 .38 A4l
Leadership .07 .52 .45 .44
Voatness of Work .43 .44 .46 .45
Ture ¢f Equipment W32 K 47 et
Ability to Troubleshoot .62 .93 .95 .26
Sincerity in Job .43 .36 .44 .47

* For Ed's, N = 315 Strikers through CPO's; for EN's, N = 403 Strikers through
CPO's,
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f similar analysis next was done on a within pay grade basis, including
strikers and third class petty officers only, These results appear in Table XIX,
It will be noticed that the relaticnships are smaller in every cace, The cor-
rclations still are appreciable for the Eil's but in the case of ENM's, the cor-
relations of job sample test scores with the rating scale traits reduced to nearly
z2¢r0, Tihis was sot true of the correlations between rating traits and the written
job knowledge test, however, For the written test the drop in correlations was

quite similar for botn EM's and EN's,

TABLE X1X

CORRELATIONS BETWEEN WITHIN-PAY GRADE RATING SCALE TRAIE SCORES,
AVERAGE JOB-SARPLE TEST SCORES , AND WRITTEN 3G -KNGYLEDBGE TEST SCORES
(Tetrachoric Coefficients)

EM's® EN‘s*
Average Job Average Job
Job Sample Knowledge Job Sample Knowledge

Characteristic Score Score Score Score
Couperation .20 .20 .02 .27
iKnowledge ¢i Jo: .48 .25 16 .32
Discipiine .28 -.16 .04 .10
Appiricaiion and Initiative .30 .20 L4 oY
Judgment and Conmoin Sense .42 .36 A3 +30
Leadership .38 .27 .04 .25
Neatness of Woerk .49 .27 .10 .28
Care of Equipment .38 .23 .10 .35
Ability to Troubleshnot .39 .32 .23 .36
Siucerity in Job 40 .21 023 o3

“ For Eii's, N = 147 Strikers and 3rd Class PO's; for EN's, N = 190 Strikers and
3rd Class PO's,

In additicn t¢ the correlations for the individual traits of the rating
scale, total scores also were corrclated with average performance test scores,
These values proved to be .14 for EN's and .38 for Eii's, Thus, as might be
expected, certain of the more technically oriented rating scale traits correlated

higher with tested performance than did the average of scores from all traits,
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Conclusion

Some of the results of the foregoing analyses may be regarded as encouraging
and some discouraging as far as the relaticnship between rated and tested per-
formance is concerned,

Relationships between the two kinds of measures tend to be substantial if

(¢]

onsidered across pay grade, This would be true, however, because both are, them-
A3

selves, related to pay grade.*!

Within pay grade the correlation was appreciable for Eli's but not so for

EN's., It would be highly desirable if rated performance would accurately reflect

tested performance within each pay grade level, However, this is demandiag reliable

and valid observation of technical performance within very narrow ranges of skill
and job experience, Probably most Navy raters have not gathered sufficient spe-
cific evidence from their incidental observations of men on the job to know the
precise neture aind rank order of skills among mer in the lower pay grades.2

It is also quite possible that the performance tasks used in this study were
not sufficiently comprehensive to reflect the variety and depth of skills demanded
in the two retes studied. This prohably was more true of the EN than of the {il
battery and the correlations throughout the study lend credence to this notion,

Finally, it must be remembered that the rating scale was designed to reflect
aspects of shipboard perfermance other than the technical ones, Job attitude or
adjustment to Navy life must be considered highly important, particularly in the

Submarine Navy, These aspects of performance are possibly greater determiners of

! The correlation between pay grade and performance test scores was ,306, That be-
tween pay grade and ratings was ,62 in the preliminary and ,6% in the revised
preliminary scale,

2 This conclusion also is borne out by the results reported in Part III of this
report,
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the ratings a man receives from his superiors than are technical knowledge and

it would seem, then, that reliable and discriminating ratings by superiors
would foim a necessary part of the criterion of any man's shipboard performance,
However, the within-pay-grade correlations between ratings and tests of performance
in this study were so low that it must be considered desirable, in addition, to

actually test a man on his practical factors wherever possible,

.




Chapter V

CONCLUS IONS

Iite use by Navy personnel of a rating scale designed to measure the ship-

voard performance of submarine personnel has led to the following conciusions:

3

1,

Reliable snd discriminating evaluations of performance aboard ship can
he obtained with a rating scale that is properly designed and used.
The "man-to-man" format adopted for this study appears to be practical
and tends to promote better ratings than conventional scales,
Reliable ratings can be obtained en single traits 2s well as on total
scores; reasonably reliable ratings can be obtained within-pay-grade,
even at the striker level,
Navy raters need specific instructions on the following if their
ratings are to be highly useful:

a) halo effect, particularly that due to pay grade;

b)  the logical error leading to high interccrre¢latior of

traits;

¢) the need for maximum discrimination in ratings;

d) the need for a reaiistic average in the ratings 2ssiqned,
Te a certain extent written instruciions accomplish the needed edu-
cation of raters., Personai instructiion is to be preferred, however,
At least two broad aspects of shipboard performance can be iapped by

means of ratings, In this study these appesred to be technical compe-

tence or job skill on the onc hand, and personal adjustmeat or atti-

tude toward the jcbk on the other,

Appraiszls of performance made with the rating scale correlaie with
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actual tests of performance to a very limited extent if the range of
experience is resiricted to a single pay grade, This is apparently
more true far come rates and pav crades than others,

6., Inter-rater differences in leriency nust be accounted for if hich
acgreznent and reiiability are to be realized, This is particularly

true if such acreement is soucht on a within pay crade basis,

The usefulness of a rating device depends on how it is designed and how
well it is used, The device should include well defined traits and performance
levels, It should be designed so that men may be rcadily compared with one
another within the framework of a single performance characteristic, It should
promote discriminating ratings, Ideally, the raters should be aware of the
cermmon pitfalls of ratinc and tlic many uses for gouod ratings, CUnder thesc
conditions, iiighly useful evaluations of performance can be made,

Because of the limited correlations between ratings and performance test
scores obtained in this study, it must be concluded further, that a satisfactory
riterion of shipboard performance demands the inclusion both of ratings by

supericrs and actual tests of performance,
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FRIYY SIORE PIN

FACTOR LUADINGS AFTER RCTATION WD CCLIUMALITICS

CCFCRE 4MD AFTER RCTATION (FIRST SALTLI, N = 167,

ACLOSS PAY GRADE)

= a1 e
Fretor I IT  II1 1V hgr h%
Trait

1, Pav Grade 27T 97 "7 26104 1,03

2. Age 22 75 -10 15 66 64

3. Length on Beard =06 3 3 11 31 31

4, Education -11 =12 39 02 17 18

5. Social Adjustment 60 08 AR (- 91 41

6. uality of lork o6 21 36 34 63 &3

7. Neatness of Anpearance 34 25 40 -~-02 35 34

6, Cooperaiion 79 10 16 28 74 74

9. Hatch Standing 52 44 24 55 G2 €2

10, Enowledge of Jok 4C % =26 23 92 €9
11, Discipline 51 14 45 02 49 49
12, Aqplication and Initiative77 14 29 26 7 T
13, Judguent and Common Scnse 58 64 123 27 9l 91
14, Dependability 64 5¢ 27 26 91 20
15. Adaptability 73 45 27 22 GO 85
16, Lecdership 52 69 19 27 &6 €o
17. Gverall Zfficiency 09 34 32 46 9 °1l
18, lleatness of llork 42 27 & 59 CO C7
9. Ability to be Taught 75 3 29 21 62 01

2C. Care of Zquipment .7 37 5C 12 €5 L5
21, Ability to Troubleshcot 48 63 35 37 L5 S
22, Sincerity in Job 09 36 290 45 91 01
23, lianual Skill 42 56 22 44 74 4
24, Overall Cificiency in Natedl 37 50 &7 4 94
25, Gen, Classification Test -08 20 €7 12 1° 12

¥ Decimal points omitted

Sl il A . .
*¥ "= communalities before rotation

“
h%- communalities afier rotation
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TADLZ XII

FACTOR LOADINGS AFTER ROTATION AND CCLIUNALITIZO
BEFCRE AND AFTUR ROTATICH (SCCCND S:£iPLT, N = 206,
ACROSS Pi.Y GRADD)

Factor I I 111 h@ ng”
Trait

1. Pay Grade e¢* 04 14 1,00 1,07

2. Age 95 02 11 20 91

3. Length on Board 85 04 46 22 22

4, Education -22 19 41 25 25

S, Social Adjustment 44 62 21 56 56

6. Guality of ‘oxk 74 60 14 93 94

7, Cooperation 56 686 21 81 82

8. Uatch Standing 58 ™22 87 86

9, Knowledge of Job 80 42 38 95 96

1G, Discipline 32 59 27 3 53
11. Application and Initiative 39 LER [ 70 78
12, Judgment and Common Sense 80 41 35 93 93
13, Leadership 78 46 33 92 92
14, Neatness of Vork 73 55 15 05 65
15, Ability to be Taught 45 75 30 €4 05
16, Care of Equipment 68 64 11 80 80
17, Sincerity in Job 66 ¢4 14 86 86
18, Overall Cfficiency in Rate 73 5 05 83 83
19, Overall Cfficiency 72 60 2 on 60
272, Length in Service 92 =02 21 80 C
21, Gen, Classification Test 32 0o =20 18 10

* Decimal points omitted

i h% - cowmunalities before rotation

h% - communalitioss after rotation
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KNOWLEDGE OF THE JOB

How well does each man know
the technical duties cf his rate?
Does he know all the fine points or
does he iust know enough to get
by? How often does someone
have to help hini get the job dore?
Does he know mcre or less than
most men of the same rate?

E.J.Brownell EM 2/c

EM 3/c

J.A.Carson

Furgeson EM l/c

»

| T.J.Harrison EM l/c

EMFA

F.G.Moore

W.N.Thompson EM 3/c

EM Z/c

F.L.Parker

b.Turner  EMFA _

S.E.Turner

Has as much or more job knowl-
edge as the ver’y best of his rate.
Knows all the tine points of his
job. Never needs help on the job.

Practically never needs help on
the job. Klas very little to learn
about his ;b except for & few of
the mest technical aspects.

Has adequate knowledge to turn
n a satisfaciory job. Sometimas
necds help on the job. since he
still has a few *hings to earn.

Has much to learn about his jon.
Needs supervision very frequently
since he lacks much of the iunda-
mental knowledge necessary to do
tne job alore.
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INSTRUCTIONS:

1)}t you were transferred fo anﬁ*‘wr ship from thz one you are now on and were to be the divisicr offi.er
- senior pe*fy officer. you would L mrcresreo in both the petty officer qualities (leadership, coof sraticn,

intiative, sincerity, etc.) of your men and in the'r ability in rating {technical skill).

Cortsidering both petty officer qualities and ability in rating. which one of these men would you m-:st wa. ¢
to take v ith you if you were iransferred to another ship? Whizh man would be of greatest vaive "o you'

Indicate your first choice by placing number | opposite the man's name -n the cclumr headed "C.rder ¢
Cloice." Place a Z opposite your second cheice, a 3 opposite your third cheice and 56 on until + 5u hav

asit grerd & number to each man in the gang.

2)In the space headed ''Remarks,” maks any comment that you feel should be considred in evaluting vhe
ratings you have assigned to the men in your gang.  For example,

“"Only beer aboard 60 days"

"Stands only look-out watches”

""Will never meke s .,ubmcrine saitor”

"Finest man | have ever known’
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