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SUMMARY AND CONCLUSIONS

Problem

The advent of a more streamlined Navy operating under reduced manning levels and
heightened operational requirements imposes the need for accurate human-performance
evaluation of ship personnel systems. On the personnel systems level, electronic
technician reliability measurement is a necessary and integral part in the evaluation
of particular combat systems of which technicians are components. The objective is
then to develop and evaluate human-performance reliability estimates so as to be able
to effectively alter the personnel system in order to maximize the overall performance
of the system. The purpose of this project is to validate the utility and effectiveness
of a unique human performance measurement procedure developed under a prior Office of
Naval Research project and designed to improve upon existing performance measuring
techniques in a systems environment.

Background and Requirements

Human reliability performance estimation can be accomplished by considering the
individuals being evaluated as components of a personnel system. This consideration
allows the use of much of the theory already applied to equipment reliability estimation
to be modified to human-performance estimation. After this theory is applied to evalu-
ate the performance of human components in a personnel system, appropriate combinations
of the individual performance estimators will provide a performance or reliability es-
timate of the personnel system itself.

In order to improve upon existing performance estimators of the human component in
a personnel system, Dr. Arthur I. Siegel and his associates of Applied Psychological
Services, Inc., Wayne, Pennsylvania, developed fleet post-training performance criteria
for electronic maintenance personnel with the support of the Office of Naval Research.
The cumulation of these efforts resulted in the development of unique human performance
measurement techniques, closely allied with equipment reliability estimation techniques.
Siegel also developed procedures for combining the technician performance estimates in
appropriate ways in order to estimate team, ship or sqradron performance.

An outgrowth of the prior research effort was the suggestion that the techniques
be introduced on a limited basis to determine how they may be modified or elaborated
upon. The Naval Personnel Research and Development Laboratory has been validating the
utility and effectiveness of these techniques. The main technical objectives of this
validation effort are to determine the validity of the performance measurement techniques,
identify modifications required to maximize their possibility for implementation and to
comment on the statistical properties of those techniques as related to their effective-
ness in an operational context.

Approach

In order to realize an efficient and timely data collection effort, optical scanning
instruments were utilized similar to those employed by Applied Psychological Services in
prior research efforts.

The main data collection instruments were:

1. Job Performance Questionnaire CJPQ) ANSWER SHEET - this form records
supervisory estimates of the total number of a technician's uncommonly
effective (EUE) and uncommonly ineffective performance (EUI) that the
supervisor has observed during a specified time period.
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2. Technical Proficiency Checkout Form (TPCF) this form records the level
of technical complexity at which a man is able to perform without direct
supervision.

3. Personnel Identification Information Form (PIIF) - this form records
demographic data on the technician being evaluated.

On each of the above instruments an individual in one of the electronic maintenance
ratings EM, ET, FT, IC, RD, RM, ST, and TM was evaluated by his supervisor. On the
basis of the total number of uncommonly effective (UJE) and the total number of uncom-
monly ineffective (EUI) incidents of performance recorded on the Job Performance Ques-
tionnaire (JPQ), three different performance estimators were developed previously by
Applied Psychological Services. These estimators are functions of the total number of
uncommonly effective ME) and the total number of uncommonly ineffective (EUI) incidents
of performance observed by the supervisor on each of eight job dimensions characteristic
of electronic maintenance activities. The three estimators of human reliability are:

1. Series Reliability Estimate (SRE)

2. Series-Parallel Reliability Estimate (PRE)

3. Geometric Mean Reliability Estimate (GRE)

In addition, a fourth measure of technician on-the-job performance developed in the
course of th's research effort was:

4. Weighted Average Reliability Estimate (WRE).

By adopting the Technical Proficiency Checkout Form (TPCF) as a criterion measure
of technician on-the-job performance, the degree of association between each of the four
performance estimators and criterion measure was developed for various locations and
each rating. Furthermore, a curvilinear regression analysis was applied to determine
the best linear relationship between those variables.

While the purpose of this project was not to evaluate the criterion measure (TPCF),
conditional and joint frequencies of the job tasks by rating revealed the modifications
needed on the TPCF to make it more current. Furthermore, from the conditional and joint
frequencies it was possible to develop a competency level for each rating and permit an
in-depth analysis of the job task structure for those ratings.

Comparisons between ships and ratings were made by employing the WRE since it was
identified as a more promising performance estimator. Initially a two-way Analysis of
Variance was employed on the sample data. However, because of the significant inter-
action that was found to exist between ships and ratings, comparisons between ships
(ratings) were made for a fixed rating (ship).

Finally, product-moment correlation coefficients were developed between various
performance variables and several demographic variables. In particular, Basic Test
Battery scores (GCT, ARI, MECH, and CLER scores), usually employed to predict actual
school success, were investigated in order to determine the degree of association
between those scores and the measures of on-the-job performance developed in this
research effort.

Findings

In order to determine the appropriateness of standard statistical techniques or
tests employed for various purposes in this research effort, initial findings were
concerned with the results of an analysis of the distributional properties of the predictor
and criterion variables. From an application of appropriate goodness-of-fit tests for
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normality to the sample data, only the pre:_lictor variable WRE could be termed normally
distributed. This result was also generally true when individual ratings were similarly
studied. These characteristics of the sample data necessitated the use of a curvi-
linear regression analysis. Ar emphasis or only the least-squares analysis resulting
from an application of that technique was employed in order to determine the relative
merits of each of the predictor variables.

A comparison of the multiple correlation coefficients resulting from the curvi-
linear regression analysis applied across all ratings revealed that a straight-line was
the best fit to the sample data. The product-moment correlations between the predictor
variables (SRE, PRE, GRE, and WRE) and the selected criterion variable suggested moderate
promise on the Part of the WE for appraising the on-the-job performance of individuals
involved in electronics wintenance activities. However, the relatively low multiple
correlation coefficients suggested a significant degree of unexplained criterion variance.
As such the analysis was applied by rating. Relevant findings by rating revealed that
in almost every rating the WRE demonstrated more promise for appraising onthe-job
technician performance than the other estimators. The WRE was considered a more promising
estimator in the sense that the sample product-moment correlation coefficients were
generally of a larger magnitude and, by some fit to the data, the WRE seemed to account
for more criterion variance. For example, the WRE indicated product-moment correlations
of .492, .445, .430, and .434 for the EM, ET, FT, and IC ratings, respectively, while
the next more promising estimator (GRE) demonstrated product-moment correlations of .301,
.508, .374, end .387 for the EM, ET, FT, and IC ratings, respectively. It is to be noted
that while the WRE may not necessarily be a statistically significantly different estimator
in terms of producing higher correlations with the criterion variable and explaining more
criterion vat-mance, the sample data results did tend to demonstrate that. the WRE was the
more promising estimator in that consistently the sample results did produce higher
product-moment and multiple correlation coefficients for the WRE. Altogether the WRE
demonstrated very promising results on the EM, ET, FT, and IC ratings and fair results
on the PM, S-9 and TM ratings. None of the performance estimators were at all promising
in the RD rating.

Relevant findings from an analysis of the Technical Proficiency Checkout Form re-
vealed that it was a very instructive instrument for determining technician proficiency

in one job task in relation to another. Only one job task - the calibrating of the
equipment used by the technicians - seemed to be out of place in the hierarchial order
of the job tasks represented by this instrument.

Findings of the multiple comparison of ships and ratings included the result that
significant interaction exists between ship-rating combinations. This resulted in the
development of multiple comparisons of ships (ratings} for a fixed rating (ship). From

this analysis it was found that no pairwise significant difference exists between ships.
On some ships a pairwise significant difference exists between some ratings, but no pat-
tern emerged across ships as to which rating(s) demonstrated a higher or lower mean
performance level.

The product-moment correlation coefficients developed between the demographic vari-
ables and the performance variables were of the same magnitude as those which are usually
found to exist between predictor variables and measures of on-the-job performance. Prom-

ising results were found in this research effort on the relationship of demographic vari-
ables to on-the-job performance.

Conclusions

Employing the TPCF as a criterion measure of technician on-the-job performance it
may be stated that the following list represents an accurate portrayal of the performance,

measurement technique that was researched:

1. The distribution of the predictor variables SRE, PRE, and GRE are
generally skewed in one direction or another, while the criterion
variable derived from the TPCF is negatively skewed. The WRi_ is

normally distributed. These conclusions are for each rating and across

ratings.



2. The WRE is a more promising type of performance estimator. It has
greatest utility when applied to technicians in the EM, ET, FT, and IC
rating and fair promise for application in the R, ST, and TM ratings.

3. None of the performance estimators is appropriate for use upon
technicians in the RD rating.

4. The Technical Proficiency Checkout Form (TPCF) demonstrated significant
promise for appraising the job task structure and proficiency of electronics
maintenance personnel without restriction to a particular rating.

5. In all ratings a more current factor analytic task analysis would be
desirable before implementation of the technique. This would involve a
revision of the job activity factors on the JPQ ANSWER SHEET and job task
descriptions on the TPCF by rating.

6. It is recommend ?d that a validation of the performance variables (SRE,
PRE, GRE and WRE) be completed before the technique is applied to other than
those ratings researched in this report.

In conclusion it is to be noted that the performance measurement technique that was
researched is of significant merit to be considered for practical application in the U.S.
Navy (particularly in the EM, ET, FT, and IC ratings). At the present stage in the art
of developing performance measurement techniques, the technique that was researched is
probably the best performance measurement procedure presently available for application
within the U. S. Navy.
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INTRODUCTION

Current and expanded commitms s of a modern sophisticated Navy will require
greater operational effectiveness of fleet personnel systems. The Navy will have to
operate fleet personnel systems at optimal effectiveness levels and maintain fleet
readiness. Together with these requirements, the advent of an all-volunteer force and
smaller ship systems with reduced manning levels make the problem of optimizing, and
evaluating, personnel system effectiveness a complex and critical problem.

While performance assessment serves a multitude of purposes, it has been seen as
an especially valuable tool when applied to the areas of optimizing personnel system
performance, providing feedback on naval school effectiveness, the interpretation of
man-machine interaction, and as a factor in the optimal assignment of men to jobs.
It is in these applications that personnel systems performance measurement will be
able to address some of the more critical present-day Navy problems. For example,
many ship systems are operating with increasingly sophisticated and complex equipment.
However, is it necessarily true that technicians of comparable sophistication in train-
ing and mental ability need to be employed to operate, maintain, and repair that equip-
ment in order that the ship complete its mission? While this report does not address
that specific question, future research employing individual, and system, performance
measurement may reveal that the Navy could effectively utilize personnel in those
positions. who may now be rejected for some reason related to their projected on-the-
job performance in those positions. As such there is a definite need for valid and
reliable individual system performance assessment.

In order to achieve a performance appraisal of personnel systems, recent research
has been directed towards viewing personnel system performance estimation as analogous
to equipment reliability estimation. This particular approach views individuals (in
the system) as "components" in the personnel system. This viewpoint, and an applica-
tion of the techniques already employed in equipment performance estimation, reduces
personnel system performance estimation to an evaluation of the performance of the
individuals in the system. Once the individual performance estimates have been made,
meaningful combinations of these estimates can provide estimates of personnel system
performance. As such the initial problem reduces to that of finding accurate and
valid measurements of individual performance.

Much recent research in the area of individual performance measurement has been
directed towards examining individual performance as a function of the extremes of
behavior (critical incidents) of an individual's performance. These functions of
behavior can provide estimates of individual performance. By appropriate combina-
tions of the individual performance estimates, estimates of personnel system per-
formance can be developed. This report will address the validity, application, and
implications of a particular procedure that employF the critical incidents technique
to estimate the performance of electronics maintenance personnel.

BACKGROUND

The purpose of this section is to give the reader a logical development of the
performance measurement techniques employed by Applied Psychological Services and
others. Fundamentally these researchers employed a critical incidents technique in
deriving estimates of human performance.
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Generally the main approach is to estimate the performance of a particular person-
nel system as a function of the performance of individuals that are a part of the
system. This necessarily reduces personnel system performance estimation to a discus-
sion of estimators of individual performance where individuals are the components of
the system. Combining the individual estimates will provide estimates of personnel
system performance.

Personnel Performance Estimation

Let UE (UI) represent an uncommonly effective (uncommonly ineffective) incident of
performance observed by a rater in a certain time period on some individual under ob-
servation. Furthermore, let EUE (EUI) represent the total number of uncommonly ef-
fective (uncommonly ineffective) incidents of performance observed. Using these func-
tions of critical incidents, Whitlock [21]' demonstrated that there is a definite
straight line or curvilinear relationship between EUE (or the ratio EUE/EUI) and cor-
responding performance evaluations. Prior results such as this provided significant
evidence that the application of a critical incidents technique to performance eval-
uation is a valid and useful approach.

Following upon the results of Whitlock, for example, Applied Psychological Services
further developed and applied the above mentioned techniques to the post-training per-
formance evaluation of individuals in various avionic or electronic ratings in the U. S.
Navy. In particular Siegel and Pfeiffer [18], utilizing estimates of uncommonly ef-
fective and uncommonly ineffective performances, showed that these estimates possess
merit as useful indicators of overall personnel proficiency. The researchers employed
magnitude estimates of the number of uncommonly effective and uncommonly ineffective
performances relative to a short prior period for avionic personnel. They derived a
performance index from the ratio of the sum of uncommonly effective performance (EUE)
to the sum of uncommonly effective plus the sum of uncommonly ineffective performance
(EUI), namely (EUE/[EUE EUI]). Siegel and Pfeiffer [18] concluded that: (1)

magnitude estimates of uncommonly effective and ineffective performance yielded useful
data which could form the basis for a personnel subsystem reliability index; (2) the
ratio of the sum of uncommonly effective to the sum of uncommonly effective plus the
sum of uncommonly ineffective performance yields an index which discriminates in the
anticipated direction; and, (3) the obtained avionic personnel subsystem index could
be utilized for post-training performance appraisal, personnel placement, and squadron
evaluation purposes.

Job Performance Questionnaire

Eight job activity factors descriptive of naval avionic electronic maintenance
jobs were isolated by Siegel and Schultz [19] and are shown in Appendix A, page A-7,
along with their definitions. These factors formed the basis of the Job Performance
Questionnaire (JPQ), an instrument for recording the frequency of critical incidents
for each of the job activity factors. Siegel and Federman [16] demonstrated the
utility and practicality of a Job Performance Questionnaire (Appendix A, page A-3)
for technicians in the eight electronic maintenance ratings EM (electrician's mate),
ET (electronics technician), FT (fire control technician), IC (interior communica-
tions electrician), RD (radarman), RM (radioman), ST (sonar technician), and TM
(torpedoman's mate). From an evaluation of 499 technician in those ratings, the
researchers found that the JPQ yields an estimate of the total number of uncommonly
effective and uncommonly ineffective incidents of behavior on the eight identified
job activity factors.

1 All numbers enclosed in brackets refer to corresponding numbers of documents and
publications listed under REFERENCES.
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Specifically, for each job activity the reliability ratio (EUE/[EUE + EIJI]) yields
an estimate of the probability of ?ffective performance for the individual technician
on the particular job activity considered. Then the reliability ratios are compounded
to provide estimates of individual effectiveness or reliability of on-the-job perform-
ance across the job activities. It was reported by Siegel and Federman [16] that esti-
mates of uncommonly effective and of uncommonly ineffective behavior along all eight
.!.imensions of job activities could be combined into a meaningful measure of technician
effectiveness. Moreover, they indicated that the individual technician effectiveness
values can be further treated to form effectiveness values for ratings, ships, and
squadrons.

Estimation of Technician Reliability

Employing the reliability ratio concept (EUE/[EUE + EUI]), Siegel and Federman
[16] have developed the following three reliability estimates:

1) Series Reliabijity_Estimate (SRE)
The series reilay measure of total effectiveness for

an individual is derived by multiplying individual job activity
reliability ratios to yield a total reliability score, i.e.,

Rs = r1 x r2 x x r8

where R
s
= series reliability2, and

ri = (EpE/[EUE + EIJI]) is the reliability ratio for the
itn job activity.

It is to be noted that use of the series reliability estimate
requires the assumption that performance reliability on each job
activity is independent of performance reliability on other job
activities.

2) Series Parallel Reliabilit Estimate (PRE)
Segel TIT3 Fe erman reporte t at "... the series and

series-parallel reliabilities provide measures of personnel
proficiency relative to performance on the entire job (i.e.,
all eight job activities).", (p. 46). The series-parallel
estimate of individual proficiency is defined as:

Rp = Rs x(2 - r1) x x(2 - r8)

where R
s

and r (i = 1, ..., 8) are defined in 1) above.

2 It is helpful to note that the series reliability estimate possesses the fol-
lowing properties:

a) for each of the i = 1, ..., 8 job activities

0 < ri < 1, and, therefore,

b) 0 < Rs < 1

c) Rs < smallest ri.

3



This particular estimate tends to provide a more optimistic
estimate of individual performance. However, the content validity
and derivation of this estimate deserves further development.

3) Geometric Mean Reliability Estimate (GRE)
Let

, 2
r* r*

' 3
r*

' 4
and r* be the four highest job activity reliability

1

ratios of the eight reliability ratios for a technician being evaluated.
The geometric mean reliability for the technician is defined as:

R = x r* x r* x r*.
3 4

This particular estimate is an estimate of individual perform-
ance that stresses the strong points of an individual's perform-
ance. However, it also tends to ignorc his weak points and,
therefore, should be used with caution.

In addition to the three performance estimators (SRE, PRE, and GRE) previously in-
troduced, this report will also discuss an estimate that weights the importance of each
job activity in determining a technician's overall performance.

4) Weighted Average Reliability Estimate (WRE)
To develop this estimate let:

NJ = number of job activities on which the technician actually
worked;

i = index for the sum over the job activities on which the
technician actually worked;

ri = the reliability ratio for the ith job activity;

wi = weight denoting the importance of the ith job activity in
estimating the technician's overall performance..5

The Weighted-Average Reliability Estimate (WRE) of technician
effectiveness is then defined as:

NJ

Rw ri x wi/NJ
1=1

Validation of Performance Estimators

In addition to performance data collected on the JPQ, performance data were col-
lected by Siegel and Federman [16] by means of an evaluative instrument called the
Technical Proficiency Checkout Form (TPCF) (Appendix A, page A-5). The TPCF consists
of eight job tasks listed in hierarchial order from easiest to most difficult. The
eight tasks meet the Guttman requirements for scalability (see for example, Guttman
[11]). Siegel, Schultz, and Lanterman [20], 1964, employed the scale underlying the
eight tasks to determine the cutting points for placing avionic petty officers, third
class and strikers in one of three levels of technical proficiency. The procedure for
placing a technician in one of three levels of technical proficiency is accomplished by
means of a Technical Proficiency (TP) score developed from the TPCF.

3The procedure for deriving the weights is given in Appendix K.
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Technical Proficiency (TP) Score

Define the function Fi:si = 1, ..., 8) as:

1 if the technician is CHECKED OUT on the ith

F. =
task of the TPCF

0 if the technician is NOT CHECKED OUT on the
ith task of the TPCF.

The TECHNICAL PROFICIENCY (TP) score for a technician is then defined as:

8

TP score = 2: Fi.
1=1

Technical Proficiency Checkout (TPC) Level

Three TECHNICAL PROFICIENCY CHECKOUT (TPC) levels are:

Level 1: above desirable

Level 2: below desirable but at least minimally acceptable

Level 3: below minimally acceptable.

Siegel, Schultz, and Laterman [20] based this trichotomous division of the TPCF on
supervisor's judgments of the performance level required for achieving the objectives
given in Appendix A, page A-8.

The procedure for determining the TPC level was reported on in the previously
mentioned report and is given by:

a) add 0.5 to TP score for an individual. Let TP* be the
resultant score.

b) if TP* < 3.92, the TPC level = 3

c) if 3.92 < TP* < 5.63, the TPC level = 2

d) if TP* > 5.63, then TPC level = 1.

Siegel and Fischl [17] correlated technicians TPC levels with the technicians total
scores on a performance test. Employing a triserial correlation coefficient (see, for
example, Jaspen [13]) as an estimate of the product-moment correlation. they found a
triserial correlation of .40. When corrected for the lack of perfect reliability in the
performance test criterion, the correlation became .74. On the basis of their investi-
gation of the then concurrent validity of the TPCF, they concluded that the Technical
Proficiency Checkout Form, "... previously shown to be reliable and practical, may now
be considered to possess a substantial degree of validity for appraising the absolute
proficiency level of avionics technicians in the fleet.", (p. 46). Finally, Siegel
and Federman [16] recorded a triserial correlation of .3E5 between the TPC level of the
technicians evaluated and their Series Reliability Estimate (SRE), concluding "...
there is some basis to believe that the JP4 results correlate with on-the-job perform-
ance.", (p. 62).
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Main Results of Prior Studies

Important conclusions of prior reports relative to the merits of the Series Re-
liability Estimate (SRE I, Series-Parallel Reliability Estimate (PRE 1, Geometric Mean
Reliability EcilTrirtrIZPI), and the Technical Troficiency Checkout Form (TPCF) are
as follows:

1. Reliability ratios of the form LIE/(EUE + ZUI) indicate
the probability of effective performance on a particular job
activity for the technician being evaluated.

2. The JPQ is an instrument for providing magnitude estimates
of EUE and LUI for each man being evaluated by his immediate
supervisor.

3. The TPCF possesses a substantial degree of promise for
appraising the absolute level of avionic technician proficiency.

4. There is some basis (triserial correlation of .38 with TPC
level) to believe that the SRE is a reasonably good estimator of
on-the-job performance.

PURPOSE

The purpose of this research effort is to report on the data collection effort and
data reduction methods and analyses that have been performed for the Office of Naval
Research (ONR) under the project entitled Personnel Technology: Relating Individual
Performance Effectiveness to Unit and Ship Effectiveness (Project Order Number:
PO 2-0046 NR 150-336). The goal of this research project is to provide an empirical
basis for assessing the utility to the Navy of a performance measurement technique de-
veloped under a prior ONR contract. Under that contract Dr. Arthur I. Siegel, Philip
J. Federman, and their associates of Applied Psychological Services, Inc., Wayne, Pa.,
developed fleet post-training performance evaluative measures which have potential value
for eventual widespread implementation within the U. S. Navy. The results of their study
were contained within the report - Development of Performance Evaluative Measures:
Investigation into and Application of a Fleet Post-Training Performance Evaluative
System [16]. An outgrowth of that effort was the suggestion that the technique be em-
playa on a limited basis by a Navy laboratory to ithantify areas of modification upon
operational testing. In response to that recommendation the Naval Personnel Research
and Development Laboratory submitted a proposal to ONR to accomplish that task. Es-
sentially the research effort undertaken by NAVPERSRANDLAB was accomplished by repli-
cating the efforts of Siegel and Federman [16].

A second major objective of this research effort was to further develop the per-
formance measurement techniques of Siegel and Federman [16]. Furthermore, similarly
related performance measurement techniques were researched with a view towards possible
implementation of those techniques within the U. S. Navy.

DATA COLLECTION

The procedures employed in data collection for this project closely paralleled
those employed by Siegel and Federman [16], with some modification', in the research
instruments. This procedure was adopted so that a similar statistical analysis on the
same type of population would permit some comparisons to be made between the results
of this research effort and the results obtained by Siegel and Federman [16].
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Every effort had been made to minimize interfering with normal shipboard duties.
For this reason the data collection procedure centered upon the efforts of ship liaison
officers conducting the data collection aboard each ship. Appendix B contains a dis-
cussion on the procedures for the data collection reflecting various aspects of the ef-
fort that resulted in the orderly and successful completion of the task.4

Data Collection Instruments

An example of the performance evaluation forms that were completed by each super-
visor for each technician evaluated are given in Appendix A. The instruments are
optical scanning forms, thus, making them machine-readable and more capable of being
placed in an operational mode. In particular the forms were:

1) Job Performance uestionnaire (JPQ) ANSWER. SHEET
This form serves the same purpose as the JPQ discussed earlier,

i.e., to record estimates of the total number of uncommonly ef-
fective (EUE) and uncommonly ineffective (HI) performances the
supervisor has observed on each of the eight job activities for
each man he is evaluating.

2) Technical Proficiency Checkout Form (TPCF)
This form is essentially identical to the TPCF used by Siegel

and Federman [16].

3) Personnel Identification Information Form (PIIF)
This form was concerned with the background data of the man

being evaluated. It was completed in part by his supervisor
with the Administrative Officer providing the remaining informa-
tion.

Analyses Based on the Data Collection Effort

Employing the data collection instruments discussed in the previous section, per-
formance data were collected with the assistance of men and ships of Commander; Cruiser-
Destroyer Flotilla NINE (located at San Diego, California) and men and ships of Com-
mander; Cruiser-Destroyer Force Atlantic Fleet (located at Newport, Rhode Island, and
Boston, Massachusetts).b The participating ships and type are shown in Table 1 along
with the number of men evaluated by rating and ship for each location.

Analyses Based on the Job Performance Questionnaire

A descriptive analysis of each of the performance estimators (SRE, PRE, GRE, and
WRE) derived from the Job Performance Questionnaire (JPQ) is presented in Figures 1, 2,
3, and 4 and in the Form of histograms. Each of these histograms was developed on 949
technicians and based on the performance estimators which are continuous over the range
of 0.0 to 1.0. Class intervals are numbered from 1 through 21 where a given class inter-
val is of length .05. Class intervals corresponding to each of the numbered intervals
are provided in Table 2.

4
For the interested reader Appendices C and D contain the instructions for the ship

liaison officer and the technician supervisor, respectively.

5Henceforth in this report Location No. 1 will refer to ships at San Diego, Calif.,
and Location No. 2 will refer to ships at either Newport, R.I., or Boston, Mass.
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TABLE 1

NUMBER OF MEN IN EACH RATING AND SHIP

CRUDESFLO: NINE (Location No. 1)

Ship Type EM ET FT IC RD RM ST TM TOTAL

USS AGERHOLM DO-826 6 7 7 4 5 5 5 3 42

USS BROOKE DEG-1 6 8 16 3 10 8 9 1 61

USS GRAY DE-1054 5 10 5 4 9 7 9 1 50

USS HORNE DLG-30 4 12 11 6' 5 5 8 2 53

USS HULL DD-945 3 9 8 3 9 9 8 1 50

USS JOUETT DLG-29 5 10 12 5 7 6 9 2 57

USS PRAIRIE AD-15 6 29 12 6 0 10 C 13 76

USS RUPERTUS DD-85I 5 11 3 2 9 9 10 1 50

USS SHELTON DD-790 4 5 5 1 5 5 5 0 30

USS SOUTHERLAND DD-743 5 8 9 5 11 11 9 2 60

USS HENRY W. TUCKER DD-875 5 9 0 3 13 11 11 2 54

TOTAL 54 118 88 42 83 86 83 28 582

CRUDESLANT (Location No. 2)

Ship Type EM ET FT IC RD RM ST TM TOTAL

USS BASILONE DD-824 4 4 5 0 0 5 5 0 23

USS DEALEY DE-1006 3 6 5 2 3 4 6 1 30

USS DEWEY DLG -14 6 6 6 4 6 5 6 2 41

USS FISKE ',Boston) DD-842 5 4 5 0 5 5 6 0 30

USS J. A. FURER DEG-6 4 5 14 4 5 8 5 2 47

USS GARCIA (Boston) DE-1040 4 6 6 2 6 8 10 2 44

USS GLOVER (Boston) AGCE-1 4 7 3 0 6 6 12 1 39

USS HVOP PURVIS DD-709 6 7 10 0 15 0 9 2 49

USS TALBOT DEG-4 5 5 9 2 5 5 5 0 36

USS JOHN WILLIS DE-1027 2 5 3 2 5 5 5 1 28

TOTAL 43 55 66 16 56 51 69 11 367

TOTAL (BOTH LOCATIONS) 97 173 154 58 139 137 152 39 949
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TABLE 2

CLASS INTERVALS FOR HISTOGRAMS

ass nterva
Number

ower
Boundary

Upper
Boundary

1 0.96 1.00

2 0.91 0.96

3 0.86 0.91

4 0.81 0.86

5 0.76 0.81

6 0.71 0.76

7 0.66 0.71

8 0.61 0.66

9 0.56 0.61

10 0.51 0.56

11 0.46 0.51

12 0.41 0.46

13 0.36 0.41

14 0.31 0.36

15 0.26 0.31

16 0.21 0.26

17 0.16 0.21

18 0.11 0.16

19 0.06 0.11

20 0.01 0.06

21 0.00 0.01
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Further analysis of results on the JPQ ANSWER SHEET indicated a high frequency of
nonresponse in some job activities and ratings. The type of nonresponse that resulted
was for the case in which the man being evaluated did not work at the particular job
activity under consideration. Furthermore, there was also a significantly high pro-
portion of men who, while they worked at the job activity being considered, received
EUE = 0 and EUI = 0 from their supervisors. These observations required the con-
sideration of two important areas relative to the JPQ.

Problems in Calculating Performance Estimates. As discussed in the Background
section of this report, reliability ratios of the form (EUE/[EUE + EUI]) were derived
for each man on each of eight job activities and these ratios were combined to form
the SRE, PRE, and GRE. However, the following two cases require the adoption of some
convention in order to calculate the reliability ratios:

1) the technician did not work at that job activity, or

2) the technician received EUE = 0 and EUI = 0 by the supervisor,
implying that the reliability ratio 0 is undefined.

0 + 0

By observing the frequency with which such cases occur across all 21 ships partici-
pating in the project, it is possible to determine the extent to which any convention
for estimating performance in those cases would effect individual SRE, PRE, and GRE
values. A complete discussion of this effect is given in Appendix E. Summarizing,
the above two cases can have a dramatic affect upon the individual performance esti-
mates and these estimates will be greatly influenced by the convention that is adopted.

A Convention for Estimating Performance in Certain Job Activities. Siegel and
Federman [16] employed "... the average value for his rating on his ship ...", (p. 28),
or those job activities which the technician did not work at or received EUE = 0 and
EUI = 0 by his supervisor. Unfortunately the results of the data collection effort at
Location No. 1 (Destroyer Flotilla NINE) and at Location No. 2 (Cruiser-Destroyer Force
Atlantic Fleet) indicated that this tec) lique was not feasible.

In order to overcome this problem, the convention adopted in this report was to
employ a composite reliability value across all shirrs at a location for each job ac-
tivity and rating. Appendix F discusses the proct-',..re for deriving the composite re-
liability values, as employed in this report.

Analyses Based on the Technical Proficiency Checkout Form

Table 3 represents the numbers of men at each of the three TPC levels by rating
and ship and across each rating and ship at Location No. 1. Table 4 reflects the same
information for Location No. 2. It will be remembered that level 1 reflects an "above
desirable" proficiency level while level 3 reflects a "below minimally acceptable"
proficiency level.

In addition to the TPC levels, TP scores were developed. A histogram of the re-
sulting TP scores for the 949 technicians evaluated is presented in Figure 5. Almost
identical histograms of TP scores were obtained for data collected at the two locations.
Hence, only one histogram is presented.

60n every ship sampled at those locations there were ratings for which in some job
activities those two cases occurred for all men in that rating. Appendix F provides a
detailed account of this problem for the interested reader.
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TABLE 3

NUMBER OF MEN AT EACH TECHNICAL PROFICIENCY CHECKOUT (TPC) LEVEL

Location No. 1

SHIP
TPC EACH

RATING LEVEL 1 2 3 4 5 6 7 8 9 10 11 RATING

1 4 5 4 2 1 4 5 3 2 5 3 38
EM 2 1 1 0 1 1 1 2 2 0 2 12

3 1 0 1 1 1 0 0 0 0 0 f) 4

1 4 6 7 9 7 8 17 8 5 8 7 86
ET 2 2 2 3 1 2 1 9 2 0 0 1 23

3 1 0 0 2 0 1 3 1 0 0 1 9

1 5 10 3 10 8 8 6 2 2 5 0 59

FT 2 2 5 0 0 0 3 3 0 3 0 0 16
3 0 1 2 1 0 1 3 1 0 tt 0 13

1 2 2 2 5 1 3 4 2 1 2 2 26
I C 2 1 0 1 1 1 2 1 0 0 3 0 10

3 1 1 1 0 1 0 1 0 0 0 1 6

1 0 0 0 0 0 0 0 0 0 1 0 1

RD 2 1 1 1 0 1 0 0 8 f) 3 0 15
3 4 9 8 5 8 7 0 1 5 7 13 67

1 1 3 7 0 0 4 4 1 5 0 0 25
RM 2 1 It 0 0 8 2 3 5 0 2 8 33

3 3 1 0 5 1 0 3 3 0 9 3 28

1 4 7 7 6 3 6 f) 4 5 5 5 52
ST 2 1 2 0 1 2 0 0 6 0 4 4 20

3 0 0 2 1 3 3 0 0 0 0 2 11

1 2 1 0 2 1 2 4 1 0 2 2 17

TM 2 1 0 0 0 0 0 3 0 0 0 0 4

3 0 0 1 0 0 0 6 0 0 0 0 7

EACH 1 22 34 30 34 23. 35 40 21 20 28 19 304
SHIP 2 10 15 5 4 17 9 20 23 5 12 15 133

3 10 12 15 15 14 12 16 6 5 20 20 145
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TABLE 4

NUMBER OF MEN AT EACH TECHNICAL PROFICIENCY CHECKOUT (TPC) LEVEL

Location No. 2

SHIP
TPC EACH

RATING LEVEL 1 2 3 4 5 6 7 8 9 10 RATING

1 2 2 3 4 3 0 2 5 4 1 26
EM 2 2 0 1 1 1 2 1 1 1 1 11

3 0 1 2 0 0 2 1 0 0 0 6

1 3 5 5 3 5 5 7 7 2 3 45
ET 2 1 1 1 0 0 1 0 0 2 1 7

3 0 0 0 1 0 0 0 0 1 1 3

1 2 4 4 4 12 4 1 7 8 2 48
FT 2 1 0 2 1 2 2 2 3 1 1 15

3 2 1 0 0 0 0 0 0 0 0 3

1 0 0 2 0 1 0 0 0 2 1 6

I C 2 0 1 2 0 1 0 0 0 0 0

3 0 1 0 0 2 2 0 0 0 1 6

1 0 0 0 0 0 1 2 0 0 0 3
RD 2 0 0 6 4 0 1 14 6 0 5 26

3 0 3 0 1 5 11 0 9 5 0 27

1 3 3 4 1 7 2 0 0 0 0 20
RM 2 2 1 1 4 1 6 3 0 4 0 22

3 0 0 0 0 0 0 3 0 1 5 9

1 5 2 4 3 4 5 2 9 4 2 40
ST 2 0 2 0 2 0 1 0 0 1 1 7

3 0 2 2 1 1 4 10 0 0 2 22

1 0 0 0 0 2 1 0 1 0 1 5

TM 2 0 1 1 0 0 0 1 1 0 0
3 0 0 1 0 0 1 0 0 0 0 2

EACH 1: 15 16 22 15 34 18 14 29 20 10 193
SHIP 2 6 6 14 12 5 13 11 11 9 9 96

3 2 8 5 3 8 13 14 9 7 9 78
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APPROACH

An approach to the statistical analysis of the data involved the selection of ap-
propriate analyses within, four general areas:

1. The validity of the performance estimators SRE, PRE, GRE, and
WRE with respect to a selected criterion measure.

In order to determine the validity of the four performance es-
timators (SRE, PRE, GRE, and WRE) for predicting on-the-job per-
formance of the electronics maintenance personnel involved in the
research effort, the results of the TPCF were used as a criterion
measure of absolute technician proficiency. The belief that the
TPCF reflects the on-the-job performance of .electronics maintenance
personnel must rest to a large degree upon related results of prior
research efforts. In particular, from references that were cited in
the section Validation of Performance Estimators.

Initially, in order to determine the degree of association between
the performance estimators (SRE, PRE, GRE, and WRE) and the selected
criterion variable (TPC level), triserial correlation coefficients
were developed by loucion. Due to the extreme skewness of the dis-
tribution of the underlying continuum (represented by TP score, see
Figure 5), a test of normality of TP score was executed to determine
the appropriateness of triserial correlation. This resulted in the
choice of a curvilinear regression analysis as a better approach for
validating the performance estimators by location and subsequently
by rating with TP score as the continuous criterion measure.

2. An evaluation of technician job competency as determined or
implied by the TPCF.

The appropriateness of the job tasks represented on the TPCF
was approached by developing a frequency table of men CHECKED OUT
and NOT CHECKED OUT by rating on each job task. The agreement
of each job task to the hierarchial classification of the tasks
provided some indication of the extent to which it was still
applicable to electronic maintenance activities. A more de-
tailed analysis of the TPCF that included the development of
sample conditional and Joint frequency tables allowed the
development of a procedure for determining technician job
competency within a rating. Furthermore, these analyses re-
vealed areas of suggested modifications of the TPCF prior to
its implementation.

3. Multiple comparisons between ratings or ships with respect to
their average performance levels.

The approach employed in this report to develop comparisons
between ratings and between ships was an additive model suggested
by a two-way fixed effects analysis of variancE with interaction.
This required the selection of the appropriate variable, from
among SRE, PRE, GRE, WRE, and TP score, upon which to base the
comparisons. The variable selected was the one which best met the
statistical requirements, i.e., normality of the variable, homo-
geniety of variances over the main effects, and independence of
ship, rating, and cell observations.

4. Degree of association between various demographic variables
and the performance variables.
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From the demographic information collected on the Personnel
Identification Information Form (PIIF), product-moment cor-
relations between the demographic variables, and the perform-
ance estimators (SRE, PRE, GRE, WRE, and TP score) were developed.
This same approach was applied to each of the eight job activities
in order to determine if any job activity related to a particular
demographic variable.

These areas are the most rewarding in the sense that they would provide some in-
sight into the merits of the performance measurement technique being researched and of
the implications for its application within the U. S. Navy.

RESULTS AND DISCUSSION

Validity of the Performance Estimators

Triserial Correlation Analyses

Initially sample mean reliabilities were developed for each of the four performance
estimators (SRE, PRE, GRE, and WRE) for each TPC level. The mean reliability values are
the average values of the performance estimators in the TPC levels, therefore, the mean
values would be expected to be smaller for a lower proficiency level. The results of
this phase of the statistical analysis are presented in Table 5 for technicians at those
ships sampled at Location No. 1, Location No. 2, and combined locations.

Employing the results of Table 5, triserial correlation coefficients were developed
between each of the performance estimators (SRE, PRE, GRE, and WRE) and Technical Pro-
ficiency Checkout (TPC) level for technicians sampled at each location and combined lo-
cations. Table 6 presents the resulting triserial correlations.

Comparing the locations, particularly with respect to the SRE, PRE, and GRE, only
the triserial correlation coefficients for data collected at Location No. 2 agree with
Siegel and Federman's prior results [16]. This observation required a consideration
of the appropriateness of triserial correlation to the data collected in this project.

Application of the triserial correlation coefficient involves the following re-
quirements:

a) the segmented variable is basically continuous and normally
distributed; and,

b) all the segments which together would form a whole normal
distribution are present.

Consider again the histogram in Figure 5. Recall that the variable, Technical
Proficiency score (TP score), was segmented into one of three levels of technician
proficiency. This histogram represents the entire distribution of the segmented
variable, which may be taken as continuous'and is clearly negatively skewed. A
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TABLE 5

MEAN RELIABILITIES

Location No. 1

Mean Reliabilities in Each TPC Level

TPC LEVEL N SRE PRE. GRE WRE

1 303 .351 .597 .931 .657

2 134 .331 .553 .919 .566

3 145 .427 .625 .923 .557

Location No. 2

TPC LEVEL N

Mean Reliabilities in Each TPC Level

SRE PRE GRE WRE

1 193 .361 .629 .947 .642

2 96 .213 .380 .928 .557

3 78 .141 .338 .878 .502

Combined Locations

Mean Reliabilities in Each TPC Level

TPC LEVEL N SRE PRE GRE WRE

1 496 .355 .608 .937 .651

2 230 .283 .483 .923 .562

3 223 .328 .524 .207 .538
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TABLE 6

TRISERIAL CORRELATION ANALYSES

Performance Estimators

N SRE PRE GRE WRE

Location Nc. 1 582 -0.090* -0.015 0.031 0.256*

Location No. 2 367 0.340* 0.335* 0.235* 0.335*

Combined Locations 949 0.061 0.122* 0.099* 0.283*

*Significantly different from zero at the a = .05 level.

)
goodness of fit test for normality [5 ] was applied to the distribution of TP scores of
the 949 technicians. This test statistic will be called the gl test statistic.'

When the gl test statistic was applied to the sample data of TP scores, the re-
sulting test statistic values were

g1 = -.5123, implying z = 6.4632.

Therefore, the assumption of normality for TP scores must be rejected frr the sample
data collected on the population of electronics maintenance personnel ;949 technicians
in the sample).

?The gl test statistic is given by g = - 7)3

- 7)213/2

where X represents an observation, 7-the sample mean, and N is the sample size. If

the null hypothesis is that the underlying distribution is normal,

then it has been shown [ 5 ] that z = (N + 1) (N + 3)

6(N - 2)

is approximately normal with mean zero and variance one. In fact a test of the
hypothesis that the underlying distribution is normal (at the e = .05 level of signfi-
cance) is given by:

reject the null hypothesis of normality if
z is greater than 1.96 or less than -1.96.

This particular goodness of fit test has several advantages over the usually ap-
plied Kolmogorov-Smirnov tests or the well known Chi-square tests in that, in particular,
the population mean and standard deviation need not be known and the test need not be
applied just to large samples. Furthermore, this test is more sensitive to departure
from normality due solely to skewness than the other two tests [5].
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The 91 test statistic was also applied to the distribution of TP scores at either
location. The test statistic values were g1 = -.4930, z = -4.8810 and gi = -.5473,
z = -4.3156 at Location No. 1 and Location No. 2 respectively. Therefore, at both
locations the assumption of normality of TP scores must be rejected. These results
were verified by the histograms of TP scores for those locations. In both cases these
histograms demonstrated the negative skewness of the distribution of TP scores.

Curvilinear Regression Analysis

Essentially due to the nor-normality of the TP scores, an alternate analysis was
employed in order to determine the degree of association between the predictor vari-
ables (SRE, PRE, GRE, and WRE) and criterion variable (TP score). The particular pro-
cedure to be employed to achieve this end was a curvilinear multiple regression pro-
cedure outlined in Cooley and Lohnes [3]. A few remarks on this subject for the
purposes of this report have been provided in Appendix G.

Appendix H provides the results of the analyses of these predictor and criterion
variables for the total of 949 technicians sampled. Similar results as found in Ap-
pendix H were also developed for Location No. 1 and Location No. 2. Although those
printouts are not presented in this report, the essential information from those
printouts is given in Table 78 along with the essential information from Appendix H.

Consider Table 7 and the evaluation of SRE as a predictor of TP score for the two
locations combined. The product-moment correlation between SRE and TP score is .055
(not significantly different froN zero at the a = .05 level). In attempting to fit a
linear, quadractic, and cubic model to the data of SRE values and TP scores, the
multiple correlation coefficient (R2) values were .003, .007, and .043 respectively.
However, in view of the fact that the residual mean square does not change from the
linear o cubic mode, it would be just as well to chose the linear model (particularly
since R4 for the cubic equation is not significantly larger than .007). Therefore,
From Appendix H, the best regression equation is

TP score = 5.219 + 0.397 SRE.

Because SRE and TP score are essentially independent, the best estimate of SRE will
always be the mean of the observed TP scores, regardless of the observed SRE. This
result is further reflected in noticing that the sample mean TP score is 5.350, ap-
proximately equal to 5.219 - theTP score intercept of the regression line.

Observing the results of Table 7 for the predictor variables PRE and GRE on the
two locations combined, only minimal improvement can be made with these estimates over
the SRE. In fact the GRE is almost identical to the SRE and for practical purposes
cannot be held to possess significant merit. The PR is modestly better with a cor-
relation of .1. However, for the PRE, the highest R4 value does not even reach .05,
a long way from a perfect fit with an R value of 1.0. Based upon this analysis, PRE
must be termed only slightly better than the SRE and GRE.

The WRE provides the most promising and consistent (over locations) estimator of
the four predictors considered. It is most promising in the sense that it provides

8All of the computer printouts on the curvilinear regression procedure employed
in this report are in terms of 'centered data." This technique improves the computation
of the printout values by minimizing roundoff errors. Therefore, when reviewing the
results of Table 7, one must be concerned with toe relative magnitude of the residual
mean square in attempting to fit a linear model versus fitting a higher order model.
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TABLE 7

CURVILINEAR REGRESSION ANALYSES BY LOCATIONt

Location No. 1

Type of Curve

Predictor Linear Quadratic Cubic
Variable rxy

R
2

s
2

R
2

s
2

R
2

s
2

SRE -.069 .005 .002 .007 .002 .072 .002

PRE -.009 .000 .002 .043 .002 .047 .002

GRE .024 .001 .002 .003 .002 .004 .002

WRE .242* .058 .002 .058 .002 .062 .002

Location No. 2

Predictor
Variable r

xy

Type of Curve

Linear Quadratic Cubic

R
2

s
2

R
2

s
2

R
2

s
2

SRE .288* .083 .003 .083 .003 .090 .003

PRE .277* .077 .003 .078 .003 .100 .002

GRE .212* .045 .003 .047 .003 .052 .003

WRE .292* .085 .003 .085 .003 .089 .003

Locations Combined

Type of Curve

Predictor Linear Quadratic Cubic
Variable rxy

R
2

s
2

R
2

s
2

R
2

s
2

SRE .055 .003 .001 .007 .001 .043 .001

PRE .100* .010 .001 .036 .001 .036 .001

GRE .087* .008 .001 .008 .001 .009 .001

WRE .257* .066 .001 .066 .001 .071 .001

tR
2
= rxy in the linear case.

*Significantly different from zero at the a = .05 level.

rxy = product-moment correlation coefficient between the predictor
variable x and the criterion variable y (TP score).

R2 = multiple correlation coefficient.

s2 = residual mean square



the highest product-moment correlation coefficient with the selected criterion variable,
TP score. However, it cannot be said that it better fits the data than any of the other
three estimators with respect to the three types of curves considered.

The curvilinear regression for the predictor variable WRE, Appendix H, page H-6,
indicates that a linear curve is the best fit to the data. The regression equation is
given by

TP score = 3.571 + 2.95 WRE.

In comparison to the other estimators the WRE can be said to possess moderate validity
at best for appraising an absolute level of technician performance. As such its ap-
plication to the population of electronics maintenance personnel is tenuous.

Analyzing the results at either location again points out the differences between
the results obtained at either location. However, this is due mainly to a difference
in r values and not to R values for goodness of fit of the linear, quadratic, and

xy
cubic models from one location to the next. This may be due to the high degree of un-
explained criterion variance in the data at either location and with respect to the
locations combined. Scatterplots of the data in those three cases with respect to
each predictor variable verified the high degree of dispersion in the data and the lack
of any obvious pattern or functional relationship in those plots.

Within Rating Analyses

A factor that may influence the frequency with which a population does not work
at a particular job activity is, of course, the appropriateness of the job activity to
present-day electronic maintenance activities. The most homogeneous type of sub-
population that would reflect most members of the subpopulation working at the same
job activities should be rating. It is mainly for this reason that the subpopulations
considered in this report are ratings, and not, for example, ships within locations
which should (and did) reflect results similar to those found in Appendix H. In order
to perform the most general type of analysis to determine the validity of the perform-
ance estimates, a curvilinear regression analysis as previously discussed and employed
in Appendix H was applied per rating for each of the four predictor variables - SRE,
PRE, GRE, and WRE. Appendix I gives the resulting 32 printouts of the Cooley and
Lohnes [3] curvilinear regression analysis. The object is to select for each rating,
the best of three possible curves - linear, quadratic, and cubic - for each performance
estimator which best fits the data in terms of significantly larger multiple correlation
coefficients for smaller residual mean squares. Comparisons between the performance
estimators may then be made by performing an appropriate test of hypothesis of the equality
of two correlation coefficients (or multiple correlation coefficients). The test that
is usually applied is the "Fisher's z" test which employes the asymptotic distribution of
the sample correlation coefficient. However this test requires that the distributions
of the underlying populations are bivariate normal (see Anderson [1], page 78). Because
the distribution of TP scores and the SRE, PRE, and GRE were not normally distributed
with respect to the individual ratings, the appropriateness of employing this test is
in question. Furthermore the literature seems to be vacant of a discussion of the
robustness of the test. Therefore the approach must be in terms of comparing the observed
sample product-moment correlations, and, in particular, on the amount of criterion
variance explained by the variables. This approach will not necessarily produce a
statistically significantly different performance estimator but one which is a more
promising estimator, in terms of the sample information.

The following outline represents the essential results of the curvilinear regres-
sion analyses presented in Appendix I. The results are presented by rating in Tables
8 through 13 together with observations and recommendations.
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TABLE 8

EM CURVILIN7AR REGRESSION ANALYSES (N = 97)

Type of Curve

Predictor Linear Quadratic Cubic
Variable

xy R
2

s
2

R
2

s
2

R
2

s
2

SRE .355* .133 .009 .136 .009 .176 .009

PRE .247* .061 .010 .133 .009 .113 .009

GRE .301* .090 .010 .154 .009 .221 .008

WRE .492* .242 .008 .254 .008 .300 .008

4 significantly different from zero at the a = .05 level.

1. EM rating - Clearly the estimator WRE demonstrates the best fit
to the data. The product-moment correlation of .492 indicates at
lealt a fair degree of association of the WRE with the technician's
absolute performance level. (Although the R value is significantly
better for the cubic curve over the other two curves, the value of
.300 in that case car' only indicate a moderate fit of the cubic curve
to ti'e data.

TP score = 4.849 - 15.571 WRE + 44.319 WRE2 - 26.561 WRE3.

The other estimators do not demonstrate a better fit to the data
than the WRE. In view of this and other considerations (e.g., the
examination of the scatterplots), the WRE is recommended for applica-
tion in this rating for those situations in which the probability of
effective performance of an individual in the EM rating is required.

TABLE 9

ET CURVILINEAR REGRESSION ANALYSES (N = 173)

Type of Curve

Predictor Linear Quadratic Cubic
Variable rxy

R
2

s
2

R
2

s
2

R
2

s
2

SRE .318* .101 .005 .142 005 .1.42 .005

PRE .366* .134 .005 .135 .005 .135 .005

GRE .508* .258 .004 .266 .004 .271 .004

WRE .445* .198 .005 .209 .005 .210 .005

*Significantly different from zero at the a = .05 level.
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2. ET rating - For this rating two significant estimators arise, the
GRE and WRE. The WRE is still a promising estimator even though it
has a lower product-moment correlation than the GRE (.445 versus .508)
and does not fit the data as well. The GRE values may be spurious
observations for this rating for it is not significantly higher in
any other rating. However, without evidence of this fact it is recom-
mended that either the GRE or WRE be employed in this rating. Further-
more, the values of the product-moment correlations for those esti-
mators reflect at least a moderate degree of association with TPCF
results.

Because the R2 values do not change appreciably from one type of
curve to the next, it is recommended that the linear model be em-
ployed for prediction purposes in either case. The linear curves
are:

TP score = 2.99 + 4.08 GRE, and

TP score = 4.344 + 3.79 WRE.

TABLE 10

FT CURVILINEAR kcGRESSION ANALYSES (N = 154)

Type of Curve

Predictor Linear Quadratic Cubic
Variable

TR2---xy R
2

s
2

R
2

SRE .346* .119 .006 .120 .106 .120 .006

PRE .265* .070 .006 .100 .006 .104 .006

GRE .374* .140 .006 .148 .006 .165 .006

WRE .430* .185 .005 .200 .005 .204 .005

*Significantly different from zero at the a = .05 level.

3. FT rating - This rating agair illustrates that the WRE is the
most promising estimator. In fact it is almost identical to the
results obtained for the ET rating and the WRE. The product-moment
correlation of .43 reflects a woderate degree of association with
the criterion variable. The R value of near .2 still illustrates
a significant degree of unexplained criterion variance in the data.
It is again suggested that the linear model:

TP score = 3.366 + 4.635 WRE

be employed in this rating. The linear model fit is modest (R2 = .185)
but the WRE possesses sufficient promise to be called a good esti-
matnr of FT technician proficiency.
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TABLE 11

IC CURVILINEAR REGRESSION ANALYSES (N = 58)

Type of Curve

Predictor Linear Quadratic Cubic
Variable rxy R2

s2 R2 s2 R2 s2

SRE .361* .131 .016 .131 .016 .133 .016

PRE .322* .104 .016 .131 .016 .134 .016

GRE .387* .149 .015 .154 .015 .169 .015

WRE .434* .188 .014 .241 .014 .292 .013

*Significantly different from zero at the a = .05 level.

4. IC rating - Unfortunately the sample size (N = 58) for this rating
is to,:) iow to place confidence in the obtained correlation coefficient.
However, the WRE must be selected as the most valid estimator on all
counts. The cubic model

TP score = -7.57 + 68.26 WRE - 113.95 WRE2 + 63.03 WRE3

is suggested for use in this rating and is a moderate estimate of TP
score. The residual mean square is high for this rating only because
of the small sample size. In any event this rating reflects the
general trend that we have been witnessing and, therefore, the WRE
may be employed in this rating.

TABLE 12

RD CURVILINEAR REGRESSION AALYSES (N = 139)

Type of Curve

Predictor Linear Quadratic Cubic
Variable

R2xy s
2 R2 s2 R2 s2

SRE -.168 .028 .007 .093 .007 .131 .006

PRE -.215* .046 .007 .046 .007 .093 .007

GRE .021 .000 ,007 .013 .007 .04' .007

WRE -.051 .003 .007 .021 .007 .041 .007

*Significantly different from zero at the a = .05 level.
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5. RD rating - None of the four estimators that have been dis-
cussed in this report should be employed In the RD rating. In

part the failure of the estimators in this case must be attributed
to the significantly high frequency with which individuals in
this rating do not work at the job activities that were used on
the evaluation forms.

TABLE 13

RM, ST, AND TM CURVILINEAR REGRESSION ANALYSES

Type of Curve

Predictor Linear Quadratic Cubic
Variable

xy R
2

s-
9

R
2

s
2

R2 s
2

RM Rating (N = 137)

SRE .211* .044 .007 .057 .007 .068 .007

PRE .156 .024 .007 .028 .007 .031 .007

GRE .041 .002 .007 .140 .006 .139 .006

WRE .366* .134 .006 .153 .006 .154 .006

ST Rating (N = 152)

SRE .199* .040 .006 .069 .006 .069 .006

PRE .058 .003 .007 .003 .007 .102 .006

GRE .099 .010 .007 .134 .006 .178 .006

WRE .234* .055 .006 .080 .006 .123 .006

TM Rating (N = 39)

SRE .198 .039 .026 .129 .024 .217 .022

PRE .243 .059 .025 .094 .025 .153 .024

GRE .186 .035 .026 .035 .027 .085 .026

WRE .403* .162 .023 .177 .023 .224 .022

*Significantly different from zero at the a = .05 level.
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6. Rating RM, ST, and TM - The results for these ratings are almost
identical and can be discussed as a group. In every case the WRE
is the best estimator of TP score. The product-moment correlations
are low for the RM and ST ratings, and moderate for TM's. All of the
R values demonstrate a poor fit to the data, indicating an even
higher degree of unexplained criterion variance than that found in
the EM, ET, FT, and IC ratings. It is recommended that the cubic
curve be employed in the ST and TM rating and a linear curve for
the RM rating. The corresponding equations may be found from the
computer printout of the curvilinear regression for those ratings
(pages I-25, 1-30, and 1-34 respectively). However, the utility
of their use as prediction instruments has not been convincingly
demonstrated.

Technician Job Competency Evaluation

As hypothesized in the discussion on the validity of the performance estimators
SRE, PRE, GRE, and WRE, the TPCF could be employed as a criterion measure of the ab-
solute proficiency level of electronics maintenance personnel. That the TPCF pos-
sesses that characteristic was evaluated by Siegel and Fischl [17] for avionics
technicians and at that time the TPCF possessed a substantial degree of promise.
Siegel and Federman [16] applied the TPCF when appraising the proficiency level of
electronics maintenance personnel and in evaluating the SRE, PRE, and GRE.

Due to the high degree of reliance on the TPCF as a criterion measure, it is well
to investigate the TPCF and consider whether some of its properties seem to hold up for
the data collected in this project. The appropriateness of the job tasks on the TPCF
for present-day electronic maintenance activities can be considered, by rating. Further-
more, are the job tasks listed in the same hierarchial order as when originally developed?
While it may not be possible to completely answer questions of this type, it is possible
to give at least a partial answer based on the present format of the TPCF. By using
the properties of the TPCF it is possible to develop a competency level for technicians
in each rating and determine whether a particular rating may be performing at a certain
proficiency level.

Job Task Analyses

The reader will recall that the job tasks listed on the TPCF are ordered with Job
Task No. 1 being the easiest and Job Task No. 8 the most difficult. The following is
a list of the job tasks as found on the TPCF:

(easiest)

Task Description

Capable of employing safety precautions.

Capable of replacing most of unit's equipment.

3. Capable of removing most of unit's equipment.

4. Capable of following block diagrams.

5. Capable of knowing relationship of equipment to other
related equipment.
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6. Capable of calibrating most of unit's equipment.

7. Capable of trouble-shooting/isolated malfunction(s)_.

(most 8. Capable of employing electronic principles involved in
difficult) maintenance.

Table 14 is the frequency of occurrence of men CHECKED OUT and NOT CHECKED OUT by
rating over the eight job tasks without reference to their performance on other job tasks.
For example, of the 97 men in the EM rating, 95 were CHECKED OUT on Job Task No. 1, 87
were CHECKED OUT on Job Task No. 2, ..., and 55 were CHECKED OUT on Job Task No. 8.
Similarly, for the other ratings.

From Table 14 the hierarchial difficulty of tasks is generally represented in the
EM, ET, FT, IC, ST, and TM ratings. This is evidenced by the fact that one would expect
progressively fewer men to complete a more difficult task. Except for the ST rating,
Job Task No. 6 - Capable of calibrating most of this unit's equipment with which his
rating is concerned-- seems out of place in that fewer individuals are CHECKED OUT on
this task than .ffie next more difficult task, Job Task No. 7. In fact the better position
for Job Task No. 6 would be after Job Task No. 8. In that case the job tasks would fol-
low more closely a hierarchial classification.9

In any event it can be said that Job Task No. 6 is no longer of such prominence as
originally thought. This is a result of the introduction of more sophisticated elec-
tronic equipment aboard ships in recent years. This equipment frequently consists of
integrated circuitry and compact electronic modules requiring little if any calibration.
Furthermore, test instrumentation calibration is also in demise because less test equip-
ment is being employed. Normally a defective component is replaced en toto without
regard aboard ship for finding the particular fault in the component. The functions
are beyond normal shipboard electronic maintenance activities.

In the RD rating there are a significant number of individuals NOT CHECKED OUT on
many of the tasks. This is probably due more to a nonapplicability of those tasks to
that rating than to a lack of sufficient training. This is to a degree verified by the
findings in Appendix E where it was demonstrated that for most job activities there are
a very high proportion of individuals in that rating who either do not work at the job
activities or received EUE = 0 and EUI = 0 from their supervisor. It is possible that
the nonapplicability of many of the tasks to the RD rating did give erroneous TP scores
for this rating and depressed the validity coefficients (see Table 12). A more detailed
study than the present one would be regtered to come to a definite conclusion on this
issue.

As shown in Table 14 and the RM rating, Job Tasks 2 and 4 are not in agreement with
the underlying order of job tasks, but Job Task No. 6 is in a proper position for this
rating. It seems that a reordering of the first five job tasks on the TPCF would allow
this instrument to be more applicable to this rating. It would probably require a
minor research effort to revise the tasks in the RM rating.

9
It is important to note that none of the conclusions of previous sections would be

altered with this modification because the TP score (or TPC level) is independent of the
hierarchial classification. Those variables are dependent only upon the number of job
tasks an individual was CHECKED OUT on, and not upon the order of the CHECKED OUT tasks.
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TABLE 14

JOB TASK ANALYSES

EM Frequencies (N . 97)

Job Task 1o. 1 2 3 4 5 6 7 8

Checked Out 95 87 87 77 75 43 63 55

Not Checked Out. 2 10 10 20 22 54 34 42

ET Frequencies (N 173)

Job Task No, 1 2 3 4 5 6 7 8

Checked Out 168 147 164 165 126 96 129 i32

Not Checked Out 5 26 9 8 47 77 44 41

FT Frequencies (N = 154)

Job Task No. 1 2 3 4 5 6 7 8

Checked Out 148 125 134 143 116 93 100 102

Not Checked Out 6 29 20 11 38 61 54 52

IC Frequencies (N 58)

Job Tau!, No. 1 2 3 4 5 6 7 8

Checked Out 57 45 49 44 41 26 33 27

Not Checked Out i 13 9 14 17 32 25 31

RD Frequencies (N 139)

Job Task No. 1 2 3 4 5 6 7 8

Checked Out 136 27 38 50 97 8 8 26

Not Checked Out 3 112 101 89 42 131 131 113

RM Frequencies (N 137)

Job Task No. 1 2 3 4 5 6 7 8

Checked Out 135 88 100 88 113 46 27 13

Not Checked Out 2 49 37 49 24 91 110 124

ST Frequencies (N 152)

Job Task No. 1 2 3 4 5 6 7 8

Checked Out 144 118 119 117 121 103 77 80

Not Checked Out 8 34 33 35 31 49 75 72

TM Frequencies (N 39)

Job Task No. 1 2 3 4 5 6 7 8

Checked Out 38 31 32 31 34 14 18 8

Not Checked Out 1 8 7 8 5 25 21 31

*The reader is cautioned that a score of NOT CHECKED OUT on a task does not dif-
ferentiate between whether a technician really cannot be trusted with doing the task
on his own without direct supervision or whether he was given a score of NOT CHECKED
OUT because he does not work at that task.
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Conditional Frequencies for Job Tasks

Appendix J provides tables of a more detailed analysis of some observations on the
TPCF. In particular the Job Task Conditional Frequency is given by rating; i.e., for
a given task, the number of individuals who were CHECKED OUT on each easier task given
they were at most CHECKED OUT on the given task. Those tables should provide more in-
sight into thiElerarchial classification of the job tasks and also a relative level of
technician competency by rating.

To illustrate the use of the tables prepared in Appendix J, consider Table 15. This
table represents the Job Task Conditional Frequencies for the EM rating as can be found
in Appendix J, page J-4.

TABLE 15

EM RATING CONDITIONAL FREQUENCIES (N = 97)

Job Task

8 7 6 5 4 3 2 1

55 46 33 50 50 50 52 55

17 4 13 14 17 17 17

6 6 5 5 4 6

6 5 6 6 6

3 3 3 3

6 5 6

0 0

2

The number of men that were not checked out on any job
task is 2.

From the first row of Table 15, 55 of the 97 EM's were CHECKED OUT at most on
Job Task No. 8. Of those 55 men, 46 were also CHECKED OUT on Job Task No. 7 (the next
easier task), 33 weCTIETREFOTT on Job Task No. 6, ..., and finally all 55 men were
CHECKED OUT on Job Task No. 1 (the easiest task). Continuing, from the second row of
the Conditional Frequency table, 17 of the 97 EM's were CHECKED OUT at most on Job
Task No. 7 (i.e., none of those 17 men were CHECKED OUT on Job Task No.817 Again,
of those 17 men, 4, 13, 14, 17, 17, and 17 were also CHECKED OUT on Job Task No.'s
6, 5, 4, 3, 2, and 1 respectively. Finally, only 2 men were CHECKED OUT on Job Task
No. 1, i.e., none of those 2 men were CHECKED OUT on a more difficult task. Also,
there were 2 men in the EM rating that were not CHECKED OUT on any of the eight tasks.
Clearly then one would expect any row of a Conditional Frequency table to contain al-
most identical entries, i.e., if the job tasks are truly hierarchial and representative
of tasks in that rating.
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Consider now Apperdix J, page J-4, and the Conditional Frequency table. From the
first two rows of that table, most of the EM's CHECKED OUT at most on Job Tasks 7 and
8 were also able to complete the easier tasks, except for Job Task i;o. 6. Again, that
task is very much out of place in the order of job tasks. There is a low degree of in-
competence present for 13 percent of the EM's could be CHECKED OUT at most on no more
than Job Task No. 4. However, it must be realized that this re.F.oIt could also be due
to the possibility that many of those individuals simply do not work at a more difficult
task than Job Task No. 4.

The ET, FT, ST, and TM ratings (Appendix J, pages J-5, J-6, J-10, and J-11 respec-
tively) demonstrate practically the same results for the Conditional Frequency tables
as the EM's. For those ratings 8, 10, 9, and 13 percent were CHECKED OUT at most on no
more than Job Task No. 4 respectively. The IC, RD, and RM ratings demonstrated 21, 30,
and 17 percent. These remarks illustrate the practicality of the TPCF as an instrument
for evaluating the competency level of particular ratings and for isolating those job
tasks requiring further training by electronic maintenance technicians.

It is to be noted that as in the EM rating, Job Task No. 6 is inconsistent in most
of the other ratings with respect to its proper order in the eiglt job tasks.

Joint Frequencies for Job Tasks

Appendix J also provides the Job Task Joint Frequencies by rating. For each rating
this is the number of individuals who were CHECKED OUT on any two given tasks. Use of
the Joint Frequency tables is illustrated by Table 16.

TABLE 16

EM RATING JOINT FREQUENCIES (N = 97)

1 2 3 4 5 6 7 8

95 87 87 77 75 43 63 55

87 84 73 70 40 63 52

87 71 69 40 62 50

77 69 40 56 50

75 42 56 50

43 35 33

63 46

55

From the first row of Table 16, 95 of the 97 EM's were CHECKED OUT on Job Task No.
1, 87 (of the 97 EM's) were CHECKED OUT on both Job Task No.'s 1 and 2, 87 were CHECKED
OUT on Job Task No.'s 1 and 3, ..., and 55 (Of the 97 EM's) were CHECKED OUT on Job
Task No.'s 1 and 8. Similarly, from row 2 of the Joint Frequency table, 87 (of the 97
EM's) were CHECKED OUT on Job Task No. 2, while 84, 73, 70, 40, 63, and 52 (of the 97
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EM's) were CHECKED OUT on both Job Task No. 2 and Job Task No. 3, 4, 5, 6, 7, and 8
respectively. It is well to note that the diagonal entries of this table corresponds
exactly to the frequency entries for the CHECKED OUT case given in Table 14.

Just as in Table 15 on the Conditional Frequencies one would expect that any row of
that table to have almost identical frequencies, in a Joint Frequency table one would
expect any column to contain identical frequencies. For example, completion of Job Task
No. 5 should also insure completion of Job Tasks 1, 2, 3, and 4. Likewise, the rows of
the Joint Frequency tables should illustrate decreasing frequencies for being CHECKED
OUT on a task does not insure being CHECKED OUT on a more difficult task.

From the Joint Frequency tables (Appendix J, pages J-4, J-5, J-6, J-7, and J-11)
for the EM, ET, FT, IC, and TM ratings respectively, the previously mentioned patterns
that are illustrated by a Joint Frequency table are demonstrated except for Job Task
No. 6. This is consistent with the analysis on the Conditional Frequency tables. The
ST rating conforms almost exactly to the expected patterns for a Joint Frequency table.
Unfortunately there are a few instances in which the Conditional Frequency table for that
rating deviates from the expected pattern. In any event the task descriptions on the
TPCF are very descriptive of the ST rating job tasks.

The RD rating Joint Frequencies (page J-8) illustrate the general lack of patterns
characteristic of a Joint Frequency table. The RM rating Joint Frequencies (page J-9)
more closely conform to the desired patterns but still leave something to be desired.

Multiple Comparisons of Ships and Ratings

From either a research or applied point of view it is often necessary to compare the
performance levels of various ships or ratings. Such comparisons may be employed to com-
pare ships (or ratings) relative to mean performance levels. However, such comparisons
can also offer a basis upon which to formulate a decision as to whether a particular
ship configuration of men and/or equipment is, or is not, detrimental to ship/rating
performance. In a similar fashion, policy making decisions also can be evaluated with
respect to their influence on the performance of ships or ratings affected by that policy.

In this section the main subject of concern will be the development and justification
of a technique fc' performing pairwise comparisons between ratings and between ships on
the basis of mear performance levels with respect to some variable. The variables to be
considered are the SRE, PRE, GRE, WRE, and the selected criterion variable TP score. In

general this subject falls under the area of multiple comparisogA arising from an Analysis
of Variance (AOV) of.ship/rating effects. The particular model to be considered will
be a two-way fixed effects design with an unequal number of observations for the ship/rating

10It is assumed that each observation yik on the kth individual in the ith ship :1
the jth rating is due to an overal", effect GI, a ship effect (ai), and a rating effect
(sp. Furthermore, a general mode', addresses the question of the existence of significant
row-column interaction (6.11) upon each observation. In particular this report addresses
the additive model of the form

Yijk ai Bj 6ij eijk

where eiik is an error term associated with, the above model. In this situation it is a
two-way fixed effects design with an unequal number of observations in the i-j th cell.

34



combinations (see Table 1). Choice of this model requires the verification of normality
of the selected performance variable over the main effects, homogeneity off the variances
of the main effects and independence across and between the main effects.' The main
effects are "ships" and "ratings." That performance variable to be selected for per-
forming the multiple comparisons will, most naturally, be the one which best conforms
to the requirements for use of the model being considered and is most associated with
technician on-the-job performance.

Distributional Properties of the Performance Estimators

The g test statistic for normality was applied to the distribution of SRE, PRE, GRE,
and WRE values for the 949 technicians in the sample (combined locations). Table 17 il-
lustrates the results of this analysis.

TABLE 17

gi TEST STATISTIC VALUES FOR THE PERFORMANCE ESTIMATORS

SRE PRE GRE WRE

91 .5E07 -.4565 -4.7092 .7939

z 7.3265 -5.7599 -59.4129 -.5823*

*Because WRE scores (Figure 4) are almost normally dis-
tributed, a test statistic [4] similar to the gl test
statistic but more sensitive to departures from normality
due to kurtosis was applied to the WRE scores.

Recall that rejection of normality results if 1 z I > 1.96.

Clearly then the only estimatcr which appears to be normally distributed is the
WRE. This same analysis was appliied by location and rating with practically the same
results. In each case only WRE scores proved to be normally distributed, except for
isolated incidents of the other estimators. This characteristic of WRE scores is not
surprising as this situation is essentially an application of the Central Limit Theorem
as found in probability theory, see [12]. The lack of normality on the part of the
other estimators is not necessarily undesirable feature, but it is true that this
exercise does point out yet one more desirable feature of the WRE, namely, its general
normality.

Choice of a Variable

As previously noted it is necessary to choose an appropriate variable upon which
to base the multiple comparisons of ships and ratings. From the previous section -
Distributional Properties of the Performance Estimators - it was observed that WRE
scores possessed the unique characteristic among the performance variables (SRE, PRE,
GRE, and TP score) of being normally distributed. This characteristic of WRE scores is
most helpful particularly since homogeneity of variances in the ships, ratings, and

IIA search of the literature failed to locate a particular test to employ for
independence in the case of unequal numbers for the ship/rating combinations. See
Anderson [1] for the case of equal numbers.
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An identical ACV was executed as above but for the four ratings (EM, ET, FT, and
IC) for which the performance measurement technique was most promising. Table 19 re-
flects the results of this AOV.

TABLE 19

AN ANALYSIS OF VARIANCE FOR 21 SHIPS AND 4 RATINGS

Source
Degrees of
Freedom

Sum of
Squares

Mean
Square F Value

Total 482 192.0419

Between Ships 20 2.669 .1334 3.884*

Between Rating 3 .5621 .1874 5.4598*

Ship by Rating Interaction 60 4.0437 .0674 2.2975*

Residual 398 11.6747 .0294

*Indicates significance at the a = .05 level.

In either of the above two AOV tables there exists significant ship/rating inter-
action. This situation will not permit the comparing of any two of the main effects
under a two-way design because of the confounding of the main effects with the inter-
action terms. The only recourse is to test for significant differences in each ship,
across ratings, or in each rating, across ships. If the interaction terms were not
significant, it would be an easy matter to compare ratings and to compare ships by em-
ploying the entire set o.F data represented in the AOV's of Table 18 or Table 19, see
again Scheffe [15].

Testing for Significant Ship (Rating) Effects for a Particular Rating (Ship)

In order to develop comparisons between ships (for a fixed rating) and to develop
comparisons between ratings (for a fixed ship), this report will employ an AOV model"
resulting from a one-way fixed effects design with unequal numbers of observations
across, the main effects. Homogeneity of the variances across the main effects must be
assumed in this case for the usual tests are large sample tests and inapplicable for
ship/rating numbers less than ten (see Layard [14] and Table 1).

For present purposes only the AOV's, and subsequent multiple comparisons, will be
developed on the 21 ships participating in the project and the four ratings EM, ET, FT,
and IC. This will involve 25 different AOV's to be constructed and subsequently de-
veloped for multiple comparison of the main effects if the AOV indicates significant
main effects.

13This report will employ a model of the form

Yljk = eijk (j is fixed and i=1, ..., 21)

for testing for significant ship effects, and a model of the form

Yijk = eijk (i is fixed and j=1, 4)

for testing for significant rating effects. The subscript k is an index representing
the ktn man in that main effect.
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Initally the hypothesis of equality of mean WRE scores was tested for the four
ratings EM ,ET, FT, and IC for each of the 21 ships. This hypothesis was accepted
for 12 of the 21 ships. On the remaining 9 ships Scheffe's multiple comparison
technique was applied in searching for a possible significant difference between any
two (of the four) ratings on the basis of mean WRE scores. Table 20 reflects the re-
sults of these multiple - omparisons, each derived from a separate Analysis of Variance.
(The resulting 21 AOV tables are too extensive to be presented in this report).

Finally the hypothesis of equality of mean WRE scores was tested for the 21 ships
for each of the four ratings EM, ET, FT, and IC. This hypothesis was rejected for each
of the four ratings. No significant differences were found between any pair of the
ratings using Scheffe's multiple comparison technique. This is not an inconsistent
result, for this could be a result of trying to perform too many multiple comparisons
(therefore, increasing the comparison error rate) and/or the effect referenced in the
footnote of Table 20.

TAELE 20

MULTIPLE COMPARISON OF FOUR RATINGS ON NINE SHIPS*

Ship
Highest
Mean WRE

Lowest
Mean WRE

a EM FT ET IC

b FT ET EM IC

c EM ET IC FT

d ET FT EM IC

e IC EM ET Fr**

f IC ET FT EM**

g FT IC EM ET

h EM ET IC

i EM ET FT

*For each ship a line under two ratings sig-ifies no
significant difference between the ratings.

**It is important to note that while no differences
in rating means were detected, the rejection of the null
hypothesis of the equality of rating means is not in
error. This only implies that some contrast other than
those contrasts testing rating differences lead to that
rejection, see Ferguson [8, pp. 279-283].
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Association Between Demographic and Performance Variables

Usually it is of interest from either a research or applied point of view to esti-
mate school success, final grade, etc. of an individual in some training program or
school by employing such predictor variables as the Basic Test Battery (BTB) scores - GCT,
ARI, MECH, and CLER scores or combinations of those scores. Typically BTB scores are
used to predict actual school success which in turn is viewed as being the best available
measure of potential job success. Seldom, however, are direct measures of on-the-job
performance available as those developed in the current study. Accordingly the relation-
ship between the BTB scores - GCT, ARI, and Skill (GCT + ARI) - and measures of on-the-job
performance - SRE, PRE, GRF, WRE, and TP score - was investigated.

Besides the BTB scores, other available predictor variables were also considered
under the general heading of demographic variables. In this report the demographic
variables to be considered are: months known by supervisor, months on current job
assignment, GCT score, ARI score, SKILL (GCT + ARI) score, and A, B, and C school final
grade. The performance variables that will be employed to relate to on-the-job technician
performance are the eight reliability ratios relative to the job activity factors on the
JPQ ANSWER SHEET, and the variables SRE, PRE, GRE, WRE, and TP score.

Utility of Demographic Variables in Performance Prediction

In order to determine the utility or effectiveness of the demographic variables
previously introduced to relate or be associated with on-the-job technician performance,
product-moment correlation coefficients were developed between those demographic vari-
ables and the performance variables. From this analysis it is possible to infer the
extent which the demographic variables may be viewed as linear predictors of the demo-
graphic variables.

Demographic Variable Prediction on Combined Locations

TWe 21 reflects the product-moment correlation coefficients that resulted when
the 949 technicians were considered. In that table there are many product-moment cor-
relation coefficients significantly different from zero, but they are of such low
magnitude. Now from a linear prediction standpoint, the multiple correlation coefficient
(R4) is related to the product-moment correlation coefficient (r ,v) by R2 = (x

is one of the demographic variables and y is a performance variable.) TOerefoT"e, from
Table 21, even for the largest r value observed, namely 0.217, the R- value for
this case is still a very low 0.047 for the degree of fit of the linear model to the
data (x is SKILL score and y is TP score). However, even with the low correlations
represented by the BTB scores, those scores do offer some hope of predicting on-the-job
performance as measured by the TPCF. The correlation coefficients reflect the degree
of association that is typically found between predictor variables and on-the-job
performance. However, these results show considerable promise for further research in
the area of the development of on-the-job performance measures.

Demographic Variable Prediction in the EM, ET, FT, and IC Ratings

In a similar manner product-moment correlation coefficients were developed between
the demcgraphic and performance variables for the technicians sampled from the four
more promising ratings EM, ET, FT, and IC. In Table 22 are the results of this analysis.
From this table the same observations as above can be made for this case since no pro-
duct-moment correlation is greater than 0.217, the largest previously observed. Also,
as in the above, some hope is offered by BTB scores for predicting on-the-job performance
as measured by the TPCF. The correlation coefficients, though suppressed, are still of
sufficient magnitude to warrant some promise for further research.

14Excluding B school final score which has such a low sample size represented.
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TABLE 21

DEMOGRAPHIC CORRELATIONS ON EIGHT RATINGS

N

Reliability Ratios

Ref
Mat

Equip
Op

Cir
Anal

Pers
Rel

Elec
Safe Inst

Elec
Pep

Elec
Cog

Mo known by super 948 0.032 0.068* -0.006 -0.020 0.038 0.001 -0.069* -0.036

Mo on current assign 948 0.029 0.106* -0.005 -0.034 0.057 -0.013 0.012 -0.009

GCT scores S09 -0.027 -0.C.:4 -0.048 -0.078* -0.014 -0.096* -0.050 -0.076*

ARI scores 909 0.018 -0.014 -0.030 -0.066* -0.031 -0.076* -0.039 -0.022

SKILL scores 909 -0.006 -0.029 -0.046 -0.095* -0.027 -0.100* -0.052 -0.057

A school final grade 774 0.089* 0.090* 0.046 0.038 0.017 0.082* 0.104* 0.101*

8 school final grade 16 -0.022 0.379 0.227 0.231 0.178 0.323 -0.044 0.300

C school final grade 264 0.016 0.077 0.006 0.000 -0.054 -0.009 0.119 0.079

N

Performance Estimators

SRE PRE GRE WRE TP Score

Mo known by super 948 -0.029 -0.038 0.055 0.011 0.086*

Mo on current assign 948 0.067* 0.036 0.044 0.070* 0.191*

GCT scores 909 -0.119* -0.100* -0.040 0.018 0.186*

ARI scores 909 -0.076* -0.066* -0.013 0.037 0.193*

SKILL scores 909 -0.111* -0.095* -0.034 0.032 (1.217*

A school final grade 774 0.142* 0.096* 0.084* 0.098* 0.070*

B school final grade 16 0.339 0.387 0.167 0.265 -0.173

C school final grade 264 0.041 0.027 0.047 0.092 0.091

*Significantly different from zero at the a = .05 level.
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TABLE 22

DEMOGRAPHIC CORRELAT:ONS ON FOUR RATINGS

Mo known by super

Mo on current assign

GCT scores

AR1 scores

SKILL scores

A school final grai,e

B school final grade

C school final grade

Rel'ability Ratios

N
Ref
Mat

Equip
Op

Cir
Anal

Pers
Rel

Elec
Safe Inst

Elec
Rep

Elec
Cog

481 -0.043 -0.021 -0.097* -0.055 0.025 -0.085 -0.062 -0.084

482 -0.035 0.093* -0.034 -0.044 0.064 0.032 0.031 -0.019

459 -0.045 -0.001 0.026 -0.072 -0.047 -0.013 0.008 -0.007

459 -0.002 0.014 0.026 -0.094* -0.035 0.L06 -0.008 0.032

459 -0.026 0.007 0.030 -0.093* -0.046 -0.003 0.001 0.014

323 0.086 0.107* 0.047 0.009 0.057 0.063 0.067 0.068

10 -0.342 0.322 0.103 0.129 -0.201 0.328 -0.225 0.250

164 0.004 0.051 -0.057 0.016 -0.103 -0.097 -0.018 0.085

N

Performance Estimators

SRE PRE GP: WRE TP Score

Mo known by rater 481 -0.083 -0.096* -0.005 -0.040 0.089*

Mo on current assign 482 0.017 0.014 0.088* 0.062 0.214*

GCT scores 459 -0.050 -0.081 0.008 0.065 0.172*

ARI scores 459 -0.033 -0.056 0.016 0.048 0.144*

SKILL scores 459 -0.0./ -0.077 0.014 0.064 0.173*

A school final grade 383 0.071 0.049 0.112* 0.125* 0.167*

B school final grade 10 0.022 0.213 -0.010 0.027 -0.265

C school final grade 164 -0.003 -0.045 -0.019 0.080 0.135

*Significantly different from zero at the a = .05 level.
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SUMMARY AND CONCLUSIONS

Summary of Data Analyses

Evaluation of the Performance Estimators

When evaluating a performanc.,, estimator it is initially of interest to consider the
degree to which that estimator c_al: in fact measure an individual's on-the-job perform-
ance. In order to address this particular aspect of the analyses it was necessary to
choose an appropriate criterion measure of on-the-job performance. The variable selected
as the criterion measure in this report was Technical Proficiency 'UP) score (or Tech-
nical Proficiency Checkout (TPC) level) as derived from the Technical Proficiency Check-
out Form (TPCF). Prior research efforts denonstrated that this variable was a viable
criterion variable. Initially triserial correlation coefficients were developed between
the TPC level and each of the performance estimators (SRE, PRE, GRE, and WRE) being
evaluated. Essentially due to the lack of normality of the continuous variable TP score,
triserial correlation lad to be considered inappropriate for the data collected in the
course of this project. Finally a curvilinear regression analysis was executed between
each of the performance estimators and TP score with an emphasis upon a least - squares
interpretation of the corresponding results.

When the entire sample of 949 technicians was considered, relatively low multiple
correlation coefficients corresponding to a linear, quadratic, and cubic model were
obtained. Furthermore, low product-momeot correlation coefficients were obtained for
some estimators. Due to these results it was decided that a more appropriate approach
to analyzing the data would be an analysis by rating. That is also a more appropriate
approach for job tasks or 3.)b activities would be more homogeneous within a particular
rating.

When the individual ratings were considered it could be concluded that of the four
perforrance estimators - SRE, PP.E. GRE, and WRE - the WRE possesses the greatest degree
of prrmise in all ratings. The o"ly exceptions occur for the ET and RD ratings in which
the GRE is slightly better and none of the estimators apply, respectively. The WRE is a
moderate estimate of absolute technician performanre,in the EM, ET, FT, and IC ratings
and a modest estimate of absolute performance in the RM, ST, and TM ratings. It is recom-
mfided tr.at the WRE be applied, in particular, upon the EM, ET, FT, and IC ratings for
purposes of comparing individuals or groups of individuals in those ratings. In fact,
it is suggested that in most analyses where the performance of an individual, or group
of individuals in those ratings is needed, (i.e., an estimate of the probability of ef-
fective performance is required) that the WRE be employed. Usually these analyses would
involve a classificatIcn or disr.ri7:Adtion of such individuals on the basis of their
present-day on-the-job performance. However, use of the WRE in the RM, ST, and TM ratings
is not as justified and tha.efore, if used in those ratings, it should be only with utmost
caution with regard to its low a7idity, as determined by the TPCF.

The Criterion Measure of On-the-Job Performance

Because the TPCF was employed as a criterion :easure of technician on-the-job
performance, an analysis of the extent to which its properties were verified by the
data collected in this project was considered. To achieve this end Conditional and
Joint Frequency tables were developed by rating to determine whether the hierarchial
classification of the job tasks was in effect and whether the job tasks were appropriate
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to present-day electronic maintenance activities. Results from those tables revealed
that only one job task - capable of calibrat n most of this unit's ecr.lipment with which
his rating is concerned - was mnre date t an t the other iob tasks. 14th this exception
the job tasks seemed to follow a hierarchial classifica, on in all but the RM rating,
and to a lesser degree in the RD rating. From these analyses it is suggested that the
following alterations be completed by a potential user before the TPCF is employed either
in an operatio; or research context:

1. An updating of the job task descriptions by rating. It is not
likely that a li-t of task descriptions can be developed that are
characteristic of the population of electronics maintenance person-
nel without being too general and not specific enough for their
intended use in any rating.

2. A verification of the hierarchial classification of the up-
dated task descriptions by rating.

3. Revision of the TPCF to include an answer column that would
reflect whether the technician actually works at the task descrip-
tion being considered.

4. Development of alternative test statistics that would reflect
the hierarchial classification of the job tasks Wch TP score does
not do. Suggested random variables to consider are:

X = the highest job task the technician is CHECKED OUT
on, or

Y = (X + TP score )/2.

Use of X in a rating is most warranted if the hierarchial clas-
sification is correct; if not, use of Y will "average" the effects
of X and TP score.

5. A validation, by rating that the TPCF is highly predictive of
on-the-job performance for that rating.

In conclusion it can be said that the TPCF represents the most promising of the
performance instruments evaluated. It is certainly the most easily administered and
offers the least amount of confusion to the evaluator. Furthermore, the possibility
of deriving competency levels from the Conditional Frequency tables offers an alter-
native procedure for comparing ratings or groups of technicians within a rating on the
basis of the proportion of individuals CHECKED OUT at most on a certain tuk. Although
such comparisons were not attempted in this report, it certainly is an appropriate topic
for future research on the TPCF.

Comparisons Between Ships and Ratings

Multiple comparisons between ratings and between ships was accomplished in this
report by means of appropriate fixed-effect additive Analysis of Variance (AOV) models.
Use of these models required the homogeneity of variances across the main effects (ships
and/or ratings), normality of the variable upon which the comparisons are to be based,
and independence of the observations across ships and ratings. The performance variable
selected, from among SRE, PRE, GRE, Wr., and TP scare, was that one which best conformed
to the above requirements and could be most associated with technician on-the-job per-
formance. Initially this involved the investigation of the distributional properties
of each of the performance variables. The distributions of the variables SRE, PRE, GRE,
and TP score were all shown to be non-normal for the subpopulations considered. This
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characteristic of those variables is only detrimental in AOV analyses for the case of
unequal number of observations for the ship-rating combinations, which was the case for
tha data collected in this report (see Table 1). Essentially the difficulty arises
when one attempts to apply a test of homogeneity of variances for the variable considered.
The standard tests for homogeneity of variance require normality of the variable con-
sidered.

Only the variable WRE could be termed normally distributed for all the subpopula-
tions considered. Furthermore, it was shown to be the most promising type of perform-
ance estimator, particularly in the EM, ET, FT, and IC rating. In view of these and
other related considerations it was the most optimal choice of a performance variable
upon which to base the multiple comparisons. Unfortunately, not all the requirements
for use of the AOV models to be employed were satisfied by the WRE, however, the
techniques employed to that end demonstrate the procedures that one should go throuo:
in order to validly apply the AOV models.

Initially a two-way fixed effects design was applied to the data. However, be-
cause significant interaction was found to exist between ships and ratings, this
necessarily forced multiple comparisions between ships (ratings) to be performed for
a fixed rating (ship). Twenty-five AOV's were executed in that event in order to detect
significant mean WR'c: scores between the four more promising ratings (EM, ET, FT, and IC)
for each of the 21 ships in he project and between the 21 ships for each of these four
ratings. No particular pattern seemed to emerge across ships as to which rating is
more proficient (in terms of mP!'n WRE scores). Furthermore, no pairwise significant
difference was detected betwe -ny two ships (for any of the four ratings).

In conclusion it would -oat the WRE is the most appropriate performance
variable upon which to base the multiple comparison of ships and ratings. However, it
would be a valuable exercise for a user to also include the other candidate performance
variables and choose that variable most appropriate to the characteristics of the data
collected. Likewise, the application of the appropriate variable for particular snip-
rating configurations may yield insignificant ship-rating interaction, thus eliminating
some of the difficulties encountered in this report. In particular it is the user's
responsibility to test the requirements and various configurations before deciding on a
particular technique for ,erforming multiple comparisons. It is hoped that the pro-
cedure employed in this r000rt offers some guidelines to the potential user for ap-
plication of the performance measurement technique being researched.

Analysis of Demographic Data

In addition to the performance data collected on the TPCF and JPQ ANSWER SHEET,
demographic data were collected by means of the Personnel Identification Information
Form (PIIF). The demographic variables that were subsequently studied were: months
known by rater, months on current job assignment, GCT and ARI scores, and A, B, and
C school final grades. Product-mcm,,..nt correlation coefficients were developed between
those variables and the SRE, PRE, ORE, WRE, TP score and each of the eight job activity
reliability ratios. Although the resulting correlations were low, some hope was offered
by GCT and ARI scores for predicitng on-the-job performance as masured by TP scores.
It is felt that further research in this area may reveal that Basic Test Battery scores
have some utility for predicting job performance levels.

Observations on the Use of Composite Reliability Values

It will be observed that many of the analyses chosen for ana'yzing the data rest
upon the particular characteristics observed in the data, e.g., distributional properties
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of the data. This is a reasonable and preff:red procedure to follow in order to form
an opinion based on the data collected. :lowever, there was one necessary, and arti-
ficial, revision of the fundamental characteristics of the original data that was re-
quired in order to arrive at a numeric estil,,,te of performance based on the estimators
SRE, PRE, GRE, and WRE. That revision, of cL,urse, involved the adoption of a con-
vention to estimate technician performance for those cases in which the technician
either does not work at a job activity or re-,eived EUE = EUI = 0. The choice of a
composite reliability value (Appendix F) to estimate technician performance in those
cases cannot be viewed as the most optimal choice. However, it is certainly a reason-
able and efficient means of employing the original data in order to ach:ewe per:trm-
ance estimates in those cases. Reasonable in the sense that this estimate is derived
as the individual job activity reliability ratios are derived, i.e., by totaling the
number of UE's and UI's observed and forming the ratio EUE/[EUE + EUI]. Therefore,
it should be no less objectional than are the reliability ratios. Furthermore, it is
efficient in the sense that no complicated mathematical procedure is required in order
to derive the composite reliability values.

The comT,osite reliability values were derived by location (Table F-2) and it was
those values which were subsequently employed throughout the remainder of the analyses
A better procedure would have been to derive a composite reliability value for the
total of N = 949 technicians and employ those values for subsequent analyses rather
than by the use of "per location" composite reliability values. However, as can be
observed in Table F-2, the composite reliability values do not differ significantly
by location except in two cases: Job Activity No. 7 in the RD rating and Job Activity
No. 3 in the TM rating.

Effect of the Convention on the Performance Estimates SRE, PRE,_and GRE

The Convention in the RD Rating

For the RD rating the composite reliability value is 0.0 for Job Activity No. 7 at
Location No. 2 (Table F-2). However, at Location No. 2 the RD's received SRE = PRE = 0.0
(see p. 3 and footnote 2) because all (but one) RD at that location either did not work
at Job Activity No. 7 or received EUE = EUI = 0 (see Table E-1). In addition to the
low SRE and PRE scores resulting from the use of this convention at Location No. 2, it
must be pointed out that low scores were likewise recorded for the TPCF at that location
(Table 4). This effect would result in a high degree of association between the pre-
dictor and criterion variables for the RD rating at Location No. 2 because low predictor
scores are corresponding to low criterion scores. This situation, however, is unique
to the RD rating at Location No. 2.

At Location No. 1 the situation of a high degree of association between the predictor
and criterion variables was not illustrated for the RD rating. As at Location No. 2,
most of the RD technicians are in the lowest TPC levels (Table 3) and every RD at Loca-
tion No. 1 did not work at Job Activity No. 7 or received EUE = EUI = 0 (Table E-1).
However, all the composite reliability values are high for Location No. 1 (see Table F-2)
implying that most likely the SRE and PRE are different from zero and of a large magni-
tude. This characteristic of the SRE and PRE would imply an inconsistency with the low
TPC levels recorded at Location No. 1. Namely, an inverse relationship has been created
at Location No. 1 essentially due to the convention that was adopted. That is high
predictor scores correspond to low TPCF scores in the RD rating, whereas at Location
No. 2, low predictor scores are associated with low TPCF scores. It may be said that
this effect at Location No. 1 has significantly contributed to the low correlation
values that were subsequently calculated (see Tables 6 and 7). However, in terms of
composite reliability values, the correlations are most correct at Location No. 1. Only
at Location No. 2, where as previously noted, there is an inconsistency in the composite
reliability values, were the performance estimators, SRE, PRE, and GRE able to correspond
to the low TPC levels and, thus, incidentally, produce higher correlations. Therefore,
the correlations obtained at Location No. 1 probably reflect the most accurate portrayal
of the use of composite reliability values.
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The Convention in Other than the RD Rating

Now except for the extreme case mentioned above in the RD rating, al! other com-
posite reliability values in Table F-2 are high. This is in close agreement with the
TPCF results (Tables 3 and 4) for the EM, ET, FT, and IC ratings. The distribution
of TPC levels for those ratings demonstrate a high concentration of individuals in
the highest level of technical proficiency. On the other hand, in the RM, ST, and TM
ratings, the distributon of TPC levels is uniform or demonstrate a higher concentra-
tion of technicians in the lowest level of technical proficiency, but the composite
reliability values are high.

Now it is difficult to generalize as to how the above observations are reflected
in the estimators SRE, PRE, GRE, and WRE for association with TPCF results. This de-
pends on the frequency with which the composite reliability values are used (Table
E-1). However, it seems true that the greater the frequency of use of the composite
reliability value the less agreement of the TPCF with the reliability estimators.

Cibservations on the Use of Composite Reliability Values

As with any convention one employs, there seems to be a degree of artitir;ality in
the composite reliability values, for it would probably be easy to select a convention,
by rating perhaps, which would allow the estimators to have a significant degree of
promise in all ratings. This, of course, is a most inappropriate means by which to
evaluate an estimator. However, results of this research effort seem to indicate that
it is not the use of any convention that is posing difficulty, but rather its overuse.
As discussed in Appendixi E, there were 42 (out of 164) rating-job activity combinations
where the convention had to be employed on at least one-third of the technicians in
some job activity and rating. Such a high use of a convention can only force the
individual performance estimates (in particular the SRE, PRE, and GRE) to more reflect
the effect of the convention rather than individual performance.

This observation is further reinforced with the WRE by the frequency with which
must employ the convention. This estimator only employs the convention for the

case in which the technician received EUE = EUI = 0. The case in which the technician
did ,cit work at the job activity is ignored by this estimator. Table K-1 reflects the
improvement in nonuse of the convention. It is believed that in no small way does con-
sidering only the job activities a technician works at and then appropriately weighting
those to form a reliability value permit a greater reflection of individual performance
and subsequently a greater degree of association with the TPCF.

Conclusions

In conclusion the more promising estimator of electronic maintenance performance
as a function of uncommonly effective and uncommonly ineffective performance incidents
is a performance estimator similar to the Weighted-Average Reliability Estimate (WRE).
This conclusion is made under the assumption that composite reliability values are
employed in those job activities in which a man does not work at or received EUE = EUI = O.
However, even this estimator cannot be recommended for general use t5ithin the U. S. Navy
at the present time. Only in the EM, ET, FT, and IC ratings is its use presently war-
ranted, while application in the RM, ST, and TM ratings is tenuous. It is suggested
that before this estimator is employed in other ratings that the appropriate job task
analysis and isolation of job activity factors be completed before a validation effort
is attempted in that rating, perhaps similar to the procedures conducted in this report.
That it is necessary to perform a validation effort was illustrated in this research
effort by the results obtained in the RD rating. It would seem that it is too much to
assume that the technique can be automatically applied to other ratings with even
similar job activities.
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Finally, the results of this research effort do demonstrate that the performance
measurement technique being researched does have a large degree of potential for practical
application on specific ratings within the U. S. Navy. In particular, the detailed
analyses of the Technical Proficiency Checkout Form (TPCF) demonstrated the potential
of that instrument to isolate job tasks which may require further training on the part of
some technicians. Likewise the Job Performance Questionnaire can also be employed to
isolate those individuals of potential detrimental performance levels in terms of ex-
cessive uncommonly ineffective incidents of performance. Even though such instruments
are completed by the technician's immediate supervisor, as opposed to an unbiased eval-
uator, those positive qualities of the performance measurement instruments can prove to
be most valuable even if 7_,,ne is not interested in deriving an estimate of the probability
of effective performance or the technician evaluated. Therefore, short of a procedure
which allows for a completely unbiased evaluator, the technique must be given credit for
being perhaps the most viable performance measurement technique presently available and
of being of greatest potentital value to the U. S. Navy.
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PERFORMANCE EVALUATION INSTRUMENTS
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JOB PERFORMANCE QUESTIONNAIRE

Name of Supervisor Rating Ship or Unit

Instructions to Supe_visur. The purpose of this form is to determine the
number of effective and ineffective performances you have observed amongyour
men during the past two months. We are only interested in the uncommonly e f -
f e c t J a e and the uncommonly ine f fect ue performances.

List below the names of all the men under your supervision who are currently
striking for, or in any of the following ratings: DS, EM, ET, FT, IC, MT, RD, RM,
ST, TD, TM (AE, AY, AQ, AX). If you supervise more than one of these ratings,
please form for each rating.

Now, considering the fleet electronic maintenance objectives, enter your estirn-ite
Ji the number of uilcon-i:no;,ly effi!etive (CE) mad uncommonly ineffective (L:I) per-
formances during the past two months for each man being rated. Please refer to the
definitions lists for the meanings of the JOB ACTIVITIES and of the OBJECTIVES
involved.

The first line has been filled in as an example. The supervisor completing the
example felt that Peter Smith had ten unusually effective performances and two
unusually ineffective pc .7(:-rn:ic'es while performing Electronic Circuit Anal-
;es when considered against :lie objectives of fleet electronic maintenance. He
also felt that Smith sh.-iwed two uncommonly effective performances in the area of
Electrosafety and four uncommonly ineffective performances in Instruct ion.

If a man has not had an opportunity to pe :form in a particular area, enter a dash ( -);
if he has had an opportunity but has not shown any uncommonly effective or ineffec-
tive performances, enter a zero (0).
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T E C H f i I C A L FIROFil C I Ell C EC-KOU T FORM

NAME OF SUPERVISOR

FULL NAME OF MAN EVALUATED

SHIP OR UNIT

RATING/RATE

LOCATION DATE

TASK DESCRIPTION

1. Capable of employing safety precautions most
of this units equipment with which his rating
is concerned.

2. Capable of replacing. most of this unit's equip-
ment with which his rating is concerned.

3. Capable of removing most of this unit's equip-
ment with which his rating is concerned.

4. Capable of following block diagrams for most of
this unit's equipment with which his rating is
concerned.

5. Capable of knowing relationship of equipment to
other related which his rating
is concerned.

NOT
CHECKED CHECKED
OUT OUT

I 1

1 1

I i

If

6 Capable of calibrating most of this unit's equip- 0
ment with which his rating is concerned.

7 Capable of trouble-shooting/isolated mal-
function(s) in most of this unit's equipment
with which his rating is concerned.

8. Capable of employing electronic princijles
involved in maintenance of most of this unit's
equipment with which his rating is concerned.

n
MAKE CERTAIN THERE IS AN "X" IN A BOX OPPOSITE EACH TASK DESCRIPTION

A-5

Cf



P
E
R
S
O
N
N
E
L
 
I
D
E
N
T
I
F
I
C
A
T
I
O
N
 
I
N
F
O
R
M
A
T
I
O
N
 
F
O
R
M
 
(
P
I
I
F
)

N
A
M
E
 
O
F
 
S
U
P
E
R
V
I
S
O
R

R
A
T
I
N
G
/
R
A
T
E

D
A
T
E

S
H
I
P
 
O
R
 
U
N
I
T

L
O
C
A
T
I
O
N

F
I
N
A
L
 
M
A
R
K
.

A
S
c
h
o
o
l

B
S
c
h
o
o
l

0
.0

0
0

0
.0

0

1
1

.1
1

1
1

,1
1

\2 3

2
.2

2
2

2
.2

3
.3

3
3

.3
3

\
4

4
.4

4
4

4
.4

4

\ 5
5

.5
5

5
5

.5
5

6
6

.6
6

6
6

.6
6

\8
7

7
.7

7
7

7
,7

7

8
.8

8
8

8
.8

8

9
_
_
9

,9
9

,2
9

.9
9

C
S
c
h
o
o
l

0
0

.0
0

1
1

.1
1

2
2

.2
2

3
3

.3
3

4
4

4

5
5

.5
5

6
6

,6
6

7
7

.7
7

8
8

.8
8

C
L
A
S
S
 
S
T
A
N
D
I
 
G

0
0

0
0

0
0

0

1
1

1
1

1
1

1
1

1

2
2

2
2

2
2

2
2

2

3
3

3
3

3
3

3
3

3
4

4
L

e
4

L
I

4
4

4

5
5

5
5

5
5

5
5

5

6
6

6
6

6
6

6
6

7
7

7
7

7
7

7
7

7
8

8
8

8
8

8
8

8
8

9
9

9
9

9

C
L
A
S
S
 
S
I
Z
E

0
0

0
1

1
1

1
1

1
1

1
1

2
2

2
2

2
2

2
2

2
3

3
3

3
3

3
3

3
3

4
4

L
I

4
14

4
4

4
4

5
5

5
5

5
5

5
5

5

6
6

6
6

6
6

6
6

6

7
7

7
7

7
7

7
7

7

8
8

8
8

8
8

8
8

8
9

9
9

9
9

9
9

9
9

G
C

T
A
R
I

M
E
C
H

C
L
E
R

Y
r
s
.
 
E
d
.

0
O

'
1

1
2

2
3

3

5
5

6
6

7
7

8
8

9
9

0
0

1
1

2
2

3
3 4 5

6
6

7
7

8
8

9
'9

0
0

0
0

1
1

1
1

2
2

2
2

3
3

3
3

5
5

5
5

6
6

6
6

7
7

7
7

8
8

8
8

9
9

9
9

0
0

1
1

2
2

3
3

4
4

5
5

6
6

7
7

8
8

9
9

T
e
c
h
n
i
c
i
a
n
'
s

B
i
r
t
h
d
a
t
e

J
a
n

F
e
b

1
9 0

0

21
1 2

3
3

4
4

6
6

7
7

5
5

I
I
I

e
e

e
e

e
e

e
e

e
e

e
e

zr
")

9
41

1 
[-

>
g
g
g
g
g
g
g
g
g
g
g
:
 
m
;

T
e
c
h
n
i
c
i
a
n
'
s
 
l
o
n
t
h
s

i
i
i
i
i
,
i
i
i
i
i
i
i
z
 
f
.
t
,
,

J
o
b

I
l
l
k

k
k

k
k

k
k

k
k

k
k

k
1:

1.
-

o
n
 
C
u
r
r
e
n
t

K
n
o
w
n
 
b
y

j
j
 
J
i
i
i
i
J
J
J
J
J
3
.
 
'
,
-
.

S
u
p
e
r
v
i
s
o
r

A
s
s
i
g
n
m
e
n
t

1
1
1
1
-
1
1
1
1
1
1
1
1
=
 
,
'
,
,
.
'
,

2
2

3
3

1
1
2
3

2

i
l
l
t

3
P

P
P

P
P

P
P

P
P

P
P

vc
c

..n
z

0
0

0
0

m
m

m
m

m
m

m
m

m
m

m
m

z7
0; 1)

A

11
1 

q
5

r
r
r
r
r
r
r
r
r
r
r
r
Z
T
,
1

4
4

4
q

q
q

q
q

q
q

q
q

q
q
q
.
c
0

5
5

5

8
8

I 8
8

ut
t

M
a
r

A
p
r

J
u
n

J
u
l

A
u
g

S
e
p

O
c
t

N
o
v

D
e
c

7
7

_7
7

T
e
c
h
n
i
c
i
a
n
'
s

M
o
n
t
h
s
 
o
f
 
A
c
t
i
v
e

D
u
t
y
 
S
e
r
v
i
c
e

U
S
N

U
S
N
R

0 1 2 3 4 5 U 7 8

0 1 2 3 5 6 7 8 9

0 1 2 3 5 6 7 8

0 1 2 3 5 6 7 8 9

i

D
I
R
E
C
T
I
O
N
S

U
s
e
 
a
 
#
2
 
p
e
n
c
i
l
 
o
n
l
y
.

B
l
a
c
k
e
n
 
t
h
e
 
a
n
s
w
e
r

r
e
c
t
a
n
g
l
e
 
c
o
m
p
l
A
e
l
y
.

C
l
e
a
n
l
y
 
e
r
a
s
e
 
a
n
s
2
r
s

y
o
u
 
w
a
n
t
 
t
o
 
c
h
a
n
g
e
.

E
r
a
s
e
 
a
n
y
 
s
t
r
a
y
 
m
a
r
k
s
.

'
T
E
C
H
N
I
C
I
A
N
'
 
i
s
 
t
h
e
 
m
a
n
 
b
e
i
n
g
 
e
v
a
l
u
a
t
e
d
.

I
n
 
t
h
e
 
b
o
x
e
s
 
j
u
s
t
 
b
e
l
o
w
,
 
p
r
i
n
t
 
a
s
 
m
u
c
h
 
a
s

p
o
s
s
i
b
l
e
 
o
f
 
t
h
e
 
T
E
C
H
N
I
C
I
A
N
'
S
 
N
A
M
E
.

S
t
a
r
t
 
w
i
t
h
 
-

h
i
s
 
l
a
s
t
 
n
a
m
e
,
 
p
r
i
n
t
 
o
n
e
 
l
e
t
t
e
r
 
t
o
 
a
 
b
o
x
.

L
e
a
v
6

o
n
e
 
h
o
x
 
b
l
a
n
k
,
 
t
h
e
n
 
p
r
i
n
t
 
h
i
s
 
f
i
r
s
t
 
n
a
m
e
;
 
l
e
a
v
e
:

.

a
n
o
t
h
e
r
 
b
o
x
 
b
l
a
n
k
,
 
t
h
e
n
 
h
i
s
 
m
i
d
d
l
e
 
n
a
m
e
,
 
e
t
c
.

'
m

il
I

I
1_

1_
_L

-
il

a 
aa

aa
aa

aa
aa

."
I

i
1

b
b

b
b

b
b

b
b

b
b

b
b

g
i
l

.=
.-

g,

lo
c

c
C

C
c

c
c

C
c

c
'

c
C

,
7
.

:
7

d
d

d
d

d
d

d
d

d
d

d
d

zp
-4

V
V

V
V

V
V

V
V

V
vt

'.3
3:

i
w

w
w

w

x
x

Y
.

x
X

x
Y

Y
Y

Y
Y

Z
Z

7
Z

Z

T
e
c
h
n
i
c
i
a
n
'
s

a
t
i
n
g

a
y
g
r
a
d
e

E
M

E
T

F
T I
C

R
D

R
M

S
T

T
M

E
-
1

E
-
2

E
-
3

E
-
4

E
 
-
5

E
-
6

E
-
7

E
-
8

E
 
-
9

x
x

Y
Y

z
z

x
x

-
Y z

z

T
e
c
h
n
i
c
i
a
n
'
s
 
S
o
c
i
a
l
 
S
e
c
u
r
i
t
y
 
N
o
.

o
o

0
0

o
0

0
0

°

1
1

1
1

1
1

1

2
2

2
2

2
2

2
2

2
-

3
3

3
3

3
3

3
3

3
z;

4
4

4
4

4
4

4
4

4

5
5

5
5

5
5

5
5

6
6

6
6

6
6

6
6

7
7

7
7

7
7

7
7

8
8

8
8

8
8

3
8

8
9

9
9

9
9

9
9

9
9

1;



DESCRIPTION OF JOB ACTIVITIES

JOB ACTIVITY DESCRIPTION

1. Using Reference Materials--includes the following type of activities:

e. use of supporting reference materials
b. making out reports

2. Equipment Operationincludes the following type of activity:

a. operating equipment, electrical and
electronics test equipment, and
other electronic equipments

3. Electronic Circuit Analysis--includes the following type of activities:

a. understanding the principles of
electronic circuitry

b. making out failure reports
c. keeping records of maintenance

usage data

4. Personnel Relationships -- includes the following type of activity:

a. supervising the operation, inspection,
and maintenance of electronic equip-
ments

5. Electro-safety--includes the following type of activity:

a. using safety precautions on self and
equipment

6. Instruction--includes the following type of activity:

a. teaching others how to inspect,
operate, and maintain electronic
equipments

7. Electro-repair--includes the following type of activity:

a. equipment repair in the shop

8. Electro-cognitionincludes the following type of activities:

a. maintenance and troubleshooting of
electronic equipments

b. use of electronic maintenance
reference materials
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MEANINGS OF FLEET ELECTRONICS MAINTENANCE OBJECTTJES

1. Readiness

To maintain efficiently Self, subordinate personnel, equipment,
and systems in state of readiness consistent with fleet requirements.

2. Performance

To complete any given mission in minimum time with appropriate
level of accuracy and reliability.

3. Operation

To obtain optimum system output when equipment is operated, i.e.,
output characterized by precision and variability appropriate to mission.

4. Safety

To carry out duties with maximum protection for men and equip-
ment consistent with mission.

5. Preparation

To prepare for personnel requirements of present and future equip-
ment, systems, and situations through use of training programs, maintenance
of high morale, etc.
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APPENDIX B

DATA COLLECTION PROCEDURES
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PROCEDURE EMPLOYED IN DATA COLLECTION

The data collection effort originated by requesting of CINCPACFLT
and CINCLANTFLT that ships (Destroyer-type vessels) and men (in the
electronic maintenance ratings EM, ET, FT, IC, RD, RM, ST, and TM)
be considered for participation in this project, It was requested that
initially a project coordinator at an appropriate fleet command be
assigned in order to coordinate the efforts of the project researchers
from NAVPERSRANDLAB and ship liaison officers. Favorable response from
both fleet commands resulted in the assignment of the following project
coordinators:

LCDR G. W. Dunne
Flag Secretary
Cruiser-Destroyer Flotilla Nine
FPO San Francisco, CA 96601
(located at the U.S. Naval
Station, San Diego, CA)

RDCS C. J. Masterson
COMCRUDESLANT Staff
CRUDESLANTFLT
FPO New York, N. Y.
(located at the U.S. Naval
Station, Newport, RI)

The duties and responsibilities of the project coordinator may be
outlined as:

1. identifying the ships available for participating
in the project.

2. seeking the assignment of a liaison officer (usually
the senior electronics materials officer) aboard each
available ship to coordinate the data collection aboard
that ship.

3. scheduling the meetings between the ship liaison officers
and the project researchers.

4. making appropriate checks on the progress of the data
collection effort aboard each ship.

5. collection and reviewing for completeness of the data
forms before mailing all forms to NAVPERSRANDLAB.

Once the project researchers had established the ships and liaison
officers of those ships that were participating in the project, an initial
meeting was arranged between the ship liaison officers and the project
researchers. At this meeting the researchers explained the purpose of
the project and outlined the duties and responsibilities of a ship liaison
officer for completing the data collection effort aboard his ship. It

was emphasized that it would be the ship liaison off:cers responsibility
to perform all phases of the data collection effort aboard ship.

B-3



Each liaison officer was given a set of instructions (Appendix C)
which outlines in detail the steps he was to perform in order to complete
the data collection effort aboard his ship. Essentially it was required
that the liaison officer select immediate supervisors of men involved in
electronic maintenance activities in the EM, ET, FT, IC, RD, RM, ST, and
TM ratings who may participate in the project. Each liaison officer was
also given a set of Roster Forms (a sample of a Roster Form can be found
in Appendix C, page C-8). One Roster Form was completed by the liaison
officer for each supervisor participating in the project and it includes
a list of the men the supervisor is to evaluate. A technician occurred
on this list if that supervisor had been his immediate supervisor for at
least the past two months, length of the evaluation period, and the techni-
cian at that time was at most a petty officer second class in one of the
aforementioned ratings. In order to achieve the most reliable information
aid not to place too much of a burden on any one supervisor, the supervisor
was limited to evaluating no more than seven men - the seven, or less men,
he would be most knowledgable about with respect to their on-the-job
performance.

At the second and final meeting, the Roster Forms were returned to
the project researchers who gave a Xerox copy of these forms to the ship
liaison officer and the project coordinator. Using the Roster Forms the
project researchers completed packages of Performance Evaluation Forms,
one such package for each supervisor. Each package contained a set of
Instructions for the Supervisor for Completing Performance Forms (Appendix D),
a Xerox copy of the appropriate Roster Form listing the men that the super-
visor is to evaluate, and the appropriate number of sets of Performance
Evaluation Forms (discussed in the section, Data Collection Instruments),
one set for each technician the supervisor was to evaluate.

Upon returning to his ship, the liaison officer held a meeting with
the supervisors to explain the purpose of the project and to describe how
they were to complete the sets of Performance Evaluation Forms. Once the
supervisors had completed their evaluations, the liaison officer submitted
all forms to the Administrative Officer aboard his ship who provided the
additional demographic information on the men evaluated. After this exer-
cise the ship liaison officer returned all forms to the project coordinator.
The project coordinator, once he received the completed forms from all the
ships, mailed all forms to NAVPERSRANDLAB.
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APPENDIX C

INSTRUCTIONS FOR
SHIP LIAISON OFFICER

NOTE: The instructions on pages C-3 thru C-12
(pages -1 thru -5 of the text of the in-
structions and pages -1 and -1 thru -4
for enclosures (1) and (2) respectively)
of this report are paginated for publica-
tion. For economy of reoroduction, the
page nuibers were not changed for this
report.
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NAVAL PERSONNEL RESEARCH AND DEVELOPMENT LAFORATOR:
Washington, D. C.

Performance Evaluation Measures
Information to Ship Liaison Officers

Background

The general purpose of the present study is to further investigate
an economical and practical method for providing feedback information
regarding the readiness of Naval electronically oriented technical per-
sonnel specifically EM, ET, FT, IC, RD, RM, ST, and TM ratings) for
completing their assigned mission. Essentially, a result of the study
may include the application of a performance evaluative technique which
will allow continuous anc; quantitative answers to questions such as:
What is the current level of effectiveness of the maintenance personnel
in a given rating, ship, or squadron? How does the maintenance personnel
effectiveness level of a given rating, ship, or squadron compare with
that of other ratings, ships, or squadrons?

In a previous Office of Naval Research study, a unique performance
measurement technique was developed which the! Naval Personnel Research
and Development Laboratory is now con2erned with replicating in order to
establish its validity and to determine the practicality of this concept.
Basically, eight dimensions of the electronics maintenance ratings were
defined: (1) using reference materials, (2) equipment operation, (3)
electronic circuit analysis, (4) personnel relationships, (5) electro-
safety, (6) instruction, (7) electro-repair, and, (8) electro-cognition.
On the basis of a supervisor observing his men performing on the job,
he indicates the number of times that he saw unusually effective or
unusually ineffective performance demonstrated on each of tte eight job
dimension. rased upon the estimates of unusually effective/jneffective
behavior, meaningful measures of technician effectiveness can be estab-
lished. Further, tle individual t::cAinician effectiveness values
be further treated co form effectiveness indices for ratings, ships
and squadrons.

Because this effort is primarily concerned with replicariug a prior
study, any information provided by ship personnel will be used only for
esearch purposes by the Naval Personnel Research and Developmer Lab-

(DJ:atory and only to serve as a statistical data base for validating the
results of that prior study. Furthermore, any comparisons made between
ratings, ships, or squadrons will be used only for research purposes.



:tirgestcd !Mir Liaison Officer Assistance Plan

The steps outlined below are those as envisioned by the project
researchers which you may execute in order t.L- insure an efficient data
collection effort aboard your ship.

Completion of the Roster Forms

Either a projc.ct rosoarcner or the proect coordinator at CP114.1.ANT
has given you a set of Rostcr Forms (enclosure (1)) . To complete t'e
Rostc Forms you Je to select men involved in electronic maintenance
activities in the FM, FT. FT, IC, kI), P.M, ST, and TM ratings and immediate
supervisors of those men aboard your ship. Generally the men being
evaluated will be petty off -leers second class and below. The supervisors
may be either enlisted personnel or officers but must be the immediate
supervisors of the men they are to evaluate. They should have known mio
men they are evaluating fur least the past two months. Not all super-
visors of mt-m previo,:sly mc-Itioned ratings will qualify for partic-
ipation in tois project, however, is desired _that all individuals in
the above ratings participate. Once you have completed the Roster. Forms,
go to each supervisor to rarticipate i. this project and have him verify
that he is the immediate suDervisor of the men that you have selected for
him on the respective Roster Form.

Once the Roster i'orur have heart verified by the subervisors, send a
..opy 02 these f07-A.:' Lu

Mr. Bernard Rafacz
Naval. Personnel. Research

and Development Laboratory
Room 3315, Bldg. 200
Washil9ton Navy Yard
WashinF;ton, D. C. 20390

He is your contact man at Lill' Nov.1 Personnel Research and Development.
Laboratory. 1 you have anv problems or qv,stions conce-cned with the
ilAplementatiori of l_he irstrurtions, it may be possible for you co contact
him (AUTOVON 288-4457) or the project coordinator.

He will prepare the packages of Performance Evaluation Forms for
mailing to you. One such package is a blue folder containing a set of
Instructions to the Supervisor on the left inside cover and sets of
performinee evaluation forms on the right. On the front of each package
is a label with the name of the supervisor who is to complete the sets
of performance evaluation forms contained therein on the men for whom
he is their immediate supervisor.
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Briefing Each Supervisor

Once you have received the Packages of Performance Evaluation Forms
from the Naval Personnel Research and Development Laboratory, you are
now ready to distribute these forms to the supervisors participating in
this project. This may be done in one of two ways: 1) calling a meeting
of all supervisors ,so that you may distribut,2 the packages and brief them
as to their responsibilities all at one time, or, 2) meet individually
with each supervisor and instruct him on a personal basis as to his
responsibilities in completing the experimental forms.

It is your choice as to which procedure to follow, however, for ships
with only several sur-rvisors participating, the latte.r method may ho the
most convenient.

When meeting with the supervisor You should instruct him on the same
subject material as you were originally briefed either by the project
researcher or the project coordinator at CRUDESLANT. In particular,
you should guide the supervisor through his set of Iastructions, going
over the three SAMPLE pages of performance evaluation forms. Important
things to mention to the supervisor about the three forms in each set of
Performance Evaluation Forms are outlined below.

1. The Personnel Identification Information Form (PIIF)

The purpose of th s form is to provide various background
information on tec man being evaluated. The supervisors should
first of all supply LAI. information at the top of this form. Oelv
the background information to the right of the cross-hatched area
is to be supplied by the supervisor. Please tell him that he must
do this to facilitate the job of the Administrative Officer aboard
his ship. Because he is normally in everyday contact with the men
he is evaluating, it should not be too difficult to obtain this
infomation directly from the man being evaluated. The information
to the left of rosy- hatched area will be supplied by the
Administrative :er aboard your ship and so the supervisor
should not conc. himself with this section of the PITT. If for
some reason he cannot obtain some of the background information
from the man being evaluated, please have the Administrative
Office:7 supply this information at a later date. Particular
instructions for completing this form are given in the Supervisor's
Instruction Package. Please be sure that he understands these
instructions and the correct procedure for entering the requested
information on the blank PIIF Op-Scan Sheet in each set of
experimental forms.
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2. The Technical Proficiency Checkout Form (TPCF)

This form is designed to estimate tee level of technical com-
plexity at which a man is able to work without direct supervision.
The supervisor should ptovide the information at the top of the
TPCF. The eight task de;:criptions are listed in ascending order
of difficulty with task tlo. 8 identified as the most difficult
task. The supervisor is simply to record an "X" in the CHECKED OUT
Hoi- for each task which he fees the ranee is capable of performing
on his cwn without.direct supervision." Otherwise he should
record an "x" in the NOT CHECKED OUT box. The supervisor must be
certain there is an "X" in a box opposite each task description.

3. The Job Performance Questionnaie (JPQ) ANSWER SHEET

The JPQ ANSWER SHEET is undoubtedly the most difficult form we
are asking the supervisor to complete. However, the researchers
have tried to f.acititate the understanding of what information is
requested by giving explicit samples to each question to be answered.
In particular the JPQ ANSWER SHEET records estimates of the total
number of uncommonly effective (UE) and uncommonly ineffective (UI)
incidents of performance the supervisor has observed over a prior
two month period on the man being evaluated. Read page 7 of the
Supervisor's Instructions aloud to every supervisor and be sure
that he unc:erstands what he is expected to record on the JPQ ANSWER
SHEET. At the top of page 9 is a definition of what is generally
meant as an uncommonly effective or uncommonly ineffective per
formance However, the supervisor should not adhere strictly to
this definition. He would best know for his particular working
area what such performances are. .He should use the researchers
definition only as a guide to conceptualize upon the extremes of
performance.

Page 13 of the Supervisor's Instructions is a SAMPLE of a JPQ
AlSWER SWEET found in each set of performance evaluation forms.
The supervsor must review the table on page 9 together with the
sample ill order to understand where and how to record 11:;.s estimates
of the total number of UE and UI incidents of performance on the
JPQ ANSWER SHEET. Please review this table with him. Also remark
on the NOTE at the bottom of page 9.

QUESTION (c) on page 11 of the Supervisor's Instructions must
be answered in column (c) for each job activity. Please point
this out to the supervisor.

Three remaining questions given on pages 11 and i2 of the
Supervisor's instructions are to be answered in the lower corner
provided on the JPQ ANSWER SHEET. Finally the supervisor is to
place his social security account number in the space provided
on each JPQ ANSWER SHEET he completes.
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Instruct the supervisor that he will have approximately one
week to complete all forms for the men he is Lo evaluate. It is
important that he realizes that the Op-Scan sheets (the PIIF and
JPQ ANSWER SHEET) will be machine processed and therefore it is
essential that they remain as much in their original condition
as is possible. Once the supervisor compleces the forms, he must
return them to you in the original folder, as you submitted them
to him. You should review the forms as they are submitted and
check that all of the information that is requested has been
provided. Please be sure that each form of each set contains the
supervisors name and the technician's name in the proper locations.

4. Briefing the An.ninistrative Officer.

It is now necessary that you submit all packages to the
Administrative Officer aboard your ship Ln order that the Personal
Identification Information Form (PIIF) be crimplted for each man
evaluated. Enclosure (2) is a set of Instructions for the
Administrative Officer. You will have to request his assistance
in order that the information to the left of the cross-hatched
area on each PIIF be completed. All of this information may be
found in the personnel jacket of the man being evaluated. Com-
plete details for providing this information .re contained with-
in the Instructions to the Administrative Officer. To insure
that the forms are properly completed, you should review these
instructions with him.

Once the Administrative Officer has completed all the PIIFs and
returned all packages to you, from each set of Performance Evaluation
Forms remove the paper clip. (For Op-Scan purposes it is imperative
that the forms au:L. ..ot bent.) All completed packages and any extra
forms are to be given to the project coordinator. 7se will send them
back to Mr. Rafacz at the Naval Personnel Rcsearch and Development
Laboratory.
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SAMPLE
ROSTER FORM

Name of Liaison Officer LT George MerkZin Date 2 Jan 72

USS ROAN NewportShip Homeport Location

Immediate Supervisor Abner Smith

Names of Men to be Evaluated
Tom Henry Jones

George William KZ-Lack

Robeft Larry Lane

etc!.

Rating/Rate EMC

Rating/Rate

EM3

RMSN

ETN2

etc.

Enclosure (1)



NAVAL PERSCNNEL RESEARCH AND DEVELOPMENT LABORATORZ
WASHINGTON, D.C.

Instructions for the Administrative Officer
Completing the Personnel Identification

Information Form (PIIF)

Recently your ship and some supervisors of men in he electronic or
related ratings - EM, FT, ET, IC, RD, RM, ST, TM - aboard your ship have
been selected to participate in a performance evaluation program being
conducted by the Naval Personnel Research and Development Laboratory.
The men selected are immediate supervisors of personnel in those ratings.
The liaison officer aboard your ship in charge of coordinating the activ-
ities between the researchers and your ship for this program has given
each such supervisor a package of materials containing a Supervisor's
Instruction Package and sets of Performance Evaluation Forms; one set for
each man the supervisor is evaluating. Every sot of Performance Evalua-
tion Forms is made up of the following forms:

1. Personnel Identification Information Form (PIIF)
2. Technical Proficiency Checkout Form (TPCF)
3. Job Performance Questionnaire (JPQ) ANSWER SHEET

The supervisor will complete in part a set of Performance Evaluation
Forms for each man he is evaluating. Only the Personnel Identification
Information Form (PIIF) found in each set is to be completed by the Admin-
istrative Officer. In essence, this form records various background
information on the man being evaluated. Once the supervisor has completed
supplying the information requested on the set of Performance Evaluation
Forms, he will return them to the liaison officer who in turn will give
them to you, the Administrative Officer, in order that the PIIF in each
set be completed. For each. PIIF you receive, the supervisor was to have
supplied the information to the right of the cross-hatched area on this
form. The first thing you should do is to check over this section of the
form and see that all of the following information was provided for the
man being evaluated:

a. Technician's Name
b. Social Security Number
c. Birthdate
d. Months Known by Supervisor
e. Months on Current Job Assignment
f.

If Months of Active Duty Service (USN* and USNR**)
g. Rating and Paygrade

*Record 99 months for USN if the Technician's Months of USN Active Duty
Service equals or exceeds 99 months.

**Record 99 months for USNR if the Technician's Months of USNR Active Duty
Service equals or exceeds 99 months.

Enclosure (2)



If some information in this section is omitted, please provide it.
Use only a #2 pencil when supplying any information on this form. To aid
you in completing the PIIFs, page 4 of these instructions contains a sample
of a completed PIIF. From this sample yo4 will see that the following
information is obtained from the section of the form to the right of the
crosshatched area:

1. The supervisor is EMC Abner Smith located at Newport aboard
the USS ROAN and completed this form on 7 January 1972.

2. This supervisor was evaluating EM3 Tom Henry Jones whose social
security account number is 123-45-6789 and he was born in
March, 1948. He was known for 13 months by the supervisor,
and had been 15 months on his current j,b assignment. Jones
had served no USNR active duty time but had been on USN
active duty for 29 months.

One you have reviewed the sample on page 4 for that section, turn
your attention to the section of the PIIF to the left of the cross-
hatched area. The following table represents all of the information for
this section that
the man being evaluated.

Final Mark

Class Standing

Class Size

Years of Civilian

is to be provided

Item

b)

(Yrs. Ed.)

you from the service record for

Location in Service Record

A School

C "

A
1B

C

IA
II

cB

Education

NAVPERS 601-4
I/
11

NAVPERS 60).-3

GCT Score
ARI "

MECH "

CLER "

In all cases the most recently completed A, B, or C school information
is to be provided. If for sooe reason a technician did not attend some of
the schools, leave that sectioi of the PIIF blank for that school. A
Final Mark such as 54.23 is recorded as 54.23 on the PIIF. Final Marks of
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the ft.rm, 90, 82, 77, etc., (i.e., two digit scores) are recorded as
90.00, 82.00, 77.00, etc., respectively. If some schools gave a Final
Mark of "satisfactory" or "unsatisfactory", record 99.99 for a satisfactory
Final Mark and 00.01 for an unsatisfactory Final Mark.

Once again turn to page 4 of these instructions which contains the
previously mentioned sample of a PIIF and to the section to the left of
the crosshatched area. From that section of the sample form, the fol
lowing table represents the information the Administrative Officer aboard
the USS ROAN provid.-4 on EM3 Tom Henry Jones:

Final Mark

Class Standing

Class Size

Item. As ecorded in Service ReoJrd

A School 77.86
B " (did not attend B School)
C " 90

Years of Civilian Education (Yrs. Ed.)

57th

26th

122

27

12

GCT Score 50

ARI " 49

MECH " 56
CLER " 47

If you have any questions regarding the type or the recording procedure
of any of the desired information, please consult the liaison officer for
this project. Once all PIIFs in all sets of Performance Evaluations Forms
have been completed by you, return all packages to the liaison officer.
Thank you for your cooperation and efforts in completing these forms.
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APPENDIX D

INSTRUCTIONS FOR SUPERVISOR

NOTE: The instructions on pages D-3 thru D-15
(pages -1 thru -13) of this report are
paginated for publication. For economy
of rP'%-oduction, the page numbers were

not ,ianged for this report.
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NAVAL PERSONNEL RESEARCH AND DEVELOPMENT LABORATORY
WASHINGTON , D.C.

Instructions for the Supervisor for Completing
Performance Evaluation Forms

You, as a supervisor, have Oc._:n selected to participate in a perform-
ance evaluation program being conducted by the Naval Personnel Research
and Development Laboratory. Performance evaluation in the U.S. Navy has
served as a guideline for the optimal positioning manpower and for
feedback on Naval school effectiveness. It is felt that you will be the
most qualified to give accurate and meaningful information on the perform-
ance of the men you supervise. For that reason it is necessary that you
make an earnest effort at providing the information re.iuested of you.
Without your support and hone:,t efforts, the time and funds put into this
research endeavor will have been :;:,:;cited.

You are asked to complete a set of three performance evaluation
forms for each petty officer and designated striker - in the EM, ET, FT,
IC, RD, RM, ST, and TM ratings only - over whom you have immediate
supervision. The titles and descriptions of the three experimental
forms are:

1. Personnel Identification Information Form (PIIF) - this form
is concerned with the background data of the man you are evaluating.
You will complete part of it and the Administrative Officer aboard your
ship will supply the remaining information,

2. Technical Proficiency Checkout Form (.TPCF) - this form records
the level of technical complexity at which a man is able to perform
without direct supervision.

3. Job Performance Ouestionnaire (JPQ) ANSWER SHEET this form
records your estimates of the number of a man's uncommonly effective
and ineffective performances that you have observed during a specified
time period.

From your ship's liaison officer, who is coordinating this project,
you have received a packet of materials containing these instructions
and a number of blank copes of the three forms just described. Ad-
ditional blank forms may also be obtained from the liaison officer if
rat need them. Together, these forms - the PIIF, TPCF, and JPQ ANSWER
SHEET - constitute a full set of Performance Evaluation Forms. You
are to fill out ona of each type of form one complete set of three
forms - for each man whose performance you evaluate. You will have
approximately one week in which to complete the sets of Performance
Evaluation Forms for all the men who have been designated for you to
evaluate. Ple_Ise remember to use only a #2 pencil in filling out the
Performance Evaluation ForMs.



Turn now to pages 4, 6, and 13 of these instructions. On those
pages are samples of the three Performance Evaluation Forms. Notice
that each of the three sample forms is preceded by a page of instruc-
tions. These particular sample forms were completed for the following
typical, naval situation.

EMC Abner Smith is the immediate sinaervisor of .seVen men
aboard the USS ROAN located at Newport. He had been given
seven sets of Perfurmale Evaluation Forms, with a Super-
visor's Instruction Package, by the liaison officer aboard
the USS ROAN. During the week of 7 January i972, he com-
pleted all Performance Evaluation Fom's. One of the men
he evaluated was EM3 Tom Henry Jones. The samples on
pages 4, 6, and 13 are therefore the PIIF, TPCF, and JPO ANSWER
SHEET containing information on EM3 Tom Henry Jones furnished
by his supervisor, EMC Abner Smith.

Before starting on the Performance Evaluation Forms, study the samples
that are included in those instructions. Please do not let your answers
be influenced by the information given on the sample Performance Evaluation
Forms. The answers given on the sample forms are meant only to he guides
in aiding von to complete your forms on the men you evaluate.

All. responses to questions are completely CONFIDENTIAL. Any in-
formation you provide 1 'Al be used only by the researchers of the Naval
Personnel Research and Development Laboratory, qnd only to serve as a
statistical data base for arriving at performance estimates of enlisted
naval personnel in general.

Your help and cooperation in participating in this project are
greatly appreciated by the project researchers at the Naval Personnel
Research and Development Laboratory.
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Instructions for Completing the PIIF

The Personnel Identificati information Form (PIIF) records various
background information on the man you are evaluating. Refer to the sample
PIIF on page 4 of the Instructions and the DIRECTIONS given there. Noce
that 7ou need furnish only the information requested to the right of thi,
crosshatched area, namely:

a. Technician's Name
b. Social Security Number
c. Birthdate
d. Months Known by Supervisor
e. Months on Current Job Assignment
f. MonthF, of Active Duty Firvice (USN* and USNR**)
g. Raring and Payuad-

It is understood that you will obtain most of this information directly
from the man you are evaluating. It is important that this background
information be as accurate as is possible. I; you doubt the accuracy of
any of the information Lou have obtained from the technician, or if you
are unable to obtain it, please ask the Administrative Officer aboard your
ship to provide you with the correct information. In addition, you as the
supervisor will also fill out the two upper left lines of the PIIF. phis
includes your name, rating and rate, date, ship and its current homeport
location.

From the sample PIIF on page 4, notice that the following information
is obtained:

1. The supervisor is EMC Abncr Smith located at Newport aboard the
USS ROAN and completed this form on 7 January 1972.

2. This supervisor was evaluating EM3 Tom Henry Jones whose social
security account number is 123-45-6789, and he was born in March, 1948.
He was known for 13 months by the supervisor, and had been 15 months on
his current job assignment. Jones had served no USNR active duty time
but had been on USN active duty for 29 months.

*Record 99 months for USN if the Technician's Months of USN Active Duty
Service equals or exceeds 99 months.

**Record 99 months for USNR active time if the Technician's Months of
USNR Active Duty Service equals or exceeds 99 months.
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Instructions for Completing the TPCF

A sample of a completed Technical Proficiency Checkout Form is shown
on page 6,-comrdeted by EMC Abner Smith for EM3 Tom Henry Jones. Eight
tasks are listed in desnending order of difficulty. It is felt that an
individual's overall proficiency is directly related to the highest level
of task in the set which he can perform without direct supervision.

Beginning with task description NO. 1. (Capable of employing safety
precautions ...), place an "X" in the "CHECKED OUT" box if you feel that
the man you are evaluating is capable of performing the task on his own
without direct supervision. If you feel he is not able to perform the
task on his own, place an "X" in the "NOT CHECKED OUT" box. Complete this
form by going through the eight tasks described. Be sure to provide the
information at the top of the TPCF form, to include your name, rating and
rate, full name of the man evaluated, ship and its current homeport
location, and the date. Refer to the sample TPCF given on page 6 of these
instructions. You will notice that EMC Abner Smith marked EM3 Tom Henry
Jones, as being "CHECKED OUT" on tasks 1,through 6, but felt that he was
not able to perform tasks 7 and 8 without 'direct supervision.
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SAMPLE

TECHNICAL PROFICIENCY CHECKOUT FORM

NAME OF SUPERVISOR /'briar Smith RATING/RATE EMC

FULL NAME OF MAN EVALUATED Tom Ucnry Jones

SHIP OR UNIT USS ROAN LOCATICN Newport DATE 7 Januarli 7;?,

TASK DESCRIPTION

1. Capable of employing safety precautions on most
of this unit's equipment with which his rating
is concerned.

2. Capable of replacing most of this unit's equip-
ment with which his rating is concerned.

3 Capable of removing most of this unit's equip-
ment with which his rating is concerned.

4. Capable of following block diagrams for most of
this unit's equipment with which his rating is
concerned.

5. Capable of knowing relationship of equipment to
other related equipment with which his rating
is concerned.

CHECKED
OUT

F

6. Capable of calibrating most of this unit's equip-
ment with which his rating is concerned.

7. Capable of trouble-shooting/isolated mal-
function(s) in most of this unit's equipment
with which his rating is concerned.

8. Capable of employing electronic principles
involved in maintenance of most of this unit's
equipment with which his rating is concerned.

n

NOT
CHECKED
OUT

MAKE CERTAIN THERE IS AN "X" IN A BOX OPPOSITE EACH TASK DESCRIPTION

6



Instructions for Completing the JPQ ANSWER SHEET

The purpose of the Job Performance Questionnaire (JPQ) ANSWER SHEET is
to record, for a given individual, your .stimates of the total number of
uncommonly effective and uncommonly ineffective incidents of performance
you have observed during the last two months on each of ?ight job activities
(see page 8).

In prevics efforts at evaluating the performance of :In individuLl,
such as the reports of Enlister: Performance Evaluation, you mentally "aver-
aged" your observations of excellent and poor incidents of performance for
that man in order to arrive at an overall performance esti.date. However,
in this project we are asking you to focus your attention on only the
extremes of performance -- uncommonly effective and uncommonly ineffective
performances. In additipn, we want you to disregard an individual's over-
all performance and to record for each of the eight job activities the
total number of times you have observed the occurrence of uncommonly
effective and uncommonly ineffective incidents of performance.

As a general example, on a particular day a man has demonstrated two
incidents of uncommonly effective performance while involved in the job
activity Equipment Operation and no incident of uncommonly ineffective
behavior for that job activity on that day. Sometime later, on perhaps
another day, he has demonstrated one uncommonly effective performance and
one uncommonly ineffective performance for the job activity Equipment
Operation. If in the past two months no other of his duties involved
Equipment Operation, then your estimate of the total number of uncommonly
effective and uncommonly ineffective incidents of performance, for that
job activity, is three uncommonly effective and one uncommonly ineffective
incident of performance.

In order to determine exactly what specific types of activities you
should consider in estimatiLg whether the man has shown an "uncommonly
effective" or an "uncommonly ineffective" performance, refer to the
DESCRIPTION of that JOB ACTIVITY as given in the following list:

7



DESCRIPTION OF JOB ACTIVITIES

JOB ACTIVITY DESCRIPTION

1. Using Reference Materials--includes the following type of activities:

a. use of supporting reference materials
b. making out reports

2. Equipment Operation--includes the following type of activity:

a. operating equipment, electrical and
electronics test equipment, and
other electronic equipments

3. Electronic Circuit Analysis--includes the following type of activities:

a. understanding the principles of
electronic circuitry

b. making out failure reports
c. keeping records of maintenance

usage data

4. Personnel Relationships--includes the following type of activity:

a. supervising the operation, inspection,
and maintenance of electronic equip-
ments

5. Electro-safety--includes the following type of activity:

a. using safety precautions on self and
equipment

6. Instruction--includes the following type of activity:

a. teaching others how to inspect,
operate, and maintain electronic
equipments

7. Electro-repair--includes the following type of activity:

a. equipment repair in the shop

8. Electro-cognition--includes the following type of activities:

a. maintenance and troubleshooting of
electronic equipments

b. use of electronic maintenance
reference materials

8



Because you are the most knowledgeable of therea you supervise, you
will know what incidents of performance can be labeled as uncommonly effec-
tive or uncommonly ineffective. It is your standard that is to be used
for this trial. However, to further assist you the researchers have pro-
vided the following general definitions.

An uncommonly effective performance in a specific job activity is an
impressive and/or decisive incident of performance qualitatively above
those usually observed. Likewise, an uncommonly ineffective performance
in a specific job activity is an impressive and/or decisive incident of
performance qualitatively below those usually observed.

With this in mind, turn to the sample of a JPQ ANSWER SHEET on page 13.
Under each JOB ACTIVITY are three columns - (a), (b), and (c). Notice that
under "Using Reference Materials", column (a), the estimate of the total
number of uncommonly effective (UE) performances observed during the past
two months for EM3 Tom Henry Jones was two. That is, the supervisor, EMC
Abner Smith, estimated that altogether he observed two impressive incidents
of performance for EM3 Tom Henry Jones which were qualitatively above those
usually observed. Similarly for column (b), the supervisor's estimate of
the total number of uncommonly ineffective (UI),performance is one. Dis-
regard part (c) for the moment.

The estimates recorded on the JPQ ANSWER SHEET will be machine pro-
cessed and must be accurately recorded. The sample on page 13 together
with the following table, illustrates the correct procedure for recording
one-digit numbers (numbers 0 through 9), and for recording two-digit
numbers (numbers 10 through 99), in various positions on
SHEET. Review the table in conjunction with the page 13

JOB ACTIVITY No. of UE

the JPQ ANSWER
sample.

No. of UI

Using Reference Materials 2 1

Equipment Operation 10 5

Electr6nic Circuit Analysis 14 12

Personnel Relationships 0 0

Electro-safety 0 2

Instruction
Electro-repair 2 1

Electro-cognition 1 1

NOTE: If the man has not had an opportunity to perform a particular
activity, leave that job activity unmarked (as shown for "Instruction" on
the sample JPQ ANSWER SHEET).

If he has had an opportunity to perform a particular activity, but has
not shown any uncommonly effective or ineffective performances, enter a
zero (0) for both UE and UI (as shown for "Personnel Relationships" on
the sample JPQ ANSWER SHEET).

9



While observing a technician perform any of the eight JOB ACTIVITIES,
you, as his supervisor, may have had many objectives in mind which you
felt he shoule be striving for. However, for the purposes of this trial,
we ask you to limit your attention to only the following fleet electronic
maintenance objectives:

MEANINGS OF FLEET ELECTRONICS MAINTENANCE OBJECTIVES

1. Readiness

To maintain efficiently self, subordinate personnel, equipment,
and systems in state of readiness consistent with fleet requirements.

2. Performance

To complete any given mission in minimum time with appropriate
level of accuracy and reliability.

3. Operati'on

To obtain optimum system output when equipment is operated, i.e.,
output characterized by precision and variability appropriate to mission.

4. Safety

° To carry out duties with maximum protection for men and equip-
ment consistent with mission.

5. Preparation

To prepare for personnel requirements of present and future equip-
thent, systems, and situations through use of training programs, maintenance
of high morale, etc.

* * *

After recording the estimates of the number of UE and UI performances
for each of the eight JOB ACTIVITIES,_ complete the JPQ ANSWER SHEET by
placing, in column (c) for each job activity, your reply to the following
question:

10



QUESTION (c) Considering this man's overall performance, it is
your opinion that the importance of this job activity,
as a factor in determining the overall performance of
this man, is best described as being:

3. of central and primary importance
2. a significant factor, but of secondary importance
1. of only moderate importance in estimating overall

performance
O. of little or no importance

On the sample JPQ ANSWER SHEET on page 13, QUESTION (c) was answered
as 2, 3, 3, 2, 1, 0, 2, 3, respectively for each of the eight JOB
ACTIVITIES. For this particular man, his supervisor felt that the job
activity, "Equipment Operation," was of primary importance as a factor in
determining the man's overall job performance,

Answer the following questions in the block marked QUESTIONS in the
lower corner provided on the JPQ ANSWER SHEET.

QUESTION (d)

QUESTION (e)

You were asked to recall the number of UE and UI per-
formances that you have obsarved for this man during
the past two months. You feel that a reasonable time
span for evaluationWould

1. two months
2. six weeks
3. four weeks
4. two weeks
5. one week

What degree of confidence have you that your estimated
number of UE and UI performances for this man are very
close to the actual number of such performances that
occurred during this time period?

1. My estimates are probably very close to the actual
numbers.

2. There may have been a few UE or UI performances
more or less than my estimates.

3. Cannot be too sure about my estimates. It was very
difficult to recall UE and UI performances.

4 The actual number of UE and UI performances could
be very different from my estimates. Recalling
these UE and UI incidents is too difficult to have
any confidence in such estimates.

11



QUESTION (f) Aside from his performance, to what extent are this
'man's efforts on the job devoted to tasks and
activities directly related to his rating? Compare
this amount of rating-related activity to the average
for men in his rating and paygrade.

1. Involved in definitely more rating-related
activities than is usual in his rating and paygrade.

2. Involved in about the same rating-related
activities as usua1 in his rating and paygrade.

3. Involved in less rating-related activities than
is usual in his rating and paygrade.

The above questions were answered as 2, 1, and 3 respectively on the
sample of the JPQ ANSWER SHEET of page 13 of these Instructions.

Finally, place your social security accouW: number in the block pro-
vided. Also be sure to record your name, rating and rate, ship and its
current homeport location, date, and the name of the man you are evaluating
at the top of the JPQ ANSWER SHEET.
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PROBLEMS IN CALCULATING RELIABILITY RATIOS

The purpose of this section is to examine the frequency with which
the two cases:

1. a technician did not work at a job activity,'and

2. a technician received EUE = 0 and EUI = 0,

occurred for each rating and job activity across all 21 ships participa-
\ Ling in the project. From this one can infer on the extent which any
convention for estimating performance in those cases would affect indivi-
dual SRE, PRE, and GRE values.

Refer to Table E-1 on page E-4. Each square in the table represents
the number and proportion of technicians by rating who did not work at a
particular job activity or received EUE = 0 and EUI = 0 by their super-
visor. Therefore, on job activity Number 1, 25 of the EM's (or 25.8% of
the EM's) evaluated either do not work at that job activity (Using Refer-
ence Materials) or received EUE = 0 and EUI = O. This may seem a toler-
able level of occurrence of such cases, but when the proportion of such
cases exceeds .33, one should begin to consider whether the performance
of some individuals is due more to the convention that must be adopted
rather than to the individual's own job effectiveness. Of the 64 squares
in the table, 42 squares had one-third or more of the men in some rating
falling into the two cases for some job activity, 25 squares had one-half
or more of the men in some rating falling into the two cases, and most
critically, 6 squares had at least 75% of the men in those cases. The RD
and RM ratings were particularly notorious for this type of situation
occurring. No rating seems to be entirely free of this situation for some
job activities. However; some ratings significantly demonstrate this effect
for many job activities.
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Job
Activi.t

1

3

5

6

7

8

EM

TABLE E-1

NUMBER AND PROPORTION. OF TECHNICIANS IN PROBLEM AREAS

ET

Rating

FT IC RD RM ST TM

29

0,258

36

0,220

56

0,364

9

0,159

50

0,366

53

0,367

45

0,296

6

0,154

23 47 49 7 53 42 45 13

0,237 0,272 0,318 0,121 0,381 0,307 0,296 0,333

42 45 75 16 133 104 69 26

00133 0,260 0,467 0,310 0,957 0,244 0,454 0,667

43 63 93 27 75 77 76 10

0,443 0,480 0,604 0,466 0,540 0,562 0,500 0,296

23 i3 80 7 76 50 62 11

0,237 0,410. 0,919 0,121 0,547 0,369 0,408 0,262

50 116 119 39 100 60 90 20

0,915 0,671 0,747 0,603 0,719 0,642 0,592 0,513

Se 46 63 9 137 126 76 .29

0,166 0,277 0,939 0,086 0.993 0,934 0,500 0,641

35 46 64 12 132 114 61 22

0.391 0,277 0,416 0,207 0,950 0.832 0,401 0,564

Number of Men Each Rating

97 173 154 58

E-4
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THE ADOPTION OF A CONVENTION
FOR EACH JOB ACTIVITY AND RATING

This section discusses the findiro that no convention can be adopted
per ship that will account for those cases in which a technician either
does not work at a particular,job activity or received EUE = 0 and EUI = 0
from his supervisor. As an example, "observe Table F-1. This table is of
the same type as tat previously reported on for all 949 men participating
in the project (Appendix E, Table E-1). However, Table F-1 is reporting
on only one typical ship out of 21 ships in the project. For this ship
there, were 8 (out of 64) instances where one of those two cases occurred
for all men in some job activity and rating. The other ten ships at
Location No. 1 demonstrated 16, 7, 8, 10, 13, 12, 5, 5, 5, and 16 (out of
6(i) instances. -The 10 ships at Location No. 2 demonstrated 1, 16, 5, 15,
7, 8, 16, 14-, 10, and 15 (out of 64) such instances. Therefore, it is
impossible to form an average estimate (or some composite value) per ship
for each rating and job activity because, in some ratings and job activities
on all ships, there are no technicians who received either EUE or EUI
different from zero.

Derivation of Composite Reliability Values

In order to overcome the aforementioned prob7em. the convention employed
in the report was to develop a composite reliability score to estimate
technician performance on those job activities in which the technician re-
ceived EUE = EUI = 0 or did not work at that particular job activity.

Let EUE(1,j) be tbe sum across all ships at a location of all EUEls
over all men in the itn rating and jth job activity. Similarily the sum
of all ZUPs is calculated; denote this sum by EUI(i,j). The composite
reliability score for the ith rating acid jthj job activity is defined as:

R(i,j) = EUE(i,j)/[EUE(i,j) f EUI(i,j)].

This particular estimate of job performance provides an "expected" level
of effectiveness for a technician in the ith rating and jth job activity
(for ships at a particular location). Table F-2 gives the resulting com-
posite reliability values (R(i,j)) for each rating and job activity at
each location. For example, from Table F-2 and men at Location No. 1

(Cruiser-Destroyer Flottilla NINE), R(1,3) is the composite reliability
value for EM's on job activity number 3 Electronic Circuit Analysis - and
is given by R(1,3) = .8465. Reiterating, it may be said that for all EM's
at Location No. 1 who have not worked at job activity 'number 3 or who
received EUE = 0 and EUI = 0 for that job activity, their reliability
ratio for that job activity is expected to be r3 = R(1,3) = .8465. Simi-
larly this procedure is employed on the other ratings and job activities.
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The composite reliability score is an estimate that always can be
derived when many ships are involved. However, it does not overcome the
implications of the results discussed in Appendix E and their subsequent
effect on the estimates SRE, PRE, and GRE.

Ll
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TABLE F-1

NUMBER AND PROPORTION OF TECHNICIANS IN PROBLEM ARIAS ON A PARTICULAR SHIP

Job
Act.

1

2

3

4

5

6

8

EM ET FT

4

067

9

0.417'

6

5

C . 33

13 7

14

0.4013

7

6 10

0.A33

6 21

0.724

71

9.7e".

8

9

5

3.0;7?

1

O

1.099

3.79

8

0.6N,

16

'1.557
1

Rating

IC RD RM ST TM

0

0.0

0

n

9

0.900

0

C.0

0

0 0

0.3 J.,77

0 10 0 9

.167 9.0 0.6 6.692

3 9 0

0 0 6

9.9 0.611 n. ".) 7 7

0 10 0

9 . 1.090 u.0

1

1 0 9 0

).16, 0.0 0.,90

1 0 10

0.167 0.0 1.000 0.0

Number of Men Each Rating

6 29 12 6

Fr.5

10 0 13



TABLE F-2

COMPOSITE RELIABILITY VALUES

Location No. 1

Job
Activity EM ET FT

Rating
IC RD RM ST TM

1 0.8770 0.6831 0.7160 0.7466 0.9257 0.9x10 0.8537 n.7333

2 0.9050 0.7733 0.7802 0.8217 0.9110 0.9417 0.8899 0.8165

3 0.8465 0.6932 0.7340 0.7981 minnn 1.0000 0.8662 0.11667

4 0.8639 0.5987 0.7890 0.7692 n.93nn 0.9671 0.89'n 0.7733

5 0.9004 0.7706 0.9107 0.7865 0.9012 0.9712 0.916, 0.72,14

6 0.9333 0.8481 0.8435 0.8039 0.9677 0.9877 0.8571 0.8974

7 0.8981 0.7872 0.8701 0.8163 i.onon 1.0000 0.9178 0.8269

8 0.8744 0.7097 0.7771 0.8105 1.0000 0.9949 0.8571 0.7419

Location No. 2

Job
Activity EM ET FT

Rating

IC RD RM ST TM

1 0.9101 0.7203 0.8552 0.7R79 0.8362 0.8351 0.8547 0.5806

2 0.8962 0.7110 0.8808 0.8673 0.9017 0.8673 0.8557 0.15095

3 0.8342 0.7803 0.8673 0.7719 1.0000 n.R4n2 0.8'94 0.0909

0.9586 0.6721 0.8167 0.9333 0.8214 0.8240 0.7950 0.7317

5 0.8987 0.8244 0.9032 0.9718 0.8649 0.9667 0.9135 0.6000

6 0.9530 0.7368 0.0231 0.8095 1.7975 1.0000 0.6759 (1.8333

7 0.941 0.7866 0.8819 0.8240 0.0000 1.0000 0.8148 0.5714

8 0.9120 n.7918 0.8827 0.8267 0.7059 1.0000 0.8357 0.4167
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A FEW REMARKS ON CURVILINEAR REGRESSION

Let Y be a criterion variable and let X be a predictor variable. If N
is the number of observations on each of X and Y, then Y' = [Y
is the row vector of N observations on Y. For a given matrix 'A, A' wiT1 be
the transpose of A. In particular one wishes to establish a regresiion equa-
tion for a particular response Y in terms of the variables X, X , X'; i.e.
it is desirable to establish which of the three power curves (linear, quad-
ratic, or cubic):

Y = ()+ 8. X
i=1

p= 1, 2, or 3

best fits the observations obtained on X and Y. The above equations, in
terms of the sample observation vectors, can be expressed in matrix nota-
tion as:

Y= X8 + E

where Y was defined above. The.matrix X. = [J, X
1'

X2, X ] where
Jg = [1, ..., 1]

lxN
and X1 t = [X 1, . . N..., X'] for i - 1, 2, or 3. There-

fore X1 is an N x' 1 column vector of observations on the predictor variable.
61 = [Bo, ..., 8n] is the vector of p + 1 regression parameters. P=[el,...,e0
is the vector °Terrors due to lack of fit in the particular model. One
wishes to estimate B such that the error sum of squares is minimized. In

particular a least squares estimate f3 of a is given by

= (x'x)x'Y

provided the square matrix PX is nonsingular and the regression problem
has been properly expressed. The usual assumption one makes is that k" is
distributed with mean [0, ..., 0]

lxN
and variance-covariance matrix o I

where I is the identity matrix. The term a2 is called the common error va-
riance of the observations. The assumption of normality of the error vector
is not required in order to obtain the least squares estimates for any of
the parameters in the regression equation. Because any assumption of
normality for E implies that the observations on X or Y are normally
distributed, this report will only be concerned with least squares esti-
mates. One cannot in general discuss normality on X or Y because of some
results in this report where it is shown that the distribution of TP scores,
SRE, PRE, and GRE are not normally distributed (see Table 17 and page 21).
Therefore it is imperative that the reader be aware that while the assump-
tion of E being normally distributed is not required in order to obtain 1%
it is required in order to make tests of hypotheses, as contained in an
Analysis of Variance Table. These tests are the usual t- or F-tests and
they cannot be applied validly to the sample data collected at either loca-
tion nor on the combined sample consisting of 949 technicians for the varia-
bles SRE, PRE, GRE, and TP score (see, for example, Draper and Smith [7],
page 59).
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A Least Squares Analysis of the Sample Data

It is possible that a least squares analysis can be attempted in-
dependently of the distributional properties of the criterion and pre-
dictor vari'bles. For a particular predictor variab1 (X) and criterion
variable (Y), the multiple correlation coefficient (RI) provides a measure
of the proportion of the total variance about the sample mean for the
criterion variable explained by a particular regression model. The term
R2 is defined as:

Sum of squares due to regression - Sum of squares due to 8
R2 =

0

Total (corrected) sum of squares

= (XXIY - YNY) / (Y'Y

It should be clear that the larger R2 is, the better the fitted Rquation
explains variance in the criterion variable. Furthermore, 0 5. Rc 1 1,
and therefore R = 1 implies a perfect fit. However there are a few prob-
lems with this approach (see, for example Draper and Smith [7], page 63).
One must weigh the value of R2 with the least squares estimate (s2) of the
common error variance (02) where

s2 = residual mean square

Y-

-Y= WY - ) / - p - 1).

Of course, the smaller s2 is for a particular model under consideration
the better the model fits the data. Therefore the approach is to weigh
increases in R2 with decreases in s' in order to arrive at the best least
squares model for the data.
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..... 1,122222:26211 .I 442
w"1,,,kfr,NtAL riiIIN5 FOR A YARIIWLFS-SRt 440 TP 944 OSERVAT1141.

THE ppEnicT:IR vAniAoCE06 Is SRF, oiu THE

TEST MEANS AND STANDARD CEYIATInNS

GnITEgIRN v..ARLITYT'IS 7p.SfTOPE:

1 X 0.331 0.321
2 5QuAR 0.21 0 280
3 x cuPE 0.15,. J 265
4 1 5.35, SAO

COOvELATIeN 2.111OIX

1 X 1.000 7.953 0.847 J.055
2 SQUAB 0.95,1 1 LIT*4 0,v95 0,032
3 A C%..0E 0.067 0.985 1,000 0,034
4 Y 0.051 0.01.! 0,034 1,010

2 2 22222 2 -2.2-2.2722.22- VOX. ......... 2-
(HST. SLCZ%E. 0,71 T.11( t. CLeREE ofv...NemiALG.

sCuARE F 1,403
PuLTIPLE R 0.055
N.D.F.1
N.J.r.2 947
fDA ANALYSIS OF VARIANCE R 2.650

4ErA wEIC6JS
0,055

CasYRIOuTION5 7, MULTIPLE CORRELATION
AND REGRFSSISN FACTOR LOADINGS, 2ND COLUMN)
1 A 0.003 1.000

so,JwED OFTA wEIGf4T5
0.003
.,EIGHTS
4.597

INIFRCERT CONSTANT 5,219
22:222Z.2.2=22:222222.222.7.2222.222:11.1242.(244 M.
MULTIPLE R st:uARE 0,007
muLTIP,,..E R 0.006
N.0,r.1 2
N.J,F.2 2 946
dCR AN4i.Y$15 OF VARIANCE ON A a 3,53T

4E74 wEIG -1S
0.264 -0.220

C9NTPISUTIONS YN m4LTIPLE CORRELATION
AND REGRESSION FACTOR LOADINGS, 2N0 COLUMN)
1 X 0.014 8.636
2 7CLAR .0.007 0.372

So:JARED BETA wEIGNT5
0.070 0.046

A ,EIGHTS
1.912 -1,783

I N 7F. RCEPT CRNsi ANT 5.090
2222222222:21222,2221172
,.ULTIPLE A 5:1.1AAE . 0,043
MULTIPLE R 2 0.207
4.D.F.1 2 J

%.D.F.2 Vii
F FOR ANALYSIS OF VARIANCE ON P t 14,091
0E74 WEIGI.YS

1.492 -3.627 2.276
CONIRIBOIEN5 71 -uLTIPLE CORRELATION

AhD REGRESSION FACTOR LOADINGS, 2ND COLUMN)
1 = 002 0.265
2 SDLA9 20.8.116 0.155
3 x CLRE 0.077 0.164

0rA EICNTS
2,226 13.157 5,09

8 -EIGHTS
14,803 09.457 20,101
INURCLET CON:iANT 4.860

ANorA TAeLF FOR ooLyNANT,LJ
2,2:122:2.222 -

RtnucTioN TILE TO LINEAR FIT, wTrN 1 DF 0,003
RESIDUAL 5.5. 0,997 Di 947 RESIDUAL M.S.

f feR LINEAR FIT 2.650r
0,001

222222222;221121 ..... -
0

REDuCTIOA OLE TO GENERAL QUADRATIC FIT 141714 OF 2, 0.007
REJuCTIoN M.S. 0,004
RLSIDUAL 5.5. 0,993 OF 946 RESIDUAL R3. 0,001

F' FAR QuArlAIIC FIT 3,537
NEDUCT ION CUE To QUADRATIC TEAK ALONE, WITH 1 Dr,

it 0,004
F FAR QUADRATIC TERN ALONE 1 4,g15

NEOlicTION CUE re GENERAL CUOIC_FIT WITN,OF 34 0;043
HFOODTIAN M.S, 0.014
f.xSIDIJAL S.S, 0,957 Of 945 RESIDUAL N.3. 0,001

F FOR GENERAL CUBIC FIT 14.091
wEoucTIoN CUE 73 CUBIC TERM ALONE 0I7M 1 OF , 0.035

FAR CUBIC TERN ALONE s 44,943 H-3



21L-1,0041_2::11111-
0.1-1AL FITTING Fog

.4.14241121 .40 .422 441 .
4 94,1!45L5.0R6 TP SCOOP. 949 OVSF49011NS.

TwE pr4EritcrcR VARIABLE(x) (S PRP, AND TML CRITERION VARIAELE(71 IS TP SCORE;

TEST mt.ns AND STANDARD OEVIATIRNS
1 x 0.556 0.407
2 SQUA% 1,477 0.368
3 x CLEF 0,422 0.477
4 r 5.300 2.340

COAPELAT/EN MATRIX
1 0 1.000 0,976
2 SDUAR 0.976 1.000
S. 1 C1.,E6 0.934 0.989
4 y 0,100 0,063

0,934 0,100
0,989 0.063
1,000 0,036
0,036 1,000

. - 4.7441 4.4-44 -433- ....... 3434 :3.4.4
INST. SECENC. AND TNIRG DGAIREE POLYNOMIALS,
1 2 2 44 42 ,441,
MULTIPLE A SCORE 3 0,010

P 0.1VO
4.D.F.1 1

N.j.F.2 947
f FOR ANALYSIS OF VARIANCE BN R 9,576
SETA RE(GFTS

0.100
CORTRIBUTISNS TO MULTIPLE CORRELATISN

AND REGRESSION FACTOR LEAD1h0SI 2ND COLUMN)
1 X 0.010 1.000S:JARED BETA wEIGmTS

0.010
B wEIGHTS
0.576

INTERCEPT G"3NSTANT a 5,028
-2.2.0 0424

MULTIPLE P 5;l1400 4 0,036
-MULTIPLE , 0.100
N.O.F.1 2

N.D.F.2 946
F FOR ANALYSIS Sr VARIANCE ON R 17,706
tlETA wEIG1..TS

0.817 -0,734
CINTRIBuTIGNS TA MULTIPLE CORRELATION

AND REGHESSION FACTOR LOADINGS, 2ND COLUMN)
0.002 0.530

2 SOLAR .0.046 0.332
souARFD BETA EIGm33

0.667 0.519
6 EIGHTS

4.700 .4,431
147FRCEPI CONSTANT a 4.010
42 -4 .44a.
MULTIPLE R SCORE a 0,036

P 0.189
N. 0.F 1 3 3

N.u.4r.2 a 945
F F.R ANALYSIS qF VARIANCE eN R V 11,665
6E74 mEIG1-IS

7.154 -0,579 -0,095
L,IN'RIBJTIENS To MULTIPLE CORRELATION

AND REGRESSION FACTOR LOADINGS', 2ND GOL..P44,
1 X 0.075
2 SCLAR 0.046 813:
3 Y c,qE 0.003 0.192

so,JAREu BETA wEIGHt9
3.569 0.335 0.009

B REIGHTS
4.341 .3.495 .1.590

INTERCEPT CONSTANT 4.841

AW1VA TeeLF FOR POLYNOMIALS
s 1[222 21

R.,CuCTICk CLE TO LINEAR FIT, 617m 1 OF a 0,010
RESIDUAL 3,5.

VisIg
Cr 947 RESIDUAL H.S. 0.001

1 FOR LINEAR FIT
1-.9

RET'UCTION OLE TO GENERAL OUADRATIC FIT WITH OF 2,
0.0ta

0.036
,eouc,Ifir. P..s.
otSIDuAL 3.5, 0.964 OF 6 946 RESIDUAL N.S. 0.001
Fr1R 01.14E1401C FIT 17,508

kFjocrins CuE TO OuAORATIc TERM ALONE, WITH 1 DR, e 0.026
r fn. GuACPATIC 'TERM ALONE 23.193

I

mfuuCTION CUE TO GENERAL CUBIC FIT WITH D9 3, A

0.012
0;016

NEUUCT1Rh H.S.
RLSIDUAL S.S. 0,964 Of 943 RESIDUAL N.1, 0,001

F FOR GENERAL CUBIC FIT I 11,665
REDuCtInN CUE TO Cu/IIC TERM ALINE WITH i OF 4 * 0.000
1 rrlo Cubic toim ALONE 0,016

P I ,1
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Z,...3.2122,3 1,7711..72ta.1,7 S a.27
r1111.11 FOR 2 'OARIMILES.4RL TP SC74E. 947 016AQvATIPNI.

THE RFDIc;3i vARIA4LE11) IS ORE, AND THE CRItERInN 9AR'..ATILEtY) 15 TP SCO°E.

1E5.7 HEAss ANO STANDARD DoyIArIONO
1 I 0.9?7 0.145
1 Sull;
3 x cLEE

0.079' 0.177
0,839 0,210

4 5.359 2.340
..,GURRELATIGh PAtqlx

1 X 1,000 0.956 0,095'
2 SOLAR 0.956 1.000 0,916

0.01;7
0.0A1

3 I CLEF 9.095 0.986 1,000
4 9 0.087 it:0174

. ._ .. s. . ..... ...._ ig%. 22 ill

0.00.! 0,077
*Sr 7_ i 7 II 7 I,

!MST, SECC.1C, AND THIRD ,.:EGREE PeL7N9mIALS,
..... -..r.,...........:....t,.....z....z........i .... a:L.18227:X. ...222

"ULTIPLE F S:uARE 0.008
MULTIPLE F r. 0.087
N.O.t.1 . 1

N.J.t.2 a' 947
; FAR ANALYSIS OF yARIANCA ON R 7.161
BETA mElOmTS

0.087
CANTRI8uTTENS TO mkiLTIPLE CORRELATION

AND RECREOSIoN FACTOR LoApiNas, 2ND COLUMN)
1 x 0.006 1.000

SOARED BETA itEIGNTS
0.006

9 mEIGHTS
1.400

INTERCEPT CPNSTANT 4,05322 'SVC 0,1%.
MULTIPLE F S'0U4F4E I

%.4 illitil-

MULTIPLE P 0.087
o,00a

N.R.F,1 2 2

N.(i.fA2 it 946
r fog ANALYSIS OF vARIANCE ON /4 3,569'
BETA wEIGoTS
0.103 .0,017

coN7gshvioNS TO MULTIPLE CORRELATION
AND REGRESSION FACTOR LOADINGS. 2ND COLUMN)
1 X 0.009 0.998
2 SOLAR 10,001 0.957

SOLoAREO *014 wEIGHTS
0.011 0.000

8 .EIGHTS
1.663 -0.225

INTERCEPT CONSTANT 4,006
..... ..c... fa. .......4. ...... . ...... wa.....4.2
mULT 'ALF 9 VAUA4E 0,009
MULTIPLE A 0.094
N.O.F.1 1 3

N.0.'9.2 945
; 109 ANAL,315 OF VARIANCE ON R o 2,796
,EIETA mE10).T5

0.661 -1.542 1.001
CONTR I But I eNS TO MULTIPLE CORRELATION

AND PECRESSIOU FACTOR LeAD:scs. 2N1 COLUMN!
I 0 0,057 9.923
2 SOLAR 0,125 0,847
3 1 CLOE 0.017 0.816

SQUARED BETA NEIGHT5
0.430 2.378 1,010

8 HEIGHTS
- 10.690 0.332 41,213

INTERCEPT CONSTANT 3,914

AN9A,A YxeLf F64 AOLYNDmIALS
Az:AAA:AA -- WS. i%. S...
REDUCTION OLE TO LINEAR FIT, wITW i OF 0,006
RESIDUAL $.5. p.992 or 90. RESIDUAL M.S.

F TER LINEAR FIT 7,060
0.-

0.001

RED,JC718h DLE 78 GENERAL GUADRATIC..r1T MIN or 2i 0.006HEDuCTIN r,s, 0.004
eesiouxt. 5.5. 0.992 or 946 REIIDUAL m.S. 0,000F FOR ouxcetic Pit 3.589

HEDucTInn CUE TO QUADRATIC TERM ALONE, wITM 1 Dr, 1 0.000
i FAR OtdiCAATIC TERM ALONE 0.024

i ...

i4DucTIn% CUE TO 0rxNERAL CUOIC PIT WITH DI 3, 0;009 C'REDUCTION P.,s, 0,003
RESIDUAL 5.5, 0,991 or 945 RE3IGUal M.3. a 0,000

FAR GANARAL 0881C FIT 2,798
REDuCtI.ON CUE to CURIO TERM ALONE kw 1 OF
F FoRCuBIC TERM *LANE 1,215

0.001

AA,

ti
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.taa.1.742re.aitiaatita. CaXaciaaaaaaaaaa, rss.,44 . ..... ;SS .... 'PJLYNRHIAL FITIING FOR 2-vANIAPLES-HRE AND IP SORE. 949 0RSFRvAtIoNS,

THE pRhotC109vARIABLEIx) IS RAF, AND THE CRITERION VARIAOLR(Y) IS TP SCORE:

TEST mEsNs AND STANDARD DEVIATIONS
1 X 0,603 0.204
2 $0U44 0.403 0.231
3 X cueE 0.290 0.227
4 r 9.350 2.340 _

CORRELATIEN rATRtx
1 X 1..000 0.970 0,920 0,2572 =JAR 0.970 1.000 0,966 0,247
3 x cLEE 0.920 0.900 1.000 0,229
4 r 0,257 0,247 0,229 1.0P0

ataaaaaaSaaa3ascaaaxa. ...... 21KallaataiMaatiailiatlaaalai aS
FIRST, SECE4C, AND THIRD DEGREE POLYNOMIALS,
-5-. a a-a- 2.. - la gig.-
.uLTIPLE R SCuARE f 0,066
MULTIPLE A g 0.257 3N.0.F.1 1

N.D.F.2 947
F FOR ANALYSIS OF VARIANCE eiN A

it 67,017
BETA HEISrTS

0.257
CONTRIBNTIENS TO MULTIPLE CORRELATION

AND REGRESSION FACTOR LOADINGS, '2ND COLUMN)
1 x 0.066 1.000

SQUARED BETA WEIGHTS
0.066

8 WEIGHTS
2.950

INTERCEPT CONSTANT sori ,

aa2====taaaa2aaaaall -211.11-12Ela ...... I. illia:gat
MULTIPLE A SCU4AE ! 0.004
MULTIPLE IS . 0.257
H.O.F.1 2
N.D.F.2 a 046
F FOR ANALYSIS OF VARIANCE ON

IA 33,119
BETA wEIONTS
0.294 -0,030 .

c9NIR138TIENS IR MULTIPLE CORRELATION
AND PEGRESSI9N 'ACTOR LOADINGS. 2N0 COLON,
I x 0.076 0.999
2 SOLAR .0.009 0.961

SQUARED BETA WEIGHTS
0.086 0.001

8 WEIGHTS
3.371 .0,364

INTERCEPT CONSTANT 3.473
a=aaaaa ..... XE.32211a
MULTIPLE R SCORE 0,071
MULTIPLE R 0.266
N.O.F.1 a 3
N.D.F.2 943
F FOR ANALYSIS OF VARIANCE ON R 23,999
BETA vEIGFIS
-0.337 1,572 -1.012

CONTRROIENS TO HuLTIPLE CORRELATION
ANv REGRESSION FACTOR LOADINGS, 2N0 MUNN/
1 1 .6007 0.965
2 SOLAR 0.309

.0.231
0.929

3 x CLRE 0.950
SQUARED BETA WEIGHTS
0:10 2,472 1,024

B WEIGHTS
-4.865 15,953 10.453
INTERCEPT CONSTANT 4.246

ANevA TAELE FOR POLYNOMIALS
g a -. saga-

i

REDUCTION CLE TO LINEAR FIT, NIT++ 1 OF 0,006RESIDUAL 5.5. 0.934 OF 947 RESIDUAL CS, 9,901F FOR LINEAR FIT 67,017
' "as.. ..... se

REDUCTION DLE TO GENERAL QUADRATIC FIT WITH OF 2", 0.066
REDUCTION N,5, 0.033
RESIDUAL 1.5. 0,934 OF 940 RESIDUAL H.S, 0,001F FOR QUADRATIC FIT 33.519

REDUCTION LuE TO QUADRATIC TERM ALONE. WITH i OF. 4 0.000
F FOR OuACRAIIC TERM ALONE 0.05

0

REDUCTION CUE 79 GENERAL CUBIC FIT WITH or 3, 0;071
REDUCTION r.5. 0.024'
RESIDUAL 5.5, 0,929 OF 945 RESIDUAL N.S, 0,001

F FOR GENERAL CMG FIT 23.999
NEDucTIR9 CUE 76 CUBIC TERM ALONE OM i or

, 0,005F FOR CuOIC.TERm ALONE 4,690
H-6
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POLYNOMIAL FITTING FOR a VARIARLES.5RE AND TP SCORE- 97 OBSERVATIONS.

THE PREDICTOR VARIARLCIK) IS SRE, AND THE CRITERION VARIABLE(Y) IS TP SCORE.

TEST MEANS Awl 5TANDARC DEVIATIONS
1 X 0.41] 0.302
2 SQUAB 0.760 0.276
1 A curie 0.185 0.256
4 Y 6.000 1.953
CORRELATION MATRIX

1 X 1.000 0.945 0.067 0.365
2 SOUAR 0.946 1.000 0.960 0.164
3 X CUBE 0.067 0.960 1.000 0.128
4 V 0.365 0.364 0.328 1.400

FIRsT,,SEcoNo. AND 'NIP() OEGREE POLYNOMIALS,

MULTIPLE R SQUARE 0.03
MULTIPLE R 0.365
N.O.F.1
N.D.F.2 95
F Eng ANALYSIS OF VARIANCE ON R 14.560
BET' WEIGHTS

0.365
CONTRIBUTIONS TO MULTIPLE CORRELATION

AND REGRESSION FACTOR LOADINGS, 2ND COLUMN)
X 0.133 1.000

SQUARED BETA NEWTS
0.133

9 WEIGHTS
2.358

INTERCEPT CONSTANT 5.027

MULTIPLE R SOIIARE 0.136
MULTIPLE R 0.369
N.D.F.1 2
N.D.F.2 94
F Fog' ANALYSIS OF VARIANCE ON R 7.420
BET;) WEIGHTS

0.196 0.1
CONTRIRUTIONS

79
TO MULTIPLE CORRELATION

AND REGRESSION FACTCR LOADINGS, 2ND COLUMN)
0.071

2 SOUAR 0.065
0.99.7

0.965
SQUARED RETA.NEIOPTS

0,038 0.032
WEIGHTS
1.265 1.746

INTERCEPT CONSTANT 5.148

MULTIPLE R SO'IARE 0.11.6
MULTIPLE R 0.419
N.O.F.1 3
N.no 93
F FOR ANALYSTS OF VARIANCE ON R 6.615
B ETA WEIGHTS
-1.120 3.778 .2.404

CONTRIBUTIONS TO MULTIPLE CORRELATION
AND REGRESSION 'WO)) LOADINGS. 2ND COLUMN)

X -0.401 0.6.R9
2 SQUAB 1.374 0.867
3 x CURE -0.790

,SQUARED BETA wEloas
..266 14.276 6.779

0.783

FIGHTi
-7.246 265715 .16.221
INTERCEPT CONSTANT 5.404

*Nov* TABLE FOR POLYNOMIALS

REDUCTION our TO LINEAR FIT, WITH 1 OF 0.133
RESIDUAL S.S. 0.867 OF 9S RESIDUAL M.S. 0.009
F FOR LINEAR F7T 14.560

REoUCTTON OLIE TO GENERAL QUADRATIC FIT WITH OF 2, 0.136
REnlicTION M.S. 0.066
RESIDUAL S.S. 0.864 DF 94 RESIDUAL N.S. 0.009
F FOR QuAORATTc FIT 7.420
REDUCTION OUF TO CUAoRATIc TrRr ALONE, WITH 1 or. 0.003
F FOR QUADRATIC TERM ALONE 0.375

REOOCTION nue. TO GENERAL CUBIC FIT WITH OF 3. 0.176
REDUCTION M.A. r 0.059
RESIDUAL 5.5. a 0.024 Or 93 RESTOUAL M.S.

F Fog GENERAL CUBIC FIT 6.615
RrnucunN nur. TO CURIC TERM ALONE WITH I OF 0.040
F FoR CuRIC TERM ALONE 4.460

0.009

EM RATING
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....... 2MIEW4.
POLYNOMIAL FITTING FOP 2 vowlA0L0-PRE AND TA ACIPTE 91 OBSERVATIONS,

EM RATING
THE PREnICToa VARIARLE(xj Is ppr, AND

TEST MOANS ANP, STANOAAO DEVIATIONS

THE CRITOION VARIABLE(71 It TO SCORE.

1 x 0.661 0.170
? SOUAR 0..199 0.36
3 X CURE 0.539 0.3551
4 I' 6.000 1.953
CORRELATION MATRIX

1 X 1.000 0.979 0.942 A.747? SWAP 0.979 1.000 0.990 0.?971 X CUBE 0.942 0.990 1.000 11.1224 Y 0.247 4.297 0,322 1.600rear
F11101 sECoNn. AND 1.41140 ilEGREE PULYNOmIALS.

NULTPLC R SOMME 0.041
MULTIPLE R 0.247
N.M.). i

N.O.F.p .9s
F FOR ANALYSIS OF VARIANCE ON R 6.163
RFT. WFIOHTS

0.247
CONTRIBUTIONS TO MULTIPLE CORRELATION

ANO REGRESSION FAeTCR LOADINGS, 2ND COLUMN)
0.061 1.000

snUARED BETA mEIOMTS
0.041

A WEIGHTS
1.303

INTERCEPT CONSTANT 5.112

MULTIPLE R SQUARE 0,133
MULTIPLE R 0.365
N.D.r.1 2
N.o.r.2 94
F roR ANALYSTS OF VARIANCE ON R 7.230BETA VE10mTS
.1.033 I.317
CONTRTAuTIONs TO MULTIPLE CORRELATION

REGRESSION XXCTOR LOADINGS, 2ND COLUMN)
X .0.255 046/.6

? SOUAR 0.388 o.el?
SQUARED BETA wE1GmIS

1.066 .149
P WEIGHTS
.51453 7.440
INTERCEPT CONSTANT S.616

NoLTIALT R SomME 0.133
MUITIRLE R _0:365
N.O.F4 3
N.O.F. 93
F Fog ANALYSIS OF VARIANCE ON R 4.774
BETA WEIGHTS

. .....I.096 1.2A1 0.04i
CONTRIBUTIONS TO MULTIPLE CORRELATION

ANO REGRESSION FAETCR LOADINGS. 2ND COLUMN)
.0.240 0.616

!voAR 0.366 Goa?
3 x CUBE 0.013 '0.602

SQUARED SETA IGHTS
1.01? 1.519 0.002

A wrIANTs
-5.313 6.641 0.224
INTERCEPT CONSTANT 5.60

AN0VA TABLE FOR POLvN0mIALS

REDUCTION DUE TO LINEAR FIT, WITH 1 OF 0.461AEsIOUAL S.S. 0.939 OF 95 RESIOUAL M.S. 9.010F FOR LINEAR Eft 0.163

REnUCTToN our TO GENERAL (WAORATIC FIT NITN or 2, 0.133REnuCTION M.S. 0.067
RFsIoUAL S.S. 0.067 OF 94 RESTOUAL M.14 0.009F FM; OLIA0P.TIC FIT +.239
PEOUCT)ON OUF TO OUADRATIE TERN ALONE. wIT*4 1 F. 0.073F FOR 0oAnRATIC TERM ALONE 7,667

000CTICIN OUF TO GENERAL CUBIC FIT WITH OF 3. 0.113REDUCTION m.e. 0.044
RESTOUAL 5.5. 0.067 OF 93 RESTOUAL N.14 0.009
FOR OFNERAi CUBIC FIT 4.714

REDUCTION OUF TO CURTC TERI, ALONE 41ITN 1 Or 6 0.000F FoR CuRIC TERN ALONE n.000

1-4



11119.1.1.12331I
rnk.,(NootAL FITTING rn

11111141.1"lanat, 44444 SOJO WWWWWWWWWWWWWWW42
2 VAAIAALLS-ANE AND im 500E.. 97 ORSEuiATION5,

THE PREDICTD9 vARIARLEIA) 15 ORE, AND THE CRITERION VAriIARLE(VI 1$ TP SCORE.

TEST MEANS Amn STA6nARC DEVIATIONS
1 A 0.960 0.001
2 50014 0.924 0.093
3 A CURE (1091 0.129
4 Y 6.000 1.953

CORRELATION MATRIX
1 9 1.000 0.999 0.997
p 501)A9 0.4199 1.000 0.999

% CUBE 0.991 n.999 1.000
r 0.301 0.311 n.321

0.101
0.111
0.121
1.000

FIRST. sEcoNn. ANO TotPn nFOREE POLYNOMIALS.

MULTIPLE R SOIIARE 0.090
MULTIPLE R 9.301
N.O.F.1 i
N.O.F.p 95
F FOR ANALYSTS OF VARIANCE ON R 9.635
BETS or3n3Ts

0.301
CONTRIAUTIONS TO MULTIPLE CORRELATION

AND REORESSION FACTOR LOADINGS, 2ND COLUMN)
0.090 1.000

SOUAREO BETA WEIGHTS
0.090

R wFlOmIl
11.507
INTERCEPT CONSTANT 5.043

MULTIPLE R SOII4RE 0.154
mULTIOLE R 0.393
N.O.F.I 2
N.O.F.2 94
F FOR ANALYSTS OF VARIANCE ON A 13.560
BETA WEIGHTS
.5.505 0.q1

coN,PlaurroNs TO MULTIPLE CORRELATION
iNn PFOREssION AAcTCR LOADINGS, 2u0 COLUMN)

.1.679 0.766
SOUAR 1.833 0.793

SQUARED BETA 'FtOMTS
31.196 34.707

8 wEIGHTS
213.010 123.173
INTERCEPT CONSTANT 97.486

MULTIPLE A SOIIARE 0.421
MULTIPLE A 0.470
N.O.F.1 3

NAD.FA2 '1 93
F FOR ANALYSIS OF VARIANCE ON R 8.794
SET' WEIGHTS
127.139.266.4119 139.994
CONTRIBUTTON1 TO MULTIPLE CORRELATION

iN0 REGRESSION itTCR LOADINGS. 2ND COLUMN)
i X 30.221 0.639
? SOUAR *82.947 0.662
1 1 CUBE 44.947 0.6e3

SOUiPEO RE7A wEIBMiS

8 Nriomrs
867.907 2117.081
INTERCEPT CONSTANT 1404.053

AN0VA TARLE FOR POLYNOMIALS

PrnucrtnN OUF TO LINEAR FiT. WITH 1 oF 0.090
REsInuAL S.C. 0.910 oF 9S RESIDUAL m.1. c 0.010F FAR LINEAR TIT 9.43S

REDUCTION Our TO GENERAL QUADRATIC FIT WITH DI 2. 0.154
REDUCTION N.S. 0.077
REctnuAL S.S. 0.046 or 94 RESIDUAL H.S. 0.009F Fni9 0I)ADRATIC FIT RoSAO

REDUCTION OUF TO CUArRATIE TERN, ALONE, WITH 1 OF, 0.064
F Eng QUADRATIC TERN ALONE 7.081

REDUCTION nur TO OENFRAL CUBIC FIT WITH of 3. 0.221
REDUCTION M.S. 0.074
RESIDUAL S.S. . 0.779 DF 93 RESIDUAL 41.9. 0.008

F frip ne.g.AL CUBIC FIT 8.794
REDUCTION nut TO CURIE TERM ALONE WITH I or ',

F FOR CUR IC IFPN ALONE 7.907
0.061

EM RATING

1-5



i

Phi '1,0"1'%l. Fri/ ANN TO tiCo41,.+

.11411w..,4111,..no

91 ORIEwi)finNS.

THE ggE81CTO9 VAR1A4EIA1 is wpr, Ant THE. cRiTgRinN viin/A4LEiv) TP SCORE.

TEST MEANS ANn STAN'ARC
1 x 0.A,0
7 SOUAR 0.4571
4 X cORF 0,13)
4 Y A.000

CoR0FLATION NATOIA
1 A I.n00
2 SOU4R 0.061
1 x cuRE 0.11a
A V 0.492

V.U.aml 1

DEVIATIONS
0.1Ri
0,725
0.236
1,951

0,963 0.918 1.492
1.000 0.950 n.504
0,909 t.noo 0.451
0.504 0.481 1.000

FlgsT. cFcr'.n. AND Tkig0 AFGREE P,,LYNOAIALS.

TTOLF R SO,IARF 0.42
NuLTIPLF 0 0.407
N.O.F.1
Non.F.p RI
F FnR ANALYSIS OF VARIANCE ON R 3004S
Riii FTANTS
n.492

CONTR/nUT/oNS TO MULTIPLE CORRELATION
AND 0FGRESsTON FArTcR LOADINGS. 2ND COLUMN)

n.242 1.000
MARE') RETA WE/OMTS
0.242
WF(OMTS
c,194

TNTFACEPT CONSTANT 2.639

NuLTIRLF. R SouARE 0.04
muLTIRLF 14 0.504
N.D.F.1
N.O.r.P 94
F Fog ANALYSTS OF VAR/ANC( ON R 16.024
RFT. wErowrs
0.09 0.411

C0NT0/RUTIONS TO MULTIPLE CORRELATION
AND REGRESSION FACCR LOAOINOS, 2N0 COLUMN)

0 0.047 0.910
7 snuAR 0.207 0.999

SQUARED RETA ''FIOMTS
0.nn9 0.149

A XIFTOATS
1.012 3.573

iNTrocERT CONSTANT 3,778

MULTIPLE Q SON4RE 0.460
NULTIPLF g 00(40
N.O.F.1

3N.O.F.7 93
F Fria ANALYSTS OF VARIANCE ON R 12.273
801. wEIONTS...

. . .

.1.475 5.100 3.210
CONTRIRIOInNs TO MULTIPLE CORRELATION

AND REGRESSION FAcTCA LOADINGS, 2ND COLUMN)
-0.726 0.809

7 SOUAR 2.5011 0.920
1 X CURF -1,563 0.678

Snuenro RETA wE1009
2.176 76.012 10.307

TT WFIAHTS

13.S71 106.319 20.100
INTERCEPT CONSTANT '0149

JoinvA TATTLE FOR ROLvN0m141.5

REoUCTION our 10 LINEAR /T, 1 or 0.242
0EsIDUAL 5.5. 0.758 OF 95 RESIDUAL N.S. I 0.000
F FOR LINEAR FIT 30.345

RFnuCTInN our To'OENERAL OuAORATIC FIT WITH OF 2. 0.254
AFOIICT/ON N,g, 0.121
RERTDUAL S.R. 0.746 OF 94 RESIDUAL M.S. 4
F FOR nuAngATTc FIT 14924
ProlicTIoN our To cuAoRAT1c TERM ALCUf, WITH 1 cr, 0.012
F Foil nuAnoeTTc TERM ALONE 1.522

0.008

RFOI,CTION our Tn OENr9A, CURIC FIT WITH OP 3.
P FnucrIoN N.S. 0.100
RESIDUAL S.S. 0.700 OF

0.300

93 RESIDUAL m.9. 0.000

F FnR GENtait. CItRIC FIT 13.27J
RFOUCTION OUP' Tn CURIC IF10 ALUM! NITS 1 OF
F FOR CLINIC TFON ALONE 6.051

0.04A

EM RATING
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RflirNomTAL FITTING INN 2 VA4fALESASHE ANO iP senor. 173 OBSFAVATtoNS.

T4 PREOICTARVARIAALETX) 11 SPE, AND THE CRITERION YARTAALLIT, IS OF SCORE.

TEST MEANS ANn sTANnARO OEVIATIoNS
1 A 0.164 0.706
7 MAR 0.071 0.140
1 X CURE 0.040 0,127
A r 6,510 1,784
CORRELATION MATRIX

1 X 1.000 0.909 0.170 0.110
7 SOUAR 1.909 1.000 0.963 0.705
3 A CuOE 0.7711 0.993 1.000 0.126
A r 0.310 0.205 0.126 1.000

FIRST, SECOin, ENO TW100 AEOPkE POLYNOMIALS,

MULTIPLE R SnuARE 0.111
muLTIPLE A 0.310
N.O.f.1 i
N.A,I.2 171
r Fro ANALYSIS Or VARIANCE ON IA 19.191
BrTi wEIONTS

0.316
CoNvRIRUTIONs TO MULTIPLE CORRELATION

iN0 0E0;4E114110N 146TCR LOADINGS. 2ND COLUMMI
X 0,101 1.000

SQUARED SETA mEIOMIS
0.141

6 wEIONTS
2.,10

INTE cERF CONSTANT 6.0ST

MULTIPLE R SQuARE 0.142
MULTIPLE R 0.376
N.O.I.1 2
14,0,1,2 ITO
r moo ANALySls Or VARIANCE ON R 14.021
BETA wElOmIs

0.799 4.4i
CONTRIBuTInNs TO MULTIPLE CORRE_ATION

ANO REORESAION FACTOR LOAnIN. 2ND COLON)
0.241 0.644

R SOON .0,099 0.541
SnuAREO RETA vrioNTs

0.576 0.215
R WONT!

4.494 .0.791
INTERCEPT CONATANT

MULTIPLE N SnuARE 0.142
MULTIPLE R 0.377
w.o.,I 3

N.O.I.2 169
I FAR ANALYSIS OP VARIANCE ON R 11.323
IIETi WET4H71.

0.0411 .01710 0.161
CONTRIBUTIONS TO MULTIPLE CORRELATION

INO 9,6RES9ION ACTOR LOAOINOS. 2ND COLUMN]
9 0.266 0.03

R SOWN 0,143 0,944
1 A CURE 0,01 0,334

SWARM BETA wElomT$
0.716 0.144 . 0.923

6 WrIONTS
7.239 11.4,7 !pill

INTERCEPT CONSTANT STOIT

ANOVA Mil OOR POLYNOMIALS

wEnucTION Our Tn LINEAR FIT. WITH 1 OF 0,101
RESIDUAL S.A. 0.499 OF 171 RESIDUAL M,5, 0.405

r Frig LINEAR FIT 19.191

REnUCTIoN our To GENERAL QUADRATIC PIT ',ITN OF 2. 0.141
REDUCTION N.S. 0.071
wrsTouaL S.'. 0.456 OF 110 RESTOUAL M,5, 4 0.005

I Frig OUAORATTC FIT ii, 14.021
REOIICTION Our TO CuAnRAIAC TERM ALONE. WITH 1 OF. 0041
1, MR QUAORATIC TERM ALONE 11.0611

REDUCTION OUT TM GENERAL CUBIC FIT WITH OP 31

RESIDUAL SO.
0.947
0.6111 OF 169 RESIDUAL

PEOuOTION M4S,

F oR GENERAL 0111C FIT 9.323
RroucTION no' TA CUBIC TERM ALONE MITM 1 00 0.000

FAR CORIC IFR:-1 ALONE 0.0111

0.142

Mao 0.401

ET RATING

I.7



Ndt 4 M mmmm m mmmmmmmmmmmm maa4301.1mmn mmmmm 11 .4
Pni,No.*TAL FITTIN1 FnN 2 VAN, AND TP RCD"E 173 oRsEnverinNi

ET RATING
TE PREDICTOR vARIARLEIxI IS PRE, AND THE CRITERION VAPIARLEIY) IS TP ScoRE.

TEST MEANS ANn sTANnAwn DEVIATIONS
I x 0.404 0.352
7 SOuAR 0.787 0.288
1 A cuRr 0013 0.240
4 Y 4.14 1.704
CORRELATION NATRIA

I 8 1.000
7 SQUAB 0.967

0,904

0.904
01.90:70 0.982 =

1.0001 8 CURE
00.03:214 r 0.166 0.343 11...g

FIRST, SFCONn, ANC Twipn nErREE POLYNOMIALS.
re

MtJLTIPLF R SQUARE I 134
MULTIPLE, R 0.36'
NO.F.)
N.O.F.2 Ill
F FfN ANALYSTS OF VARIANCE ON R 26.423
RFT,' WEIGHTS

0.166
CONTRIBUTIONS TO MULTIPLE CORRELATION

AND OFGREssION FacTCR LOADINGS, 2ND COLUMN)
0.134 1.000

SQUARED BETA WEIGHTS
0.134

R wEiroas
1.854

INTERCEPT CONSTANT 5.765

MULTIPLE R SQUARE 0.135
MULTIPLE R 0.347
N.0.F.1 2
N.').F.2 170
F FnP ANALYSIS OF VARIANCE ON R 13.222
BETA WEIGHTS_

0.2A0 0.1A9
CONTRIBUTIONS TO MULTIPLE CORRELATION

AND REGRESSION FArTcR LOADINGS, 2ND COLUMN)
0.094 0.997

7 SDUAR 0.039 0.984
SQUARED RETA wFIGMTS
0.060 0.612

R WEIGHTS
1.319 0.677

INTERCEPT CONSTANT 5.787

MULTIPLE R SQUARE 0.135
MULTIPLE R 0,347
N.o.F.1
N.0.F.7 169
F FOR ANALYSTS nF VARIANCE ON R 8.769
()ETA WEIGHTS
0.36 .0.117 0.14E

CONTRtRuTInNS TO MULTIPLE CORRELATION
AND REGRESSION EAFTCR LOADINGS, 2ND COLUMN)

0.133 0.947
p SQuAR 0.983

x CURT 0.051 0.935
.SQUARED RETA WEIOWTS

0.133 0.019 0.022
R WEIGHTS

1.845 0.A47 1.808
INTERCEPT CONSTANT 58783

ANOVA TARLF roP POLYNCNIALS
A

REDUCTION DUF TO LINEAR FIT, WITH I OF 0.134
RESIDUAL 5.5. 0.1160 OF 171 RESIDUAL m.S. 13.1305

'F FOR LINEAR FIT 28.423 .

REDUCTION OtIF TO GENERAL QUADRATIC FIT WITH OF 2, 0.135
REDUCTION M.S, 0.067
PFSInuAL S.S, (*.RAS OF 170 RESIDUAL M.S. 0.00SF FORouaORATIC FIT 13.222
REDUCTION MI, TO QUADRATIC TERM ALONE, WITH 1 CF. c 0.001
F EDF) QUADRATIC TERM ALONE 0.152

REDUCTION nu! To GENERAL conic FIT wITH DY 3,
REDUCTION m.s. (10345
RESIDUAL S.S. 0.065 OF 169 REsrOUAL,M.S. 0.005

F FnR GENERAL CITRIC FIT 8.769
REDACTION no- in CURIO TERM ALONE WITH 1 OF , 0.000
F FIR CuRIC TFNM ALokE 0.017

I-8



FITTINO FAH 2 9ARIARLEIBRE ANO 10 SCORE. 173 oBSER/ATIn*S.

THE RoEnIcioR vARIARLE(A) IS ORE, AND THE CRiTERION VARIARLE0/.IS TP 1C0Meg

TEST MEANS ANn sTANnARO DEVIATIONS
1 x no64 0.222
7 SOUAR 0.100 0.245
1 x CURE 0.740 0.271
t r 6.914 1.764

CORRELATION MATRIX
x 1.000 0.960

7 SOUAR 0.960 1.000
1 X CURE 0..93 0.984
4 Y 0.00R 0.512

0,891
0.0E14
1.000
1.499

0.508
0.912
0,495
1.000

FIRST. SFCONO. Ak0 THIRD nEnREE POLYNOMIALS.

MULTIPLE R S0HARE 0,05?8
MULTIPLE R 0.50R
N.O.F.1 1

N.D.F.? 171
F FOR ANALYSTS OF VARIANCE ON R 59.470
RrTe WEIGHTS

0.006
CONTRIBUTIONS TO MULTIPLE CORRELATION

AND PEGRFWON F4cYCR LOADINGS, 2ND COLUMN)
0.258 1.000

S0UARED RETA WEIGHTS
0.758

R wETOHTS
4.0.0

INTERCEPT CONSTANT 2.988

MULTIPLE R SOIIARE
MULTIPLE R 0.SIS
N.n,F.1 7
N.O,F,2 170
F EOR ANALYSIS of VARIANCE ON R 30.763
BETA WETONTS

0.709 0.312
CONTPIRUT/oNS TO MULTIPLE CORRELATION

ANO REGRESSION FACTOR LOADINGS, 2ND COLUMN)
0,106 0.90S

SDUAR 0.160 0.993
snUARED BETA WEIGHTS
0.04 0.097

N WEIGHTS
1.676 2.274

INTERCEPT CONSTANT 3.755

MULTIPLE A S011APC 047.1
muLTIPL P 0.521
N.D.F.1 3
N,n.F.7 169
F FoR ANALYSTS OF VARIANCE ON R 20.966
RETA WEIONTS

2.109 4.675 3.129
CONTRIBUTIONS TO MULTIPLE CORRELATION

ANO PEORESsiom FACTOR LOADINGS. 2ND COLUMN)
i x 1,117 0.91S

ISing:F.
.7,394 0.963
1,549 0,960

SOuARED RETA WEIGHTS
4.937 2i.R9 97118

R WEIGHTS
17.664 -34.0 .5 20.461
INTERCEPT CONSTANT 3.227

ANoVA 'ARIA r)R POLYNOMIALS

REnucTiON Our TO LINEAR FIT, WITH 1 OF 0.750
RESIDUAL S.S. 0.742 OF 171 RESIDUAL M,5. 0.004
F FIR LINEAR FIT 59.00

QEnUCTION 011r TO GENERAL QUADRATIC FIT WITH DI 2, 0.266
REDACTION H.S. 0.133
RESIDUAL S.S. 0,734 OF 170 RESIDUAL 04.9. 0.004
F FnleouADPATzc FIT 30.763
REnucTION nuE TO CuADRATIC TERM ALONE, WITH 1 DE' 0.000
F FOR nunRATyc TERN ALONE 1.183 ,

REDUCTION nut: Ti, OENFRAL CUBIC FIT WITH OF 30 0,271
REDACTION m.s. 0.090
RESIDUAL S.S. 0.729 OF 169 RESIDUAL M.5. 0.0

F Eng OFNERAi CURIO FIT 70.966
REDUCTION nuF TO CUBIC TERN ALONE WITH 1 001 , 0.009
F Fnu CORM TrPhl ALONE 1.274 /

ET RATING

1-9



4444 44 . ......
PoLPIOHIAL FrrTTNO FOA 2 vARIAHLES-wNE AND /P SCOOF, 171 cuSEnvATIoNS.

THE PPEOIcTon vARIARLE011 IS )01E4' ANO TnE CRITERION vART4BLE41,1 IS TA'c.CORE.

TFST MEANS ANn 8TANDATTo DEVIATIONS
1 4 0873 0.210
7 WAR 0.172 0.225
1 A CORE n.254 0.207
4 Y 6.814 1.704

CORRELATION m4To1x
I A 1.000 0.477 0.932
p SnUAR 1.017 1.000 0.987
1 v Co9E 0032 0.487 I.000.
4 Y 0.441 0.413 0.380

....07,2113-
FTW. SFCONn. AND Tm100 AF6REE PuL7N0mIALS.
...... sa.......
muLTTPLE R SoNARE 0.198
muLTIPLF R n.448
N.O.F.1 i

171
F FOR ANAL7548 OF VARIANCE ON R 42.260
BITS wFiGmTS

0.445
CoNTRT4IIT1nN; TO MULTIPLE CORRELATION

AND prnREcctoN FACTOR LOADINGS. 2ND COLUMN)
0.190 1.000

St:4.10EO BETA vEtomT8
0.199
wFIONTS
1.789

IN/FACER/ CONSTANT 444

n.445
0.413
0.190
1.n00

MULTIPLE R SoHARE 0.fA9
MULTIPLE A
N.D.F.1 2

a.487

110
F FOR ANALTSIC OF VARIANCE ON R 22.416
Rifi wfUIHTS

0.913 -9.479
CoNTRNUTToNs TO MULTIPLE CORRELATION

ANO 0F6RES.70N F4i7TCR LOADINGS. ?NO COLUMNI

1
x 0.406 0.914

P 8nNAR -1.198 0.904
Sou4REO BETA 'EIGHTS

0.413 0.279
R 14FlomT8

7.749 .3,842
INTERCEPT CONSTANT .478

MULTIPLE R SODARE 10
MULTIPLE R 0.018
N.o.F.1 3

N.O.F.2 169
F FOR ANALySfe nF VARIANCE ON R a 14.942
BETA WEIGHTS

1.285 -1.184 0.534
CONTRIBUTIONS TO MULTIPLE CORRELATION

AND CfARFseTAN FACTCR LOAoINGS. 2N0 COLUNNI
0.572 0.972

2 SOLAR -0.565 0.902
1 1 CUB' 0.203 0.830

SOURED BETA mETOMPI
1.ASI 1.971 0.285

A WEIGHTS
10.937 -16.071 4.402
INTERCEPT CONSTANT 3.103

ANovA TABLE FOR POLyNCmIALS

pFoucTinN oNF TO LINEAR FIT. WITH 1 of 0.198
oFcIoUAL c.c. 0.902 OF 171 RESIDUAL M.S.
F FOR LINEAR FIT 47.260

0.005

pEnuCTTON ME TO OENE6AL GUAORATIC FIT WITH OF 2. 0.209
REoNCTION B.S. 0.104
RE8Inu4L 5.5. a 0.791 or 170 RESIDUAL Mel.

F FOR no4oRATIC FIT 22.416
pEnNCTION nuF Tn cuAnRATTC TERM ALONE. WITH 1 cr. 0.011
f FOR oNAnpATIc TERM ALONE 2.261

F .

0.00!

REnNCTioN TINE TO OENFRAL CUBIC FIT WITH OF 3. . 0.210
REDUCTION B.4. 0.070
RESIDUAL 1.8. 0.790 Of 169 RESIDUAL M.S. 0.405

F FOR RFNERAL clinic FIT 14.042
REONCTION oNF TO CURTC TFRM ALONE WITH 1 OF
F FoR Cumfc TrPm ALONE 0.204

0.001

ET RATING
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.1

POI YNOMIAL F IT11.4 FOR 2 VARICILESSHE AND TP %CORE. 154 nEISERvATioNS.

THE PREDICTOR vARiARLF/x) it SRE. AND THE CRITERION VA0tigiLEITI IS TP
SCORE..

TEST MEANS Pin sTANoARC DEVIATIONS
1 X 0.103 0.293
7 WAR 0.255
1 A CURE. 0.12 0.241
4 Y 6.740 2.042 .1

CORRELATION RATAtX
0.871I x

ir11.112
7 WAR 0.9817:9040:

A CURE
14°4:
0.01 0.941 1.000 0.791

0.322 0.2944 r 0.146 1.400

SEcnNo. AND THIRD 'AFOREE RULYNOrIALs.

muLTIRLE R SwiAtIE
muLTIRLE 0 M.34A
No.F.1 i

N.O.r.2 IS?
F FOR ANALYSIS or VARIANCE ON P 20.623
!WT. .V6471

8.366
CONTRIBUTIONS To kuLTIPLE CORRELATION

040 RFGRrssioN FACTOR LOADINDS. 2ND COLUPN
n.119 1.000

soLIARED RETA FIGPT5
0.119

A wrIGHTS
2.41n

INTERCEPT CONSTANT 5.509

0.119

MULTIPLE R SOIPAPE 0.120
MULTIPLE R 0.346
No.F.1 2
No.F.2 151
F FOR ANALYST% OF VARIANCE ON R 10.259

TiR wEIDNTS
0.382 -0.018

CoNTPIRIITtnNS TO MULTIPLE CORRELATION
AND REOPESsIoN FACTOR LOADINGS. 2ND COLUMN)

4 0.132 0.999
7 SOUAR -0.012 0.932

SoLIAPED BETA wFTOPTS
0.146 0.601
WEIGHTS
2.6A3

INTERCEPT CONSTANT 6.4E7

muLTIP1E R SOuARE 0.120
MULTIPLE R a 0.34A
No.F.1 3
N.o.F.2 15n
F FAR ANALYSIS OF VARIANCE ON R 6.796
6F7. *E/OHTS,

0.339 0.043 -0.083
CONTRI9uTIONS TO ?ULTIPLE CORRELATION

AND REORE4410N FACTOR LOO1NOS, 2ND COLUMN,
0.117 0.999

2 50uAR 0.027 0.932
1 X CuRF -0.024 0.850

SQUARED BETA wEiooTs
0.115 0.0n7 0.607

A WEIGHTS
2.364 0.AAS .0.730

INTERCEPT CONSTANT 5A495

AN0V4 WILE FOR POLYNOMIALS

RFnucTTON nuF TO LINEAR FIT, WITH 1 OF 0.119'
RFsInuAL S.S. . 0.881 OF 152 RESIDUAL 01.1. 0.006
F FAN LINEAR ctl 20.623 ...A

REnOCTION Dur to GENERAL QUADRATIC FIT WITH OF 21 0.120
RFOUOTIoN M.S. 0.060
RESIDUAL S.C. 0000' OF 151 RESIDUAL M.S. 0.006F FAR QUADRATIC FIT 10.255
REDuCTION THIF TO CUADRATIC TERN ALONE. WITH 1 rip 0.000
F FOR QUADRATIC TEAR ALONE 0.021

RFnuOTTON,inuF To GENFRA L 5U4IC FIT WITH OP 3.

RESIDUAL Sig. 0,8110, OF 150 RESIDUAL 10:::1:
RTOOCTION

M.S. 0.04110

0.006

F FAR APNERAL CuRIC FIT
I 6.790

RrniirTioN nuF TA CUBIC TER014LONE WITH 1 011'

F FoP ouRTo TFAM ALONE I.010
0.008

FT RATING



11.$,11111011
PooNORIAL FITTING FOR 2 vARIAI'LLS.vRt. ANO TP ScO9k. 154 OHSERVATIONS

THE PAEnICTOR vAPIAPLTIA1 IS PRE. ANTI THE CRITERION YARIAALETY1 IS TP SCARE,

TEST mEANS ANn sTAmIAAr.. nEvIATIo4S
I x

, 5OIJAR
1 x CURE.
4 r

CoRAFLATIoN matnix
1 X

2 SOUR R

3 X rmAE
r

0.560 0.393

0.4o47100.410
0.305
0.347

6.740 2.042

1.000 0.976 1.931 0.26
O.nTA 1.000 0.987 0.296
0.931 0.907 1.000 0.112
0.264 0.296 0.312 1.000

FIRST, SFGONn. AND THIPn ,iEGPEE PMLYNOHIALS,

muLTIPLE A Sr TARE 0.0/0
HuLTIPLF A 0.26A
N.F.1
N.O.F.2 15?
F FnA ANALYSTS OF VARIANCE ON R 11.394
RF/. wEIRHIS

0.264
CONTATRUTIONS'TO MULTIPLE CORRELATION

AND REGRESSION FArTGA LOADINGS. .2ND COLUMN!
0.070 1.000

SnUAAED RETA REIGMTS
0.070

R wEiGHTs
1.372

INTERCEPT CONSTANT 5.460

MULTIPLE cl SOFIAPE 0.140
MULTIPLE 0.317
No.F.1 2
N.O.F.2 151
F FAR ANALYSIS OF VARIANCE ON p 8.408
SETA WEIGHTS
-0.524 0.,07
CONTATAuTIONS TO MULTIPLE CO1PELATION

AND REGRESSION FATCR LOADINGS. 2ND COLUMN)
x -0.I3a 0.834

7 SnuAp 0.239 0.934
SnUAAED RETA mFTGMTS
0.275 0.652
.FIGHrs
.2.724 4.5,1 0
INTERCEPT CONSTANT 5.615

4

MULTIPLE A SOlitgE '0.104
MULTIPLE R 0.322
N.M.! 3
N.o.F.2 150
F FnA ANALYSIS OF VARIANCE ON R 5.744
RETA WEIGHTS

0,394 -1.115 1.103
CONTRIBUTIONS TO MULTIPLE CORRELATION

AND REGRESSION FACTOR LOADINGS. 2ND COLUMN!
0.1)200.104

2 SGUAR .0,407 0.910
) X CURE 0.406 0.961

SOUARED RETA WFIONTS
0.155 1.592 1.697
WEIGHTS
2.049 .7.699 7.657

INTFRCEPT CONSTANT 5.606

ANIVA TARLE FOR POLmNgNIALS

REnUCTION DUF TT LINEAR FiT, Wm I OF s 0.070
REsTouAL 5.5. 0.930 OF 152 RESIDUAL m.s. 0.006
F FnA LINEAR FIT 11.344

REnucTIoN our TO GENERAL QUADRATIC FIT KITH OF 2. 0.100
AFnuCTION N.A. 0.050
RESIDUAL S.A 0.900 OF 151 RESIDUAL H.S. 0.006
F FOR nuADRATIC FIT 8.400
OFOuCTION OUE TO CuAnRATIi! TERM ALONC. WITH I CF. 0.030

,F FnR OuAORATTC TERM ALONE 5.114

PFnuCTTON nuF TO OENFRAL CUBIC FIT WITH OF 3. 0.104
FIFOI3cTIoN p.s. 0.035
RESIDUAL S.S. 0.296 OF ISO RESIDUAL Mae 0.004

F FOR oFNERAL CUBIC FIT 59784
AForIcTIoN OIR, TO CUBIC TERN ALONE WITH 1 OF
F FOR CHAIC TFAH ALONE 0.552

0,001

FT RATING
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POLYNOMIAL FITTING FOR 2 VARIA0LtS-GRE AND fP :Come. ISA CHSE01./ATIoN3A

THE PREDICTOR VARIAnLEfX IS ORE..ANO THE CRITENInN'VAPIABLEiT) 17 TP'SEDRE. '

TEST mFANS ANn STANOARC OW T1oNS
1 X 0.932 0.011
2 SQuAR 0,073

10:11:3 0 CURE 0.622 1

4 r 6,240 k.042
CnR,ELATToN metal*

1 x 1.000 0092 0,991 0.37
2 SOUAR 0091 1:000:,,

0.90900

0.380
3 X CURE 0.991 0 99# 1, 0 0.302
4 r 0.374 0.304 0.382 1.000

SECONn. AND THIRD riEOREE POLYNOMIALS.

MULTIPLE R SQUARE 0,140
mULTIPLF R 0.374
N.n.F.1 i
N.D.F.2 152
F Fr; ANALYSIS OF VARIANCE DN R 24.771
BETA mEIONTS

0.374
CONTRIBUTIONS To MULTIPLE CORRELATION

AND PEORESsTON FAeCR LOADINGS, 2ND COLUMN)
X 0.140 1.000

SnuARED RETA writ:WTI
0.140

R wil0mTs
10.116
INTERCEPT CONSTANT .3.640

4

MULTIPLE R SQUARE 0.148
MULTIPLE R 0.305
N.D.F.1 2
N.D.F.2 151
F FOR ANALYSTS oF VARIANCE ON R 13.156
BETA WEIGHTS
-0.926 1.1114

CONTPIRUTIONS To MULTIPLE CORRELATION
;AND REGRESSION FATER LOADINGS, 2ND COLUMN)

-0.346 0.9/1
7 SOUAR 0.495

SQUARED BETA wE1OMIS
0.905

0.056 1.699
A 'EIGHTS
- 20.793 21.211
INTERCEPT CONSTANT 12.681

MULTIPLE R SQUARE 0.05
MULTIPLE R 0,406
N.D.F.1 3

No.F.2 ISO
F FnP ANALYSTS OF VARIANCE ON R 9.071
BETA WEIGHTS
-24.607 57.4113 - 27.746
CONTRIBUTIONS To MULTIPLE CORRELATION

AND REGRESSION FACTCR LOADINGS, 2ND COLUMN)
X -9.276 0.921

2 SOUAR 20,050 0.930
1 K CURE -10.601 0,942

SQUARED BETA REIOPTS
W.3702789.744 769.424
wFIGHTS

711.524 059090-334.275
INTERCEPT CONSTANT 199.144

ANOVA TARLE rOR POLYNOMIALS

oFnuCTTON nor *TO LINEAR FIT, WITH 1 OF 0.140
REsInUAL S,S. 0.060 OF 152 RESIDUAL M.S. 0.006

F FRP LINEAR FIT 24.711

REnUCTION DUF TO GENERAL ONADRATIC FIT WITH OF 2, 0.148
RFnucTIoN M.S. 0.071
0FsIDuAL S.S. 'II 0.652 DF 151 RESIDUAL M.S.. 0.006

F FOR QUADRATIC FIT 13.156
REDUCTION hur TO CUAnRATIC TERM ALONE, WITH 1 cr. 0.009
F FAR QUADRATIC TERM ALONE 1.506 ,

REONCTIom OUP: TO GENERAL CUBIC FIT WITH OF 3, 0.1415
REDUCTION M.S. 0.055
RESIDUAL S.S. 0.635 OF ISO `RESIDUAL M.S. 0.006

1

F FoR GENERAL CURIC FIT 9.671
RFOiuCTION OUF TO CURIC TERM ALONE 'WM 1 OF 0.014
F FOR CURIE T,RM ALONE 2.959

Li

FT 3ATING
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POLYNOMIAL F1rTINO trnB 2 vABIA1.1LES....BE ANO IP SCORE. 154 ORSERVITtON5,

THE PREDICTOR ,ARIABLE1A1 IS WPC.. ANO THE CBITERIGN VAPIARLE111 1S TPSME.

TEST MEANS nun STANnARC DEVIATIONS
1 A 0.A20 0.190
2 SQUAB 0.420 0.215
1 x CURE 0.100 0.211
4 y 6.740 2.012

CORRELATION NATRix
1 x 1.600 0.910 0.914 0.470
2 SOuAR 0.970 1.000 0.984 0.388
3 x CURE 0.919 0.986 1.000 0.144
A r 0.430 0.388 0.344 1.100

FIRST. SECnNn, ANO THIRD nEnREE POLYNOMIALS.

MULTIPLF a SQUARE, 0.485
MULTIPLE R 0.430

NO.F,2 152
F FOR ANALYSIS OF VARIANCE ON R 34.532
BETA WEIGHTS

0.430
CONTRIBUTIONS TO MULTIPLE CORRELATION

AND REGREScinN FA(1CR LOADINGS. 2ND COLUMN)
x 0.185 1.000

SQUARED BETA WEIGHTS .
0.185

B WEIGHTS
4.615

INTFRCERT CONSTANT 3.366

MULTIPLE R SOILARE U. 0,440
MULTIPLE R 0.440
N,O.F.I 0

N.D.F.2 151
F FOR ANALYSIS OF VARIANCE ON R 18.907
BETi WEIGHTS

0.923 ..o.aN
.CONTRIBUTIONS TO MULTIPLE CORRELATION

AND REGRESSION FAOCR LOADINGS. 2ND COLUMN)
0.397 0.9WI

j snuAR A.197 0.866
SouARED BETA wEinHis;

0,552 0.751
R WEIGHTS

9,943 a4.417
'INTERCEPT CONSTANT 2.10S

MULTIPLE A SQUARE c..2AA

MULTIPLE R 0.45)
N.D.F.1 3

N.O,F.2 ISO
E'inil -ANALYSIS OF VARIANCE ON R
BETA .WEIGHTS 7 .

°

0029 0.044 .0.92
CONTRIBUTIONS TO MULTIPLE CORRELATION

AND REGRESSION E4iiTOR LOADINGS. 2ND COLUMN)

I
x 0.141 0.953

SQUAD. 00112 0,059
3 X CURE -.0.319 0.762

SQUARED BETA WEIGHTS
0.107 0.949 0.661

S.

B WEIGHTS
3.531 9.1AS .8.994

INTERCEPT CONSTANT 2.811

12.786

ANOVA TABLE FOR POLYNOMIALS
ti

RM.:1'10N Our TO LINEAR FIT, WITH 1 of 0.185
RESIDUAL S.S. 0,815 OF 152 RESIDUAL M,5.
F FOR LINEAR FIT 34.532

t.

0.005

REDUCTION nUF To GENERAL QuoRATIC'FIT WITH OF 2, 0.200
REDUCTION m.5. 0.100 -

pcsiDUAL S.A. '0.800 OF 151 RESIDUAL M.S. 0.005
F FOR 0114nRATIC FIT 10967 .

'REDUCTION nuF TO CuAnRAM: TERN ALONE, WITH 1'0F. 0.015
F FOR QUADRATIC TERM ALONE 2.060

REDACTION DUE TO GENERAL CUBIC FIT WITH Of 3. 0.2114
REDACTION U.S. 0.068
RESIDUAL 5.5. 0.796 oF 150 RESIDUAL m,s.

F FOR GENERAL CUBIC FIT 12.756
REDUCTION nuF in CUBIC TFAM ALONE WITH 1 DF 0,003
F Fm) CUBIC TERM ALONE 0.616

0.005

FT RATING
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IDAI550.11 SSSSSSSSSSSS
mol.o.o1g4L rtirTINO rePf 2 VARIAPLES-SNE AND TP SCORE. ORSEaVATIONS.

TN( imEniefoo vtniAnLE(Ki THE oRITER1oN.YAOABLO1 i5 111:

1ST NFANS *No STAhOARC OEVIATIONS
I A 0.766 0.280
7 WAR 0.140 ()ado
1 x CURE 0.096 0.109
. r s.s52 2.371
cnoRLATI04 mAYalx

I I 1.000 0.941 0.040 0.361
7 SOUAR 0.91

111.:700

0.30
1 A clIRE 0,80 10.3(103 0.30a

r 0.101 0.345 0.300 1.000

FIRST. SEcoNo, 440 THIPO liEoPEE POLYNOMIALS.

MULTIPLE R Solum 0.131
hiLTIPLE P 0.361

I

4.o.F., 50
F FAQ ANALYSIS OF VARIANCE ON R 8.407
Prix wEIONTS

0.361
CIINTRIRVTIONS To NULTIPLE CORRELATION

ADO REOREsiloN FAcTCR LOADINGS. 2ND COLUMN'
0.171 1.000

SouiaEo RETA wE1ONTS
0.131
WEIGHTS
3.882

INTrRCEPT CONSTANT 4.738

MULTIPLE 0 SONARS 0.111
muLTIRLF R 0.362
N.O.F.1 2
N.D.F.2 SS
F FOR ANALYSIS OF VARIANCE ON R 4.136
RATA OIONTS.
0.1U 0.844

CONT0MTIONS TO MULTIPLE CORRELATION
Ahn 0E0aEScIoN FAcTCR LACINGS, 2ND COLUMN)

X 0.116 _0.999
7 s0u4R 0.015 00054

501,40E0 BETA WEIGHTS
n.102 0.062

8 wrIGHTs
7.711 0.474

INTrPcFPT CONSTANT 4.761

muLTIPLE a Soq4PE 0.133
MuLTIPLF 0.164
Unofal
1.O.,*?
FOR ANALYSt OF

8ETA ~EIGHTS
0.063 0.440 -0.423

CONTRIBUTIONS TO MULTIPLE CORRELATION
ANO PEGOESSION FACTCR LOADINGS. 2N0 COLUMN)

0.021 0.992
P sOuAR 0.241 0.047
) CUR, -0.131 0.847

SRUAREO RETA vETONTS
0.004 0.417 0.f79

O tiFIGHTS
0.534 7.0h0 .1.306

INTERCEPT COP-WANT 4.814

S4
VARIANCE ON R 2.755

ANOvA TABLE rna aoLyNCHIALS

REoUCTION Our TO LINEAR FIT. WITH 1 OF 0.131
0EsIOUAL S.s, 0.869 OF 56 RESIDUAL N.S. 0.016
F FAR LINEAR FIT 1.407

aEnuCTIOm Oum TO OENEPAL QUADRATIC FIT WITH OF 24 0.131
arnuETIoN N.S. 0.065
urcInuAL 5.5. m.669 OF SS RESIDUAL M.S. 0.016
F FAR 011A0RATIC FIT 4.1)6
aErluCTTOm Win TO OU4014T0 TERN ALONE, WITH I ON 0.000
F Fro onArHAATtc TERM Ainh 0.014

RrnuOTION our TO GENERAL 51,181C FIT WITH DF 34 0.133
o roliCiloN N.S. 0,044
0Es1OUAL S.S. 0.867 OF 54 RESIDUAL M.S. I 0.016

FOR OFNERAt cuRIC FIT 2.755
aEnucTinN nor To CURIO TERM ALONE WITH 1 OF 0000
F F09 CUBIC Tr0m ALONE 0.125

IC RATING
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nelv,

POLTNOHIAL fiTTINO row vARIALESPOE ANT) TO scnNr.
I

SO OBSEOVATIoNs,

IC RATING
THE PREDICTOR vAnIARLE(x)IS PRE. ANO THE CRITENION MAO/ARLEIY1 IS:TP SCORE.

TEST MEANS AND STANOARO DEVIATIONS
1 x 0.i08 0.399
2 sou.n 0.414 0.361
3 X cunr 0.350 0.341
4 r 5.552 2.321
CORRELATION MATRIX

1 X 1.600 0.974 0.934 0.322
2 SWAP 0.476 1.000 0.989 0.350
3 X CURE 0.036 0.909 1.000 0.362
4 r 0.322 0.350 0.362 1.800

rum, sEcoNn, .No TNIRu nEancE PULYNONIALS.

MULTIPLE R SOloRE 0.114
MULTIPLE R 0.322
N.O.F.1

I

N.O.F.2 56
F Fog ANALYSIS OF VARIANCE ON R 6.493
E,TA WEIGHTS

1%322
CONTRIBUTIONS TO MULTIPLE CORRELATION

AND REGRES(TON FACTCR LOADINGS. 2ND COLUMN,
0.104 1.000

SoUARED RETA mEtOWTS
0.104

R WEIGHTS
1.914

INTERCEPT CONSTANT 4.580

MULTIPLE R SWAR( 0.101
MULTIPLE R 0.36,
N.D.F.1 2'
N.D.E.2 SS
F Eno ANALYSTS OF VARIANCE ON R 4.142
BETA WEIGHTS
.0.417 0.787

CONTR1RUTTONS TO MULTIPLE CORRELATION
AND REGRESsTON FACTCR LOADINGS. 2ND COLUMN,

x -8.03. 0.891
8 sou.R oats 0.968

SOUAREO BETA wFIGMTS
0.174 0.03

R WEIGHTS
4.912

INTERCEPT CONSTANT 4.773

MULTIPLE R SouARE 0.134
MULTIPLE 11 0.367
N.o.r,1 3

N.O.F.2 54
F FOR ANALYSIS OF VARIANCE ON R 2.796
.BETA WEIGHTS

0.378 -1.20 1.246
CONTRIBUTIONS TO MULTIPLE CORRELATION

AND REOPESs/ON FACTCR LOADINGS. 2ND COLUMN
I

X 0.122 0.829
P MAR 0.830 0.953
3 0 CUBE 0,451 0.907

SOUAREO BETA WEIGHTS
0.143 1.565 1.02

B WEIGHTS
2.243 8.116 0.664

INTERCEPT CONSTANT 4.739

ANOVA TABLE fOR ROLVNCNIALS

REDucT/ON Our TO LINEAR FIT, WITH I OF 0.104
RESIDUAL S.S. 0.896 OF 56 RESTOUAL M.S. 0.016
F FOR LTNE4P FTT 6.497

REoucTIoN our TO GENERAL QUADRATIC FIT mITM OF 21 0.131
REDUCTION H.S. 0.065
RESIDUAL S.S. 0.069, OF 55 RESTOUAL N.S. 0.016

F irmli ouoncric FIT 4.142
REDUCTION OUF TO OUAORTIF TERM ALONE, WITH 1 OF, 0.027
F Er)ft OuAORATTC TERM ALONE 1.709

nEokrIoN 1311! To GENERAL CUBIC FIT WITH OF 3. Ai 0.134
REDUCTION M.S. 0.045
RESTOUAL S.S. 0.864 OF 54 RESTOUAL M.S. 0.016

F Fog OFNEPAi, CITRIC FIT 2.796 _
REDUCTION OUF TO CURTC TERM ALONE WITH I OF , 0.004
F TAR CLIRIC TER,. ALONE 0.222
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*IstelJlfnA
Pn171011AIA1. ITTINu FON

Ow.%il307nO O ...... man OOOOOOOOOOOOOOOOOOOOO
VAHIPILES.iPE ANO TP SCORE.. SR ASEwVATIOAS.'

THE PnEnIcToR VARTARLEix) :S ORE. AND

IFST MEANS ONO 5TANnARC DEVIATIONS

THE cRIrEaIoN

IC RATING

7A71ABLEIri-I5 TP SCORE..

1 x 0086 0.161
P GUAR n.411 0.214
1 x CURE 0.751 0.261
A Y 5.552 2.311

CoAAELATION mATPTA
1 X 1.000 0.954 0.901 0.347
P SOuAR 0.054 1.000 0.944 0.155
1 x CURE 0.001 n.984 1.000 0.301
A r 0.11:17 0.388 0.341 1.000

FrRsT, SECONn. Aka: THIRD FacipEE PuLTNOkIALS.

MULTIPLE P SOuARE 0.9
MULTIPLE P 0.387
N .n.F.1
N.D.F .2 SA
F FOR ANALYSIS OF VARIANCE ON R 9.838

WEIGHTS
0.187

CONTAIAUTIONS TO muLTIPLE CORRELATION
jNO PEW:1E5410N FAcTCR LOADINGS. 2ND COLUmNi

n.149 1.000
SOUARED BETA wEIOMTS

0.169
WFIGHT5
5.706

INTERCEPT CONSTANT 0.494

MULTIPLE P SONAQE 0.174
MULTIPLE P 0,397
N.O.F.I
N.D.F.2 SS
F FerR ANALYSIS OF VARIANCE ON II 4.995"T wEtom1S

n.178 0.719
CONTAIRuTIoN5 TO MULTIPLE CORRELATION

AND PEOREs4ION FAeTCR LOADINGS, 2ND COLUMN)
0 0.069 0.906

P %WAR n.025 0.991
SnuAREn META vEIGOIG

0.032 0.648
wFInHTS
2620 2.4i0

INTEPOEPI CON4TANT 1.263

MULTIPLE R fOuARE 0.169
MULTIPLE R 0.4i1
NnF.1

3
N.O.F.2 54
F FOR ANALVSI4 OF VARIANCE ON R 3.668
BETA WEIGHTS

1.811 4.777 3.467
CONTRIPUTI'N9 TO OULTIPLE CORRELATION

Poin REGRESSION FacTcR LOoiNos. 2ND COLUMN)
0.701 0.939

SOUAR -1.853 ,.944
3 2 CURE 1.322 0.927

517U44E0 BETA WFIOHTS
3,787 22.104 12.023
WFIGHTS

76.761 .52,7118 31.1515
INTERCEPT CONSTANT WS3

ANoVA TARLF rOP WOLYNCHIALS

pEnucTTnN our TO LINEAR FiT. WITH I OF 0.149
PrAInlig. S.C. 0.051 OF SA RESIDUAL N.S. 0.01S

F FOR LINEAR FIT 9.430

oFnucTInN noF To GENERAL OuAORATIC FIT WITH OF 2. 0.154
RnucTInN Not. 0.017
PF4TnuAL S.S. 8.1146 OF SS RESIDUAL N.S. 0.013
F Fr1R ouaniwrc FIT 4095
RFnucTiON nor TO cuAnciaTtiT TERM ALONE, WITH 1 04, 0,004
F Fog OUAORATTC TERN ALONE 0.200

REOuCTION nur T0 0EmEPAL CUBIC FIT WITH or 10 0.149
RFnucTioN M.S. 4.056
orgiouaL S.c. 0.431 OF S4 RESIDUAL H.S. 0.015

F FOR OFNENJU CURIE FIT 3.668
Amur:Tiny nur Tn CURTC TOP, ALONE WM 1 OF ,

F Fog CUBIC TERN ALONE 1.012
0,016

1-17



.

PoivNoN/AL TWINO FM4 2 vANIAPLES-RE AND IP SCORE. SA OHSERVATIONA.

THE PnEntcrop vilaboTtE(x, IS MBE, AND THE CRITERION VARIARLE(Y) IS /P SCORE,

TEST MEANS ANn STANOARC DEVIATIONS
1 X 0,042 0.190
2 SOUAR 0.129 0.207
1 K CURE 0.216 0.169
4 V 9.552 2.311

CORRELATION MATRIX
I X 1.000 0.902 0.942 0.4342 'SQUAB 0.902 1.000 0.908 0 01123 X CURE 0.942 0.986 1.000 0.1834 r 0.434 0.302 0.343 1.000

FIRST. sECoNo, AND TN190 Fife:WEE POLYNOMIALS.

MULTIPLE R SWARE 0.166
MULTIPLE A a 0,434
N.D,F.1
N.o.r., 56
F rnR ANALYSIS OF vANIANcE ON R 12.997BETi WEIGMTS

0,434
CONTRIBUTIONS TO MUCTIPLE CORRELATION

iN0 1:E01:1'50/ON FACTCR LOADINGS. 2ND COLUANI
0.1E6 1.000

SOARED BETA mEIOMT5
0.188

R FIONTS
5,426

INTERCEPT CONSTANT 2.611

MULTIPLE R SnuARE 0.241
MULTIPLE P 0.491W.' 2

N.O.F.7 SS
F FOR ANALYSIS OF VARIANCE ON 41 8.746
BETi WEIGMTS.

1,616 o1.214
CONTRIRUTIONS TO MULTIPLE CORRELATION

00 REGREScION FAOCR LOADINGS, 2ND COLUMN)
I x 0.701 0.0b4

SOUAR - 0.46 0.776
SO4iREO BETA wEIOMTS
2,610 4.449

8 WF/nNTS
20.199 .13,A9
INTERCEPT CONSTANT -0.852

MULTIPLE R SOlARE a 1.02
MULTIPLE R 0.54i
N.O.F.1 3
N.D.F.2 S4
F FOR ANALYSIS OF VARIANCE ON R 7.441
BETi WEIGHTS

5.480 .8.914 8.616
CONTRIRUTIONS TO MULTIPLE CORRELATION

;NO REGRE(S/ON FACTOR LOADINGS. 2ND COLUMN)
A 2.370 0.803

SOUAR 0.706
K CURE 1.716 0.633

SNARED BETA FloolTs
29,615 96.6R7 25.156

8 WEIGHTS
88.262.113.946 63.529

INTERCEPT CONSTANT .7.572

ANQVA TARLE 00 POLYNOMIALS

REDUCTION ouT TO LINEAR FIT, WITH 1 OF 0.1-5A
RESIDUAL S.S. 0.612 OF S6 RESIDUAL H.S. 0.014F FOR LINEAR FIT 12.991

REDUCTION Our TO GENERAL QUADRATIC FIT WITH OF 2, 0.241REDACTION M.S. 0.121
PFSTOUAL 5,1, 1,759 OF 55 RESIDUAL M.S. 0001F rng ouAnRATtc FIT 61746
REDUCTION OVF TO OUORATIi! TERM ALONE, WITH I Or. 0.053F Fna QUADRATIC TERM ALONE 3.836

REDUCTION DuE To 'SENTRA'. CUBIC FIT WITH OF 3. i 0.292REDUCTION M.S. 0.097
RESIDUAL S.S. 0.708 OF 54 RESIDUAL N.S. 0.013

F FOR GENERA). CURIE FIT 7.441
REDUCTION Our TO CURIC TERM ALONE WITH I OF
F FnR CITRIC !PAM ALONE 3.900

08051

IC RATING
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POLYNOMIAL FTTTINO FOR 2 YARIAt!LES.SME ANO IP SCOmE. 139 OBSERVATIONS.

THE PREDICTOR vARfARLE(x) IS ORE. AND THE CRITERION VAPTABLift1 IS TP SCORE.

TEST MEANS ANn ATANDAND DEVIATIONS
I x 0.14? pose

SOuAR 0.245 n.203
A x CUBE 0.02 0.22

r 2.406 1.5.4
CORRELATION mATR/X

I x 1.000 0.977
P SOuAR 0.077 1.000
A x CUBE 0.030 0.980

Y wil.i6P -0.110

0.930
0.964
1.000

"0.043

41.144
- 0.110
. n.nS3
I.n00

srcoNn, ANO THIRD WREE PuLYHONIALS.

MULTIPLE R WARE 0.028
MULTIPLE R 0.166
N.O.F.1
No.r.2 137
F FOP ANALYSI6 or VARIANCE ON ST 3.979
BrTi WEIOMTS

CO NTRIRUTTONS TO MULTIPLE CORRELATION
1NO REGPESAION FkTc LOADINGS, 2ND COLONNI

x 0.020 -1.000
snuiRro BETA WEIGHTS

0.02.8

R wrIONTS
-0.739
INTERCEPT CONSTANT 3,0ST

MULTIPLE R WAR( 0.493
MULTIPLE R 0.30S
N.O.F.1 2
N.O.r.P 136
F FOR ANALYSIS OF VARIANCE ON R 6.961
Brri WEIGHTS

1.324 1.141
CONTRINUTIONS TO MULTIPLE CORRELATION

AND REGRESSION FACTOR LOADINGS. 2ND COLUMNI
i A , 0.223

.0.130
.0.601

P SoUAR -0.360
SOUAREO BETA NE1005

1.756 1.6A5
11 vrtroos
.6.148 4.4.i4

IN-TrocrRr CONSTANT 3/162

MULTIPLE R SouARE 0.131
MULTIPLE R 0.362
N.O.F.1 3
N.O.r.2 135
F Fggi ANALYSIS Or VARIANCE ON R 6.101
BETA WEIGHTS

1.065 4.436 3.33?
CONTRIRUTIoNS TO MULTIPLE CORRELATION

AND REGRESSION FCR LOADINGS. 2ND COLUMN)
0.170 0.4414

SouAR 0.06 0.302
A CUBE 0.176 0.144

SQUARED BETA WEIGHTS
1.133 19.07 11.102
wrIGHTS
4.647 .24.144 22.430

INTERCEPT CONSTANT 3030

ANOVA TABLE FOP POLYNCNIALS

PEPUOION TO LINEAR WITH 1 OF 0.028
orstnuAL S.S. 0.472 or .37 RESIDUAL M.S. 0.007
F P.M LINEAR FIT 3.919

RrnucTTON Our to OFNERAL GUAORATIC FIT WITH OF 2. 0.093
REDACTION M.S. 0.040
REsinUAL S.A. 0.007 OF 136 RESIDUAL M.S. 0.007F FOR OUAORATIO FIT 6/961

REDUCTION our TO 01140RATI0 TERM ALONE, WITH I OF. 0.063
F FOR RUAORATI0 TERM ALONE 9.490

REDACTION our TO GENERAL CUBIC FIT WITH OF 3. 0.111
REDACTION M.4. 0.044
REstmAL,..401. 0.069 OF 135 RESIDUAL MO. 0.006

F FOP OFNEPAL CURIO FIT 6.801
REOIICTION nur In CUBIC TERM ALONE WITH 1 or
F 101 CURIO TrAN ALONE 5.972

0.438

RD RATING
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POLYNOMIAL FITTING Emil 2 vANIA6LEs.PRE AND TP SCORE. 139 OBSERVATIONS.

TUE PREDICTOR vARIAPLE1x) IS PRE. AND THE CRITERION VARTARLEIY) 13 TP SCORE.

TEST MEANS ANn STANnAPD DEVIATIONS
1 x 0.475 0.473
2 SOUAR 0.447 0.456
1 X CURE 0.425 0.444
4 Y 2.406 1.564

CORRELATION MATRIX
1 X 1.000 0.994 0.96/
2 SOUAR 0.994 1.000 0.997
3 X CUBE 0.992 0.997 I000
A r ..0.21, .0.213 .0.204

.0.211

1.500

FIRST. SECOND. AND Tmlpo AwRET POLYNOMIALS.

MULTIPLE R snHARE 0.046
MULTIPLE R n 1.2I5
N.o.r.1 I

N.O.F.2 137
F FnR ANALYSIS OF VARIANCE ON R 6.612
RFTA 41EI0HT1
-0.215

CONTRIBUTIONS TO MULTIPLE CORRELATION
iNO REGRESSION rAcTCR LOADINGS. 2ND COLUMN'.

0.046 -1.000
SQUARE() BETA wc100T%
0.046

B VFIGHTS
, -0.710
INTERCEPT CONSTANT 3043
MULTIPLE R SQUARE 0.046
MULTIPLE R 0.215
N.n.r.1 p

N.O.r.2 136
F FOR ANALYSTS OF VARIANCE ON R 3.282
SETA WEIGHTS
-0.204
CONTRIBUTIONS TO MULTIPLE CORRELATION

AND REGRESSION FACTOR LOADINGS. 2ND COLUMNI
0.044 -1.000

P MAR 0.002 -0.994
SQUIRED BETA FIGMTS
0.042 0.e100

R VFIONTS
'0.675 -0.A14
INTERCEPT CONSTANT .?.143

MULTIPLE R SorIARE 0.093
MULTIPLE R 0.304
N.O.F.I

3N.O.F.2 135
F FOR ANALYSIS OF VARIANCE ON R
BrTi 41EInmIS
10.549 -25.9;1 15.252

CONTR/AuTIONS TO MULTIPLE CORRELATION
AND REGRESSION FACTOR LOADINGS. 2ND

.2.263 -0.705
SQUAB 5.527 -0.701

3 x CURE 3.171 -0.693
SoUAREO BETA mElomTs
111.2013 670.4B1 232.636
R WEIGHTS
34.915 96.646 53.730
INTERCEPT CONSTANT 3.132

ANOVA TABLE FOR POLYNOMIALS

4.592

COLUMN)

ProuCTIoN Our Tn LINEAR FIT, WITH I DF 0.046
RESIDUAL S.S. 0.954 DF 137 RESIOUAL m.s. 0.e07F FOR LINEAR WIT 6.612

PEnuCTToN Du? To GENERAL QUADRATIC FIT WITH DP 2. 0.046
REnuCTIoN M.S. 0.023
PFsInuAL S.S. 0.954 OF 136 RESIOUAL m.3. 0.007F FOR Ou4DRATIc FIT ?.?ne

REDUCTION OUr TO QUAnRATIc TERM ALONE. WITH I or. 0.000
F FOR QUADRATIC TERN ALONE 0.000

REDuCTIoN Lir TA GENERAL CUBIC FIT WITH OF 3. 0.093
REDUCTION M.S. 0.031
RESIDUAL S.S. 135 RESIDUAL M.S. 0.007O'. 0.907 DF

14

F oR GENERAL CITRIC FIT 4.592
RFnUCTION OUT TO CUBIC TERM ALONE WITH I DF , 0.047
F FOR CITRIC TERI.. ALONE 6.926

RD RATING
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PRONomIAL FITTING AnR 2 vAR/ARIAS.OPE AND Ti SCORE. 139 OBSERVATIONS.

1I! PREDICTOR VARIARLEIX1 IS ORE, AND THE

TEST NEARS ANn STANOARO DEVIATIONS

RD RATING
CRITERION VARIARLEtY1 IS TP SCORE.

I X 0.069 0.054
2 SOUAR 0.963 0.091
1 X CURE 0,919 0.119
4 r 2.106 1.361

CORRELATION MATRIX
1 X 1.000 0.992 0.972 0.021
, SQUAR 0,092 1.000 0.994 0.006
3 X CUBE 0.072 0.99 1.000 04009
4 V 6.621 0.006 o.cto, 1.000

FIRST. SECONO. ANC 'NIA° AEOREE PuLyNoN/ALS.

MULTIPLE R 3011ARE 0.0.10
MULTIPLE R 0.011
N.O.F.I

I

N.0.F.2 137
F FOR ANALYSIS OF VARIANCE ON A 0.060
AFTi WEIGHTS

0,021
CONTRIBUTIONS TO MULTIPLE CORRELATION

iNn REGRESSION PAOCR LGA0INGS. 2ND COLUMN)
0.000 1.000

MAREO BETA WEIGHTS
0.000

B WEIGHTS
0.643

INTERCEPT CONSTANT 2.222

MULTIPLE R SOIJAPE 0.013
MULTIPLE A 0.113
N.O.F.I 2
N.M.? 136
F PAR ANALYSTS OF VARIANCE ON A 0.873
EIFTi WEIGHTS

0.871 O.PRT
CONTRIBUTIONS TO MULTIPLE CORRELATION

AND REGRESSION PACCR LOoINGS. 2N0 COLUMN)
2 0,018 0.165

MAR 0.006 0.057
SOU1BEO BETA wEIONTS

0,799 0.715
WFIGHTS
25.145 .14016
INTERCEPT CONSTANT 602

MULTIPLE R WARE 0,047
MULTIPLE R 0.211
N.O.F.I 3

N.O.F.2 I35
F FOR ANALYSIS OF VARIANCE ON R 2.116
BETA WEIGHTS
39.617 .05.0 16.272

CONTRIBUTIONS TO MULTIPLE CORRELATION
AND REGRESSION PACER LOADINGS. 2ND COLUMN)
i x 0.833 0.096
f SOUAR 0030 0.030
I F CURE 0,236 .0.026

SOUAREO BETA mFIONTS
501.4017322.9562111.131
8 UTIONTI
152.211 010.244
INTERCEPT CONSTANT .260.674

ANnVA TABLE rnR ROLyNCmIAS

PEPUCTION OUT TO LINEAR FIT, WITH 1 OF 0.000
RESIDUAL S.S. 1.000 DF 137 RESTOUAL M.S.

F Ft!R LINEAR FIT 0,060
0.007

REnucTIoN Our TO GENERAL QUADRATIC FIT WITH OF 2. 0.013
REnoCTION N.I. 0.006
PESIOUAL S.s. 0,987 OF ,136 RESTOUAL M.S. r 0.007,F FAR QUADRATIC FIT 0.073
REDUCTION OUF TO CUAnRAT/e TERM ALONE. WITH 1 or. 0.012F FoR QuAORATTC TERN ALONE 1.606

REouCTIoN nu( TA GENERAL CUBIC FIT WITH Of 31

RESIDUA) S.S. 0.063 OF

0.047
REDUCTION H,3, 0.016

135 RESTOOAL N,3. 0.007

F PAR RfNERAL CURIC FIT 2.210
RpoirCTION nup TA CLRTC TERM ALONE WITH 1 or
F FOP CUBIC TW. ALONE A.6158

0.036
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PAL''NONIAL FITTING FnR 4 VARIABLES -10E AND TP SCORE. 130 OBSERVATIONS.

THE RREo1c7nR vARIAALEM IS VIM. ANO

TEST MEANS ANn ATANDAPC DEVIATIONS

RD RATING
TNT CRITERION Vem/A9LECY1 15 TP SCORE.

I A 0.417 0.103
P SQUAB 0.414 0.221
3 X CURE 0.296 0.232
A r 2.0106 1.564
CORRELATION NORIA

1 x 1.900 0.903 0.949 -0.051
2 SOUAR 0.903 1.000 0.990 0015
1 x CUBE 0.049 0.990 1.000 .0.605
di y -0.051 -0.075 -0.0Rm I.n00

FIRST. SEcoNn. ONO THIRD 6EGREE POLYNOMIALS,

MULTIPLE R sonARE 0.00
MULTIPLE R 0.041
N.D.F.1
N.O.F.2 137
F FnR ANALYSTS OF VARIANCE ON R 0.362
BETA REIONTS
-0.051

CONTAlauTToNS TO MULTIPLE. CORRELATION
ANO REGRESSION FACTOR LOADINGS. 2ND COLUMN)

0.003 -1.000
SOUAREO BETA WEIGHTS
0.003
mvIONTS
-0.430
INTERCEPT CONSTANT 3.076

MULTIPLE R SRIPARE 0.021
MULTIPLE R 0.145
N.O.F.1 2
N.O.F.2 136
F FOR ANALYSTS OF VARIANCE ON R U 1.45?
OFT. wEtnNTs.
0.640 .0013

CDNYRIRuTIONS TO MULTIPLE CORRELATION
AND REGRESSION FACTOR LOADINGS. 2ND COLUNN)

y -0.034 -0.354
2 SnuAR 0.055 -0.521

SOUAREO AETA wEIGMTS
0.448 0.338
wEIORTS
0.715 ..5.444

INTERCEPT CONSTANT 1.305

MULTIPLE R SMIARE 0.041
MULTIPLE R 0.204
N.O.F.1

3
N.0.2.2 135
F roR ANALYSIS OF VARIANCE ON A 1.046
EFTA WEIGHTS

. .

3,072 .6.390 3.337
CONTRIRUTIoNS TO MULTIPLE CORRELATION

ANO REGRESSION FreCR LOADINGS. 2ND COLUMN)
A -0.150 -0.252

50uAR 0.403 -0.371
X CURE -0.204 -0.418

SOUANE0 BETA NE10145
0.439 40.947 11.10 34

I topinmTs
26.233 -44.60 22.402
INTERCEPT CONSTANT ..I.814

ANOVA TABLE FOR pOLYNCNIA15

REDUCTION our TO LINEAR FIT, WITH I OF 0.003
RESIDUAL S.S. 0.991 OF 137 RESIDUAL M.S. a 0.007F Foil LINEAR rrr 0.362

REDUCTION ME TO GENERAL GUA0RATIC FIT WITH OF 2. 0.021
REDUCTION .10. 0.010
RESIDUAL s.s. 0070 OF 136 RESIDUAL M.S. 0.607i inti 0040RATIC FIT 1.457

REDUCTION nOr TO CUADRATIC TERN ALONE, WITH I CF. 0.0111
F Fon QUADRATIC TERN ALONE 2.540

I

REoliCTToN nur In GENERAL SUBIC FIT %MB OF 3, 0.041
REDUCTION w.a. 0.014
RESIDUAL S.R. 0.950 OF 135 RESIDUAL N.9, 0.001

F FOR GENERAL CITRIC FIT 1.946
REDUCTION mitt yn CUBIC TERM ALONE WITH 1 OF
i FIR CLINIC TrANA ALONE n 7.003

0.020
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SnLiNnv!AL FITTING roR 2 vARIAALES.514 4NO IP SCG4E. 117 cH5rnv4finNS.

THE PREDICTOR VAPIARLE.X. IS SHE, AND THE CRITERION VARTARLE,T1 16 TA SeCAE,

TFST MEANS ANn STANOARC DEVIATIONS
1 X 0.828 0.331
7 MAR 0.401 3.348
1 A CURE 0.424 0.356
4 Y 4.451 1.925
CnARELTioN 144ip/A

I x 1.000 n.960 0.907 0.211
a snuAR 0.4760 1.000 0.984 n.234
1 A oURF. 0.907 (1.9v6 1.000 0.244
4 r 0.711 n.244 n.244 1.000

FIRST, SEVIN°, AND THIRD DEGREE POLYNOMIALS.

MULTIPLE A 'WARE 0.044
MULTIPLE P 0,211
N,D.F.1 I
NO.F.2 115
F FOR ANALYSIS OF VARIANCE ON P
EirTi WEIGHTS

1.211
CONTRIRUTIONS TO MULTIPLE CORRELATION

ANO AFGAFSSION FA(;ICA LOADINGS, 2ND COLUMN)
X 0.044 1.000

SnUAAEO BETA wEinoTs
0.044

S WEIGHTS
1.728

INTERCEPT CONSTANT 3'601

6.288

MULTIPLE P SOIIIRE 0.057
'NUL/ME A 0.230
NA,F.1 P
N.n,F.2 134
F FOR ANALYSIS OF VARIANCE ON P 4.034
EIFTi WEIGHTS
.0.168 0,1o4

CoNTRIAUTtoNs TO MULTIPLE CORRELATION
AND REGREScIoN FACTOR LOADINGS, 2ND COLUMN,
1

X -0.035
0.092

00485
P SOUAR 0.980

SnuAPE0 RETA WEIGHTS
0.028 0.346
leFIGMTS

..n.4774

INTERCEPT CONSTANT 3.968

MULTIPLE A SPHAPE 0.068
MULTIPLE A 0.260
4.n.F.1 3

N.o.r.2 133
F FAA ANALYSIS ny VARIANCE ON A 3.218
BETA WETONT3

0,746 7.711 1.770
CONTAIRUTInNi TO MULTIPLE CORRELATION

AND PEOFIE441oN FACTOR LOADINGS, 7N0 COLUMN)
0.167 0.011

P SAUAA 0.891
1 A CURE 0.431 0.937

SOUARED BETA wrroors
0.557 4.976 3.133

A WIFIGMYS_
A.346 .12017

INTERCEPT CONSTANT 3f857

ANOVA TABLE FOR POLYNCMIALS

PEnuCTTON nur TO LINEAR FIT, WITH I OF 0.044
RESIDUAL S.S. n.956 OF 135 RESIDUAL 4.1. 0.007F FOR LINEAR FIT 6.288

prnuCTION DIRF TO GENERAL OUAURATIC FIT WITH Or 2, 0.067Rinuoi1o4 N.'. 0.020.
Fs!DuAL s.g. Roo OF 134 RESIDUAL N.S. 0.407F Fog OlIAMRATTe FIT 4!014
RFOHOTtoN OUF Tn CUAnRATIC TERN ALONE, WITH 1 nF. 0.012
F FOR nuADRATiC TERN ALONE 1.748

pFnuCTION nUr in GENERAL CUBIC FIT WITH Or 3. 0.048
REDuCTION m.p, 0.023
nEs/nUAL 5.4. n.932 Dr 133 AESTDUAL M.S. 4.007

F FOR OFNFAAL CUAIC FIT 3.218
FuDoOTInN DUE in oupiC TERM ALONE WITH 1 OF 1 ,

F FOR CITRIC TERN ALnNE 1,554

R14 RATING
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POLYNOMIAL ruTiNn FoR 2 VABIARLE5-14. AND TP SCONE- 137 04SERVA1TONS.

TNF pnEnICT0(1 VARIABLE(*) 15 PRE. ANO THE CRITEWION vAnIARLE(Y) IS TP SCORE.

TFST MEANS ANn STANOARO DEVIATIONS
1 x 0.800 0.341
, MAR 0.156 0.342
1 A CURE n.719 0.346
4 r 4.453 1.925
CORRELATION MATRIX

I X 1.000 0.905 0.953 0.156? SOUAR 0.091 1.000 0.491 0.164
1 X CURE n.953 0.191 1.000 0.1674 r o.t5A. 0.1" 0.1151 1.000

FIRST. SFCnNn. ANO TMIRO i+FOREE POLYNOMIALS.

MULTIPLE R WARE 0.024
AULTIALF R n.156
N.0.F.)
N.0.F.p 135
F FnR ANALYSIS OF VARIANCE ON R
OFT. WE/ANTS
0.1SA

CONTRIHUTIONS TO MULTIPLE CORRELATION
ANO REORESsION EACTCR LOADINGS. 2ND

0.024 1.000
SnUAREO PIETA wEIONIs

0.024
R MFIAMTS

0.9O7
INTFACEPT CONSTANT 3.747

3.397

COLUMN)

MULTIPLE A SWIARE 0.028
MULTIPLE A
N.O.F.I P
N.O.F.2 134
F FoR ANALYSIS OF VARIANCE ON R 1.902
RFT:. wFIGHTS
-0.159 0.3P0

CONTRIRuTIONs TO MULTIPLE CORRELATION
AND REORESION FACCR LOADINGS. 2ND COLON)

-0.025 0.942
7 MAR 0.052 0.986

SOLIAPEO SETA wEIOMTS
0.025 0.1;12

R WFIGHTS
-0.094 1.0A1
INTFRCEPT CONSTANT 3.807

MULTIPLE R SQUARE 0.021
MULTIPLE A 6.177
No.F.1 5
N.O.F.2 133
F FOR ANALYSIS OF VARIANCE ON R 1.428
BETA WEIONTS

1.152 .4.146 2.710
CONTRIBUTIONS TO MULTIPLE CORRELATION

100 REGRESSION FAcTCR LOADINGS. 2ND COLUMN)
A 0.290 0.06

P SQUAR .0.712 0.927
1 A cum,' 0,453 0.941

SQUARED ROTA vFtws
3.430 101.pi0 7.145

R WEIGHTS
10.440 -24.440 15.010

INTFRWT CONSTANT 3.795

6
ANnVA TARLE FOR POLyNCOALS

REnUcTION our TO LINEAR FIT. WITH 1 OF 0.024
REcTouAL S.I. 0.976 OF 135 RESIDUAL M.S. 0.007F FnR LINEAR FIT :,.367

REnUcTION Dm* TO GEPEPAL QUADRATIC FIT WITH OF 2. 0.028REDuCT1ON m.c. 0.014
aEc1nuAL s.s, 0.972 oF 134 RESIDUAL M.S. 0.007F FOR ouoloRATIC F11 1.902

REDUCTION noF To cuAnnotc TERN ALONE. WITH 1 F. 0.003F FOR ouAnnoro TERM ALONE 0.432

REouCTION DuE TO UNFRAL CUBIC FIT %C HM OF 3. 0.011
REDUCTION M.S. 0.010

.RESIDUAL S.S. 0.969 OF 133 RESIDUAL M.S. 0.007
A' FOR RFNERAL CURIC FIT 1.428
REDUCTION nuF TO cuntc TERM ALONE WITH I OF 0.004F Fn.; conic TARM ALOE 0.493

RM RATING
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POLYNOPIIAL FITTING FOR 2 WANIAILESGPE AND TO SCORE. 13T CRSERVATIONS.

RM RATING
THE PREDICTOR WARTARLE(A1 IS ORE, NO THE CRITERION VARIARL[(71 IS TO SCORE.

TEST MEANS ANn sTANnARC OWATIONS
i x 0.99?
2 SOOAR 009! 0.013

0.007

1 A CHEM 0.992 0.019
r .03] 1.923

CORRELATION NATRI%
1 X 1.400 1.000 1.000
7 SOUAR 1.000 1.000 1.000

1.000
Y 0.041 0.04 0.0$

::::!1 X CURE 1.000 1.000

7:;::

FIRST. SECONn. AND THIRD ;EREE P!JLTNOmIctS.

MULTIPLE 0 50"ARE 0.012
NuLTIRLF R a 0.0I
N.O.F.1 1

H.O.F.2 13S
F FAR ANALYSIS OF VARIANCE ON R 0.22TBETA WEIGHTS

0.041
DONTOT0UT1ONS Tn MULTIPLE CORRELATION

REGRESSION FACTOR LOADINOS. 2ND COLUMN)
1 A 0.002 1'000

SoUiPEO BETA WEIGHTS
0.002

A IAA-Is:MIS

12.035
INTERCEPT CONSTANT 410151

MULTIPLE R WARE 0.149
NIJLTIRLE R 0.37
N.O.F.1 2
N.0.7.2 134
F FoR ANALYST, or VARIANCE ON R 10.000
OrT HEIGHTS
-S1,0S3 51.1lioS

CONTRIRUTIONS TO MULTIPLE CORRELATION
iND REOPEAATON FACTOR LOADINGS, 2N0 COLUMN,
1 A 0.110
2 MAR 2.231 0.117

SoUiRED SETA .710sTS
En6,36A3610tA,41
R WEIGHTS

7644.470
INTERCEPT DW.kTANT 7356.346

MULTIPLE R SQUARE 0.134
MULTIPLE R 0.372

)
N.0.7.2 133

Fr$0 ANALTSII or ,tARIANCE ON R 7.131E FTA WEIGHTS
- 15.047 'MA,* 13.163
CONTRIR41T1ONS TO MULTIPLE CORRELATION

ANn REGRESSION FACTOR LOADINGS. 2ND COLUMN)
1 A -1.430 0.110
7 SOUAR 0.053 0.111

x CURE 0.722 0.125
SouiREa NET* urF/orTs
22R,127 361046 242.193
R WFOGHTS

2421.0071300.910
INTERCEPT CONSTANT 5796.942

ANOVA TABLE FOP POLYNOMIALS

mEnUCTION nor TO LINEAR FIT, WITH I OF 0.002RECIPVAL S.C. 0.4911 OF a 135 RESIDUAL M.S.F FOR LINEAR FIT 0,277 0.00?

RFnUCTION OUT' TO GENERAL QUADRATIC FIT WITH OF 2, 0,140REDACTION P.S. 0.070
Pc's:MAL S.A. 0.0b0 OF 134 RESIDUAL H.S. 0.006F FAR QUADRATIC FIT 10.069

PFnuCTION cur To OuAORATIc TERM ALONE, WITH I rr 0.130F FOR 0ohnRATIC TERM ALONE a 21.676

RFnuCTIow nu, In GENERAL CURIO TIT WITH Or 3. 0.119NcoucTION 0.046
RESIDUAL S.t. 0.061 of 133 RESIDUAL H.S. 0.000
F Fog ArNERAL CUBIC FIT 7.131.
PfnuOTION nu, Ti 01/470 TERN ALONE PITH 1 OF 40.001F fnR Comic 77114 ALONE '0.15r, ,F
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PDLyNOmIAL FITTINO FnR 1 vARTAHLts..RL ANU Td SCOqE. 137 CoSERVATIONS.

THF PREDTCTOR VAPTAnLE101 Is WRE, /ND THE CRITERION VW/OLE/TT IS TO SCORE.

TEST MEANS 4Nn sTAhnor DEVIATIONS
0.632 n.232

2 SouAR 0.851 0.252
3 X Cunt 0.142 0.253
4 Y 4,451 1.925
CnRRELATION mATRTx

1.000 0.956 0.09p 0.366
P snuAR 0.950 1.000 0.985 n.190
1 x CUNT 0.1*E1 0.9135 1.000 0.187
4 Y 0.366 0.390 n.307 1.000

FIRST. SECONn, ANC THIFn nFOREL PuL7NOMIALS.

MULTIPLE R SOukRE 0.134
muLTIeLF R 0.366
N.o.10;11 I

135
F FnR ANALYSIS (IF VARIANCE ON R
BrTA WEIGHTS

CnNTRTRUTIONS TO MULTIPLE CORRELATION
RFDREssIoN FicTcR LOADINGS. 2ND COLUMN)

6,034 1.000
"SnuARED BETA wETDH7s

"0.134
114FTGHT1

3,037
INTFACEPT CONSTANT 2.533

MULTIPLE R SoliARE 0.153
MULTIPLE R 0.391
N.O.F.1 P

N.0 F.2 134
FlfAp ANALYSIS OF VARIANCE ON R 12.103
8 TA WEIGHTS.
-0.069 8.475

CONTRIRuTInNs TO MULTIPLE CORRELATION
AND RECRES.ION FACCP LOADINGS. 2ND 'COLUMN)
1 x -0,033 0.935
, snuAR 1,1E6 0.99$

SQUARED RETAwFTGHTS
0,000 0.776

A WEIGHTS
-0.739 3.410
IN7roCEPT CONSTANT 3.276

MULTIPLF R SOuARE 0.56
MULTIPLE R 0.392
N.n.F.I 1

N.D.F.2 133
F FnR ANALYSTS OF VARIANCE ON R 8.042
8rTA WEIGHTS
-0.260 0.9.9 -0.324

CONTR:RuTIONs To MULTIPLE CORRELATION
AND REGRESSION FACCR LOADINGS. 2ND COLUMN)

i
x -0.094 0.933

2 SOuAR 0.37 0.996
X CURE. 0.907

SDUAREO RETA wETOmTs
0,068 0.919 0.IO9

R wrTGHTS
-2.159 7.320 -2.472
INTERCEPT CONSTANT 3.347

ANOVA TAM' FOR POLyNcHIALS
a

*FoucitoN Our TO LINEAR FIT. WITH 1 OF 0.13*
RESIDUAL 5.5, 0.066 OF 135 RESIDUAL M.S. 0.006

F FnR LTNFiR FIT 2p.845

REnUCTtoN DIIF TO OFAERAL QUADRATIC FIT WITH.m2, 0.153
REngicTioN R.s, 0.oT7
0EcIrluxl 5.5. 0,047 OF 134 RESIDUAL m.l. 711/0100
F FnR OuAnRATTc FIT 12.103
REDUCTION 00F TO CUanRATIF, TERM ALONE, WITH 1 cf. 0.019
F FnR auxnRitirc TERM ALONE 3.046

RmIcTioN our TO CIENrRAL CUBIC FIT WITH OF 3. 0,154
RFouCTION M.S. 0.051
RESIDUAL 5.5. 0.446 DF 133 RESIDUAL M.S.

F FOR orNFRAL CUBIC FIT 0.042
RFnuCTION OOr Tn CUBIC TERM ALONE WITH 1 01 , 0.001
F FnR CunTC Trpm ALONE A. 0.066

0.006

RM RATING

1-26



pnoNoHIAL FITTING FnR 2 vARIAPLLS-SRL &NO TP'SCORE. 152 CR5LAVAII0NS.

ST RATING
THE RREnICToF rAmIARLE(x) IS SHE, AND THE CRITERION VAnIARLEITE-IS TP SCORE.

TFST MEANS AMR STANnARC DEVIATIONS
I x 0 0.2830.280.

P SQUAR 0.0A 0.250
1 x CURE 0.110 0.234
4 r 5.703 2.425
CORRELATION H.TRIA

x 1.000 0.938 0.878 0.199
P SONAR 0038 0.91101.000 0.246
1 0X CURE 058 0.859
A r 0.194 O::::

1.000
0.256 1.000

FtRIT. SECONn. AND THIFO nEGFIEE RvLiNoNIALs.

muLTIALF R SnilAPE 0.040
MI,LTTPLE R 0.199
N.M.'
No.F.2 r ISO
F FnR ANALYSIS OF VARIANCE ON R 6.217
8FT& wEIGMTS

0.199
CONTRI4UTION5 TO MULTIPLE CORRELATION

XNO RFORF55fON FAOCR LOADINGS, 2ND COLUMN)
0.040 1.000

SoUAREn RE TA wEtomTs
0.040

8 wrIGHTS
1.711

P-TPFICEPT CONSTANT 5.304

MULTIPLE R SONAR( 0.069
MULTIPLE R 0.262
No.F. p

N.D.F.2 149
F PnR ANALYSIS OF VARIANCE ON R
8Fr WEIOHIS

5.483

.0.244 0.418
COKTAIANTIONs TO MULTIPLE CORRELATION

PEOPESq1ON FADTCW LOADINGS. 2ND COLUMN)
X -0.051 0.762

P SOUAR 0.120 0.940
SQUARED RETA WEIOMTS

0.067 oola
8 WEIGHTS
-2.213 4.174
INTERCEPT CONSTANT 5.657

MULTIPLE R WARE 0.069
MULTIPLE R 0.263
N.D.F. 3

N.D.F.2 144
F FOR ANALYSIS OF VARIANCE ON R 3.656
EFTA WEIGHTS_
0.142 0.183 0.231
CONTRIBUTIONS TO MULTIPLE CORRELATION

!ND REGRESs/nN FACTCR LOADINGS, 2ND COLUMN)
0.'0.0.028 9

? MAR 0.038 0.936
) X CURE 0.000 0.965

SQUARED RETA mE/GmTs
0.020 0.073 0.653
WEIGHTS

-1.218 1.4A3 2.390
INTFPCEPT CONSTANT 5.62T

ANnVA TARIF TOR POLvNemIALS

REnucTION nio TO LINEAR FIT. WITH 1 OF 0.066
RF5InUAL S.S. 0.660 DF 150 RESIDUAL 4J5. 0.006

F FOR LINEAR rfT 8.217

oFnUCTION Dig' TO GENERAL CUADRATIC FIT WITH OF, 2, 0.069
RFOliCTION N.S. 0.034
RF51DUAL S.S. 0.931 OF 149 RESIDUAL M.S. 0.006

F Fnil QUADRATIC FIT 5.453
REIIIICTION oNF TO OUAnRATIi! TERM ALONE. WITH I CF, 0.029
F FOR OUAORATIC TERN ALONE 4.600

twolicTION our TO "'ENFRAL CLRIC FIT WITH OF 3. 0.069
REoncTION 4.8. 0.023
RESIDUAL S.S. 140 RESIDUAL M.S.0.931 DF 0.006

F FnP OFNERAL CWRIC FIT 3.656
prourTtoN our TO CURTC TFRM ALONE WITH I OF p 0.000
F FOR CUBIC TrOm ALONE 0.071
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POLYNOMIAL FITTING FoR 4 viwiAuLts.ent AND TP scwq. 152 00SERVAT/ONS,

THE In.EDICT(IR vAPIARLEIX) IS PRE, AND THE CRITERION VARIARLE(YI IS TP SCORE.

TEST MEANS ANn STANMARC
I x 0.m49
2 SOLAR 0..52
1 x CHAR, 0.165
A Y 5.783
CoPRELATION HiTRIA

I x 1.000
2 mem 0.972
1 x CURE 0.923
4 Y 0.05F

DEVIATIONS
0.390
0.3b4
0.347
2.425

0.972 0.923
1.000 0.987
n.987 1.000
0.055 0.065

0.058
0.055
0.065
1.000

,tacr. SEonNn, AND THIRD mEGRLE POLYNOMIALS.
MASA.
.1,LTieur. R WARE 0.003
MULTIPLE_ 0 0.0SA
N.P.F.1 1.
NO.F.2 1511
F Fria ANALySic nF VARIANCE ON R 0.509
RPTA WEIGHTS

0,058
CONTRIBUTIONS To MULTIPLE CORRELATION

iND R6oREssION FaCTCR LOADINGS, 2ND COLUNN1
x 0.003 1.000

SnUelED nETA NEIGRTS
0,003

R FIGHTS
0,362

puTclICEPT COAATANT 5,5R4
SAX- --
MULTIPLE R SOOARE 0.00
muLTIPLF R 0.058
N.o.F., p

No.F.2 149
F FOP ANALYSIS OF VARIANCE ON R 0.255
2F-Ti WEIGHTS
ooR3 -0.6,S

CONTRIBUTIONS TO wiltTINA' CORRELATION
ANO REGRES4tON FAOCR LOADINGS, 2ND COLUMN)

X 0.00S u.995
p SoUAR .0.001 0.943

SouARED RETA.EIGHTS
0.007 0.011
wr/GHTS
0.51, -0.170

INTERCEPT CONSTANT 5!577

wilLTTPLF R SnipARE 0.4;2
MULTIRLF R 0.320
N.O.F.1 ,1
N.t.F.2 140
F FOR ANALYSTS OF VARIANCE ON R 5.634
PFTA WEIGHTS
4.A64 -11.7cA 7.117

CoNTRIRJTInNS TO PULTIPLE CORRELATION
AND RFORESsION FACTOR LOADINGS, 2ND CoLUMN1

0.283 0.1a2
7 SOuAR 0.1/2

)1 Coax' 0,468 0.204
SoUARED RETA WEIGHTS
73.659 138.210 51.513

P FtGHTS
10.272 7R.4n4 50.01

INTPFICERT CONSTANT 5.410

AN0VA TOR POLYNCHIALS

REnUCTToN nur TO LINEAR FIT. WITH I OF 0.1:03 .1

RESIDUAL S.s, 0.997 OF ISO RESIOUAL M.S. 0.00?
F FOR LINEA* FIT 0.509

REnucTroN Our TO GENERAL OUADRATIC FIT WITH OF 2. 0.003
PFNIDTION ...5, 0.002
0-51rIum. 5.5. 0.957 OF 149 RESIDUAL go. 0.001

F FOR nuAoRATic FIT 0.255
RFOucTION nuF TO GUADRATID TERM ALONE. WITH 1 cr. 0,000
F FOR OuAoRATIc TERM ALONE 0.00S .

RFnuCTIoN ouF TO OENFRAL CULTIC FIT WITH OF 3q 0.102
RFoucTION Mo. 0.034 .

,

RESIDUAL S.S. 0.896 OF 146 RESIDUAL M.1. 0.008

F FOR OFNEPAL CITRIC FIT 5.634
RFoucTtoN nuF TO CURIC TEMP ALONE WITH 101 . ,0.099
F FOR conic TrAM ALONE 16.339

ST RATING
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a... s a

pnLyiNIAL Ftfitho An4 a vARIAULES.6PE AN) IP 'scrsPE. 152 ORSFAVATIDT.i.

ST RATING
60TnIcTma volfARLETxT

yrs, ...FANS Awl srAknARC

15 Gin, AND

DEVIATIONS

rHr CRITERION unlimm Is TP SCOPE.

1 1 60.9r 0.101
/ SQIAQ 0.40 0.20
N A CIME 0.700 0.220
4 5.7113 2.425

CfA0TLATION AATAIX
1 A 1.000 0.969 0.914 0.699
.? SnnArT 0.069 1.000 0.0111 0.153
1 / CURL 0.014 0.005 1.000 0.24)
4 r n.c,41 0.105 4.263 1.000

StComm. AMC 7..W) POLYNOMIALS.

m'OIC"..0. a 56146E 0.00
S'AtIPLF a 0.099
N.O.F.1

SSA
f r,0 ANAtrsTt or VARIANCE oN I/ a 1.440
AFT. FIRNTS

0.669
CmNT*INUTInAS Tn ULTIPIA CORRELATION

i40 AFORFscloN FACTO,/ LOADINGS, 2NO COLUMN)
0.010 1.000

5,n.6(0 RETA 4r10T5
0.610
fIGHTS
1.285

)..,T0Cf0T CONSTANT a 4.030

a'1/10t, a ,0,40( 0.134
P 6.366

k.R.f.1 P
N .C.r.P 149

rna ANALYSTS or VARIANCE ON R 11.530
Off& E1nNIS
1,794 1.417

V."0'704) 1(.145 TO uLTIRLE CORRELATION
arG6(5sTO4 FACTCa LOADINDS. 2ND COLUMN)

0.271
7 SquAR 6,263 0.499

SrRI.AEO BETA f1OPTS
1.0574 ?,a'.4

A affOstl.
16.76S 3/.1.11
Is!fPCEPT CONSTANT a 6.417

m,ii!PLt 1 solof 0.176
mUCTI°0- a 0042

04.n.F.2 146
rna ANALYSTS or VARIANCE ON FT 10.692

AFT, EIO.TS.
).Pow .5.777 4.197

CO.'aI6U710hA To ..uLTIRLE CORRELATION
. "O PEORFSsIRN FACTCR LCADIN05.

1 0.16? 0.235
P S9VAR -1.056 0.433

Cum. 1.067 0.575
5,wARED BETA .E100r5

7.4143 73.174 19.,66
R rIO.T1
71,449 -66.446 49.331
INTr6cEPT CONSTANT 5.625

/ARIA re.* POLYrit.IALS

COLUMNI

ArNicTION Our TO LT...EAR PTT, WITH I OF 0.010
aft 111.;41. 5.5. 0.990 OF 150 RESIDUAL N.S.
r,a 11.4410 ri, 1.490

0.001

or,,,I.,T1To.4 nnr To OFWEcAL -QUADRATIC FIT arts Dr 2. 0.134
orr,leTioN m.5. 0.061
RicinLIAL c.c. 0.866 OF 149 RESpUAL M.S. 0.006

F r^P.OuA09.tir r1T 11.550
O fr.45CTION DUF TO 0L1AORATIc TERN ALONE. WITH 1 CF. 0.126
"0 ouhnotrtc YEW*/ ALONE 21,408

arn,,cTinid nor to GENERAL cuelc FIT WITH OF 3. 0.176
RrprTtIDN ...s. 0.049
RfstDUAL S.S, 0.622 OF 146 RESIDUAL R.S. 0.006

F fnia 4f4f44t, CURIC FIT 10.692
UfroCt Ink riair TO Cti4TC ITIO, *LONE 41T1 I OF
f rfto cirlIc /tow ALnAr. T.904

0.044
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Ani.rNoNIAL FIFTINO row 2 vArg;x8Lks.wRE AND TP SC1,4E 15! CRAPVATION3*

THE PREDICTOR vaRIAftFix.) IS 4RE. AND

TEST MEANS ANn STANDARD DEVIATIONS

ST RATING

THE CRITERION VARIANLE/Y) IS TP SCONE.

1 X 0.605 0.207
2 SQUAB 0.406 0.237
1 X CURE 0.292 0.236
4 Y 5.783 2.425

CORRELATION monis
1 x 1.000 0.973 0.921 0.234
2 SOUAR 0.973 1.000 0.949 0.265
1 X CURE 0.921 0.945 1.000 0.263
4 Y 0.234 0.2b5 0.261 1.100

FIRST. SEcnNn. AND THIRD DEGREE POLYNOMIALS.

muLT/PLE R WARE 0.055
MuLTIPLF R 0.234
N.A.F.1

1

N.D.F.2 150
F FAQ ANALYSTS OF VARIANCE ON fi 8.707
OFT, MFIGNTS

1.214
CONTRIRUTIONS TO MULTIPLE CORRELATION

4ND 0FDPESSION FACTOR LOAOINGS, 2ND COLUMN!
X 0.055 1.000

SQUIRED RETA wEIGMTS
0.055

B mFIONTS
P.746

INTERCEPT CONSTANT 4,125

MULTIPLE R SQuARE 0.00
MULTIPLE. R 0.283
N.D.E.1 2
N.D.F.2 149
F Fug ANALYSIS OF VARIANCE ON R 6.467
13FT. WEIAHTS
.0.426 (I.0,79

CONtuiNUTIoNS 70 104.T IPLE CORRELATION
'ND RFOREWON FACTOR LOADINGS. 2ND COLUMN)

-0.100 0.829
2 MAR 0.180 0.936

50uARED BETA 4210).T5
0.182 0.441
WEIGHT'S

.4.999 6.917
INTERCEPT CONSTANT 5.982
a
MULTIPLE R SnlIARE 0.123
MULTIPLE R 0.351
N.M.) 3

N.D.F.2 144
F FAR ANALYSIS OF VARIANCE ON R 6.925
BFTi wEIONT5_
-2.679 6.115 -3.314
CoNTRTRuTinNS TO MULTIPLE CORRELATION

AND REGRESSION FACTCR LOADINGS. 2ND COLON)
-0.628 0.696

P SCUAR 1.624 0.754
1 X CUBE -0.873 0.751

SQUARED BETA 'WEIGHTS
7.179 370.44 10.980

B WEIGHTS
-11.415 62.653 -34.660
INTERCEPT CONSTANT 9.241

ANOVA TABLE FOP POLyNONTALS

FEnuCTION Our. TO LINEAR F/T. WITH I OF A 0.056
REs1CuAL 5.4. 0.445 DF 150 ,ReSTOuAL M.S. 0.006
F FAR LINEAR FIT P.707

REnUCTION our TO GENERAL GuADRATIC FIT WITH OF 2, 0.080
REDUCTION M.S. 0.040
RESIDUAL 5.4% 0.920 DE 149 REODUAL,P.S. 0.806
F FOR QUADRATIC FIT 6.467
REAuCTION DuE yn CUAF,RAT1C TERM ALONE, WITH I CE, 0.025
F FAR QUADRATIC TERM ALONE 4.050

REnuCTION OM' TO GENERAL CUBIC FIT WITH DF 3. 0.123
RENICTION w.s. 0.041
RESIDUA!. S.S. 0.871 OF a 145 RESIDUAL M.S.

F FOR RENERA, CUBIC FIT 6.925
REDACTION nuF TO CUBIC TERM ALONE WITH I OF
F Frig CUBIC Txtim ALONE a 7.296

0.041

0.806
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P OLYNOHIAL FITTINO FOR 2 VARIAALESSRE AND /P ICD9E. 3: OBSERVATIONS.

THE PREDICTOR VARIARLE(X) IS SRI. AND THE CRITERION VAHIARLEIY, IS TP SU RE.

TEST MEANS *NO STANDARc OEVIATIoNS
1 x 0.173 0.194
7 SOUAR 0.081 0.135
1 X cliff. 0.03! 0.109
4 Y 5.242 1.986
CnRRELATION HA/Rix

1 X 1.000 0.905 0.79i 0.196
2 SOUAR 0.005 1.000 0.972 0.152
1 X CUBE 0.791 0.912 1.000 -6057
4 r 0.14 0.052 0057 1.100

F/EisT, SECOND. AND 1.1F0 DEGREE PvL7NomIALS.

MULTIPLE CT 401IARE p.039
MULTIPLE R 0.10R
No.F.1

I

N.o.r.2 37
F FoR ANALYSTS OF VARIANCE ON R 1.503
FIETA WEIGHTS
0,148

CONTRIBUTIONS TO MULTIPLE CORRELATION
ANO PEOTTE44ION FACTOR LOADINGS. 2ND COLON,

0.019 1.000
SoUARED RFIA vElOwTS
0.019

P wFIGHTS
7.024

INTFRCEPT CONSTANT 4.932

MULTIPLE R WARE 0.129
MULTIPLE R 0.359
N.D.F.I 2
N.D.F.7 38
F FOR ANALYSIS OF VARIANCE ON R 2.656
erre HEIGHTS
0015 48.7;4

C0NTmTRUTIONS TO MULTIPLE CORRELATION
ANO REGRESSION FACTOR LOADINGS. 2ND COLUMN[
1 A 0.165 0.101

SOUAR -0.036 0.144
SouREO BETA mEIGHTS
0.698 6.406

P WFTGHTS
8,558 -16.146

INTERCEPT CONSTANT 4.490

MULTIPLE R SOLIARE 0.217
MULTIRLF R 0.465
N.O.F.1

3
N.O.F.2 35
F FOR ANALYSTS OF VARIANCE ON II 3.230
BETA WEIGHTS
.0.463 3.047 2.651
CONTRIPUT/ONR TO MULTIPLE CORRELATION

AND REORESsION FAeCR LOADINGS, 2ND COLUMN,
1 A -0.00 0.424

SOUAR 0.156 0.111
Y CORR 0.151 -0.122

SOUAREO BETA vEIGHTS
0.715 9.745 7.028
mFlOmI5
.4.749 44.744 46.424
INTERCEPT CONSTANT .602

ANOVA TAKE F00 POLVNCTITALS

RFOUCTTON Our TO LINEAR FiTi WITH I OF
RESIDUAL S.S. 0.961 OF

0.039
S7 RES7OuAL M.S. 0.026

F FOR LINEAR FIT 1.503

REDUCTION Fur TO GENERAL CUAORATIC FII MIN Or 2, 0.129
4FOuCTION M.S. 0.064
RESIDUAL S.'. 0.871 Of 36 RESIDUAL N.S. 0.024
F Fral ouADRATIC FIT 2.656
REDACTION ouf TO CUAnRATIe TERN ALONE. WITH I FF. 0.090
F Foci nuADRATIC TERM ALONE 3.701

REDUCTION OUE TO GENERAL CURIO FIT WITH OF 3. 0.217
AFnuCTIoN 6.4. 0.072
RESIDUAL 4.e. . 0.763 OF 35 RESIDUAL M.S. R 0.022

FOR OFNERAt. CuRIC FIT 3.230
RErHICTrON DUF TO CURIC TERM ALONE WITH 1 OF
F FOR CURIO TrRm ALONE 3.944

0.084

TM RATING
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P raYNONI4L FITTING FOR 2 vARIAolEc-PRE AND 1P 1COmEm 39 TAIXERV4T/ONS.

THE PREDICTOR YARIAgLE1X1 IS PRE, AND THE CRITERION VAPIARLE(Y1 IS TP SCORE.

TEST MEANS ANn STANDARD n01010444
1 I 0,450 0.354
, S4u4a 0.12i 6.296
1 X CUBE. 0.246 0.256
A Y 5.282 1.990

CORRELATION marsztx
1 A 1.000 0.971 0.911
2 SOIIAR 0.071 1.000 0.982
1 X CU9E 0.911 0.902 1.000
A Y 0.743 0.201 0.2110

0.243
0.241
0.280
WOO

FIRST. SEC1Am. AND THIRD nEOREE POLYNOMIALS.

MULTIPLE P SOuAgE 0.050
MULTIPLE P 0.243
N.O.F.I
N.D.F.p 37
F inP ANALVSIG OF VARIANCE ON R 2.329
GEN WEIGHTS

0.243
CONTRImuTioNS TO MULTIPLE CORRELATION

4N0 REGRESSION FAETER LOADINGS, ?ND COLUMN!
0.059 1.000

SOUARED RETA .1EIOMTS
0.059

B WEIGHTS
1.266

INTERCEPT CONSTANT .667

MULTIPLE R SOIJAPE 0.094
mi./LYME A 0.306
N.O.F.1 2
N.D.F.2 36
F FOP ANALYSIS or VARIANCE ON R
6,74 mEtONTS.

1.857

. 0.602 0.749
CONTRIRUTIONS TO MULTIPLE CORRELATION

AND REORriATON FAETCR LOADINGS, 2ND COLUMN)
A -0.122 0.796

7 MAR 0.216 0.918
SOUAREO BETA RE/OPTS
0.252 0.691

P WEIGHTS
-2.1321 5.154

TNT .-PCEPT CONSTANT 4.879

MULTIPLE P SOIIARE 0.153
MULTIPLE R 0.391
N.O.F.1 3
N.O.F.2 35
F FOR ANALYSTS Or VARIANCE ON R 2.112
BETA wEirOmTS
- 3.0143 6.76 -3.476

CONTATmUTTom6 To MULTIPLE CORRELATION
AND REGRESSION rTER LOADINGS. 2ND COLUMN)

A -0.750 0.622
P SOUAR 1.906 0.717
1 0 CURE -1.002 0.716

SOUAREO RETA WEIGHTS
9.506 46.444 12.784

8 WEIGHTS
0.109 44.44 .27.737
INTERCEPT CONSTANT 5.153

AN0VA TABLE FOR POLYNOMIALS

AFRUCTION OUr TA LINEAR FIT. WITH 1 of 0.039
RESIDUAL S.S. 0.94 Or 37 RESIDUAL M.S. 0.029F FAQ LINEAR FIT 2.729

AlnUCTIom Our In GENERAL QUADRATIC FIT WITH DF 2. 0.094
REnuCTION H.S. 0.04T
REeTnuAL 3.5. 0.505 Or 36 RESIDUAL M.S. P 0.024F FOR 00AORATIC FIT 1.867
REnuCTToN our TO Cu4oRATIc TERM ALONE. WITH 1 cr. 0.034F FOR amArmATic TERN ALONE 1.363

REDUCT/ON nor rn OENFRAL CUBIC FIT MIDI Dl 2 0.153
ArOuCTION M.S. 0.551
REsTouAL 50. 0047 DV 35 RESIDUAL M.S. S 0.024

F Foil OFNEPAi CURIC FIT 2.112
REDACTION nUr TO CUBIC TERM ALONE WITH I Or ; 0.060

FOR Clinic 1rPM ALONE 2.470

TM RATING
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POLYNOMIAL FTYIINq FAR 2 VARIARLESGRE AND TP SCARE. 39 OBSERVATIONS.

TUC PREnICT00 VARIA0LE(X) IS ORE, AND THE DRITFRION WARIABLEITI IS TP SCORE.

TFST MEANS ANn sTANneic ovit4TioNS
1 0 0.871 0.173
x SOUAR 0.7811 0.210
3 x CUBE 0.120 0.245 /

4 'I 5.202 I.940
CORRELATION MATRIX

I x 1.000 0.952 0.688 0.186
X MAR 0.052 1.000 0.904 0.170
1 X CUBE 0 0.8er (lode 1.000 0.163
4 r o.i80 0.170 0.163 1.000

FIRST. 5E1OND. ANC TNIg0 FIETIFEE RQLYNOMIALS.

MULTIPLE a soflARE 0.035
MULTIPLE P 0.186
No.F.1 i
14.0,F.2 37
F Foci ANALYSTS DT VARIANCE ON R 1.327
8FTi wEromis

0.186
CONTRyRuTIoNs To MULTIPLE Co0RELAITON

AND REGRESsION FACTOR LOADINGS. zNO COLUMN)
A 0.015 1.000

SPuiaED RETA WETOMTS
0.015

B WEIGHTS
2.131

INTFREERT CONSTANT 3.426

MULTIPLE R SoHARE 0.035
MULTIPLE P 0.107
N.D.Pd1
N.O.A.P 30
F Fria ANALYST( Of VARIANCE ON R 0.656
8FTe WEIGHTS
0.247 .0.075

CONTRIBUTIONS TO MULTIPLE CORRELATION
ANO RFOPESION FACTOR LOA 0/NoS1 2ND COLUMN)
1 0.048 0.993

SQUAB 0.907
SQUARED BETA 'EIGHTS

0.066 0.00u6
wFIONTS
20 0.7;4

INTFRCEPT CONSTANT 3.272

MULTIPLE R SOIIARE 0.005
MULTIPLE P 0.291
N.O.F.1 3
N.n.F.2 3S
f COO ANALYST( Of vRIANcE ON R 1.082
BETA WEIGHTS

3,436 6.9#87 S.971
CONTRIBUTIONS TO MULTIPLE CORRELATION

ANO PEORESSION FACTOR L oA0IN0s, 2ND COLUMN)
0.639 0.639

SOUAR 1.529 0.504
1 A CURF 0.974 0.560

SoUiRED BETA WEIGHTS
11.007 80.7,48 35.655
moTTOHTS
39.356 .80077 40.463
1NIrREERT CONSTANT 2.981

ANnVA TABLE FOR POLYNCRTALS

REnueTION CUE Tn LINEAR FIT. WITH 1 OF 0.035
prAtoum. s.s. 0.965 OF 37 RESIDUAL M.S. 0.026FAR LINEAR rtr 1.127

arhucryom our TO GENERAL QUADRATIC FIT WITH OF 2, 0.035
RFouCTION M.S, 0.018
prefnuAL S.S. 0.965 OF 36 RESIDUAL M.S. 0.027F FAR ouarmirtc FIT 0.656
PfoucrtoN our TO CUAnRATIC TERM ALONE, WITH 1 eft a 0.001F Fn0 Quan0ATTc TERM ALONE 0.020

arnIICTInN DUE To GENERAL CUBIC FIT WITH Of 3. 0.085
REnoCTION m,4, 0.028
RESIDUAL sox. 0.915 OF 35 RESIDUAL M.S,

FAR AFNEAAL CITRIC FIT 1.082
RFTNICTION nor TO CUBIC TERM ALONE 11TH 1 of
F FOR CWIID TrPM ALONE 1.903
..

0.050

0.026

TM RATING
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PnLyNnNIAL FITTING FnR 2 VARIARLE,J.gRE AND 7P SCORE. 39 006EAVAtiON3.

T..E PREMICInR vARIARLEix) IS WWE, AO THE CRITFRIoN VARTARLEIY) IS IR SCORE.

IFS? MEANS ANn sTANnARO DEVIATIONS
I X 0.496 n.196
2 SOUAR. 0.203 0.193
3 X CHIT! 0.170 0.145
4 Y 5.282 1.986

CORRELATION mATRIX
} x 1.n00 0.978 0.930
P SOUAR 0.978 1.000 0.9.1A
1 X CUBE 0.930 0.006 1.000
a Y 0.403 0.419 0.400

0.403
0.419
0.401
1.100

FIRST, SECONn, AND THIRD nEGREE PULyNom IALS.

muLTIPLE R sot .APE 0,162
NLLTTPLE R 0.403
No.F.1

iN.O.F.2 37
F rnA ANALYSfs OF VARIANCE ON R 7.172
Berl WEIGHTS

0.403
CONTRIRUTTnNs TO MULTIPLE CORRELATION

AND REGRESs1ON FAtTCR LOADINGS. 2ND COLUMN)
1

SouAREO BETA wEIGMT:,162
1.000

0,142
R mitaNTS

4.127
INTERCEPT CONSTANT 3.234

muiTIPLE R SouARE 0.117
mitTIPLE R 0.421
No.F.1

P
N.O.F.2 36
F FOR ANALYSIS OF VARIANCE ON p 3.867
RFT' mETONTS
0,161 0.R76
CoNTRInuT/oNs TO MULTIPLE CORRELATION

AND REGREssToN F40C4 LOADINGS. 2ND COLUMN)
-0.065 0,954
0SOuAR .242 0.997

SOARED RETA ,E1010IS
0.026 0.312
wr/oNTS

.1044 Soil
INTERCEPT CONSTANT 4.624

muLliPLE R SomARE 0.224
MULTIPLE R 0.473
NO.F.1 3
No.r.2 35
F FOR ANALYSTS OF VARIANCE ON R 3.362
BET: WEIGHTS
-3.771 8.7ei .4.667

CoNTRIRUT/nNs TO MULTIPLE CORRELATION
4ND REGREsx1-0N FACTOR LOADINGS, 2N0 COLUMN)
1 X
P sOuAR 0.886

x CUBA' -1.907

0.8b2

0.864
SoUARED BETA ,410).TS
14,222 75.413 21.705

8 mfIOMTS
.014.427 89.446 -39.094
10FRCER7 CONSTANT 9.017

ANnVA TARLF rest POLYNC41116

RFnUCT1ON our Tn LINEAR FIT, WITH 1 OF 0.162
RESIDUAL 5.5. 0.838 Or 37 RESIDUAL N.S. 0.023
F F09 LINEAR FIT 1.172

ornUCTION Our Tn GENERAL CUADRATIC FIT WITH OF 2. 0.177
RFOuCTION m.4. 0.000
0F(ID1JAL S.R. P.A23 OF 36 RESIOUAI M.S. 0.023

F ing ouADRATtc FIT .. 3.047
RT(NICTIoN nuF TO CUA0RATIr TERM ALONE. 01114 I 0F. 0.014
F 'DR DuADRAT)c TERM ALONE 0.034

RrnuCTIoN nuE To GENERAL CUBIC FIT ITH DIP 3. 0.224
RfnuCTION m.s. 0.075
RESIDUAL S.A. 0.776 OF 33 RESIDUAL M.S. 0.022

F Fog GENERAL cuRIC FIT 3.362
RTnuCTIoN nil, Tn CUR1C TEAM ALONE WITH 1 DP

., 0.047
F FOR CURIO Tram ALONE 2.113

TM RATING
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APPENDIX J

JOB TASK CONDITIONAL AND
JOINT FREQUENCIES BY RATING
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JOD TASK CONDITIONAL AND
JOINT FREQUENCIES BY RATING

This Appendix wi:, be devoted to presenting the Job Task Conditional
and Joint Frequency Matrices by rating for the data colleCted on the
Technical Proficiency Checkout Form (TPCF), The matrices are syletric
about their "lain diagonal and therefore only the upper triangular portion

will be presented. Denote an arbitrary entry in the i

th
row and j

th

column (i=1, ...,8) as a. ., read left to right and top to bottom for
1,J

rows and columns respectively.

For the Job Task Conditional Frequency Matrices, the entries on the
main diagonal, aio (i =1, ...,8), are the number of technicians CHECKED

OUT on the (9-i)th job task, but NOT CHECKED OUT on an any more difficult
task. The entry off the main diagonal, a

1

(1=1, 8; is the

number of technicians CHECKED OUT on the (9-j)44, " task given they are

CHECKED OUT at most on the (9-
th

task. For example, from page J-4, there
were 17 EM's who were CHECKED OUT at Nost on Job Task No. 7, i.e., they
were NOT CHECKED OUT on Job Task No. 8. Of those 17 men 4, 13, la, 17,
17, and 17 were CHECKED OUT on Job Task No.'s 6, 5, 4, 3, 2, and 1 res,

pectively.

In the Job Task Joint Frequency Matrices, the entries on the main
diagonal, ai,i (1=1, ..., 8), are the number of individuals CHECKED OUT

on the i

th
task, regardless of their performance on any of the other tasks.

The entries off the main diagonal, a. . (i=1, ..., 8; j>i), are the number
1,

of technicians CHECKED OUT on hoth the
3

i

th
and j

th
job task. For example,

from page J-4, 75 EM's were CHECKED OUT on Job Task No. 5, 42 on Joh Tasks
No.'s 5 and 6, etc.
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FLECTRICI -AN'S MATE (EM) RATING
(N = 97)

Conditional Frequencies

Job Task

7 b 5 4 3 2 1

S,; 46 33 50 50 50 52 55

17 4 13 14 17 17 17

6 5 5 4 6

6 5 b 6 6

3 3 3 3

6 S 6

0 0

2

The number of technicians not CHECKED OUT on any job task is 2

Joint Frequencies

Job Task

1 2 3 4 5 b 7 8

95 m7 87 77 75 43 b3 55

P37 h4 73 70 40 63 5?

147 71 69 4(1 62 50

77 69 4n 56 50

.75 4? 56 50

41 35 33

63. 46

55
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I

ELECTRONICS TECHNICIAN (ET) RATING
'(N = 173)

Conditional Frequencies

Job Task

7 5 4 3 z

13? , 114 81 113 131 127 123 1.31

19 9 6 15 15 11 15

lb '.., S 8 In 7 9

2 2 2 1 2

9 H 4

?

0 0

The number of technicians not CHECKED OUT on any job task is 1

Joint Frequencies

Job Task

1 2 3 4 5 h 7

16R 146 160 163 126 QS 129 131

147 146 143 117 R9 118 123

164 159 124 95 124 127

169 125 94 129 131

126 88 108 113

96 R3 81

129 114

132
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FIRE, CONTROL TECHNICIAN (FT) RATING
(N = 154)

Conditional Frequencies

Job Task

7 6 5 4 3 2 1

102 92 74 96 101 94 90 102

8 R 8.
14 0 12 14 12

15 14 12 10 14

4 7

2 1 2

0 0

1

The number of technicians not CHECKED OUT on any job task is 4

Joint Frequencies

Job Task

144 125

1P5

3

134

124

134

4

141

1?1

12R

143

S

115

101

108

114

116

6

03

96

91

00

76

93

7

100

94

96

99

96

76

100

8

102

90

94

101

86

74

92

102
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INTERIOR COMMUNICATIONS ELECTRICIAN (IC) RATING
(N = 58)

Conditional Frequencies

Job Task

7 6 5

'7 27 20 23

1 6

4

27

5

3

26

6

2

26

6

1

27

6

5 4 2 4 4 5

8 7 6 4 8

3 3 2 3

4 3

0 0

4

The number of technicians not CHECKED OUT on any job task is 1

Joint Frequencies

Job Task

2 3 4

57 45 , 49 44

45 4i, 38

5

41

x..36

6

26

PS

7

33

32

8

27

26

41 38 25 32 26

44 37 23 32 27

41 25 29 23

26 21 .:,

33 27

27
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RADARMAN (RD) RATING
(N = 139)

Conditional Frequencies

Job Task

7 6 5 4 3 2 1

7 6 25 14 4 5 26

1 1 1 1 1 1 1

1 1 n o 1

70 31 30 16 70

3 2 2 3

1 1 1

2 2

32

The number of technicians not CHECKED OUT on any job task is 3

*

Joint Frequencies

Job Task

1 2 3 4 5 6 7 8

136 27 38 50 97 P 26

27 23 1E' 21 3 1 5

:se 23 34 2 2 4

50 47 71 6 14

97 A 8 75

A 3 6 0

a 7

4 26
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RADIOMAN (PAM) RATING
(N = 137)

Conditional Frequencies

Job Task

a 7 6 5 4 3 2 1

!3 lA 13 13 13 12 13

17 Fs 17 17 11 11 17

("9 2F4 22 28 24 29

55 32 40 34 55

4 3 3 4

4 5

n 0

12

The number of technicians not CHECKED OUT on any job task is 2

Joint Frequencies

Job Task

3 4 5 7 8

1:15 P len NP 113 46 27 13

K If t.s 69 81 3t 20 12

1u0 76 91 4n 21 13

RR 83 39 27 13

113 45 27 13

46 17 9

27 10

13
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SONAR TECHNICIAN (ST) RATING
(N = 152)

Conditional Frequencies

Job Task

A 7 6 5 4 3 2 1

80 64 74 69 78 77 77 An

13 11 4 12 13 13 13

16 16 10 lc 14 18

27 15 10 10 24

2 1 1 2

.3 3 3

0 0

4

The number of technicians not CHECKED OUT on any job task is 5

Joint Frequencies

Job Task

144

2

118

118

3

119

1114

119

4

115

102

102

117

.

5

118

99

100

101

121

6

103

98

99

94

92

103

7

77

76

76

76

69

75

77

80

77

-77
C

78

ftg

74

64

80
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TORPEDOMAN'S MATE (TM) RATING
(N_= 39)

Conditional Frequencies

Job Task

7 6 5 3 2 1

F, 6. 8 8 8 a a

12 5 12 11 12 12 12

3 3 3 3 3 3

11 4 6 6 in

5' 3 2 5

n 0 _ 0

0 0

n

The number of technicians not CHECKED OUT on ariy job task is 0

Joint Frequencies

Job Task

1 2 3 4 5 6

3A 30 31 31 33 14

31. 31 27 29 14

3? 28 29 14

31 26 14

34 14

14

J-11

7 8

18 A

18 8

18 8

17 8

18 8

6

18

A
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THE UTILITY OF THE WRE

The purpose of this section is to demonstrate the utility of the WRE
as.an estimator of individual performance. Essentially it is a useful type
of estimator in that it is not dependent on a convention to be adopted for
the case wherein a man did not work at particular job activity. As such
the convention need only provide reliability ratios for those job activities
for which the man being evaluated received 7UE = 0 and EUI = 0 from his
supervisor..

Each square in Table 1 represents a breakdown of Table E-1 into the
number (and proportion) of men who did not work at a particular job acti-
vity and those men who received ZUE = 0 and EUI = O. For example, on job
activity Number 1, 19 (19.6% of the EM's) received EUE = 0 and EIJI = 0
and 6 (6.2% of the EM's) did not work at that job activity. The composite
reliability values need then only be employed on 19.6% of the men in that
rating and job activity rather then on 25% of the men as required by the
SRE, PRE, and GRE. More significantly, in the case of RD's and RM's, for
example, at most 59% (as compared to 99% for the SRE, PRE, and GRE) of the
men in those ratings derive reliability ratios for some job activities
froM the composite reliability table. Clearly this is a significant im-
provement which should improve individual performance estimates. The
statistical analyses reported in the main text of this paper verified this
conjecture.

Derivation of the Weights Employed by the WRE

On the JPQ ANSWER SHEET is Appendix A, page A-4, in column (c) for
each job activity the following question was answered by the supervisor
on the man he was evaluating:

QUESTION (c) Considering this ma ,Y; ..;v27all performance, it is your
opinion that the importance of this job activity, as a
factor in determining the overall performance of this man,
is best described as being:

3. of central and primary importance
2. a ;ignificant Factor, but of secondary importance
1. of only moderate importance in estimating overall

performance
O. of little or no importance

The weights (wi) for the ith job activity are determined by the form..:ia:

If the supervisor recorded the ith job activity as:

of central and primary importance, the weight wi = .0

of secondary importance, the weight wi = .75

of moderate importance, the weight wi = .5

of little or no importance, the weight wi = .25.

K-3



Job CM

Act. N7 NW

1

2

3

4

5

6

TABLE K-1

NUMBER AND PROPORTION OF TECHNICIANS IN EACH PROBLEM AREA

ET

NZ NW

FT

NZ Te,

Rating

IC RD RM

'1Z NW NZ NW NZ NW

ST TM

NZ 1W NZ. NW

19

1.196

6

0,062

38

0.220

0

0.000

51

0,331

5

0.032

0

0055

0

0.000

46

0.331

4

0.029

34

0.248

19

0,139

39

6,257

6

0.039

6

0,154

0

0,100

06

0.165

7

0.072

47

0.272

0

0.000

48

0,312

1

0.006

7

0,120

0

0.000

52

0.374

1

0.007

27

0.197

15

0,109

._.
36

0.237

9

0.059

13

0.333

0

J.000

28 14 42 3 70 5 17 1 71 62 47 57 53 16 20 6

0,269 0,144 0.243 0,017 0,455 0,032 0.293 0.017 0.5r,.1 0.446 0,343 0,416 0,349 0,105 0.513 0.254

29 14 53 30 67 26 22 5 50 25 39 38 57 19 a 2

0.299 0.144 0.306 0,173 0.435 0,169 0.379 0.066 0,360 0.180 0.285 0.277 0.375 0.125 0,205 0.851

18 5 82 1 79 1 7 0 71 S 39 il 58 4 10 1

0.186 0,052 0.474 0,006 0,513 0.006 0,121 0.000 0.512 0.036 0.215 0.089 0,082 0,026 0,256 0.026

38 12 83 33 70 36 24 11 59 41 42 48 58 32 15 s

0.392 0,124 0.460 0.191 0.513 0,234 0.414 0.190 5.424 0,295 0,0": 0.336 0,382 0,210 0,3e5 0.12e

13 5 47 1 69 14 5 0 50 87 54 74 49 27 23 2

1.134 0,052 0,272 0.006 0.448 0,091 0;606 0.006 0.367 0.626 0.394 0,540 0,322 0.1;!' 0.590 0.651

22 13 48 0 60 4 12 0 51 81 50 64 45 26 18 4

0.227 0,134 0,277 0,000 0,390 0.0,26 0,70, 0.000 0.167 0,583 0.365 0.467 -.0.296 0,105 6,462 0.193

Number of Men Each Rating

97 173 154 58 139 137 152 39

NZ = Number and Proportion of Technicians Who Received,UF=0 and ZUI.0

NW = Number and Proportion of Technicians Who Did Not Work at that Job Activity
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