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ABSTRACT

The purpose of this research effort is to validate
the utility and effectiveness of a unique human performance
measurement technigue developed under ONR contract (NOOO1467C0107).
Performance data on eight Navy ratings was collected from ships ot
LANTFLT and PACFLT. This report is the last in a series of technical
reports on the statistical analysis of that data. A statistical
analysis is provided on performance related data for electronic
maintenance personnel sampled from 21 ships..Four different
performance estimators, as functions of critical incidents, were
evaluated. A detailed explanation of the distributional properties of
the performance estimators is presented, and an explanation of the
factors that lead to the adoption of a curvilinear regression
analysis for analysis of the data is discussed. The results of the
statistical analysis indicated that a certain combination of the
performance data possessed moderate validity for appraising the
absolute level of technician on-the-job performance on the EM, ET,
FT, and IC ratings. Application of the technique to technicians in
the RM, ST, and TM ratings was tenuous, but still approrriate, while
none of the performance estimators seemed to be applicable to
technicians in the RD rating. For this reason, it would seem that the
appropriateness of application of this technique to other ratings
warrants investigation, perhaps by the approach employed in this
report. In any event it has been observed that the technigue
possesses sufficient merit to be recommended for more widespread use
within the U. S. Navy. (Author)
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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 cembat 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 personrel system in order to maximize the overall performance
of the sustem. The purpose of %his project is to validate the utility and effectiveness
of a unique humar. performance measurement procedure developed under a prior 0ffice 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 squadron 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
upen. 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 (JPQ) ANSWER SHEET - this form records
supervisory estimates of the total number of a technician's uncommonly
effective (ZUE) and uncommonly ineffective performance (ZUI) 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.

Gn 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. O0On the
basis of the total number of uncommonly effective (IUE) and the total number of uncom-
monly ineffective (fUI) 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 (LUE} and the total number of uncommonly ineffective (fUI) 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. \eighted-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 lccations 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 freguencies 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
VYariance was employed on the semple 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 aoodness-of-fit tests for
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normality to tne sarpla data, only the predictor variable WRE could be termed normally
distributed. This result was also gznéraily true when individual ratings were similarly
studied. These characteristics of the sample data necessitated the use of a curvi-
Tinear regression analysis. An emphasis on only the lczast-squares analysis resulting
from an application of that technioue was empicved in order to determine the relative
merits of each of the predictor veriabies.

A comparison of the multiple correlation coefficients renulting from the curvi-
linear regression analysis applied across all ratings revealed that a straight-line was
the best fit to the sawple data. The product-moment correlations between the predictor
variables (SRE, PRE, GRE, and WRE) and the selected criterion variable suggested moderate
promise on the bart of the WRE for aporaising the on-the-job performance of individuals
involved in electronics nm2intenance activities. However, the relatively low multiple
correlation coéfficients suggested a significant degree of unexplained criterion variance.
As such the analysis was applied by rating. Reievant findings by rating revealed that
in almost every rating the WRE deiunstrated more promise for appraising on-the-job
technician performance than the other estimators. The WRE was considered a more promising
estimator in the serse that the samnle product-moment correlation coefficients were
generally of a larger magniiude and, by some fit to the data, the WRE seemed to account
for more criterion variance. For evample, 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 th= WRE may not necessarily be a statistically significantlyv different estimator
in terms of producing hiaher correlations with the ¢riterion variablc and explaining more
criterion var-ance, the sample data results did tend to demonstrate that the WRE was the
more rromising estimator in that consistently the sample vesults did produce higher
product-moment and multiple correlation coefficients for the WRE. Altogether the WRE
demonstrated very promisiny results on the EM, ET, FT, and IC ratings and fair results
on the RM, S, 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 resu]@ that
significant interaction exists between ship-rating combinations. This'resu1tgd 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 usuaily
found to exist between predictor variables and measures of an-the-job perfermance. 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, Pki, and GRE are
nenerally skewed in one direction or another, while the criterion
variable derived from the TPCF is negatively skewed. The WRL is
normaily distributed. These conclusions are for each rating and across
ratings.
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2. The WRE is a more promising type of parformance estimator. It has
greatest utility when applied *o technicians in the EM, ET, FT, and IC
rating and fair promise for application in the RM, ST, and TM ratings.

3. None of the perfcrmance 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 €actor 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 recommendad 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 Presentiy available for application
within the U. S, Navy.

vi
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INTRODUCTION

Current and expanded commitme. 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 optimei 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 sophisticatec 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 utiiize personnel in those
positions. who may now be rejected for some reason related to their projected on-the-
job perfurmance in those positions. As such there is a definite need for valid and
reliable individual system performance assessment.

In order to achieve a performance appraisai 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 measurenents 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 employs the critical incidents technique
to estiimate the performance of electirorics maintenance personnel.

BACKGROUND

The purpose of thic section is to give the reader a logical development of the
paerformance measurement tecnniques employed by Applied Psychological Services and
others. Fundamentally these researchers employed a critical incidents technique in
deriving estimates of human performance.



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 & certain time period on some individual under ob-
servation. Furthermore, let ZUE (fUI) 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 betwesen ZUE (or the ratio ZUE/ZUI) and cor-
respondirg performance evaluations. Prior resulis such as this provided significant
evidence that the application of a critical incidents technique to perfcrmance eval-
uation is a valid and useful approach.

Following upon the results of Whitlock, for example, Applied Psychological Services
furthier developed and applied the above menticned 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 unconmonly 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 (ZUE)
to the sum of uncommonly effective plus the sum of uncommonly ineffective performance
(ZU1), namely (ZUE/[ZUE + ZUI]). 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.

1AH numbers enclosed in brackets refer to corresponding numbers of documents and
publications listed under REFERENCES.



Specifically, for each job activity the reliability ratio (ZUE/{ZUE + :£UI]) 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 ¢f uncommonly effective and of uncommonly ineffective behavior along all eight
Jimensions of job activities could be combined into & 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 ratic concept (ZUE/[ZUE.+ fUI]), Siegel and Federman
[16] have developed the follewing three reliability estimates:

1) Series Reliadility Estimate (SRE)

The series reliability measure of total effectiveness for
an individual 1is derived by multiplying individual job activity
reliability ratios to yield a total reliability score, i.e.,

Rg =ryxrpx ... xrg

where RS = series re11ab11ity2. and

ry (%HE/[ZUE + LUI]) is the reliability ratio for the
i

job activity.

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

2) Series Parallel Reliability Estimate (PRE)

STegel and Federman [16] reported that "... the seriess and
series-parallel reliabilities provide measures of personnel
proficiency relative to performance on the entire job (i.e.,
all eight job act1v1t1es§.“, (p. 46). The series-parallel
estimate of individual proficiency 1s defined as:

Rp = Rg x(2 - r]) X oo. X(2 - r8)

where R¢ and r1(1 =1, ..., 8) are defined in 1) above.

21t 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 <ry <1, and, therefore,
b) 0 < R_ <1
LR 2

c) Ry < smallest r

s it



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

3) Geometric Mean Relijability Estimate (GRE)

Let r;, r;, r;, and rz be the four highest job activity reliability
ratios of the elght reliability ratios for a technician being evaluated.
The geometric mean reliability for the technician is defined as:

= * v ok * *
R “<>//r] Xy X ry x vy

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 ignors 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 Tet:

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;

th

ri = the reliability ratio for the i*" job activity;

w; = weight denoting the importance of the jth job ac%ivity in
estimating the technician's overall performance.

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

Nd
RW =Z Y'i X W.I/N\J
i=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 Tisted in hierarchial order from easiest to most difficult. The
efght 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 1in one of three levels of technical proficiency. The procedure for
placing a technician in one of three Tevels 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 X,



Technical Proficiency (TP) Score

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

1 if the technician is CHECKED OUT on the ith
Foo= 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 = Z: Fi‘
i=1

Technical Proficiency Checkout (TPC) Level

Three TECHNICAL PROFICIENCY CHECKOUT {(TPC) levels are:
Level 1: above desirable
Level 2: below desirable but at least minima]]& 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 correlatior.. they found a
triserial correlation of .40. When corrected for the lack of perfect reliability in the
performance test criterion, the correlation became .74. O0On the basis of their investi-
gation of the then concurrent validity of the TPCF, they conclugded that the Technical
Proficiency Checkout Form, "... previously shown to be reliable and practical, muy now
be considered to possess a substantial degree of validity for appraising the absulute
proficiency level of avionics technicians in the fleet.", (p. 46). Finally, Siegel
and Federman [16] recorded a triserial correlation of .3& between the TPC level of the
technicians evaluated and their Series Reljability Estimate (SRE), concluding "...
there is(some ?asis to believe that the JPQ results correlate with on-the-job perfcrm-
ance.", (p. 62).



Main Results of Prior Studies

Important conclusions of prior reports relative to the merit: of the Series Re-
liability Estimate (SRE), Series~Parallel Reliability Estimate (PLE), Geometric Mean
ReT7abiTity Estimate (GRE), and the Technical Proficiency Checkout Form (TPCF) are
as follows:

1. Reliability ratios of the form ZUE/{ZUE + ZUl) 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 ZUE and ZUI for each man being evaluated by his immediate
supervisor. -

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

4, There is some basis {triserial correlation of .38 with TPC
Tevel) 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 ertitled 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, Phiiip

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 [T16]. An outgrowth of that effort was the suggestion that the technigue be em-
pioyéE on a limited basis by a Navy laboratory to identify 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
thése employed by Siegel and Federman [16], with some modifications 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].



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 collecticn reflecting various aspscts of the ef-
fort that resulted in the orderly and successful completion of the task.

Data Collecticn 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 ara
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 Questionnaire (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 (IUE) and uncommonly -ineffective (ZUIl) 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 1dentical tc 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 {nstruments 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; Cru1ser-Destroy§r Force Atlantic Fleet (located at Newport, Rhode Island, and
Boston, Massachusetts).”® 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. :

4For the interested reader Appendices C and D contain the instructions for the ship
liaison officer and the technician supervisor, respectively.

SHenceforth 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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13 76
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TABLE 2
CLASS INTERVALS FOR HISTOGRAMS

“Class Interval Lower Upper
Number Boundary 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
1 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 0.1 0.16
19 0.06 0.1
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-
pertion of men who, while they worked at the job activity being considered, received
ZUE = Q0 and ZUI = O from their supervisors. These observations required the con-
sideration of two {mportant areas relative to the JPQ.

Problems in Calculating Performance Estimates. As discussed in the Background
section of this report, reliability ratios of the form (ZUE/[ZUE + ZUI]) 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 1n order to calculate the reliability ratios:

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

2) the technician received ZUE = Q and ZUI = 0 by the supervisor,
implying that the reliability ratio _ 0 1s undefined.
)

By observing the frequency with which such cases occur across all 21 ships partici-
pating in the project, 1t 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 s 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 L16] empioyed ... the average value for his rating on his ship ...", (p. 28},
on those job activities which the technician did not work at or received TUE = 0 and
ZUI = 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!iique was not feasible.

In order to overcome this problem, the convention adopted in this report was to
employ a composite reliability value across all shirs at a location for each job ac-
tivity and rating. Appendix F discusses the proce-..re for deriving the composite re-
1iability 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 minimaily 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 {s presented in Figure 5. Almost
jdentical histograms of TP scores were obtained for data collected at the two locations.
Hence, only one histogram {s 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 interestad 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 1 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 0 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 10 310 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 y 0 13
1 2 2 2 5 1 3 4 2 1 2 2 26
ic 2 1 0 1 1 1 2 1 0 0 3 n 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 0 3 0 15
3 4 9 8 5 8 7 0 1 5 713 67
1 1 7 0 0 4 4 1 5 0 0 25
RM 2 1 i 8 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 0 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
™ 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 33 30 34 21 35 40 21 20 28 19 304
SHIP 2 10 15 5 v 17 9 20 23 5 12 15 133
3 10 12 15 15 14 12 16 6 5 20 20 145
Q 15
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TABLE 4 -
NUMBER OF MEN AT EACH TECHNICAL PROFICIENCY CHECKOUT (TPC) LEVEL

Location No. 2
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RATING
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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 ra2lated 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 locition. 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 7P 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 NCT 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 amployed 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 witi {nteraction.
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 Perscnnel
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 jeb 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 appiication 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 devejoped
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. Z agree with
Siegel and Federman's prior results [16]. This observation required a consideration
of the appropriateness of triser{ial correlation to the data collected in this prroject.

Appliication 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
praoficiency. 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 Relfabilities in Each TPC Level

TPC LEVEL N SRE PRE: GRE WRE
1 303 .351 .597 .931 .657
2 134 .33 .553 .919 .566
3 145 .427 .625 .923 .557

Location No. 2

Mean Reliabilities in Each TPC Level

TPC LEVEL N 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 .07 .538
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TABLE 6
TRISERIAL CORRELATION ANALYSES

Performance Estimators

N SRE PRE GRE WRE
Location No. 1 582 -0.080* -0.015 0.031 0.256*
Location No. 2 367 0. 340% 0.335* 0.235* 0.335*
Combined Locations 949 g.061 0.122% 0.099* 0.283*

*Significantly different from zero at the o = .05 level.
goodness of fit test for normality [5 ] was applied to the distribution of TP sgores of
the 949 technicians. This test statistic will be called the gy test statistic.

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

91 = -.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 g; test statistic is given by g, = “/E-EIX - Y)?

where X represents an observation, X 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 = 9 (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) {s given by:

reject the null hypothesis of normality if
2z 1s 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 departurzc
from normality due solely to skewness than the other two tests [5].

21



The g, test statistic was a’so applied to the distribution of TP scores at either
location. The test statistic values were gy = -.4930, z = -4.8810 and gy = -.5473,
2 = -4.3156 at Location No. 1 and Location No. Z respectively. Therefore, at both
locations the assumption of normality of TP scocres must be rejected. These results
were verified by the histograms of TP scores for those locations. In both cases these
histograms demcnstrated the negative skewness of the distributien of TP scores.

Curvilinear Regression Analysis

Essentially due to the non-normality of the TP scores, an alternate analysis was
employed in order to determine the degree of assoclation 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 stbject for the
purposes of this report have been provided in Appandix 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 alsc developaed for Location No. 1 and Location No. 2. Although those
printouts are rnot presented in this report, the essential information from those
printouts 1s given in Table 78 along with the essential information from Appendix K.

Consider Table 7 and the evaiuation of SRE as a predictor of TP score for the two
locations combined. The product-moment correlation beiween SRE and TP score is .055
(not significantly Jifferent from zero at the o = .05 level). In attempting to fit a
1inear, quadractic, and cubic model _to the data of SRE values and TP scores, the
multiple correlation coafficient (Rz) values were 003, .007, and .043 respectively.
However, in view of the fact that the residual mean square does not change from the
1inear ;o cubic mode, t would be Just as well to chose the linear model (particularly
since R+ for the cubic equation is not significantly larger than .007). Therefore,
7rom Appendix H, the best regression eguation 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 ¢T the observed TP scores, regardless of the observed SRE. This
result i1s further reflected in noticing that the sample mean TP score is 5.350, ap-
proximately equal tec 5.219 - the-TP score intercept of the regrassion line.

Observing the results of Table 7 for the predictor variables PRE and GRE on the
two locations combined, only minimal {mprovement can be made with these estimates over
the SRE. In fact the GRE 1s almost identical to the SRE and for practical purposes
cannot be held to possess significant merit. The PRE is modestly better with a cor-
relation of .1, However, for the PRE, Ehe highest R 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

8A1l 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 ervors. Therefore, when reviewing the
results of Table 7, one must be concerned with tne relative magnitude of the residual
mean square in attempting to fit a Tinear model versus fitting a higher order model.
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TABLE 7
CURVILINEAR REGRESSION ANALYSES BY LOCATION+

Location No. 1

Type of Curve

Predictor Linear Quadratic Cubic

Variable rxy RZ s2 RZ s2 R2 s2
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

Type of Curve

Predictor Linear Quadratic Cubic

Variable rxy R2 JE. R2 52 R2 2
SRE .288* .083 .003 .083  .003 .090 .003
PRE 277% .077 .003 .078 .003 .00 .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 ny R2 §2 R2 SZ R2 s2
SRE .055 .003  .001 007 .001 .043 001
PRE .100* 010  .001 .036 .001 036 .001
GRE .087* .008 .01 .008  .001 .009 .001
WRE .257* .066  .001 .066  .001 071  .001
+R2 = riy in the linear case.

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

ryy = product-moment correlation coefficient between the predictor
variable x and the criterion variable y (TP score).
1 RZ = multiple correlation coefficient.
O
ERIC s2 = residual mean square

- — 23




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 porulation of electronics maintenance personnel is tenuous.

Analyzing the results at either location again points out the differences between
the results obtained at eifher location. However, this is due mainly to a difference
in Py values and not to R¢ values for goodness of fit of the 1inear, quadratic, and
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 predicter 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 homogefneous 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. 1In 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 variablas - SRE,
PRE, GRE, and WRE. Appendﬁx 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 2" 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 normaily distributed
with respect to the individual ratings, the appropriateness of employing this test is
in question. Furthermore the Titerature 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 curviiinear regres-
sjon 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 CURVILINZAR REGRESSION ANALYSES (N = 97)

Type of Curve

Predictor Linear Quadratic Cubic

Variable ny RZ S2 R2 §2 R2 2
SRE . 335*% 135 .009 L136  .008 176 .009
PRE . 247 .061  ,010 .133  .009 113 .009
GRE L301* .080 .010 .154  ,009 .221 .008
YRE .492* .242  .008 e84 ,008 .300 .008

+ Xignificantly different from zero at the o« = .05 level.

1. EM rating - Clearly the estimator WRE demonstrates the best fit
to the data. The product-moment correlation of .492 indicates at
least 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 can only indicate a moderate fit of the cubic curve
to the data.

TP score = 4.849 - 15.571 WRE + 44.319 WREZ - 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 appiica-
tion in this rating for those situations in which the probability of
effective performance of an individual in the EM rating is required.

TABLE §

ET CURVILINEAR REGRESSION ANALYSES (N = 173)

Type of Curve
Predictor Linear Quadratic Cubic
Variable rxy R2 2 r2 2 RZ S2
SRE .318* .101  .005 142 005 -142 005
PRE .J66* 134 .005 .135 ,005 .i35 .005
GRE .508* .258  .004 266  .004 271 004
WRE .445* .198  .005 .209  .005 .210  .005

*Significantly different from zero at the o = .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 & moderate degree of association with TPCF
results.

Because the R2 values do not change appraciably 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:

2.29 + 4,08 GRE, and
4.344 + 3,79 WRE.

TP score

TP score

TABLE 10
FT CURVILINEAR ReGRESSION ANALYSES (N = 154)

Type of Curve

Predictor Linear Quadratic Cubic

Variable rxy R2 S2 RZ S2 R2 S
SRE .346% 119 .006 .120 .06 120 .006
PRE .265% .070 .006 .100 .006 .104 .00€
GRE .374* .140 .006 .148 .006 .165 .0n6
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 refiects a Qoderate degree of association with
the criterion variable. The R¢ value of near .2 ctjl1l illustrates
a significant degree of unexplained criterion variance in the data.
It s 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-
matar of FT technician proficiency.
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TABLE 11
IC CURVILINEAR REGRESSION ANALYSES (N = 58)

Type of Curve

Predictor Linear _Quadratic Cubic

Variable Pxy Ré 52 Y2 2 R2 2
SRE .361* JA31 .016 L3106 133 .016
PRE .322% .104 .016 131 . .016 134 .016
GRE .387* .149  ,015 154,015 L1689 .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 tos Tow to place coenfidence 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 WREZ + £3.03 WRES
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, thevefore, the WRE
may be employed in this rating.

TABLE 12
RD CURVILINEAR REGRESSION AVALYSES (N = 139)

Type of Curve

Predictor Linear Quadratic Cubic

Variable rxy %2 §2 R2 <2 R2 .2
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 .607 .041 .007

*Significantly different from zero at the o« = .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 individuatls 1n

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

Tvpe of‘Curve

Predictor Linear Quadratic Cubic
2
variable rxy ;;? §2 R2 S2 r2 32

RM Rating (N = 137)

SRE L211* .044  .007 .057  .007 .068  .007
PRE .156 .024  .007 .028 .007 031 .o07
GRE .041 .002 .007 .140  .006 .139 006
WRE .366* 134,006 .183  .006 .154  ,006

ST Rating {N = 152)

SRE .199* .040  .006 .069 .006 .069  .006
PRE .058 .003 .o07 .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 L1289 .024 217,022
PRE .243 .059  .025 .094 ,025 .153  .024
GRE .186 .035  .026 035  .027 .085  ,026
WRE .403* 162 .023 JA77 0 .023 .224  .022

*Significantly different from zero at the o = .05 level.
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6. Rating RM, 5T, and TM - The results for these ratings are almost
identical and can be discussed as a group. In every case the WRE

{s the best estimator of TP score. The product-moment correlations
aEe low for the RM and ST ratings, and moderate for TM's. A1l 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 1n 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-26, I-30, and I-34 respectively). However, the utility

of thelr use as prediction instruments has not been convincingly
demonstrated,

Technician Job Comgétency Evaluation

As hypothesized in the discussion on the validity of the performance estimators
SRE, PRE, GRE, and WRE, the TPCF could be empioyed 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 1n 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 hoid 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 i1t may not be possible to completely answer questions of this type, it is possible
to give at Teast 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 easfest and Job Task No. 8 the most difficult. The following is
a Tist of the job tasks as found on the TPCF:

Task Description

(easiest) %. Capable of employing safety precautions.

e
.

Capable of replacing mcst of unit's equipment.

w

Capable of removing most of unit's equipment,

E-

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 principlies involved in
difficult) ma‘ntenance.

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 QUT on Job Task No. 8.
Simitarly, 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 & 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 1s concerned - seems out of ptace in that fewer {ndividuals are CHECKED OUT on
this task than the next more difficult task, Job Task No. 7. In fact the better position
for Job Task No. €& would be after Job Task No, 8. In that case the job tasks weuld fol-
Tow more closely a hierarchial classification. .

In any event 1t can be said that Job Task No. 6 is no longer of such prominence as
originally thought. This {s 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 1ittle if any calibration.
Furthermore, test instrumentation calibraticn 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 compenent. Those functions
are beyond normal shipboiurd electronic maintenance activities.

In the RD rating there are a significant number of individuals NOT CHECKED OUT on
many of the tasks. Thls 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 LUE = 0 and ZUL = 0 from their supervisor. It is possible that
the nonapplicability of many of the tacks 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 required 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.

gIt 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

Job Task
Checked
Not Checked

Job Task
Checked
Not Checked

Job Task
Checked
Not Checked

Job Tash
Crecked

Not Checked

Job Task
Crecked
Not Checked

Job Task
Checked
Not Checkeg

Job Task
Checked
Not Checked

Job Task
Checked
Not Checked

to.
Qut
Qut*

Out
Out

Out

Jut

No.
Out
Out

—_

95

168

148

57

135

144

38

EM Frequencies
2 3
87 87
i1 i0
ET Frequencies
2 3
147 164
26 9
FT Freguencies
2 3
125 134
29 20
IC Frequencies
2 3
45 43
13 9
RD Frequencies
2 3
27 38
112 101

2
88
49

118
34

3N

RM Frequencies
3
100
3?7

ST Frequencies
3
1s
33

T™M Frequencies
3
32
7

(N
4
77
20

N
4
165
8

"=
4

143
1

(K =
4
44
14
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*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.

ERIC
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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
2 given task, the number of individuals who were CHECKED OUT on each easier task given
they were at most CHECKED QUT on the given task. Those tables should provide more in-
sight into the hierarchial classification of the job tasks and aiso a relative level of
technician competency by rating.

To 11tustrate the use of the tables prepared 1n 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 56 -+ 52 55
17 4 13 14 17 17' 17
6 6 5 5 4 6

6 5 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 CHECKEG QUT on Job Task No. 7 (the next
easier task), 33 were CHECKED OUT on Job Task No. 6, ..., and finally all 55 men were
CHECKED QUT 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. 8). 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, 1.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 Cond{tional Frequency table to contain al-
most identical entries, i.e., if the job tasks are truly hierarchial and representative
of tasks in that rating.




Consider now Apperdix J, page J-4, and the Conditional Frequeicy table. From the
first two rows of that table, most of the EM's CHECKCD OUT at most on Job Tasks 7 and
B were also able to complete the easier tasks, except for Job Task no. 6. Again, that
task 1s very much out of place in the order of job tasks. There is ¢ low degree of in-
competence present for 13 percent of the EM's could be CHECKZD QUT zt most on no more
than Job Task No. 4. However, it must be realized that thi(s resuit 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 practicajity 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 techricians.

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 eigtt job tasks.

Joint Frequencies for Job Tasks

Appendix J also provides the Jub Task Joint Frequencies by rat>ng. 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. Similariy, from row 2 of the Joint Frequency table, 87 (of the 97
EM‘s) were CHECKED QUT 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 1s well to note that the diagonal entries of this table corresponds
exactly to the frequency entries for the CHECKED CUT 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 {1lustrate 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 menticned patterns
that are {llustrated 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.

Tha 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 ¢f 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 empioyed 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 & 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 fo performing pairwise comparisons between ratings and between ships on
the basis of mear performarce levels with respect to some variable. The variables to be
considered are tlie SRE, PRE, GRE, WRE, and the selected criterion variable TP score. 1In
general this subject falls under the area of multiple compariso?a arising from an Analysis
of Variance (AOVi of ship/rating effects. The particular model'V to be considered will

be a two-way fixed effects design with an unequal number of observations for the ship/rating

101+ {5 assumed that each observation yijk on the kth individual in the 1th ship in
the jth rating is due to an overal; effect (uY, a ship effect (a3), and a rating effect
(BJ). Furthermore, a general mode; addresses the question of the existence of significant
row-column interaction (644} upon each observation. In particular this report addresses
the additive mcdel of the éorm

Yyge = v F o B3+ 855 + eg5p

where ej sy 1s an error term associated with the above model. In this situation it is a
two-way ¥ixed effects design with an unequal number of observations in the 1-jth 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 oT the variances
of the main effects and independence across and between the main effects. T 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 va1ues for the 949 technicians in the sample (combined locations). Table 17 il-
lustrates the resuits of this analysis.

TABLE 17

gy TEST STATISTIC VALUES FOR THE PERFORMANCE ESTIMATORS

SRE PRE GRE WRE
9 .5e07 -.4565 -4.7092 .7939
z 7.3265 -5.7594 -59.4129 ~.5823*

*Because WRE scores {Figure 4) are almost normally dis-
tributed, a test statistic [4] similar to the gy 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 | z | > 1.96.

Clearly then the only estimaicr which appears to be normally distributed is the
WRE. This same analysis was applied by location and rating with practically the same
results. In each case only WRE scores proved tc 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 &n 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 previocus 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 distrikbuted. This characteristic of WRE scores is
most helpful particularly since homogeneity of variances in the ships, ratings, and

1y search of the literature failed to locate a particular test to employ for
independence §n the case of unequal numbers for the ship/rating combinations. See
Andersor [1] for the case nf equal numbers,




An identical AQV was executed as above but for the four ratings (EM, ET, FT, and
IC) for which the performance measurement techrique was most promising. Table 19 re-
flects the results of this AQV.
TABLE 19

AN ANALYSIS OF VARIANCE FOR 21 SHIPS AND 4 RATINGS

Degrees of Sum of Mean
Source Freedom Squares Squara 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 of 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 devel?g
comparisons between ratings (for a fixed ship), this report will employ an ACV 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 7).

For present purposes only the AQV'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-
velopad for multiple comparison of the main effects if the AOV indicates significant
main effects.

]BThis report will employ a model of the form

Yijk = v tayte (j is fixed and i=1, ..., 21)

ijk
for testing for significant ship effects, and a moJde’ of the form
Yijk = v ¥ 85 * ej5 (1 is fixed and j=1, ..., 4)

for teﬁt1ng for significant rating effects. The subscript k is an index representing
the k" 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 1in searching for a possible significant difference between any
two {of the fourg ratings on the basis of mean WRE scores. Table 20 reflects the re-
sults of these multiple romparisons, each derived from a separate Analysis of Variance.
(The resulting 21 AQV tables are too extensive to be presented in this report).

Finally the hyputhesis of eguality 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 tooc 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 FCUR RATINGS ON NINE SHIPS*

Highest Lowest

_Ship Mean WRE Mean WRE

a EM FT ET IC

b FT ET EM Ic

c EM &7 1C FT

d ET FT EM IC

e IC EM ET FT**

f IC ET FT EM**

g T IC EM ET

h EM ET IC

1 EM ET FT

*For each ship a 1ine under two ratings sia~ifies no
significant difference between the ratings.

**It {s 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 appiied point of view to esti-
mate school success, final grade, etc. of an individual in some training program or
school by employing such predictor variabies 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 deveioped 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, GRE, WRE, and TP score - was investigated.

Besides the BTB scores, other available predictor variables ware 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, FRE, 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

Tetle 21 reflects the product-moment correlation coefficients that resulted when
the 943 techinicians were considered. In that table there are many product-moment cor-
relation coefficients significantly different frem zero, but they are of such low
magnitude. Now from a linear prediction standpoint, the multiple correlation_coefficient
(R€) is related to the product-moment correlation coefficient (r,,) by RZ = rﬁ . (x
is one of the demographic variables and y is a per{grmance variaé*e.) Tperefoxe, from
Table 21, even for the largest r.,, value observed,!* namely 0.217, the R® value for
this case is still a very low 0.657 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 degrae
of association that is typically found between predictor variables and cn-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 demecgraphic 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 hepe 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.

1-“Exc'luding B school final score which has such a low sample size represented.
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TABLE 21

DEMOGRAPHIC CORRELATIONS ON EIGHT RATINGS

Reljability Ratios

Ref Equip cir Pers Elec

N Mat Op © Anal Rel Safe

Mo krown by super 948 0.032 0.068* -0.006 -0.020 0.038

Mo on current assign 948 0.029 0.106* -0.005 -0.034 0.057
GCT scores 509 -0.027 -0.C:4 -0.048 -0.078* -0.014

ARI scores; 909 0.018 -0.014 -0.030 -0.086* -0.031

SKILL scores 509 -0.006 -0.029 -0.046 -0.095* -0.027

A school final grade 774 0.089* 0.090* 0.046 0.038 0.017
B school final grade 16 -0.022 0.379 0.227 0.231 0.178
C school final grade 264 0.016 0.077 0.006 0.000 -0.054

Performance Estimators

N SRE PRE GRE WRE TP Score
Mo known by super 948 -0.029 -0.038 0.055 0.0 0.086*
Mo on current assign 948 0.067* 0.036 0.044 0.070* 0.191*
GCT scores 909 -0.1710* -0.700* -0.040 0.018 0.186*
ARI scores 909 -0.076* -0.066* -0.013 0.037 0.163*
SKILL scores 909 -0.117* -0.095* -0.034 0.032 n.217*
A school final grade 774 0.142* 0.096* 0.084% 0.0698* 0.070*
B school final grade 16 0.339 0.387 0.167 0.265 -0.173
€ school final grade 264 0.041 0.027 0.047 0.092 0.091

Inst
0.001
-0.013
-0.096*
-0.076*
-0.100*
0.082*
0.323
-0.009

Elec £lec

Pep Cog

-0.069* -0.036
0.012 -0.009
-0.050 -0.076*
-0.039 -0.022
-0.052 -0.057
0.104* 0.101~
-0.044 0.300
0.119 0.079

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

DEMOGRAPHIC CORRELAT.ONS ON FOUR RATINGS

Mo known by super

Mo on current assign
GCT scores

/R1 scores

SKILL scores

A school final grade
B school final grade

C school final grade

Mo known by rater

0 on current assign
GCT scores

ARI scores

SKILL scores

A school final grade
B schoel final grade

C scheol final grade

N
481
482
458
459
458
383

10
164

Rel<abiiity Patios

Ref Equip Cir Pers Elec
Mat Op Anal Rel Safe
-0.043 -0.021 -0.097* -0.355 0.025
-0.035 0.093* -0.034 -0.C44 0.064
-0.045 ~-0.001 0.026 -0.072 -0.047
-0.002 0.014 0.026 -0.094* -0.035
-0.026 0.607 0.030 -0.093* -0.046
0.086 0.107* 0.047 0.009 0.057
-0.342 0.322 £.103 0.129 -0.201
0.004 0.051 -0.057 0.016 -0.103
Performance Estimators
SRE PRE GRL WRE TP Score
-0.083 -0.096* -0.005 -0.C40 0.089*
0.017 0.014 0.088* 0.062 0.214*
-0.050 -0.081 0.008 0.065 0.172*
-0.0z3 -0.056 0.016 0.048 0.144*
-0.0-7 -0.077 0.014 0.064 0.178*
0.071 0.049 0.112* 0.125* 0.167*
0.028 0.213 -0.010 0.027 -0. 265
-0.003 -0.045 -0.019 0.080 0.135

inst

.32
.013
RV
.003
.063
.328
.097

Elec
Cog

(=]

[= 2N -]

.00

084
.019

7

*Significantly different from zero at the o = .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 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 apprecpriate criterion measure of on-the-job performance. The variable selected
as the criterion measure in this repori was Technical Proficiency ‘+P) score (or Tech-
nical Proficiency Checkout (TPC) levei) as derived from the Technical Proficiency Check-
out Form (TPCF). Prio» 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 tiad 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 upen a least-squares
interpretation of the corresponding results.

When the entire sample of 949 technicians was considered, relatively low multiple
correlation coefficients correspording o a 1inear, guadratic, and cubic model were
obtained. Furthermore, low product-moment correlation coefficients were obtained for
some estimators. Due to thzze 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 jub activities would be more homogeneous within a particular
rating.

When the individual ratings were considered it could ke concluded that of the four
perfernance estimators - SRE, FRE. GRE, and WRE - the WRE possesses the greatest degree
of premise 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 absoiute technician performanc..in the EM, ET, FT, and IC ratings
and a modest estimate of absoiu.e performance in the RM, ST, and TM ratings. It is recom-
mended thot 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 classificatlcn or disariziiation of such individuals on the basis of their
present-day on-the-job perrormance. Howaver, use of the WRE in the RM, ST, and TM ratings
is not as justified and, thi.cefore, if used in those ratings, it should be only with utmost
caution with regavd to its low vzlidity, as determined by the T{CF.

The Criterion Measure of On-the-Job Performance

Because the TPCF was employed as & criterion reasure 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 thz hierarchial
classification of the job tasks was in effect and whether the job tasks were appropriate




to present-day electronic maintenance activities. Results 7rom those tables revealed
that only one job task -~ capable of calibrat ag most of this unit's ecuipment with which
his rating is concerned - was mnre dated than the other iob tasks. With this exception
the job tasks seemed to follow a hierarchial classifica. on in all but the RM rating,

and to a Tesser degree in the RD rating. From these analyses it is suggested that the
following alterations be completed by a potential! user before the TFCF is employed either
in an operatic: or research context:

1. An updating of the job task descriptions by rating. It is not
likely that a T1i~t of task descripticns 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 heing considered.

4. Development of alternative test statistics that wvould reflect
the hierarchial classification of the job tasks which 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 1t 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 icast amount of confusion to the evaluator. Furthermore, the possibility
of deriving competenay 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 task. Although
such comparisons were not attempted in this report, it certainly is an appropriate topic
for future research on the TPCF.

Comparisons Beiween Ships and Ratings

Multiple comparisons between r.tings and beiween 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, WL, and TP score, was that one which best conformed
te the above reguirements 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

43



characteristic of those varjables is only detrimental in AOV analyses for the case of
unequal number of observations for the ship-rating combinations, which was the case for
the 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 varjance 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, particulariy 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
upcn 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 througi:
in order to validly apply the AQV wmodels,

Inftially 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 WRY 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 mean WRE scores). Furthermore, no pairwise significant
difference was detected betwe.  =ny two ships (for any of the four ratings).

In conclusion it would sew:i “Hat 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 ship-
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 Lhe requirements and various configurations before deciding on a
particular technique for 'erforming multiple comparisons. It is hoped that the pro-
cedure empioyed in this rooort offers some guidelines to the potential user for ap-
nlication 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-mconent correlation coefficients were developed between
those variables and the SRE, PRE, GRE, 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 measured 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 preferred procedure to follow in order to form
an opinion based on the data ccllected. ‘rwevar, there was one necessary, and arti-
ficial, revisfon of the fundamental characte:istics of the original data that was re-
guired in order to arrive at a numeric estiiute of performance based on the estimators
SRE, PRE, GRE, and WRE. That revision, of cuurse, 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 LUE = tUl = 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:gve per’orm-
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 TUE/[ZUE + zUI]. Thereforse,

it shouid 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 comrosite 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 = 848 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 locatien 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 ZUE = ZUI = O (see Table E-1). In addition to the
lTow 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 Loc-tion 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 ZUE = sUI = able E-1).
However, all the composite reliability values are high for Location No. 1 (see Table F-2)
implying that most 1ikely the SRE and PRE are different from zerc and of a large magni-
tude. This characteristic of the SRE and PRE would imply an inconsistency with the Tow
TPC levels recorded at Location No. 1. Namely, an inverse relationship has been created
at Location No. 1 essentially due to the conventicn that was adopted. That is, nigh
predictor scores correspond to Jow 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 1ow 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 Qther 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, kT, 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 distribution of TPL Tevels is uniform or demonstrate a higher concentra-
tion of technicians in the lowest level oY technical proficiency, but “he 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 reliakility 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.

bservations on the Use of Composite Reljability Values

As with any convention one employs, there seems to be a degree of artificality in
the composite reliability values, for it would probably be easy tc select a convention,
by rating perhaps, which would allow the estimators to have & 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 Appendix E, there were 842 (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
it must employ the convention. This estimator only employs the convention for the
case in which the technician received sUE = zUI = 0. The case in which the technician
did ..ot 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 oniy 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 subseguently a greater degree of assocjation with the TPCF.

Conclusions

In conclusion the more promising estimator of electronic maintenance performance
as a function of uncommonly effective and unconimonly ineffective performance incidents
is a performance estimator similar to the Weighted-Average Reliability Estimate (WRE).
This conclusion is made under the assumption that composite relfability values are
employed in those job activities in which & man does not work at or received ZUE = tUI = O.
However, even this estimator cannot be recommended for general use within 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 {s 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 & 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 cther 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 rescarched 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 ¢f ex-
cessive uncommonly irneffective incidents of performance. Even though such instruments
are completed by the tecknician's immediate supervisor, as opposed to an unbiased eval-
uator, those positive qualities cf the performance measurement instruments can prove to
be most valuable even if one is not interested in deriving an estimate of the probability
of effective performance ior 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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JOB PERFORMANCE QUESTIONNAIRE

Name of Supervisor Rating Shipor Unit

Instructions to Supe.visur. The purpose of thisform isto determine the
number of effective and incffective performances youhave observed amongyour

men during the past two months. We are only interested inthe uncommonly ef-

fective and the uncommonly ineffective performances, ’

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

. please uze & . zp-ralc {orm for each rating.

O

Now, consideringthe fleet electronic maintenunce objectives, enter your estim-e
of the number of uncouiaonly effective (UE) und uncommonly ineffective (Ul per-
formances during the past two months for each man being rated. Pleaserefertothe
definitions lists for the meanings of the JOB ACTIVITIES and of the OBJECTIVES
involved.

The first line hasbeen filled in as an example. The supervisor completing the
example felt that Peter Smith had ten unusually effective performances and two
unusually ineffective pe [orm=nces while perforining Electronic Circuit Anal-
ses when considered against :he objectives of fleet electronic maintenance. He
also felt that Smith showed two uncommonly effective performancesinthe area of
Electrosafety and four uncommonly ineffective performancesin Instruction.

If a man has not hadan opportunity to perform in a particular area, enter a dash(-);
if he has had an opportunity but hhas not shown any uncommonly effective or ineffec-
tive performances, enter a zero (0).

Name und rating UEFUI Uﬂ I,'IJL'F UL EjUl [UEJUTJU | UCTU R UT (U TN UL

J {

— s

—

1 ]
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TECHNICAL PROFTCIEHNCY CHECKOUT FORM

NAME OF SUPERVISOR RATING/RATE

FULL NAME OF MAN EVALUATED

SHIF OR UNIT LOCATION DATE
NOT
CHECKED CHECKED
TASK DESCRIPTION OUT OUT

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.

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

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

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

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

JOB ACTIVITY DESCRIPTION

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

g. 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. wunderstanding the principles of
electronic circuitry

b. making out failure reports

c. keeping records of maintenance
usage data

4. Personnel Relatlonships-—includes the following type of activity:

a. supervising the operation, inspection,
and maintenance of electrecnic 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

. A-7




MEANINGS OF FLEET ELECTRONICS MAINTENANCE OBJECTTVES
1. Readiness

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

2. Performance

To conmplete 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
Te 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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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 RDCS C. J. Masterson

Flag Secretary COMCRUDESLANT Staff
Cruiser-Destroyer Flotilla Nine CRUDESLANTFLT

FPO San Francisco, CA 96601 FPO New York, N. Y.
(located at the U.S. Naval (located at the U.S. Naval
Station, San Diego, CA) 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 senijor 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 chacks on the progress of the data
collection effort aboard each ship.

5. collectiori and reviewing for completenes: of the data
forms befure mailing all forms to NAVPERSRANDLAB.

Once the project researchers had established the ships and 1iaison
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 1iaison officers responsibility
to perform all phases of the data collection effort aboard ship.
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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 1iaison officer select jmmediate 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 Tiaison
officer for each supervisor participating in the project and it includes
a 1ist of the men the supervisor is to evaluate. A technician occurred
on this 1ist if that supervisor had been his immediate supervisor for at
least the past two months, Tength 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
and not to place too much of a burden on any one supervisor, the supervisor
was 1imited 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 theses forms to the ship
lTiaison 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 1iaison officer held a meeting with
the supervisors to explain the purpose of the proiect and to describe how
they were to complete the sets of Performance cvailuation Forms. Gnce 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 nroject 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 renroduction, the

page numbers were not changed for this
report.
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NAVAL PERSONNEL RESEARCH AND DEVELOPMENT LAPORATORY
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 whicth
will allow continuous andé quantitative answers to questions such as:
What is the current level of effectiveness of the maintenance personnel
in a given rating, ship, or squadren? llow does the maintenance personmnel
effectiveness level of a given rating, ship, or squadron compare with
that of other ratings, ships, ov squadrons?

In a previous Office of Naval Research study, a unique performance
measurement technique was developed which the Naval Personnel Research
and Cevelopment Laboratory is now con:zerned with replicating in order to
establish its validity and to determive 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 nuinber of times that he saw unusually eftective or
unusually ineffective performance demonstrated cou each of tie eight job
dimensions. Tased upon the estimates of unusually effective,ineffective
behavior, meaningful measures of techknician effectiveness can te estab-—
lished. Further, the individual ct..chnician effectiveness values . 40
be further treated io form effectiveness indices for ratings, ships,
and sguadrons.

Because this effort is primarily concerned with replicatiag a prior
study, any information provided by ship personnel will be used only for
esearch purposes by the Naval Personnel Research and Developmer: Lab-
oratory 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.
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Supgested Shiip idaison Of{icer Assigtance Plan

The steps outlined below are those as envisioned by the project
researchers which you may execute in order (¢ insure an efficient data
collecticn effort aboard your ship.

Completion of the Roster Forms

Either a projoct reseavcher or the proiect coordinater at CRITPESTANT
has given you & set of Roster vorms (enclasure (1)). To complete tie
Rostzr Forms you ave to select men involved in electronic maintenance
activities in the FM, ¥T, Fi, IC, D, PM, ST, and ™ ratings and immediate
supervisors of those men aboord your ship., CGencrally the men being
evaluated will be petty officers second class and below. The supervicers
may be either enlisted perscnnel or officers but must be the immediat~
supervisors of the men they are to evaluate. They should have known :he
men they are evaluating for at least the past two months. Not all super-
visors of men ii the previceely pvationed ratings will qualify for partic-—
ipation in tunis project, however, it is desired that 21l individuals in
the above ratings participate. Once you have completed the Roster Torms,
g0 to each supervisor to participate in this project and have him verify
that h~ is the immediate supervisor of the men that vou have selected for
him on the respeciive Rostoer Form,

Once the Roster Yorwme havae benn verified by the supervisors, send a
wapy of these foras oo

Mr. Bernard Rafacz
Haval Pcersonnel Research

and Development l.aboratory
Room 3315, Bldg. 200
Washirgton Navy Yard
Washington, D. C. 20390

He is your contact man at the Naval Personnel Research and Development
Laboratory. [ you Lave any problems or qr-stions concevned with the
iwplementation of the lvstrucrions, it may be possible for you co contact
hinm (AUTOVON 288-44{57) or the project coordinator.

He will prepare rhe packages of Performance Evaluation Forms for
malling to you. One such package is a blue folder containing a set of
Imstructious to the Supervisor on the leflt inside cover and sets of
rerformance evaluaticn 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 eviination forms contained therein on the men for whom
he is rheir immediate supervisor.
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Briefing Each Supervisor

Once you have received the Packages of Perfcrmance 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 wavs: 1) calling a meeting
of all supervisors so that you may distributa 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 toc his
responsibilities in completing the experimental forms.

It is your choice as to which procedure to follow, however, for ships
with only several sup=zrvisors participating, the latfzr methn- mav he thLe
most convenient.

When meeting with the supervisor vou should instruct him on the same
subject material as vou were originally briefed ecither by the project
researcher or the project coordinator at CRUDESLANT. 1In particular,
you should guide the superviser through his set of Iastructions, going
over the three SAMPLE papes of performance cvaluation forms. Tmportant
things to mention to the supervisor about the three forms in each set of
Performance Evaluation Forms are outlined btelow.

1. The Personnel Identificaticon Information Torm (PIIF)

The purpose »f this form is to provide various background
information on tuc man being cvaluated. The supervisors should
first of all supply :tho information at the top of this form. Guly
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 Officcr 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
infe:mation directly from the man being evaluated. The information

to the left of t* ross—hatched area will be supplicd bv the
Administrative “:er aboard vour ship and so the supervisor
should not conc. himself with this section of the PITF. If for

some reason he cannot obtain some of the background information
from the man beiung evaluated, please have the Administrative
Officerr 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 enteving the requested
information on the blank PIIF Op-Scan Sheet in each set of
experimental forms.



2. The Technical Proficiencv Checkcut Form (TPCF)

This forw is designed to estimate tre level of technical com-
plexity at which a man is able to work without direct supervisicn.
The superviscr should provide the information at the top of the
TPCF. The eight task descriptions are listed in ascending order
of difficulty with task Uo. 8 identified as the most difficult
task. The svpervisor is simply to record an "X" in the CHECKED OUT
hox for eaclh task which he feers the ratee is capable ot 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 Tob Performance Questionnai.. (JPQ) ANSWER SHEET

The JPG ANSWER SHEET is undoubtedly the most difficult form we
are asking the supervisor teo complete. However, the researchers
have tried to facilitate the understanding of what information is
requestcd by giving explicit samples to each question to be answered.
In particular the JPQ ANSWER SHEET records estimates of the total
aumber of uncommonly effective (UE) and uncommonly ineffective (UI)
incidents of performunce 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 understands 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 uncommenly effective or uncommonly ineffective per-
formance  llocwever, the supervisor should not adhere strictly to
this definition. He would best knew 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. )

3

Page 13 of the Supervisor's Instructions is a SAMPLE of a JPQ
ANSWER SUHEET feound in each set of performance evaluation forms.
The supcrvisor must review the table on page 9 together with the
sample in order to understand where and how to record hs estimates
of the total number of UE and YT incidents of performarce 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 Tastructions must
be answered in column (c) for each job activity. Please point
this ocut to the supervisor.

Three remaining questions given on pages 11 and 12 of the
Supervisor's Instructions are ©o 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
cn each JPQ ANSWER SHEET he completes,

, 4
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Instruct the supervisor that he will have approximately one
week to complete all forms for the men he is ito 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 compieces 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. 7Please be sure that each form of eacl set contains the
supervisors name and the technician's name in the proper locations.

4. PBriefing the Adnministrative Officer

It is now necessary that vou submit all packages to the
Administrative Officer aboard your ship 7n order that the Personal
Identification Information Form (PIIF) be compl.:ted for each man
evaluated. Enclosure (2) Is a set of Instructicns for the
Administrative Officer. You will have to request his assistance
in order that the information to the left of the crnss-hatched
area on each PIIF be completed. All c¢f this informatvion may be
found in the personnel jacket of the man being evaluated. Com-
plete details for providing this informaiion .re contained with-
in the Instructions to the Administrative Officer. To insure
that the forms are properly completod, you should review these
instructions wich him.

Once the Administrative Officer has completed all the PIIFs and
returned all packages to you, from each set of Performance Evaluaticn
Forms remove the naper cl.p. (For Op-Scan purposes it is imperative
that the forms are .ot bent.) All completed packages and any extra
forms are to be given to the project cocvdinator. 1ije will send them
back to Mr. Rafacz at the Naval Personnel Research and Development
Laboratory.




SAMPLE

ROSTER FORM
Name of Liaison Officer LT George Merklin Date ¢ Jan 72
Ship USS RCAN Homeport Location Newport

Immediate Supervisor Abner Smith _Rating/Rate EMC
Names of Men to be Evaluated Rating/Rate
Tom Henry Jones EM3
George William Klack RMSN
Robe: ¥ Larry Lane | ETNZ
eva, ete.

I,

Enclosure (1)




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

Instructions for the Administrative Officer
Completing the Personnel Identification
Information Form (PIIF)

Recently your ship and some supervisors of men in liie 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 mer selected are immediate supervisors of personnel in those ratings.
The 1iaison 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, ir 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. " Moriths on Current Job Assignment

f. " Months of Active Duty Service (USN* and USNR¥**)
g v 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.

IC

—_ 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 you will see that the following
information is obtained from the section of the form to the right of the
cross-hatched area:

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

a0

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 ne 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 sectien, 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 is to be provided by you from the service record for
the man being evaluated.

item Location in Service Record
A School NAVPERS 601-4

Final Mark B " "
C 1" n

A
Class Standing { B " "
C

[ A " . T
Class Size B " !
l C " "
Years of Civilian Education (Yrs. Ed.) NAVPERS 603-3
GCT Score ' "
ARI " n
PIECH 1" "
CLER 1] 11

In all cases the most recently completad A, B, or C school information
is to be provided. If for soire 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. Firal Marks of



the fcrm, 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 a1 satisfactory
Final Mark and 00.01 for an unsatisfactory Final Mark.

Once agaln 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 cross-hatched area. From that section of the sample form, the fol-
lowing table represenis the information the Administrative Officor aboard
the USS ROAN provid~4 on EM3 Tom Henry Jones:

Iten As Lecorded in Service Record
A School 77.86
Final Mark B " (did not attend B School)
c " 90
A " 57th
Class Standing B " -
c " , 26th
A " 122
Class Size B " -
c " 27
Years of Civilian Education (Yrs. Ed.) 12
GCT Score ‘ 50
ART " 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 complated by you, return all packages to the liaison officer.
Thank you for your cooperation and efforts in completing these forms.
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NOTE:

APPENDIX D
INSTRUCTIONS FOR SUPERVISOR

The instructions on pages D-3 thru D-15
(pages -1 thru -13) of this report are
paginated for publication. For economy
of revoduction, the page numbers were
not .anged 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 vesn selected to participste in a perform-
ance evaluation program being couducted by the Naval Perscnnel Research
and Development Laboratory. Performance evaluation in the U.S. Navy has
served as a guideline for the optimal positioning <:f 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 rejuested of you.
Without your support and honest efforts, the time and funds put into this
research endeavor will have been u-zated.

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 corcerned 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 (IPCF) - this form records
the level of techrical complexity at which a man is able to perform
without direct supervision. :

3. Job Performance Questionnaire {(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 materiasls containing these instructions
and a number of blank copies of the three forms just described. Ad-
ditional blank forms may also be obtained from the liaison officer if
yot need them. Together, these forms - the PIIF, TPCF, and JPQ ANSWER
SHEET - constitute 2 full set of Performance Evaluation Forms. You
are to fill out one of each type of form — one complete set of three
forms -~ for each man whose performance vou 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. Pleise remember to use only a #2 pencil in filling out the
Performance Evaluation Forms.
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Turn now to pages 4, 6, and 13 of these instructions. On those
pages are sanples of the three Performance Evaluation Forms. Notilce
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 s"pervisor of-séVen men

aboard the USS ROAN located at Newport. He had been given
seven sets of Perfurmauce Evaluation Forms, with a Super-
visor's Instruction Package, by the liaison officer aboard

the USS ROAN. During the week of 7 January 1972, he com-
pleted all Performance Ivaluation Forms. One of the men

he evaluated wuas EM3 Tom Henry Jones. The samples on

pages 4, 6, and 13 are therefore the PIIF, TPCF, and JPQO ANSWER
SHEET containing information on EM3 Tom Henryv Jones furnished
by his supervisor, EMC Abner Smith.

Before starting on the Performauce Bvaluation Forms, study the samples
that are included in these instructions. Please do not let your answers
be influenced by the information given on the ssample Performance Evaluatian
Forms. The answers given on the sample forms are meant only to be guides
in aiding vou to complete your forms on the men you evaluate.

All responces o questions are completely CONFIDENTIAL. Any in-
formacivn vou provide 1711 be used only by the researchers of the Naval
Personnel Research and Development Laboratory, and onlv 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 rhe project researchers at *he Naval Personnel
Research and Development Laboratory.



Instructions for Completinz the PIIF

The Personnel Identificatic.: information Form (PIIF) records various
backgrocund information on the man you are evaluating. Refer to the sample
PIIF on page 4 of theie Instructions and the DIRECTIONS given there. Noce
that ;7ou need furaish osnly the information requested to the right of th::
cross--hatched area, namely:

Technician's Name
" Social Security Number
" Birthdate
Months Kuaown by Supervisor
" Months on Current Job Assignment
R " Months of Active Duty Ssrvice (USN* and USNR**)
Raring and Paygrad-~

00 o AN oM

It is understood that you will obtain most of this information directly
from the man you are evaluating. It is impertant that this background
information be as accurate as is possible. IF you doubt the accuracy of
any of the information :ou have obtained from the techniciau, 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. 7%his
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 Abnci 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 borr. 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 9? 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, comrleted by EMC Abner Smith for EM3 Tom Henry Jones. Eight
tasks are listed in descending order of difficulty. It ic felt that an
individual's overall proficiency is directly related to the lLighest 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 CUT" 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 supervisionm.




SAMPLE

TECHNICAL PROFICIENCY CHECKOUT FORM

NAME OF SUPERVISOR /bner Smith RATING/RATE EMC
FULL NAME OF MAN EVALUATED Tom Henry Joneg
SHIP OR UNIT USS ROAN LOCATICN Newport DATE 7 January 72
NOT
CHECKED CHECKED
TASK DESCRIPTION ouT ouT

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.

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

I~

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

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

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.

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



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 uumber of
uncommonly effective and uncommonly ineffective incidents of performance
you have observed during the last two manths on eacn of »ight job activities
(see page 8).

In previc.s efforts at evaluating the performance of an individucl,
such as the reports of Enlistec Performance Evaluation, you mentally "aver-
aged" your observations of excellent and poor incidents of pcrformance for
that man in order to arrive at an overall performance esti.aate, However,
in this project we are asking vou to focus your attention on only the
extremes of performance -- uncommonly effective and uncommonly incffective
performances. In additisn, 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 vou have observed the occurrence of uncommonly
effective and uncommonly ineffcctive 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 ome uncommonly ineffective
incident of performance.

In order to determine exactly what specific types of activities you
should consider in estimating 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:

)

O
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DESCRIPTION QOF JOB ACTIVITIES

JOB ACTIVITY DESCRIPTION

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

a. wuse 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. malntenance and troubleshooting of
electronic equipments

b. use of electronic maintenanca
"reference materials

Q 8




Because you are the most knowledgeable of the area 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, toc 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 Jmpressive and/or decisive incident of
performance qualitatively below those usuially.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 iwncidents
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 the JPQ ANSWER
SHEET. Review the table in conjunction with the page 13 sample.

JOB ACTIVITY . No. of UE No.'of UT

Using Reference Materials -2 1
Equipment Operation 10 5
Electronic Circuit Analysis _ 14 12
Personnel Relationships 0
Electro-safety 0 2
Instruction

Electro-repair 2 1
Electro—-cognition 1 1

NOTE: If the mén 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). )

1f 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 Ul (as shown for "Personnel Relationships' on

the sample JPQ ANSWER SHEET).




While observing a technician perfbrm any of the eight JOB ACTIVITIES,
you, as his supervisor, may have had many objectives in mind which you
felt he should 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 efficienfli 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. Operatfon

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

4, Safety

(8}

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

5. Preparation . a

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

9

* * * * *

After recording the estimates of the number of UE and Ul 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

0. of littlie or no importance . .

On the sample JPQ ANSWER SHEET on page 13, QUESTIUN (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 jcb
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) You were asked to recall the number of UE and UI per-
formances that you have observed for this man during
the past two months. You feel that a reasonable time
span for evaluation would be:.

two months

1.
2. six weeks
3. four weeks
4. two weeks
S. one week
QUESTION (e) 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 ac¢tual 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 %o the average
for men in his rating and paygrade.

1. 1Involved in definitely more rating-related
activities than is usual in his rating and paygrade.
- 2. Involved in about the same rating-related
activities as usual 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,'énd 3 respectively on the
sample of the JPQ ANSWER SHEET of page 13 of these Instructicns.

* * * * *

Finally, place your social security accoun’ 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.

12
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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 IUE = 0 and IUI = 0,

occurred for each rating and job activity across all 21 ships participa-

y ting 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 IUE = 0 and fUI = 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-
eance Materials) or received fUE = 0 and zZUIl = 0. 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. N
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C TABLE E-1
NUMBER AND PROPORTION. OF TECHNICIANS IN PROBLEM AREAS

Job Rating .

Activit) M ET FT IC RD RM ST ™

y 23 38 5 ’ 50 53 T s
0,258 0,220 0,364 0,159 0.360 0.387 0,298 0,154

2 23 7 T o 5y a2 s’ 13
- 0,237 0,272 0,318 p,121 0,384 0,367 0,298 0,333

3 42 : 1) 75 18 133 ice 6 26
0 ¢33 0.240 0,687 . 0,310 5,997 .18 0,454 0,667

4 < 83 3 27 A I 77 7% 10
0,443 0,480 0,604 0,488 0,540 0,562 0,900 0,296

5 23 " Y 7 76 50 62 1
0,237 0,480 0,519 ci12e 0,547 0,348 0,408 0,282

6 90 116 119 35 100 1 90 20
0,919 0,671 RO “ 7,603 0.73¢ 0,642 0,992 0,913

7 18 [1} [ ] L] 137 (28 76 .29
0,186 0,277 0,539 0,008 0. 993 0.934 0,300 B, 848

8 3 ) 4 12 132 i1 64 .22
0.,3¢1 0.277 0,418 9,207 0,950 - 0.832 0,408 0,964

Number of Men Each Rating

97 173 154 58 139 137 152 39
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THE ADOPTION OF A CONVENTION
FOR EACH JOB ACTIVITY AND RATING

This section discusses the finding 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 TUE = 0 and ZUI = 0
from his supervisor. As an example, observe Table F-1. This table is of
the same type as tmat 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 a]] 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
64} instances. “he 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 ZUE or ZUI
different from zero.

Derivaticn of Composite Reliability Values

In order to overcome the aforementioned prob’em. the convention employed
in the report was to develop a composite reliability score to estimate
technician performance on those job activities in wnich the technician re-
ceived LUE = ZUI 0 or did not work at that particular job activity.

Let ZUE(1 %ne sum across all ships at a location of all ZUE's
over all men 1n the i rating and jth job activity. Similarily the sum
of all ZUI's -is calculated; denote thlS sum by LUI(i,j). The composite

reliability score for the 1t ratjng/and Jth job activity is defined as:

R{i,j) = EUE(i,j)/[TUE(q,j) + XUI 1,3)].

This particular estimate of job performance provides an "expected" level
of effectiveness for a technician in the it rating and jth job activity
(for ships at a particular location). Tabie F-2 aives the resuiting 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 ZUE = 0 and ZUI = 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
jmplications of the results discussed in Appendix E and their subsequent
effect on the estimates SRE, PRE, and GRE.
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TABLE

F.

NUMBER AND PROPORTION OF TECHNICIANS IN PROBLEM ARtAS ON A PARTICULAR SHIP
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2
3

1
2

¥ N OO w

EM
0.8770

t.9050
0.8465

" 0.8639

0.9004
0.9333
0.8981
0.8744

£
0.9101
0.8962
0.8342
0.9586
0.8987
0.9530
0.94¢2
0.9120

ET
0.6R31

0.7733
N.6932
0.5987
0.7706
0.8481
0.7872
0.7n97

ET
0.7203

n.7110
0.7803
0.6729
0.82LL
0.7368
0.7866
n.79138

COMPOSITE RELIABILITY VALUES

FT
0.710

0.7802

0.7340
0.7890
0.9107
0.8435
0.8701
0.7771

FT
0.8552

0.8R08
0.8673
0.8167
0.9032
6.9231
0.8819
0.8827

TABLE F-2

Locatton No. 1

Rating
IC RD
0.74AR6 n.9257
0.8217 0.911n
0.7a981 g.nnnn
0.7892 0.9300
0.7885 n.9012
0.8039 0.9677
0.8163 1.0000
0.8105 1.0600

Location No. 2

Rating

IC RD
0.7879 n.8352
0.8673 0.9017
0.7719 1.0000
5.9333 n.e214
6.9718 0.86L9
0.8045 n.797%
0.8240 0.0000
n.8267 n.7059

F-6

RM
0.971n

D.54%7
1.0000
0.9671
0.9712
0.9877
1.0000
n.99ug

RM
0.%351

n,. 2673
n.R&N2
N. 8240
0.96R7
1.0000C
1.0000
1.0000

ST
0.8537

0.8899
0.8662
n.89%n
0.916%
0.8571
0.9978
0.8571

ST
n.8547

0.8567
0.7794
0.7950
0.9135
0.6759
0.8148
0.8357

n
0
0

0.

n

Qo o o

0
0
o
0
0
¢
0
0

™
L7333

-P1RS
.R667

77133

. 7284
. 8974
.8269
. 74189

™
.5208

.3n95
.0909
7317
.6000
.8333
.571%
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., ..., Y, ]
is the row vector of N observations on Y. For a given matrix 4, A' wivl be -
the transpose of 4. In particular one wishes to establish a regresaion equa-
tion for a particular response Y in terms of the variables X, X°, X7; i.e.
it is desirable to establish which of the three power curves (linear, quad-
ratic, or cubic):

p=1,2,0r3

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= XB+ &

where Y was defined above. Theimatrix X, = [J, Xl, XZ’ X,] where
J' =1, ..., ]]lxN and X% = [Xy, oves XN] for i 2 1,72, 8r 3. There-

fore Xy is an N x 1 column vector of observations on the predictor variable.

8' = [8y, ..., B8] is the vector of p + 1 regression parameters. Z'=[e voeesey]
is the vector ofPerrors due to lack of fit in the particular model. On

wishes to estimate B such that the error sum of squares is minimized. In
particular a least squares estimate B of 6 is given by

T = {(x'x) x'y

provided the square matrix X'X is nonsingular and the regression problem
has been properly expressed. The usual assumption one makes is that f' is
distributed with mean [0, ..., O]IXN and variance-covariance matrix o“l

where 1 is the identity matrix. The term o2 is called the comon 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 £ being normally distributed is not required in order to obtain %,
it is required in crder to make tests of hypotheses, as contained in an
Analysis of Varjance 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 SR?. 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 varizbles. For a particular predictor variab]s (X) and criterion
variable (Y), the multiple correlation coefficient (RZ) 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
RZ is defined as: \

) Sum of squares due to regression - Sum of squares dus to 8,
R =

Total (corrected) sum of squares

(Ix'y - —Y%) / (r'y - %X)

It should be clear that the larger RZ is, the better the fitted gquation
explains varianEe in the criterion variablez. Furthermore, 0 £ R¢ < 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 R¢ with the least squares estimate (s2) of the
common error variance (ol) where

s? = residval mean square
=(Y'Y--}}‘—Y)/(N'D-1).‘

0f course, the smaller sZ is for a particular model under consideration
the better the model fits the data., Therefore the approach is to weigh
increases in RZ with decreases in s2 in order to arrive at the best least
squares model for the data.
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FRIC tsr cusic 1enm aLane » 4,898 L
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APPENDIX 1

RESULTS OF THE CURVILINEAR
REGRESSION ANALYSIS BY RATING
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POLYNOHTAL FITTING FnR 2 VARIASLES=SHE ANU TP SCO9Ee 97 OHSEAVATIONS.

EM RATING
THE PREDICTNR VARIARLC(X) IS SRE) AND THE CRITERION YARTARLE(Y) 1S TP SCORE, /
[
TEST MEANS AMn STANNARC DEVIATIONS
1 X 0,411 0,302
2 SAUAR 0.260 0,276
1 X CURE 0,188 0,258
[ Y 6,000 1,953
CORRELATION MATRIX
1 X 1.n00 0,943 0,867 00365
?2  SQuar 0,943 1000 0.989 0164
3 X CuRg 04A67 0,989 14000 0,128
. Y 0,368 304 0.328 1.000 !
NS A IR AN SN N NI NN NS N O NN IO AN AN SN I NN N INN OO Cuun SN
FIRSTs SECONN, aND THIRD REGREE PYLYNOMTALS,
L LR RIS T LEERER LIRS IR R Y e Ry E R R R P R T TR R LI
MULTIPLE R SQUARE # 0e133
MULTIPLE R = 0388
NeD,Fol = 1
NeD,Fe2 = . 9%
F FOR ANALYSIS OF VARIANCE ON R = 14869
GETA WEIGHTS
0,368 - .
CONTRTIAUTIONS TO WULTIPLE CORRELATION
AND REGRESSION FACTCR LOADINGSs 2ND COLUMN)
1 0,133 1,000
SOUARED BETA WEIGHTS
4,13)
B WEIGHTS
2,358
INTERCEPT CONSTANT = 8,027
llll.!.lll..ll'l‘llllll!ullllIIIIIIIIIIIIIIIIIIIILI.IIIII-III.IIIIIII.:,III
MULTIPLE R SNUARE » 0,136
MULTIPLE R = 0389
NoD,Fel = 2
NeD.Fo2 n i 9s
F FuR ANALYSIS OF VARIANCE ON R = Teb20
BETA WEIGHTS
0,196 0.179
CONTRIRUTIANS TO MUI.TIPLE CORRELATION
AND REGRESSION FacTCR LOADINGSY  2ND COLUMNY
X 0,271 0,997
2 SNUAR 0,06% 0,989
SQUARED RETA WEIGHTS
0,038 0,032
R WEIGHTS '
1,265 1,246
INTERCEPT CONSTANT @ Selal )
LRI R PR TR RS PRI LL R LA L L e P L P Y LA L Y TP YT
MULTIPLE R SONARE = 0.1/8 ,
MULTIPLE R = 0+419
NeD,Fel = 3 -
NeD,t 2 =~ 93
F FOR ANALYSTS OF VARIANCE ONR = 6.681%
BETL WEIGHTS
=1,120 3,770 «2,404
CONTRIBUTIONS TO MULTIPLE CORRELATION
AND REGRESSION FAZTCR LOADINGSs 2NO COLUMN)
i x 0,404 0,699
2 SQUAR 1,374 0.867
3 X ¢UAr 0,790 0,783
. SQUARED RETA wEIGNTS
Le255 164,276 3,779 . °
0 WFIGHTS )
=T,246 2&,71% =18,22]
INTERCEPT CONSTANT o 5408
ANOVA TARLE FOR POLYNCMTALS
Illll.llll..I.IIII.IIIII'..IIIIII.IIIIIIIII.IIII.III.III..I.I..III...IIIII
RENUCTION DUF TD LINEAR F;Ty WITH 1 OF = 0,133
RESIOUAL S,%, = 0.887 OF = 9% RESIDUAL M,S, » 0.009
F FoR LINEAR FIT » 14,560
LELSE LTI LR AT R LR T Y L T L P PP R L TN R L SR LT L)
RENUCTINN OUE TO OENERAL GUADRATIC FIT WITM OF 2, » 0.130
REDUCTION M,8, ® 0.068 .
RESIDUAL §,S5, = G.864 DOF w 94 RESIDUAL M,$, o 0+000
F FAR QUADRATIC FIT u 72420
REDNCTION NDUF TO CUADRATIC TERK ALONE) NITH | gFs ® 0.003
F FNR QUADRATIC TERM ALONE = 0,375
lll.slll.IIlIlIlllll-Illll.l-ll.Illlllallll.-ll.lllllllu..l..lﬂlnll.lllllil
REDUCTION DUZ Ta GENERAL CUBIC FIT WITH OF 3y » 04178 .
REODUCTION M,8, n 0,089 LN
RESINUAL S,5, @ 0+R2¢ OF » 93 RESTOUAL M.8, 0,909 o 1-3
Q  ron GrNERAL CUAIC FIT & 6,618 , .
E [ JUCTION DU To CUATC TEAN ALONE WITH } OF & | 04040 . !

AR CURIC TFAM ALONE @ 4,480 -,

[rosereisomc)
J......:..-...........l-.lll..'.‘.l...ll.l..l.llII.IIIIIII...I...-.-IIII - Ll
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POLYNDMIAL FITTING FOR 2 VARTAULESSPRE AND 19 SCONEe 97 OBSERVATIANS,

EM RATING

THE PREDICTOR VARTARLE(X) 19 PRE, AND THE CHITENION VARLABLE(Y) ‘18 To scone,
TFST MIANS ANn STANNARG NEVIATIONS
X 0.hH) 0,370
?  SQUAR N,%99 0.364
3 X cusg 0,539 001359
4 Y 4,000 1953
CORRELATION MATREX
X 1,000 a.979 0.942 0247
2 SNUAR 04979 1000 099 0297
L] X cuse 0942 04990 1.000 0,322
D Y 0,247 0,297 n4322 1.000
-:-:nIIl-l--n.u:.-lngl--:!l-.I:-llllIlI:ll::l..:l.-.Il...llllltiiill-l...q
FTRSTy SECONN, &ND TWIRD AFGREE PULYNOMIALS,
l-l-!l’..t.l;u::--la.I---II-:-sllIl'!llIlIllla.IlalIIllIBIIIIIIIIIII.-u.--
MULTIPLE R SnuaRE & ¢,08)
MILYIPLE R a 0e247
NeD,Fol = i
NeD,Fyp = +9%
F FOR ANALYS!S OF VARIANCE ON R = 6e18)
AFTa WFIOHTS
0,247
CONTRIAUTIONS TO MULTIPLE CORRELATION
AND PEARESSION FaCcTCR LOADINGS» 2ND COLUMN)
1 X 0,081 1,000
SNUARED AETA WEIONTS
0,061
A WELANTS
1.3m
INTERCEPT CONSTANT @ Se112
.c.-ll:tlll.:lillil..I--IllI-IllIllIIlIlllu:lu-lI-IIlI--.-llIl-lllgl.-..-.
MULTIPLE R Souaag = 0.1
MULTIPLE R » 0,388
NeDyF,| = 2
HeO,Fe2 = 94
F FOR ANALYSTS OF VARIANCE ON R « 7.238
BEYs WELOWTS
=1,033 1,347
CONTRIRUTIONS TO MULTIPLE CORRELATION
AND REGRESSION FAcTCR LOADINGS) 2NO COoLUNy) -
i x 5,288 0.678
2 _ SOUAR 0,388 0.813
SNUARED RETA WE1GKTS
1,066 1,749
B WEIBHTS
«5.453 T7,Ana
INTERCEPT CONSTANT = 5.518
l-l.laulllnnuglllnﬂ..ll-llllninnllilulI-IIIluIIll-IIIlIl.lIlIlIIIIII-IIIII
MULTIPLYE R SOHARE = 0122
MULTIPLE R = 0,368
NoDoFol = b |
NeD,Fo2 = 9 -
F FAR ANALYSIQ OF VARIANCE ON R = 4eTT74
BETa WEIGWTS B . c e S e e e
»],0n% 1.240 0404}
CONTRIRUTIONS TO MULTIPLE CORRELATION
éNO REGRESSION FacTCR LOapINGS) 2ND COLUNN)
i x =0,248 0,676
?  NOUAR 0,348 6,813
3 X CURF 6,013 ‘0,682
SOUARED BETA - [GNTS
1.012 1.519 0002
B NEIGHTS .
«5,31) 6,647 0,224
INTERCEPT CONSTANT = $.519%
ANOVA TABLE FOR POLYNOMIALS
I-I.IIIIIIII'IIIIIIIIIIII.-IIIIII'II.I..I.II-I-I.IIIIIII.III--!-II.I.I...-
RENUCTTON Dup TO LINEAR FET, W[TH 1 OF = 0enb)
AESTOUAL S,5, = 0,939 0F » 9% RESTOUAL M,8, ® 0.010
F FOR LINEAR FIT = 4,143
lII-IIIIIIIIQI-IIIll.ll..ll-all-lllIIII.IIIII-..III-IIIIIIIIIII-IIQI-OIIII
RENUCTTON DUr 7O GENERAL GUADRATIC FIT WlTH oF 2y = 0.133
REDUCTION M,%, = 0,067
RFSINUSL S,%, = 0.867 OF a 94 RESIOUAL M,8, @ 00009
F FOR QUADRATIC FIT = T.238
REOICYION NUF YO GUADRATIA TERM ALONE, WiT+ § oFs = 0.073
F FOR QUANRATIC TEAM ALONE 887 .
j..-lllll..ll.nlllll.ll..lll.IIIIIIIIII-I.IlIII.....--III......-I.-IIII!!-
REOICTION DUE YO OENFRAL CUBLIC FIT wlTH pF I = 0.113
REDUCTION M.%, = 0,044
RESJOUML S,8, = 0.,A87 OF a 93 RESIOVAL M,8, @ 00009 1-4

O 3 OFNERAL CUGATC FIT w A.TT4
ZTION NUF TO CURTC TERM ALDNE WITH ) OF = , 0000
]E l(:z'cunlc TFRX ALONE = 0,000

IIIIIIIIIIIIIIII.Il-l..lll..llllII..IIII.III.III-IIIIIIIIIII-I.I.-...- -
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PDLYNDMIAL FITTING FOR 2 VARIABLES=GHE AND 19 SCANHE 97 0BSELIAY[NNS,
EM RATING
THE PRENTLTOR VARIAALE (X} 1S GRE, AND THE CRITERION VANTABLE(Y) 1§ TP ScoRmE,
TEST MEANS ANN STANNARD DEVIATIONS
1 ] 0,940 - 0,051
2 s$Quan 0,024 0,093
3 X CUSE n,n9 Nel29
. Y 6,000 14953
CORRELATTON MATRIX
1 ] 1,000 04999 0,96% 0+301
?  SOUAR 0,999 14000 0.99¢ 04311
a X CUBE Ne097 04999 140800 nsV21
- ¥ 0,301 0e2l1 0.321 Jen00
-..:g’-...,-.:-.-]-’.llll:lll’llllllll!llllﬂ“.]llllnll:llﬂlll..l..-l’ll--l
FIRGT. SECOHNN, ANO THIRD nEGREE PULYNOM]ALS,
IlI-l.ll’l.llll.lll..ll:3---,-l..lllil’ll.l.ll!llll-.llll.lll.l.lll..lllll
MULTIPLE R SOUARE = 0.090
MULTIPLE R = Na3n)
NeD Fol = .
NeO,Fe2 = L
F FOR ANALYSTS OF VARIANCE ON R » 9+43%
QETA WEIGHTS
0,301 ‘
CONTRIRUTTONS YO WULTIPLE CORREL ATION
AND REORESSION FacTCR LOADINGSe 2ND COLUMN)
i x 0,050 14000
SAUARED RETA WwEIGHTS
0,090
A WEIGHTY
11,%07
INTERCEPT CONSTANT = =5¢n4]
l.I.llllllIlllI.ll.’llllllll-‘.ll.lll’.l.ll.l-ll.ll’.Ill.'ll.l.ll.ll..l...
MULTIPLE R SQIIARE " 0,154
MULYIPLE R o 0393
NeD,Fet = 2
NeDFe2 = 9
F FAR ANALYSTS OF VARIANCE OGN R = 0.560
BETa WEIGHTS
=5,3%85  %,R9j
CONTRIBUTIONS TO MULTIRLE CORPELATION
AND OFGRESCINN FacTCr LOADINGS) 201D COLUKN)
i X 1,679 0.704
2 SnUAR 14833 0,79)
SAULRED AETA WFIGHTS
31,19 34,777
8 WEIGHTS
213,818 123,12)
INTERCEPT CONSTANT o 9T+486
-..---lll-'.-cl..!..-l----..-..-..i.-.l--...1-....!..!---..-.OI.I.....---.
HULTIPLE R SOUARE » 0.421
HULTIPLE R & 0,470
NOD'F.I L 3
NeD,Fe2 » . L)
F FOR ANALYSiS OF VARIANCE ON R = 8,794
BETA WEIGHTS
127,189«266,479 139,994
CONTRIBUTTONS TO WULTIFLE CORRELATION
AND REQRESATON FagTCr LOADINGSs 2ND COLUMN)
i X 32,221 04539
2 souan ~82,947 0,662
1 X cusr 48,547 0,68)
SQUARED AETA WEIGH:S 5 .
CBOeROVOSnOnEERANtNgady
8 WPIONTS . .
8A7,90Teeneceen21]7,H8)
INTEZRCEPT CONSTANY a «1409,083
; o .
ANAVA TARLE FOR POLYNOMIALS y
...---.l-..l-:.ulll-a.l.--ll...-.l..lil--..l.-!...l-l---.-l.....nl-I-.-.-.
REAUCTION DUF TO LINEAR FiT, WITH 1 OF = 04090 :
RESINUAL S,5, = 0,910 OF » 95 RESINUAL M,9, © 0010
F FNAR LINEAR FIT & 9,433
I...lll--.-l--t-.-I.-ln..llI-....ll--ll-n...l:...ra.l--..l.-.IIIcl-.III--l
RENUCTION DUF TO GENERAL QUAORATIC FIT wiTH gr 2, = 04154
REDUCTION M,8, = 0,077
REGINUAL S.5, & n,A4é OF = 94 RESIDUAL M,8, » C+009
F FaR NUADRATIC FIT « Ae540
REDUCTION DUF TO CUANRATIE TERM ALONE, WITH 1 pFy = 04064
F FoR QUaDRATIC TERM ALONE = 7+081 . ,
I---II.I..--.-I.l-.--ll--l..-.llI.lll.l.-l.-l--.l.lulll-nI.l...--l..-...-.
REDUCTION NUY YO GENERAL CURIC FIT WITH OF 34 o 0,221
REDICTION M,8, = 0,074
RESIDUAL $,8, = 0,779 OF = 93 RESIOUAL M,8, @ 0.008 I-5
QO o cEnERaL CUBTC FIT o 8,794
[E l(:;oHcran NUE TO CUALC TERK ALONE WITH ) OF = | 0,087

FAR CUATC TFRAM ALONE o T.987

P v |
-ll.ll..ll..l.l.I...l-ll.“..llll‘lll'l--ll.lll..ll..lllllI.I....l-...l.l.



BCF ARSI UGB ARININ 041t aRUNEE NI 111 T RE N ICT AN IO AN ISIN N NAN N 1Ty

POl wr LA FYEY NG Fue ¢ VAHTANLLS=dltl AN 10 SGNUES Q1 ORREuIATINNS,

o r o v EM RATING .

THE BOEMTATAR VARTARLE (x) 1S WRE, AD THE CRITERINN VARTAHLE(Y) '15 Tp 8coﬁt.-

. . . .
. . . - B - . . . .
. ,. .

TEST MEANS ANN STANYARC DEVIATIONS

1 X . [(IYYN) 0, lAS N ' ’ : . . ‘e
> squam 54452 04229 o
k] X CUAF n,13) n,238
. ¥ ha000 1,9%]
CORAFLATION HATRIN
! X 1,000 0,901 0,914 1,492
? SQUAR 0,963 1.000 0,989 "e%04
k] X CLME a.n1A 0989 1e000 neeA}
. .Y NeAQ2 0.50% Ne4Ry 1000

lIl::lﬂlll]lB:lﬂIl-l:llIllIlml:’l.J‘lBJIlllllllllllllJlﬂﬂllll-llllllllalll
F1AST, SFCANO, AND TWIAD REGREE PULYNOMTALS,
-‘ln'gg----.'--..JIl-nl:-lllllllllll:ﬂ!l'llllllllllllllllllllllﬂllllhlllll

Mt TIPLF R SAtARE = 0-5‘2 )
MULTIPLE R = ned92 .
NeD Fey ® 3
NN, Fep = 9
F rnn ANALYSIS OF VAATANCE ON R = KL TRIY]
RFTA WFIGHTS

N, 492

cnuynluqunNS T FULTIPLE CORRELATION
AN PFGQFSGION FanTea L0aplNGSe  2ND COLUNNG

1 0,242 1,000

SAUAREDR nEYA wElGKTS

Ne262
AR ¥YFIGHTS

S, 108
INTFRCEPT CONSTANT » 2.639
-..,:::ll.’lallgall::lllllll-ll-l:lll:llllllllllln!lllllllllllllllllllllll
MULTIPLE R SNIIARE = 04254
MULTIPLF R = n.%504 )
NeDF,) = H
NeD,Fep @ 9 :
F FNR ANALYSIQ OF VAQIANCE ON R = 16024 N\

BETA WEIGKTS
0,085 nedtl
CONTRIRUTIONS TO MULTIPLE CORRELATION
AND REARESSION FarTCR DADINGSs 28D COLUMN)
¥ x 0,047 0.976
2 SAUAR 0,207 0,999
SAUARED RETA “EIGMTS
0,009 0s149
A YFTGHTYS
1,012 3,873
INTFROEST FONSTANT = 3758
lllalllllll'lllllll:lll"llll-lll'lllllllll'llll'lllll‘lll.l'lllllll'llll.

MULTIPLE ] SOUARE ® 0.400

MULTYIPLY QO » 0,548

NoDyFe] @ 3 -

NiD,Fe2 = 93

F FAR ANALYSIS OF YAQIANCE ON R = {3.272

BET4 WEIGHTS . oL e e e e e e e i eeea
1,475 5,100 3,210 .

conrnlnh!xons TO MULTIPLE CORRELATION .
AND REGRESSION FACTCR LOADIAGSs 2ND COLUMN)

i X 0,726 0,899
5  SOUAR 2,548 0,920
1 ¥ CURE 1,943 0,878

SNUARED RETA wEIGKTS : ,
2,176 26,012 10,307 .

A WFIGHTS )

®15,571 44,119 <26,%81

INTERCEPTY CONSTANT = 4,849

ANNVA TARLE FOR POLYNCMIALS
llllllllllllllllllll.lllllllllllllllllllllllllllll'lllnllllll.llllﬂlllllll
RENUCTINN DUS TH LINEAR £1Ty WITH | DF » 0e242 -

CESINUAL $,%, = 6,758 OF = 9% RESIOUAL MN,s, u 0,008
F FAR LINEAR FIT = 30,34%

BFNUCTINN DIIF TA'GENERAL QUADRATIC FIT WltH DF 2+ » 0.2%4
REDICTION M,8, = 0.121 .
RFQIOUAL S,%, = Q7086 OF » 94 RESIDUAL M,S, o 0008
F FAR QUADRATIC FIT @ 144024
RFOUCTION NUF TN CUANRATIC TERM ALCHF, WITH I} oFy = 0.012
F Fafl QUANABTTC TERY ALONE = 1.33¢
.ll'.!llllllllllllllll.lHllllll-l.lllllllﬂlll'llllllllllllllllllll'lll..-.
REDNCTION DUF Th OENERA. CUBIC FLF WITH DF 3¢ 4 0,340
RFNICTION H,8, = 0,100
RESIOUAL §,%, = 0,700 OF = 93 RESIOUAL H.8, = 0.n0A 1=6
_FAR GENERAL CUALIC FIT & 13,2713
]E l "OOCTION NUF T CUATC TERM ALONF wlTH | OF = 0408A
Fon CUNIC TFAM ALNNE = 6,051

K
,.....-‘..lnlllnlll-llnull-.llllllllllllllaillll:llln.ll!llllllllllnlalll



BAaNndINEENREANUIEY IR INE RSN A NE UL AN N R 3 d NN EnqESsanaNeNYOQaNSRNAgeant iyl

POl YNOMTAL FITT (N Frd 2 VANTAULES«SHE AND TP SCONKe 173 OBSFavATINNS,

ET RATING

YHE PREQISTAR VARIAALE(X) 19 SRE, AND THE CRLTERION VARTAALEZ(Y) 15 Tr ScoAZ,

TEST MEANS ANA STANNARD OEVIATIONS
1 ] 0,168 04708
2 SQUAR 04071 neldy
1 X CuURE 0enho 04327
'y Y 6814 1 o784

CNRAELATINN wATRIX
1 X 1,000 04909 ge778 0,318
2 SQUAR N4909 14000 04963 0209
k] X CugeE 0778 LR Lk] 1000 nel26
4 Y 04318 0:20% nel2d 1000

Sengs TiNSEERNAypaSNEarninnaSAnpuanisigazagalicaSgenisiaondngs

FIRST, SECOANN, AND TWIRD AEGRFE PULYNOMTAL

AN HOEN AN SR anEgOinn st innn e nneNenloouseisr Nt ioUigeiseeEsNegNeONNES

MULTIPLE R SAUARE a 00141

WILTIPLE A » n.d1a

NeD,Fel ® i

Noﬂ.'c? L . n

F FAR ANALYS|IS OF VARIANCE ON R » 19,191

BFTY WETNNTS

a.318
CONYRIRUTIONS TO MULTIPLE CORRELATION
ANO REORESCION FACTCR LOADINGSY  2KD COLUMM)
i X 0,10} 1.000
SAUARED RETA wEIONTS
9,101
a wrlonTs
2,770
INTE..CEPT CONSTANT 64097
.ll.'lll.ll.llllllll.ll.lll.lll.lll...Il.....‘lll.'......ll...l...l...l.ll
MULTIPLE R 300ARE @ 0.142
NULTIALE R o 00378
NBFel ® 2
N,O,Fe2 ® 170
F FOR ANALYS]S OF VARIANCE ON R ® 144021 .
BETs WETAMTS .
0,789 «0,408
CONTRIRUTIONS TO WULTIPLE CORRE_ATION
AND REQRESCION FacTCR LOANINGSY 2ND COLUMNY
X 0,241 0844
2  Saquae 0,099 0,548
SAULRED AETA vElONTS
0,876 0,218
B vr!en!! .
6,498 «8,709
INTERCERT CONSTANT ® 34838
Il!'.'l‘.'llll..'llllll‘ll-l.G..l.l..ll.l.lll...ll..l.l.G.l!..llh..l..'.l.
MULTIPLE R SNUARE & 0. }42
HULTIPLE R » 0377
N,O,F,1 @ 3
N-O. 2. 169
F FAR ANALYS]S OF VARTANCE ON R » LIRT 3]
BEYA WEIONTY
0,848 w0710 0.i32
CONTRIAUTIONS TO WULTIPLE CORRELATION
ND n!angSllon FactCR LOAOINOSe BND COLunn;
0,340 0+8%)
® lQUll -o.lt! 0.544
% guag 0,019 Ge334
IOU;REO [ 147 Hlldh!!
0,714  0.9%4 . 0,003
8 WEIONTS . . i
74239 oa.ATT Nij2e »
INTZACEPT CONSTANT » LILIN

ANOVA TABLE FOR POLYNCMIALS
!.....'...-..-.-l-l-..l.-nll....'lll.'..u.ll..ll...ll.l...ll..l.ln...l.lll
RENUCTION Dur t0 LINEAR FiTe WITH 1 OF o 0,10} H

REQINUAL S.4, » 0sn89 OF o 170 RESTOUAL M,8¢ @ 0,008

F FAR LINEZAR FiT @ 194191

00 INERENSIn st a0 eustoENeeElInoeNeeeONNgeIEsNTINEcaNInE0e0E0a0gtneed

REAUCTTON OUF Yo OENERAL GUACRATIC FIT LITH OF 24 o 0.142

RENUCTION N,8, ® 0.071

RFSINUAL $,%, ® 0«AS8 OF 170 RESTOUAL M,%, ® 6.008

F FAR OUANRATIC FIT u 14,021

REDICTION NUF Y0 AUANRATIC TERM ALONE, WITH 1 27y » 0004}

F FAR QUADRATTC TERW ALONE ® 8,098 :
[TTTIEITF LTINS INL I RRLLL LA LTI T AL LR LTI LI YL ALYt LI ] Y ]

RENUCYION DUE TO OENERAL CuBtc FlY wITH OF 3) i1l
REQUCTION My, ® 0907
RESTNUAL $.8, @ 0,858 OF ® 169 RESIOUAL M.8e # o008 17

FnR GENERAL CURIC FIY » 9.322
[: l(:DHCT!ON NUF TN CURTC TEAM ALONE WITH | OF o , 0,000
an CLURIC TER ALONE 0.07A
.l.......llll..'lll.llllll.l..lllll...l.l...lll.lll.l.ll..ﬂ.'........'....
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POLNOUTAL FITYTING FoR) 2 VAR (AULES«=PRE ANDO TP QCNHE 173 OHSERVATIONY,

ET RATING

THE PRENICTNA VARLARLE (X) IS PREy AND THE CRITERION VARLasLELY) IS TP SCoRE,

TFST MEANS ANN STANNARD OEVIATIONS

1 X Nea04 04352
?  SQUAR n.787 n.288
k] X cuar 0,213 0.248
Iy Y 6,514 1784
CORRELATION WATRIX
1 X 1.000 09067 0:904 n,366
2 SQUAR 0.967 1,000 0.982 0,181
A X Ccunag 04904 0,982 1.000 04143
A Y De166 04301 n.343 14000

GEEdEENININAINARNEINEIENNEIERIrEEENENEESENOSERESEERUEETRENEESReENaNanaanS,
FIRSTy SFCONN, ANC TWIRN NEFREE PULYNOMTALS,
SN ENEECEINEEENISEEEET (ZEONENEEINEEENITOIDNEEE NN EEREN N0 EUnERERER N Ra®

MULTIPLE R SQIUARE ® v 13a
MULTIPLE R = 0eda’
NyD,Fe) = 1
NeDyFoe2 » 171
F FOK ANALYSIS OF VARIANCE ON R 26.42)
BFTs WEIGMTS
0,166

CONTRIRUTIONS TO WULTIPLE CORRELATION
aND nronr<<(o~ FacTcR LOANINGSs 2NO COLUMN)

i 0,134 1.000
SNUARED BEYA WETIGrTS
0,134
A urlnnrs
1.854 ) ,
INTERCEPTY CONSTANT = $.76%

lllll!:llllll:llllllllllllllllllllllllllllllllllllll.l.lllll!..llll-lllll-
MULTIPLE R SQUARE ® 0.138
MULTIPLE R = Ne3A7
NeD,F.]l @ 2
NeJoFe2 @ 170
F FNR ANALYSIS NF VARIANCE ON R = 13.222 s
BFTs WEIGHTS_

0,280 0,179
CONTRIAUTIONS YO MULTIPLE CORRELATION

AND QFEGRESSION FarTcR tOAQINGSs 2ND COLUNN)

1 X 0,098 0.997

? 8NUAR 0,039 0.984
SQUARED RETA wFIGKTS

0.068 0.012
A WEIGHTS

1.319 NeAT?
INTERCEPT CONSTANT = 5.787
SR N NS Iz EE NN INGEE IR et aaeEe NN NEIE NS ENESNEREneNEnsENsENtanesRanang®
MULTIPLE R SQIIARE ® 0.138
MULTIPLE R @ . p,367
NeD.Fol ® 3
Ne0,F.2 » . 169
F FOR ANALYSTS NF VARIANCE ON R ® 8.769
BET4 WEIGHTS

0,364 0,117 0.148
CONTRIBUTINNS TO MULTIPLE CORRELATION

AND REGRES®ION FACTCR LOADINGSs 2NO COLUMN)

i x 0,133 0,997
2 SQuaR =0,043 0.98)
k) t CuAr 0,091 0,938 /

-SOUARED RETA WEIOKTS
0,133 0,019 0.022

B WFIGMTS ¥
1,845  <0,Aa7 1.068
INTERCEPT CONSTANT ® $.783

ANNVA TAALE FOR POLYNCMIALS
llll:llllllllllllllllhl:lllllllllllllll.lﬂlllllllllllllllllllll.llllllll-l

RENUCTION DUF Y0 LINEAR FIT, WITH | OF = 0134

RESIDUAL S.§, = 0.RA6 OF = 171 RESIDUAL M,8, ® 0,009
‘F FAR LINEAR FIT » 26,423
lll-lllu-llllull:llllllglll--ll--lllllllllllallullnlllllllllllllllll-l-|--

RENUCTION DUF TN GENERAL QGUADRATIC FIT WITH OF 2, o 0138
REOUCTINN M., = 0,067
HESINUAL S,S, = 0.F8S OF w 170 RESIOVAL MN,8, » 04008
F FAR*QUAORATIC FIT 13.222
REDIICTION OUF TN QGUANRATIC TERM ALCNEY WITH | oFy « 0.001}
F FAR QUANRATIC TERM ALONE » 0.152 .
e EnS NN IN RS E RSN agEENE N RNt nEEEEN e EN R aEEENENNN NS Sgtanae *
REDUCTINN NUE Tn GENERAL CURIC FIT wITH OF 3, o 0,148
REQUCTINN M,8, & 0,048
RESIDUAL $.%, ® 0.A68 OF = 169 AESIDUAL M.8, ® 04008 1-8

. ‘R OFMERAL. CURIC FIT @ 8,769 .
[E l(:lCT[nN OUF 70 CUATC TERN ALONE W/ TH 1 DF = , 0e¢00N
AETEEER )R CURIC TFHM ALONE » 0.017



AN INENE T AN E N N I a S u N T NN NENNd 238 4e NN 083N anpnenEnaflianrtgnninnns

POLYLOMIAL FITTING Fout 2 VARTAULESeURE AKQ 19 SCARE. 173 OOSERIATIONS,

ET RATING

THE PAERTCTOR VARTAQLE/X) IS GRE, AND THE cnir:nlow'yanxAHLtqv)-xs TR '9cnHE,

TFST MEANS ANN STANNARD ODEVIATIONS

1 X 0,004 0,222
? SQUAR 0,794 04249
k) X CURZ 0,740 04272
'y ¥ 6,%14 1.784
CORAELATION MATARIX
R X f.000 0.960 0,893 0.908
? SOUAR 0,960 1.000 n.984 0.%12
k] x Cusg 0,093 ne984 1.000 n.49%
A Y LT L] 0.512 N.49% 1.100

EENaANEENEEENREIN I NN N YNGR RN NI TN NI NN RN N NN R NN NN NN RNl SnnEn
FIRGT, SFCONN, aANO THIAD NEGREF PULYNOMIALS,
EZR S B NN RNEE AN Ny, 300 NN NN Nd N NS NN IRl UNRE SRR N RN el ngan
MULYIPLE R SQUARE = 0.£%8

MULTIPLE R ®_ 04508

NeDFol & )

N.D,F,2 = 17
F FNR ANALYSIS NF VARTANCE ON R = 594470
AF T4 WEIAHTS

0,%08.

CONTRIRUTIONS TG MULTIPLE CORRELATION
AND nEGnFs;von FACICR LOADINGSy 2ND COLUNMN)
i 0,2%8 1.000
SAUARED RETA WEIGMHTS
0,2%8
R ugtanrs
4,080
INTERCEPT CONSTANT = 24988
l:llllllllll.l.l’llllﬂIlIIDI-IIlllllll.llll!lllll.]l..ll-lll--llll.-.-....
MULTIPLE R SOIMARE = 04288
MULTIPLE R » De518
NeDFql ® 2
NDF.,2 » 170
F FOR ANALYSIS OF VARIANCE ON R e 30.763
BETa WEIQWTS _
0,209 0,112
CONTRIRUTINNG TO MULTIPLE CORRELATION
ANo REORESSINN FacTCR LCADINGSs 2ND COLUMN)

1 x 0,106 0.90%
2 snum 0,160 0,992
SAUARED BETA _WEIGKTS . N
0,044 0.0a7
h WEIGHTS
1,876 2,274
INTERCEPY CONSTANT = 3.2%%

Ill-l..lllll..llll.I.IIIIlll.lll.llllll.lllll..llIU.-II-II.IIIIIIII-II--..
MULTIPLE A SNIARE = 0,271
MULTIPLE R » teS21
KeD,Fel » 3
NN ,Fep » 169
F FOR ANALYSTS oF VARIANCE ON R = 204968
BETA WEIGHTS
2,199 4,078  3,{2%
CONTR]IBUTIONS TO MULTIPLE CORRELATION
AND REGRES<ION FACICR LanlNﬂSo 2NQ COLUNN)
i X 1,117 0918
2 SNUAR 2,394 0.983
3 x CURFP 1,549 0,950
SOUARED AETA uclohrs
4,837 21.A%9 9.788
;] Vrlans *
17.664 «34,708 20,481
INTERCESY CONSTANTY = 3.227

)

ANNVA TARLE FOR POLYNOMIALS ! D
..l.l..llll.llllll...l.ll..IIlllIlllﬂ--II-lll..Il..ll'.‘-lal-l.-.-.-.--...

RENUCTION DiF TO LINEAR FIT, WITH | OF = 0.2%8

RESINUAL SeS, ® 04742 DF » 171 RESIOUAL N,8, » 0.004

F FAR LINEAR FIT = 53,470

r

REAUCTION DIIF YO GENERAL QUADRATIC FIT wiTH DF 2, . 04268
- REDUCTION M,<, = 0.133 )
RESIDUAL s.:. » NeT3d DF 179 RESIDUAL M,8, » 0.004

F FAR*QUADRATIC FIT o 304783
REANCTION DUF TO CUARRATIC TEAK ALONEY WITH | £Fy = 0008
F FOR QUANRATIC TERM ALONE = 1,183 -~ -

RENNICTION DUE T OENERAL CUBIC FIT WITH DF 34 o 0.271 ’
RENHCTION M. %, = 0.090 1-9
RESINUAL S8, = 0.729 OF = 169 RESIOUAL M,8, » 0.004 -
)
Y F FnR GFNERAL CURIC FIT ® 20,966 /////B
[: l(: REDNCTION DUF To CUAtC TERM ALONK WITH ) o! LI o008

F Fol CURLIC TrRY ALONE = 1.27% e




[: l(: FOR GFWERAL CURIC FIT ® 14,9042 7 R \
n .

FAR CUMIC TedM ALANE ® 0,204 PN

EYDIC VESONINAINAUNNSE NG eI TN IACATUD I e B Inras0ARRN It uEpEtAENSSYNEAESausE

POLYNOMIAL FETTING FOR 2 VARIABLES=wHE AND TP SCORF S 173 COSERVATINNS,

. ET RATING

THE PRENTCTGN VARTARLE(X) S wRE, AHD T:E CRITERIONM VAnltnte(Y) ts Te 'SCORE,

TFEST MEANS ANN STANNARL OEVIATIONS
1 X N,577 0,210
2 SnuaR 0372 0.225
“ X CUAE n,299 0.207
A Y 6,514 1,784

CORRELATION MaTALX
1 ] 1.000 04977 0.932 n.ba9%

? SOUAR n.a1? 1000 0.987 0,413
) X CURF 0,732 ne987 14000 n.3R0
& ¥ [ PY L n.éld f.389 t.n00

EnEgREISEACEIRSAE2E SISz N0 E SCEENIANINISCOSSSEIEEEnENS N EEANERNEgSnEsEEl

FTRSTes SFAONN, aAND THIND AFGREE PULYNUMIALS,

EEEIIE IS NN IRy Nc-EE SNz SN EEIEs AN IS E N EEESEEE S EQEEEN NS ESE NSy iangn

MULTIPLE R SNIIARE = 0.198

MIILTIRLFE R = LYY

NeD,Fay =

NyD Fo2 m 1

F FNR ANALYSTS OF VARIANCE ONR @ 42.280

BFTs WF{GNTS

N, 445
COHTRIRUTIANS TO MULTIPLE CORRELATION
AND Drnar<:ro~ FACTCR LUADINGSs 2NO COLUMN)
7 0,198 1.000
SaUARED HEYA wEIGHTS
n.198
A ur!eHTS
1.78¢

INTFRCEPT COMKTANT = LYS T

EEpSSE S SSENSESCNEEN NSNS EEEEN S SN N EE NN aNEEN IS NNl NN NENEENENNENNEYNEEED

MULTIPLE R SAUARE & 0.¢39

MULTIPLE R = 04457

NoO.Fe] = 2

N,D,Fi2 m 170

F FOR ANALYS1S OF VARIANCE ON R » 22:4168

BF T2 WETGMTS

H,913 en,ats
CONTRIRUTIONS TO MULTIPLE CORRELATION '
AND QFEARESCION FAQTCA LOAQINGSs 2ND COLUMN)Y
1 X 0,406 0eqle
2 SNHAR =0,198 0.904
SAUAREO RFTA “ETGWTS
0,27) 0.229
A WFIGHTS
T.T69 =), 842

INTFRCEPT CONSTANT =

EIseISIE SN sEssEENSENT

MULTIPLE R SANARE =

MULTIPLE A = Det%A

N,D,Fel = k]

NeD,Fs2 = 169

F FAR ANLLYST® OF VARIANCE ON R ® 14942

BETy WEIGHTS

1,285 =1,149 0,834

CONTRTRUTIONS TO w~ULTIALE ConRELATION

AND QfGREScTAN FaclCl LOADINGSe 2NO COLUKMNY

7 X 0,572 0.972

2 STUAR «0,585 0.902

3 X cusr 0.203 0.8)0 Y
SOUARED AETA wF1aQWTS

1,551 1.R7% 0,289

A WFIOBHTS
10,937 «10,RT? 4,402
INTERCEPT CONSTANT = 3el0d

3,478

Y EgsEsEENCIINCESNESusuNEreNusS NSNS YR NS

*10

ANOVA TARLE FOR POLYNCMIALS -
SN ESEES SN s NS ESr EtE E NSNS NN NN NSNSl N NI NSNS eSS nunS
WFNRUCTION DUE T LINEAR FIT, WITH | OF = 0e198

RFSINUAL §,8, = 0.802 OF w 171 RESIDUAL MeS, = 0,008

F FOR LINEAR FIT & 47,260

S EECEEE NSNS SEESEE sl EEE Nl E g NSNS NN N NN SN NN TS s NS SgSnun®

RENUCTION DUE To OFNEdaL QUADRATIC FIT WITH OF 2, = 00209

RFOUCTION M.§, = 04104

AESTNLAL S.6, ® 0.791 OF = 170 RESIOUAL M,9, » . 9¢009 o
F FOR DUADRATIC FIT & 224416 '

RENHCTION DUF TN GUANRATIC TERM ALCNE: WITH )} nF. = 0,011

F FNR nUANRATIC TERM ALONE = 2261

I-l-llIaIllI-:IUI-lnlIII-III-I--IIIPHI!IIIIII-IIII--IIIIJIIIIIIlrlll.l.--l
RENUCTION DIIF To GENFRAL CUBTC FIT WITH OF 34 4 0,210 ,
REDUCTION M, R, = Ne070 I']O
RESIOUAL S.S, @ 0.790 DF = 149 RESTDUAL M,8, » 04008 .
HCTION DIF TO CURTC TERM ALONE WITH )} OF » 04001

-.-.II-IIIUIlII.IIII.ll-I-II-II!IIII.'?rlI-lIII'IllI'IIIIIIIIIIIIIIIII...' - ;\ .



lud-lunlllnwunlntl-.--a-lhﬂl..ll-Ja::l-lull:li.!Iu;:tl:n.lnlll.nla-l......

POLYNOMIAL FITTING FnR 2 VAHIAULES=SRE AND TP 1(NHEa 154 0BSEAVATIONS,

FT RATING

THE FRENICTOR VARTARLE(X) 1§ BRE, 4MD THE CRITEHION VARTAALE{Y] 1S o scone, -

TEST MEANS AMNN STANNAHC DEVIATIONS

1 X 0,103 Ne2% ¥
?  SQUAR 0477 0259
1 X CURAE 04124 0231
'Y Y 6,24 2.042 -4
CORRELATINN MATRIX
1 X 1.000 0.944 0.87y Ne3éé .
> SQUIR PLIY) 1.000 0.581 nev22 ’
1 X CURE 0.R7} ne94) 1.000 Ne294
4 Y Ny1486 0.322 Ne294 1,400

ll:llll-lall-l::lll:-l.;:llq,lal-llial-lllunla-llllllllllllllll--lal......
FTRST, SECOND, AMD TWIRD APAREE PULYNOWTALS,
.:-:I-I.I-ll-'.'ll-ll.l...'!llllllllll.!l l.Ilalllll-ll-...llllllllllll-l-l

MULTIPILE H SANARE = 0,119

MULTIPLE P » Nelan
N'nur-] L] i
Ne,Fa2 = 182
F FOR ANALYSIS NF VARIANCE On P = 20623
BFTa WEIGHMTS s
n,3a8

CONTRIRUTIONS Tn wULTIPLE CORRELATION
AND QEGAESSINN FACTCR LUAOINGSs  2NO COLUMN)

1 X f.lie 1,000
SOUARED BETA WFIGMTS
0,119
A WFIGHTS
?2.410
INTFRCEPT CONGTANT = S«e5n9

YRS ugPeSEEN NN Ingie RN SugEESERER II.III.I.I.II'III.I.-.I....Il..ll..ll.

HULTIPLE R SOUARE « 0.120

MULTIPLE R = 0,348
NeeFel @ 2
N1, Fe2 n 151 :
F FNR ANALYSTS OF VARIANCE ON R = 10.2%9
ASTa WELIGHMTS
0,382 «0,n18 "

CONTRIAUTIONS TO MULTIPLE CORRELATION
AND REGRESSION FACTCA LOADINGSe 2NO COLUMNY
1 “ 06,132 0.99¢
?  SAUAR 0,012 0.932
SNUARED BETA ~FIGKHTS
0.146 D.0n]
R WFIGHTS .
2,843 =g0,347
[MTERCEPT CONSTANT = SJ.487
l--l"l.l‘..llllﬂl.llll.ll'll..llll.lll.l.....ll EEREESSeS oSNNS SSSsRusnS
HULTTPLE R SOUARE = g.120
MULTIPLE R 3 0«34k
Noncrol L] 3
KeP,Fe2 & : 155 .
£ FOR ANALYSTS OF YARIANCE ON R = 4.7%8
BFTA WEIQHTS
0,339 0.0 =0,08)
CONTRIBUTIONS TO FULTIPLE CORRELATION
AND QEGRESSTION FACTCR LOXQINGSs 2NC COLUMN)

1 X 0.117 0.999
2 SNUAR 0,027 0,932
7 X CURs 0,024 0,850

SGUARED AETA WEIGMTS

0.11%8 0.0n7 0sn07
R WEIGHTS

2,364 0,A8% 0,739
INTERCEPT CONSTANT = 52498

ANNYA TARLE FOR POLYNOMTALS

REAUCTTON NUF TO LINEAR FIT, WITH ] OF = 0.119 %

RESIDUAL S.6, ¢ 0,881 DOF = 152 RESIOUAL M,§, » 0006

F FOl LINEAR F11 & 204623 ~

[ TES LRSS TN T L3 IIIllll.I-.!l.lII!Iﬂ.lll.l..ll.IIIII-....-_I..I.l...l.-.'..
RENUCTION DUF 0 GENERAL QUADRATIC FIT WiTH pr 2, « fbel20
REDUCTION u, ¢, » 04060

RESTINUAL S,5, = 0«6A0 OF = 151 RESTIOUAL M,8, @ fen06

F FOR Qu:ANRAT (L FIT u 10.2%9

REDUCTION NIIF TO CUANRATIC TERM ALONEY WITH | FFy = 3.000

F FNR QUANRATIC TERY ALONE & 0,027

I..I-.-II.I.Il‘lll'llllll.l.llll..lII..I...I.II-.Illl.l....l‘.....l......-

REMICTIONSDUF To GENFRAL CUATC FIT WITH OF 3, = 2,120
REDIICTION M, 8, = 0.040,
AESIAUAL 3%, = 0,880 DF = 150 RES[OUAL M,8, » 04008 I-1

O 'oR GENERAL CURIC FIT » | 4,798
]E l NICTION DUF T CUATC TERK  ALONE WITH | OF = , 0,000
‘AR CURTC TPRM ALNNE = 2.010 R

JIll..lll.ll.llll..ll.... i -l_lllliilllI-IlnillIIll.l..i..l!.‘lll.l-h......



POLYNGHMEAL FITTING POk

THE PRENTCTON VARTARLE (X}

B30 urHORLS 1313380 NgReITIIgqEuUe IRV iNEVIyNEINAgiIaAlA eSSy yeagBaNERIS

TESY MEANS AND STANNARL NEVIATIONS

x 0,568 0439)
2 SNUAR 0,478 0.303
1 % CURE fD.ak0 0367
A ¥ LEYLY] 2.0%2

CNRAFLATION MATRIX

1 X 1.n00 0976
? SQUAR 0.974 1+000
k] % FUARE 0931 04987
. Y Ne264 0e298

n,90)
0.987
1.000
0.312

¢ VARIADLESeMRE AND TR §CNWfe

1S PHE+ AND THE CRITZHIAN YANT4ALEAY)

N.264
0,296
0.v12
tenod

154 OHSERVATIONS,

15 T® 5¢nRE,

AN ENEI2NINRINSNEPANCAsTSEguadE NI IO ASESGEAS NN NN NSSaaSEgNaSnngs
FIRST, SECONN, aND THIRN nEAREE PYLYNOMIALS,
aSEsCIANNI IR NN i nEnENS S NGNS 1NNy NS g NSEagEs St ugssSaSnags
MILTIPLE A SNUARE = 0.9%0
HULTIPLF R = 0.264

NyN,Fey = i

NeNFoe2 = 192

F FnR ANALYSIS OF VARIANCE ON R =
AFTa WEIGHTS

0.264

cnnrurqurrnns TO MULTIPLE CORRELATION
aND REGRESSINN FacTCR LOANINGS) .2ND COLUMN)

X 0,070 1,000

i
SAUARED RETA WEIGKTS

0,070

R WEIGKTS

1,372
{MTERCERPT CONSTANT & S0

119394

EESIN3INENINICENENESTER =3I g IIE NSNS EsnSSgun S gasiSingunySgnnnas
MULTIPLE R SOHARE ® 0.130 :

MULTIPLE A = 0,317

NeDFel = 2

NeD,Fe2 o 151

F FAR ANALYSIS OF VARIANCE ON R =
RETA WETGHTS

=-0,32% 0.RAT

CONTRIRUTIONS TO WULTIPLE CONRELATION
AND PEGRESSTON FACTCR LOANINGS) 2M0 COLUMN)

1 X C «0,138 0,834
> snuan 0,239 0.934

SOUARED AETA WFIGHTS

0,275 0.hR2

8 WFIGHTS

«2,728 4,824 ?
INTERCERT CONSTANT = 5,615

B.408

¥

I-l-ll:lll.l'l.lllllllll.--_IlllIIIIIIIIIIIIIIII-.-II.IIII.II.I.-I..I.I....
MULTIPLE R SOUARE s 0,104
MULTIPLE R = 0.322

NeD,Fol = 3

N Fe2 m 1%0

F FNR ANALYSTS OF YARIANCE ON R @
aEVi WETGHTS

394 <1, 278 1.30)

cc~rnxnur:o~s YO MULTIPLE CORRELATION
AND REGAESKION FacTCR LOADINGS: 2ND COLUNN)Y

7 X 0,104 0,820
2 SAUAR 0,407 04910
X CURF 0,406 0,908

SOUARED RETA WFIONTS
0,155 1sR92 1,497

B WFIGHTS

2,068 7,499 7,657
INTFRCEPT CONSTANT = S4606

4ANAVA TAALE FOR POLYNCMIALS

4784

SEEEXE3INIEENERSEsREsS3nstuaasas S GaE NN NS SEgEsgUYSasisssaassiSaasngtasanas

REAUCTION DUF 70 LINEAR FiT, ¥iTh | OF a

RESINUAL S 8, = 0.930 OF =

F FNA LINEAR FIT » 11,394

152

OenY0

RESIOUAL HeSy =

RENUCTION OUF YO GENERAL QUADRATIC FIT wITH OF 2, =

RENICTION M4, = 0,050
REQINUAL S.5, ¥ 0900 OF =
F FOR QUANRATIC FIT a Beaod

154

0,100

RESIOUAL M3, =

HEDCTION QUE TO CUANRATIZ TERM ALCNT) WITK | ¢gFyr @
~F FAA QUAORATYC TERY ALONE = S.114

RFEDICTION DUF TO GENFRAy CUBIC FIT wITH OF 3» &

REDUCTION M6, = 0.035

ERIC;

Aruitoxt provided by Eic:

RESTDUAL Se5. ® 6,896 OF =
FAR GFNEAR|. CURLL FIT = 5,784

FAR CURIC TFRH ALONE & 0,982

150

0,030

0,104

RESTOUAL Me84 @

IFOHCTION OUF TO CUATC TERM ALONE WITH | OF & ,

0400%
4

0008

0006

0:004

---n--l----n------ll-l---lIl----llll-rA-l-----lll-n--l---llnn.-..-.-.-....

FT RATING
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SAREERAU N AL I U EE NI O Ey AN e udnyESSauusdaluned

2 VARIACLES<GRE AND [P SCOHE. 154 CHSEAVATINNS,

[ PEEEELELIN EERE RELINSEL L

POLYNOMIAL FITIING POR

FT JATING

THE PREDTCTOR VARTIANLE{NNTS OREy. AND THE CHITENRION VARTARLE(Y) 1§ TP s¢qRE, !
TESY MEANS ANN STAMRARC QEYIATIONS
1 X 0,932 04071
Fd SQIAR 0,AT3 0.128
k| X CuAe 0.822 0.170
4 Y 6,249 g.o?z
CORTELATTION MaTRIX \ -
1 X 1.000 04997 0,991 0374
2 SQUAR 0,997 1:400~, 0.998 04380
3 % CUBE 0.991 0,998 10000 04302
[} Y 0,374 0.8 0,382 14000
SSSgUiESSEEGUESER NIt e Nut NNl u N s NS uuidngane et uefinanpginSunen
FIRSTs SECONP, AND THIRD REGREE PULYNOMIALS, :
SN RN NGBS NN N R ARy NN IO AN AN OSAuan O Na e NS esA RSOy gSutannd
MULTIPLE R SO'ARE » 0,140
MULTIPLE R = 06374 °
N.DFal & 1
s NuDFe2 n 152
F FAR ANALYSIS OF VARIANCE ON R« 26:72)
BETA WEIGNTS 4
0,374
CONTRIBUTIONS TO MULTIPLE CORRELATION
AND REQRESSTON FacTCR LOonucs. 2ND. COLUMN)
) x g, 140 1400
SNUARED RETA WwEIQHTS . N
0,140 . Y
A WFIGHTS

10,0180 . -
!NfrﬂCEPT CONSTANT a =380
lllllll‘lllllll.lllll.IIIII.I.III.IIIII.II..IIII..Illl.l...l...l.l....ll..
MULTIPLE R SQUARE @ 0.148 -z
MULTIPLE R » 0.3R%
N.D,Fol = 2
NiD Fe2 = R 15
F FAR ANALYSTS 0F VARLANCE ON R & 134186
BETi NELIGHTS
- =0,926 1304
CONTRIRUTINNS TO MULTEPLE CORRELATION

AND REGRESSTON FaETCR LOADINGS» 2ND COLUMN)

i X ~0,348 0.9/1

2 sOuAR 0,498 0,988
SAUARED BETA WEIGMTS

0,858 1,699 -

A WFIOHTS .
«?26,733 21.219 : : ’ =~
1NYrRCEPY CONSTANT = 12.60) _
-...nllllnnll-l.--l-lllllll--ll--IIlllllll.llllllllnllll-ll-llllllsllllsll ~ -
MULTIPLE R SOUARE » 0408 I ,/~\}

MULTIPLE R » 0,408 AN
NoDFal 8 ) \\“)/
N.o.r.z . 150 . .
F FAR ANALYS{S OF VARIANCE ON R ® 9¢87]
BETA WEIGHTS ,
«24,807 852,818 «27,746
CONTRIRUTIONS TO MULTIPLE CORRELATION
AND REGRESSION FACTCR LOADINGSs 2ND COLUMN)
1 1 «,278 0.921
? SCUAR 20,0%0 04939 -
3 X cuar -10.607 0,942
SQUARED RETA WETGMTS
O15,3T02TA9,T44 T69.824
B WLIGHTS
717,524 RSQ,%98-334,275
!nrenccnr CONSTANY » 199,144

s . J
ANQVI TAALE FOR POLYNGRIALS
lII.Illlllll-lnllll..llI.lll.lll.ll.llllllll.lllllIlll.l.l'lllllilll.....-
FENUCTION N1k TO LINEAR FIT, WITH 1 OF = 04140
RESIDUAL $,%, » 0,860 OF n 152 RESIOUAL M,9, » 0.008
F FAA LINEAR FIT = 24,721

lll..lllilll-lll-lll.llllllllll.-lllllllllllll--llllllllllllllll.lnlll.lll

RENUCTION DUF To GENERAL QUADRATIC FIT wITH OF 2, = 0148
REDUCTION M, 8, = 04074 : Lo
DFSIDUAL S,%, '® 0.852 OF = 181 RESTUUAL M8, » 0006
F FNR QUAORATIC FIT a  13.1%68 »
. REDHUCTION DUF TO CUANRATIC TERM ALONEs WETH | £Fo = - 0,009 . N
F FnR QUADRATIC TERM ALONE » 1508 i

NS aNsElusEsyIlusE At N e NORes N NN AR o NN s usa0Ruaynu0sSS snutssnnan AN

REDUCTION OUE Yo OENER&L CUBIC FIT WITH OF 34 o .16
REOUCTION M, 8, ® 0,098 1-13
ucqxnu.u S.8. » 0.839 OF = 150 “RESIOUAL MeS, m . 0,008 ’

FoR GENEﬂiL CURIC FiT » 9.871

[: l(: PICTION DUF TH CUATC TERM ALONE %iTH j OF = | Det1A : -

e FaR CURIC TFRM ALONE & 2,959
lll.llllill...ll..l..lllIlll-IllIlll-'alllllll.Iillillllll.llllll..l.ll-ﬁ. PFd
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POLYHOMIAL FTTTING FOR 2 VARTAULESWRE AND 1P SCONEw 1%4 OBSEAVATIONS

FT RATING
THE PRENTCTON VARTAALE (X} IS WRE, AND THE CRITERLON VARTABLE(Y} 18 TP SCOKE,
I
. . ro
TEST MEANS AN STANRARR DEVIATIONS : o
1 ] 0,420 0,190 :
?  SQuaR 0,420 0.21%
T X CuRE 0,100 0:211
4 Y &,240 2,042
CORRELATION MATRIX
1 X 1.000 0.570 0e91¢ 0,430
2  SQUAR 0.q70 1,000 n.904 0,358
3 X CudE 0.919 04986 1.00¢ 0,344
4 Y 04430 04388 el 14800
n.....!l.nI!::'lIIllll!:lIl1...lllllellI|IlllIl--IllllI.Illll.lll-lllllll
FIRST4 SECOND, AND THIRD nEGREE PULYNONLALS,
n....l....Ill..nlll.ll...:l.1III-IIl.IlInIlll..l-III..II--llnllll-.l-I....
MULTIPLF A SONARE = 0.185
MULTIPLE R = 00430
. NyDFel @ 1
. NeD Fa2 = 152 .
F FNR ANALYSTS OF VARIANCE ON R = 34:932
AETA WEIGHTS
: 0,430
v CONTHJRUY(ONG 10 FULTIPLE CORRELATION
AND nsensscxnn FACTCR LOADINGSs 2ND COLUMNY
1 0,189 1,000
SQUAnEo n:rn WEIGNTS .
.18% :
ug!GNTs
4,638 :
INTFRCEDr CONSTANT ® Jed6b -
I-I.-lll--IIn-.IIII-lll.uIllIllllllll-l--u-ll..I-.. ‘AEEEeEEEEYEgeesNeionen
MULTIPLE R SOVARE = 0:200 : :
MULTIPLE R = - 0,444
NeO,Fel ® 2
NeD Fe2 ® 151
F ron ANALYSIS OF VAnlANcE ON R ® 18.907
BETA WEIGHTS
0,923 0,878
Acowrnlnurto~s Y0 MULTIPLE CORRELATION
ANO REGRESSTON FaCTCR LOADINGSs 2ND COLUMNY
i X 0,397 0.961
2 SNUAR *n, 197 0,866
SQUARED RETA YEIGKTS
0,A52  0.7%R
R urlﬁnr% R
9,943 «b A3 ~
"INTERCERT CONSTANT » 2+10%
PR ST e R PSS RS AR IR SR DL ERLESILLEL RS LLLLL LR DL LLY ]
MULTIPLE R SNIARE » 04274
MULTIPLE A » 0.45] -
NyD,Fel = - 3
Non Fe2 » 190 -
F ron ANALYSIS OF VAHIANCE ON R = 12,786
BETA WEIGHTS . . . DU e e e e e e e e e e e
0,328 0004 «0, 02
cournlaurxons 10 WULTJPLE CORRILATION
‘ND REGRESSION FAZTCR LOARINGSY 2NO COLUMNY
i H 0,141 0.953
2 SQUAR 0,302 0,859
3 X cusr ce0t319 04762
SNUARED BETA WEIGNTS
0,107  0.949  0,a8] TN
B WEIGHTS
3,531 9748 0,094
INTERCEPT CONSTANT = 2.811
Q -
ANOVA TARLE FOR POLYNCMIALS
-lI.llll.-IlI-illl‘..Il!lII.l:llllllllllllllII...l-.-......-.jllnn........'. .
RENUCTION DUF TO LINEAR FIT, WITH 1 OF = [TRL1}
REQIDUAL S8, = 0.819 OF » 182 RESIOUAL M,8, » 04008
F FOR LINEAR FIT = 34,532 :
ll-II--IllIIIIlIIIII.IIll-ll.lll:llllllll-lnlI.lllllll.l..lsllll.....lu-.-
RERUCTION DUF TO GENERAL Ouaonnrxc FIT WiTH BF 2, . 04200
REDUCTION MeS, ® 0,100 .
REGIDUAL S.S, ® ‘04800 OF ® 151 nEs;ounL MeS, ® 00009
F FaR QUADRATIC FIT a 182907 . .
"REPNCTION NUF YO GUADRATIE TERM ALONEy WITH 1'gFs = 0.018
F FOR QUANRATIC TERM ALONE = 2,860
....I.l..........al-.--..III.UIIIRIIIIIIIIIllll-lllllllll-l.l.llll.lll....
REDNCT.ON NUE TO GENERAL CUﬂxC FIT wiTh OF 3- ' “0.208 .
REDUCTINON M8, ® 0,008
PESIOUAL S48, ® . 04796 OF » 180 RESIDUAL My, = 8.008 I-14

FAR OENEQAM. CURIC FIT « ' 12,786
[: l(:'0urrlo~ NUF TH CUAIC TFRM ALONE WITH | OF » ° 00003
FAR CURIC TFRM ALONE ® De018 - :

R L LA e LR R R L L R Y P R R T R L R L ey Y S T T S Y R P P S T SR L]



-l.ln.I“l.‘"'.-I\l'l!Ilnl.'ll-l.l-..---..lll.l-l-l'l-..llllll,l.lla.l--'

POLNOMEAL PITITING FON 2 VARIAGLES<SHE AND TP SCOHE. 58 QHSEAYATIONS.

IC RATING

THE BAENTETAR VARIARLE (W) [$ SAEy AND THE CRITERION' VARTAALE (Y3 {3 T, d¢oRe, .

.
N v

THSY MFANS ANN STANAAAC DEVIATIONS
2 0.268 0.280
SnUAR 0148 0.220
X CUAE 04098 04189
] 9,852 2371 .

] 1.000 0,941 0,044 0.361
SqUaRr 0,941 1000 0.979 0348
X CUBE 0.R46 0.97) 1,000 04309
4 \ 0.181 peded 0e309 Lenoo
MBS NS RNAN SRl tne s et Sann i ntANE NS Ss NS donnttNn 0TS0 ia0EngEsSnggs
FIRART, SECOMN, ANO THIRD AFOREEL PULYNOMIALS,
-u----|..l--.-..-l-..l-Illl-.ll.lllllll-lIlllilll-l-ll-l-lllllllll-l-lll-l
MULTIPLF @ SqiaQf = 0.131
MILTIPLE R & 0,341
NN F,) e t

>
i}
&
CORQFLATION MatAlX
]
»
1

%,0,Fy2 @ 9
F FNAR ANALYSTY NF VARIANCE DN R @ 8,407
Arta wEIGHTS

0,301

CONTRIAUTIONS YO »ULTIPLE CORRELATION
AND PEORESEION FACTCR LOADINGSy  2ND COLUMNY

\ X 0,131 1,000 .

SCUARED RETA wEIOGKTS .

0.131
A WFIOnTS

J.na2
INTFRCEPT EONQTANT & 4.738
EESg SN Y E S SN rESaE el ingSgnn i anEn st sunsnitsnafonuens iz ouse0eSaSanss
MULTIPLE B SQUARE » [ 723§}

HULTIPLF R ® n,342
NaD ,Fal = 2
NeD,F,2 » L11
F FAR ANALYSTS OF VARIANCE ON R ® 4el3b
asrTa yriouTs

0,120 Dehsd
CONTRIRUTTIONS T0O MULTIPLE CORRELATION

&R0 nEO"Esxlcn FacTCR LUAulNGSo 2N0 COLUMN)

0.116 . 04999

? snunn 0,015 00954
SOVARED BETA VFIGHTS

n,lo02 0.0n2
B YFIGHTS

Z.711 DedT4
1HTFRCEPT CONSTANT » AeT41
.Il-llll.lllIl.nll..llllll.llll..'ll.ll.lll..l...I....l.'.........l...l.l.

MULTIPLE A SOHARE = 0,133

MULTIOLF R ® 0ed6A
HDy¥ol @ 3
NeD.Fe2 ® Sa
FFnn ANALYSTI® OF VARIANCE ON R L 24738

814 ETGNTS
0,G48) 0eAGR  =0,42)
CONTRIAUTIONS YO WULTIPLE CORRELATION
AND REQRESSION FACTCR LOADINGSs  2NO COLUNNY

x 0,023 04992 .
P SouAR 0.241 0,947 .
Y CUAF «0,131 0,887

BNUARED AETA wETOMTS
0,018 0.ANT 0.179

8 WFlOMTS .
0,534 Te®A0 5,308
INTERCEST CONRTANT o Se014
v
ANNYA TARLE rnA POLYNCMIALS . o
T R L LN RN L L L L N L N LR P R PR I Py R PN TR I I P T T YT ]
QEAUCTLION Oitr 70 LINEAR FIT, WITH | OF » 0.131
RESIDUAL S.%, ® G.R89 DF = 56 RESTOUAL M,8, = 0,016
F FAQ LINEAR FIT ® 0,807
.l'll.ll.lllll..lll-.llll..l.....llllll.....-l....l...l.........l......!..
2EPUCTION OUF TO OENEAAL QUADRATIC FUT wITH pF 2; » 0.13]
RENUCTION M, 8, = 0,063
urelovaL S.%, » neRs9 DOF » 5% RESIDUAL M,8, = 0016
F Fol DUARBRATIC FIT & Ae]38 X
RENCTION DUF TO OUlnﬂlflé TEAM ALCNE) WITH | EFy o 0,000
F FAR GUARRATIC TERU ALOM 0e016

REOICTION DUY TOo GEwFRAL CUBIC FIT wITH DF 3y o 0.19)
RFOUCTION M,8, @ 0,084
OFRTOUsL S.S. ® 0.887 OF = 34  RESIOUAL MiS, & 0.018 1-15
TR GFNERAL CURIC FIT o 2,758
]E l(:nucranu OurF Y0 CURIC TERR ALONE wITH | OF & 0,002

F(iﬁ CURIC TFRNM alOnE & 0,129



llllllll:ulﬂumllllﬂ1ulllIl‘ﬂulnllllIllllllﬂll:nllIlﬂln'lll!ﬂllll.l..‘ll..'

POLYNOMIAL FITTIHG FOR ¢ VARTABLES=PIE AND [P SCONFe 50 OHSEAVATLONS,

. IC RATING
THE PREDNICTOR yAﬂlARLE(X) 13 PREy AND THE CRITERION VAN"RRLE(Y) 1S TP SCORE,
TFST MEANS AMP STANNARE DEVIATIONS
1 x 0.%08 04399
2  SQuaR 0abld 002308
3 X cuat 04350 04341
4 Y 5,552 2.371
CORRELATION MATRIX
\ 1.000 0976 049134 0322
2  SRUAR 0,774 14000 0989 0.350
3 X CURE 042368 0.909 1+000 04342
. Y 04322 04350 04362 14000
llllll.lllll.lll-llllllll'.lll----l-lll-llll--.lllll-l-lll-ll-l-l-.-l---l-
FIRST, SECONNn, AND TMIRyL nEGREE PULYNOMIALS,
---I..----I-'II--.----.I--.....-------l--.----.----I-I--.-.--.I-.l------l-
MULTIPLE R SNARE ®  (.)24
HILTIPLE A » 04322
NeDFe] = |
NeD,Fe2 @ 54
F FAR ANALYSIQ OF VARIANCE ON R = 64453
P-Ta WEIGHTS
0,322
COITRIAUTINNG TO PULTIPLE CORRELATION
AND nssn:qcron FACTCR LOADINGSs 2ND COLUNN)
i 0.108 10000
SAUARED n:ra <EIGKTS
0,108
R Hr[cuTS
1,916 :
INTERCEPT CONSTANT 44980
ll.:llllll.llll!ll....lllﬂ-l--ll---l--ll-l----l-----ll..l....ﬂ'-'--'-ll--l
MULTIPLE R SOUARE » 0.131
MULTIPLE R » 0,362
NeD.Fel ® 2
NeDFep 55
F FNR ANALYSIS OF VARIANCE GN R » IYRY Y.
BETA WEIGHTS
0,417 0,747 ' ”
CONTZTAUTIONS TO WULTIPLE CORRELATION
" AND REGRESSION F4CTCR LOADINGSe 2ND COLUMN)
X =h.134 00891
2 8AUAR 04268 049068
SAUARED BETA WEIGNTS
0,174  0.87) -
B WFIGHTS .
2,478 4,012
INTERCEPT CONSTANT = 4,773 :
lllllllll'll.'llllll--lll"ll-----l------l--l-----l------------ll----Il--l
MULTIPLE R SONARE = p,l34
MULTIPLE R » 00387
NeDFol a 3
NeD Fe2 » S4
F FOR ANALYSIS OF VARIANCE ON R = 24798
.BFTA WEIGHTS . el . . -
0,378 <) ,24) lcz‘ﬁ
CONTRTBUTIONS TO WULTIPLE CORRELATION
AND REGPESSTON FACTCR LOADINGSs 2ND COLUMN)
x 0,122 0.879
?  SOUAR “0,418 0,959
3 X cuse 0,491 0,987
SAUARED BETA wEIQNTS
0,143 1,568 1.,%%2
R WEIGHTS
2,248 «A,776 0,668 b
INTERCEPT CONSTANT = 4739
ANOVA TARLE F0R POLYNCNIALS
----.---------llll---l-l--'--l---l------l---I------------------l----------
RENUCTION OUS TO LINEAR FIT, WITH L} OF » 0e104
- RESINUAL S,8, ®» 0,898 OF » $6 RESTOUAL N,8, » Qenlé
F FOR LINEAR rIT » 6,493
--lU--ll-l-l-u-l----ll.ll-l-----------l--H-l-l------l---lll--l-------llI-
"RENUCTLON DUE TQ GENERAL QUADRATIC FIT wiTH OF 24 04131
REDUCTION ies, ® 0,063
RESINUAL S,&, ® 0,R89: OF a §S RESTOUAL N,S, m 0e016
F FAR QUADRATIC FIT » 40142
REDUCTION OUF YO GUADRATIF TERW ALONE. WITH | pFe » 04027
F FnR QUADRATYIC TERM ALONE » 17
l---------I(ll--ll--t-l----l------l-l-------‘-.----l--l--l----lll----l----
REOICTION DUE TQ GENERAL CUBTIC FIT WITH OF 3 a 0,13
REDUCTION M,q, » 0,048 I-]G

RESTOUAL $,8, » o.aeb or 84 RESTOUAL NS, & 0.018

)
. FNR QFNERAI, CURIC FIT » 2,79¢
]E l(:r:uucthN nUF 10 CURTC TERM ALONE WITM \ or s, 0,004
FAR CURIC YFRM ALONE & 0,222

-l.'.ll-llll.lll.l.ll.t‘ll.--l--l-.--l'Jl---'ll-lll--lll---l---.-lil---.--
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POLYROMTIAL FITTING FON d VAHIAPBLES=GHE AND TR SENHEe: BA L ASEUVATINNS, -

’

IC RATING

THFE PRENICTON VARTARLE (X} 15 OREs AND THE CRIfeAION YATTABLE(Y)- IS TP SCARE,

~

THFST MFEANS ANN STANNAKR DEVIATIONS

1 X n.nB¢ 0,161

?  SnuaR 0,811 [ YA L)

k] X CUBRE 0,751 0,261

D Y 5,592 2,31 °

CORRELATION MaAYRTX

1 X 1.000 0,954 0.901 0,377

? SAUAR 0054 1,000 [ PRLT] 0,108

k] X CURE 0.901 n.98% 1,000 0,281

A Y 0.307 0308 nedAY 14000

SEE NN NENYER 213NN 10728 nnA NNl NgS NSNS ANEptInsSSNSEsSn TS E NS anS
FIRST, SECANN, AND THIRD AEGREE PULYNOMTALS,
LLETTEY AL LT RRT RN R E LR AN LR LRSI R T IR P P R R R iR r R R S R Y PYT L]
MULTIPLE Q9 SNIIARE = q,!gq
MULTIPLE 8 u_ 1,147
N.,OF.1 = 1
N.D.F.? @ S8
F FOR ANALYSIS NF VARIANCE ON R = 9.838
PETa WEIGMTS
0,387
CONTRIAUTIONS TO MULTIPLE CORRELATION
AND nrenrscro~ FacTCR LOSDINGSs  2ND COLUMN)Y

) n, 149 1.000

SOUARED BE7A WETGNTS

0,149
B WFIGHTS

5,706
INTFACERT CONSTANT = 0s404
Ill:!l:lll:llltl.!-lallﬂlﬂll-.lll.ll.l..l.llllll..ll.‘ll.........l.l.ll..l
MULTIPLE R SNI1ARE = o.;!‘

MULTIPLE A = 0.397
NeD Fol & 2
NeD,F.2 = 55
F FAR ANALYSIS OF VARTIANCE ON R = 4.99%
BETs MELOMIS
0,178 0,719
CONTRIRUTIONS TO wULTIFLE CORRELATION
AND WEGRESGION FAacTCR LOADINGSs  2ND COLUMN)
) X 0,049 0.966
?  S0uAR n,08% 0.991
SNUARED AETA wKIGKTS
0,032 0e04a8

A MFIGHTS
2,626 2,409
INTERCEPT CONSTANT = 1.28) -
83838 NSNS NSEENZINS A NN oS iSg s SN iSSs NNt an g NSt S NS nNsttnsatgsatuget
MILTIPLE R €NUIARE » 0.l69

MULTIPLE R = 0abil
M N,Fsl = h]

0,F2 = 54 .
r FOR ANALYSIS OF VARTANCE ON R @ 3868
BETA WEIGHTS

1,817 =4,772 3,467
CONTRTAUTI NG TO MULTIPLE CORRELATION

AND PFQGRESSION FacTCR LOADINGSs 2ND COLUNN)

1 X 0,701 0.939
? SQUAR -] 8513 ne944
X CUAF 1.322 0,927

SNUARED RETA wEIGWTS
3,787 22,747 12.n23

R WFIGQHTS
F6,VAT =%52,748 J1.,9)8
INTERCEPT CONSTANT = 0+083

ANNVA TARLF FQR PCLYNCHIALS
SNSRI ANSEANFINEENNEEE NN NS IS NN AT SN NnEnsOassnanntgnsetenstnsessintngns

QENUCTINN OUS TO LINEAR FiT, WITH | DF s 0s149
RFESINUAL S.5. = 0,851 OF = $6 RESIOUAL M,8, a 0s018
F FoQ LINEAR FIT = 9,38
SESgS238SSNNENNE NN NSRSt nE N . N aENERSnnEnySisuntassutnstsisEsnsgSanan
QENUCTINN DUE To GENERAL QUADRATIC FIT wiTW oF 2, = 0,194
REDUCTION M, %, = 0,077
RFSINIAL S,5, = 0,R48 OF = 85 RESIOUAL M,9, = 0019
F FNR QUANRATIC FIT = 40998
RFOLCTION NUF TH CUANRATIE TERM ALONE, HlTH LpFe @ 04004
F FAR QUADRATIC TERY ALONE = 04280

QENUCTION NUF TO QEwNERAL CUBIC FIT WITH OF A o 0,149

RENUICTION M,&, = n,n58 1-17
Q nEQIOUAL $,%, ® 4,1l OF = 54 RESIOUAL M.9, » 0.019
]E l "AR GFNERAI CURIC FIT » 3,668
ICTIAN puUF TN CUATC TERM ALONE WIYH | OF = 0,018

CEEIIEE A LN [C TESM ALOME = 1,012




Il:il1lllI.'r-nn.lll.IluI‘lI.l.-lllJullnslllIA.I'--Ill.IIllllIlll-nlll...l

POLYNOMIAL FITIING PAR 2 VAHTABLES=wRE AND 1P SCORfe SR OHSERVATIONS,

IC RATING
THE PREDICTOR VARIAALE (X} 1S WRE, AND THE CRITERION VanlaALE(Y) IS TP SGQRE,
rrsy nEANs AND STANDARC DEVIATIONS
0,542 0,190
P SOUAR 0,129 0s207
3 X CURE 0,216 0,189
[} Y 8,552 2,371
CNRQELATION MATRIX
] X 1,000 0,982 04942 0eble
2  'SQUAR 04082 1.000 0e9AR 04982
3 X cuee 0.942 0,988 14009 034D
. ¥ 0.434 04382 Nedéy 1000
Il.'.ll.llll.ll.l‘lII:'I.I‘III!lll.llll.lalllItlll.llllll llllllllll..l....
FIRST, SECOND, AND THIAD AFGAEE PULYNOKEALS,
--I:Il!--llI:.Illll-ll-lllll.IllIIIlllll.llsl......l-I-lll!Il.llIII.-.---.
MULTIPLE R SNIIARE » 0.1€8
uULfrﬂLE R a fed34
N¢D,Fe] = ]
NeD,Fe2 u L1
F FOR ANALYS1G OF VAHIANCE ON R = 12¢997
BET) WEIGHTS
0,434
cowrnlnurrnuc YO -MULTIPLE CORRELATION °
AND REGRESSION FafICR LOADINGS| 2NO COLUNN) '
1 X 0,1lpp 1.0 :
SOUARED BETA WEIGWTS .
0,188 o
B WrINHTS
5,426 .
INTERCEPT CONSTANT » 2,611
ll..llIlll.l.-llIll.lllll.IIIIIlll.l.-..l-l--lllll.lilllll‘l.-Illll-ll..-.
MUCYIPLE R SQIMRE = 9,24
MULTIPLE R » 0.4
N,D,Fel & 2
NeD,Fop = ss
F FOR ANALYS{S OF VARIANCE ON R ® 8.748
BET: WEIGHTS
1,616 -l.?«l
cnurnlnurlnus TO MULTIPLE CORRELATION
AND REGRESSION FACTCR LDADINGS: 2ND COLUMN)
X 0,701 0,084
? $QUAR 0,460 0,778
SNUARED RETA wEIOKWTS
2,610 YY)
R WFIGHTS »
20,199 =13,R49
INTERCEPT RONSTANY w «0.8%2
l----llll--ll:-ll..--.lnlliI.ll-lll.llln-lllllllI.lllllllllull.l.....l---.
HULTIPLE R SNIARE = ne€92
MULTIPLE R » 0,541
NeCuFel = ]
NeD . Fe2 w Sa
F FOR ANALYSTS OF VARIANCE ON R » Tedal
B TS o mire oo e e e
5,460 «G,094 $.918
CONTRIRUTIONS 10 uqulpLE CDnRELATION
AND REGRESSION FICTCR LDapINGSy 2NO COLUMNY N
i L] 2,370 0,801 :
?  SOuaR 3,794 0.708
1 ¥ CUAF 1,718 0633
SQUARED BETA WwFIQWTS
29,815 98.607 25,758
B WEIGHTS
6R,262=113,940 63,329
INTERCEPT CONSTANT =Te872 N
ANQVA TARLE FOR POLYNCMIALS
-.----ll--l----ll-l--l--lll-ulll--l----ll--lll--l- b&bLELLLILLITTT TY T Yoy
RENUCTION DiE TO LINEAR FIT, WITH | OF = 04/-88
RESINDUAL 8,5, » 0,812 OF » 58 RESTOUAL N8, ® 0e014
F FAR LINEAQ FIT » 12,997 )
--.-ll--l-nl.u-lllllnnn=.l'IlI.l-..lw.--ll=lllnllll-lll-.-lllll--l-.ll-nni
REAUCTION DUNF T0 OFNERAL QUaDRATIC FIT WITH OF 2, » 0a241
REDUCTION M,8, = 0.121
RESIOUSL §,%, » 0,759 OF » 85 RESIOUAL M3, w 0e014
F FNQ OUADRATIC FIT a Re746
REDICTION OUF TO QUADRATIF TERM ALONEy WITH § 0Fy @ 0+08)
F FNR GUANRATIC TERM ALONE 3e828
..--..‘.l-.!..-ll'll-l..--l.-.Il-..I-l..-l-lI.-ll.‘.lll--.‘..Rl.l!.!.-.---
REDICTION NUE TO GENERAL CUBIC FIT WITH OF 3, 4 0,202
REDUCTION M,8, « 0,097 .
RESIDUAL S,%, » 0,708 OF » 54 RESIOUAL W.S, & 0013 I..]S
l FRR OFNERA] CURIC PIT » Tohsal
CYION DUF Y0 CURTC TERM ALONE WITH 100w, Ge08Y

[:IQ\L(ZQ CHRIC TFRAM ALONE @ 3,900

---n.-cl---l-ll--.l.-lll.llllI.nl-w.l.l-I--cl--l.ll!l‘l“"l.‘.‘.‘ll.!
Pz |



POLYNOMIAL FITTING FOR 2 VARTAULES<SHE AND 1P ScOMfa 139 OBAEAVATIONS.

RD RATING

THE PREDICTOR VARTAALE(X) 18 SREs AND THE CRITZRION VASfABLE(Y) {3 TR SeoRE,

.

TEST MEANS ANN STANDAHD DEVIATIONS
\ x 0,142 04358
?  SQUAR 04248 ne28)
1 X CUAE 04102 ge212
'y Y 24006 1 «B04

CORRELATION MATRTX
| X l1¢000 0977 04930 *Ne108
? SQUAR 04977 14000 04984 =0s110
k] X CUBE 04929 0988 le0ng =1en%)

. Y ) en, i8R 04110 =0.0%2 1en00
-,..--.g....-..-.ll---.--.lllullllll-!IIIIIlll'lllllll---llllll.ll-l-ll-ll
F1R&T, SECOND, AND THIAD AEOREE PULYNOMIALS,
Ill.llllllllll'l.l.ll.ll.l.l..lll.llllllll-lllll-llllllllllll.ll-l-l--l-.-
MULTTPLE R SOUIARE » 0.028
MULTIPLZ R s n,l6n
NeD,Fel = 1
NeD,F.2 = . 1
F FOR ANALYSIS OF VARIANCE ON R » 3979
BFTaA WEIANTS .

0,188 } !
CONTRIRUTTIONS TO MULTIPLE CORRELATIUN

AND REGPESQION FACTCR LOAQINGSY 2ND COLUNK)
1 ] 0,028 »14000

SNUARED BETA wEIGMTS

0,028

A WEIGHTS
0,737
INTERCEPT CONSTANT » Je087

Il'llllllll'l.ll.l.llll-ll.llllll-l.llllll...lll--llllllll-ll-llll.llll'll

MULTIPLE R SOIARE » 0.093

MULTIPLE R s 0,308

NeD,Fel » 2

NeD Fe?2 = 136

F FOR ANALYSIS OF VARIANCE ON R » 8961

BETE WETGHTS_ , -
1,328 1,ias8

CONTRIAUTIONS TO MULTIPLE CORRELATION

AND REGRESSINN FACTCR LOADINGSs 2NO COLUNN)
1 X 0,223 =0.55]
?  SOUAR 0,130 =0.360
SOUARED RETA wEIGMTS
1,758 1edAS

B WEIGHTS
5,788  4,8%9
INTFRCEPT CONSTANT » 3.182

l-l.lllllllllllllllll'llll'llllll-lll.llllll'llllllllllllllll-llll.lll---.

MULTIPLE R SQARE & 0,131

MULTIPLE R » 64362

NeOoFel = J

NeD,Fe2 ® . 138

F FQR ANALYSIS OF VARIANCE ON R » 64801

BETa WEIGMTS

. 14069 ed.438 3,332

CONTRIAUTIONS TO MULTIPLE CORRELATION

AND REGRESSIDN FACTCR LOADINGSs 2ND COLUMN)

1 x 0,179 0,494
SQUAR N,408 04302
¥ cuae 0,178 e0s144
SQUARED BETA wEIQHTS

14133 19,477 11,102

8 WrIOMTS )

4,647 24,808 22,430

INTERCEPT CONSTANT » 3e138

N

.

ANAVA TARLE FOR POLYNCMIALS
l.-.l’l...l'l...l.ll-Il-.l".l.l--ll.-.l.l.l-ll.-.l.-ll.ll..l'.-l.l-ll.ll-
REAUCTION DUE TD LINEAR FIT, WITH | OF u 0e028

PESINUAL S,%, ® 0,972 OF » .37 RESI0UVAL MN,8, 8 0,007

F FAR LINEAR FIT a 1,979

..l.l..l....l..l.l..l..lll'.l.l...ll.l......'.l...l..ll.-I.l.....l..l-lul-

RENUCTTION OUF 10 GFNERAL GUAORATIC FIT WITH gr 2, » 04092
REDUCTION M,8, » 0,044

RESINUAL S.%, = 0,907 OF » 138 RESIDUAL N,8, » 04007
F FAR QUADRATIC FIT » 61981

REDUCTION DUF TO QUANRATIC TERM ALONE) WITHM 1| pfy = 0,068
F FAR QUANRATIC TERN ALONE ® 9,490

REDUCTION OUF T0 QENERAL CUBIC FIT WITH DF 34 o 0,131
REDUCTTION N,8, 8 Ne0d4 I-]g
RESIDUAL»S;S, » 0,869 OF » 135 RESIQUAL W,8, = 0.008

)

. 7 GFNERAL cunlic FIT » 8.A01
E lC:leN DUF TA CUSTC TERWM aLDNE wITH | OF » 0,03
T ! CUATC TFRM ALONE = 8,972
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POLYNUMEIAL FITT{NG FDA 2 VAHIABLES<PAE AND TP SCOALS 139 OBSERVATIONS,

RD RATING

THE PREDICTNA VARTAALE(X) IS PRE, AND THE CRITEAION VARTARLEIY) 13 TR scoRe,

TEST MEANS ANN STANNARD DEVIATIONS
1 x 0,478% 0s473 N
? SQUAR 0.047 0e4056
9 X cunRg 04428 [ FEYL]
[y Y 28006 12564
CORRELATION MaTATX ‘
1 X 1,000 04998 anﬂz «g,21%
2 SAUAR 0,994 16000 04997 «0n,21)
L X cusE 0,982 0997 1000 1,248
. 4 Y =0¢71% =3e213 »n,200 14800
-.-.ll!lu..llrw.l'!l-lll-lll.I:--I-l-Illl-I-lI--I--lI--..-lI-l--l-.I.-....
FIRETy SECONDN, AND THIRO AFGREE PULYNOMTALS,
.ll-llll.l.llllll.'.l..lIlll.IlIlIIIBIIIIIIIIII.IUIIII-IIIII.IIIIII..I-.-.
MULTIPLE R SNIIARE = 04048
MULTIPLE R o ne21%
NeD,Fel = i
NeD,Fe2 ® 137
F FNR ANALYSIS OF VARIANCE ON R ® 8.612
BFT) YWELGNTS
«0,21%
CONTRIRUTINNS T0 MULTIPLE CORRELATION
AND REGRESSION FarTCR LOADINGS: 2ND COLUMN}
i X 8,048 -1,000
SNUAREN RETA wEIGHTS
0,044
R WFIGHTS
. =0,710 )
INTERCERT CONSTART = 3:14)
.--.l----a-n.-:------l---l!-------u------s-------:---.--.----n---........
MULYIPLE R SOUARE = 0+046
NULTIPLE R & 0,218 '
NeD,Fel ® ?
NeD,Fe2 ® 134
F FOR ANALYSTS OF VaARLANCE ON R 3. 282
BETA WELIGMYS
«0,208 0,010
CONTRIARUTIONS TO MULTIPLE CORRELATION
AND REGRESSINN FaCTCR LOSDINGS: 2ND COLUNN)
7 x 0,044 1,000
?  SNUAR 0,002 0,994
SOUARED BETA “EIGHTS
0,042 0,000
A WFIOHTS
0,676 5,41k ,
INTERCEPT CONSTANY = 34143
II.IIIIIIIIIlIIIIII.IIIIII-IIIIIIIIIIIIIIIII-II.IIIIIIIIIIII'IIIIIII.I-...
HULTIPLE R SANARE = 0,093
HULTIPLE A = 0.308
NsO,Fel ® 1
NeD,Fe2 ® . 138
F FOR ANALYSIS OF VAQIANCE ON R ® 4+592
BET: WELGMTS . Lo
10,549 «2%,9347 15,252
- CONTRTIAUTIONS TO MULYVIPLE CORRELATION
AND REGRESSTON FAZTCR LOADINGSs 2ND COLUMN)
X «2,24) 0,703
SNUAR 5,527 ®0,701
] ® cuse «3,11 «0,88)
SHUARED AETA wrignTS
111,2R) 670,a%) 232,438
A WElGNTS .
34,918 =aA,ne8 93,73 R
INTERCEPT CONSTANT o 3,132 .

1
?

A\
ANOVA TARLE FOR POLYNCMIALS

III’II-IIIIIIIIIII-I-IIII-II.-IIII-II.III-II-III-IIIII-I-III-TIIII-'.-(...
RENUCTINN BUF TN LINEAR FIT, WITH )} DF = 0,048

RESTDUAL S,5, = 0,95 DOF = 137 RESIOUAL M,8, = 0,007
F FAR LINEAR FIT = b.612
.--.I'-...--.---.II.-III-IlI-IlIIIIIIthJIIIIII-lIIIIHI‘IIHIIIIIIIII.IUII.I

RENUCTION DUF To BENERAL QUADRATIC FIT WITH DF 2, » 0,046
REDUCTION M,§, = 0,023

QESINUAL S,%, = 0.,95¢ OF = 136 RESIOUAL MN,3, = 0007
F FAR QUADRATIC FIT » 31202

REOUCTION OUF YO QUANRATIC TFRM ALCNE, WITH | nFfy = 0,000

F FOR QUADRATIC TERAM ALONE » 04000

--I.I-IIIIFI.-IIIll-llII-IlIlIlI-IIIIIIIll.FIIIIIII.II.IIII-III-IIIIIJI.I.

RFOUCTION LJUF T GENERA| CUBIC FIT WITM OF 34 0,09
REQUCTION M,8, = 6,031 . 1-20
RESIDUAL $,%, » 0,907 DF = 138 RESIDUAL M8, » 0.007

O rne GFNgAAL CURIC FIT & 4.802
FRIC nucrton our ra cunrc remn aLone with § oF e ' 04047
fnw CUATL TFRM ALONE ® 6,924

-II.IIIIIIIIIIIIII.I.-IIII-IIII.II-IIII'IIIIII-IIIIIIIIIIIIIIIIIIIIIIIIII-



l.Ialllll-lln|lI'llI.lllll‘lllllIlIJllllllllllllﬂllll-llIlllll.l.lll-llll.

POLYNOMIAL FITTING EnR 2 VAR[AULLSGRE anD 7P SCNAC. 139 OBSEMYATIDNS,

RD RATING
TRE PREDICTOR VARIARLE(X) [S OREy AND THE CRITERION vanlanLE(Y) |8 TP SCORE,
TEST NEANS ANDR STANNARE OEYLATIONS
1 n,a89 04084
F 4 SOUAQ .qtj 06+091
3 X CUAE 0,319 0.119
[ Y 2,808 1,504
CARRELATION MATRIX N
1 X 1,000 0,992 0,972 0,021
2 SQUAR 0,992 14000 0,994 0en08
3 X cuae ne972 0.994 1,000 XYL
. Y 8,021 04006 0,009 14000
.II.I.IIII.I.-IIII.IIIIIII..IIIIJIIllIII..III.I.......I........I.....‘....
F1AST, SECOND, AND THIRAN REGREE PULYNOMIALS,
hdedeblabh el LLLLLLALLET LERERLLIIELLLLLL I L L P Y T P YT
MULTIPLE R Sn1ARE = g,0A0
MULTIPLE R » 0.021
N,O,Fel ® I
N,O,Fe2 ® 137
F FAR ANALYSIQ OF VARIAMCE ON R @ 0060
BFTé WELIGMTS
0,021
CONTRIRUTIONS TO MULTIPLE CORRELATION
AND REGRESSION FARTCR LCADINGSY  2ND COLUMN)
i Y 0,000 1,000 .
SNUARED BETA WEIGHTSY
0,000
8 WFIGHTS
0,601
INTERCEPT CONSTANT w 20222
-....,.......,..........;.l:.-.--l--n--li-:---I-I.ll.n-.-a..l'l.---.-.--.:
MULTIPLE R SOUARE = 0.013
MULTIPLE R e 0,11y
ND,Fol & 2
NeO,Fe2 @ 136
F FOR ANALYSTIS OF VARIANCE ON R ® 04873
8rTs WEIGUTS
0.871 e0,ax?
CONTRIAUTIONS TO MULTIPLE CORRELATION'
AND REQORESCION FaACTCR LOADINGS: 2ND COLUNN)
i X a,01e 0,148 .
2 SAuUAR '0.006 0,057
SNUARED BETA wFIOKTS
0,789 04778
A WFIOMTS
75,14% 14,018
INTERCEPT CONKTANT o «Te802
---I..I.III.l‘.-..-..I.I.I'..I'...-.-'.-...I..'..........I............-..I.
MULTIPLE R SANARE ® 3,047
MULTIPLE R o 6217
N.D,Fel ® 3
NeO,Fe2 » 3 118
F FOR ANALYSIS OF VARIANCE ON R » r4x 31 ]
BETA WEIAMTS
39,917 =~85,874 46,272
CONTRIMUTIONS TO MULTIRLE CORRELATION
IND AEGRESKION FacTCR LOADINGSY 2ND COLUMN)
i X 0,833 0,096
> souAR -0,540 0.030
1 X CURF “0,236 0,024
SNUARED BETA WFIOKTS
5031,4047322,9%62141,]134
B WrIGWHTS
152,7%10¢s0ma0e 410,244
INTERCEPT CONSTANT o *200+674
ANAYA TARLE FOR POLYNCNI.LS
I'III.l.l.l.lll..l'l-llll..lll..I..-..l...-...ll..ﬂl....l.ll.....l.-l.l...
RENUCTION OUF TO LINEAR FIT, WITH | OF = 0,000 .
RESIDUAL S.5, 1,000 OF o 137 RESIOUSL M,8, @ 0007
F FPR LINEAR FIT @ 0,060
I:--II-I----ﬂul-IllI.ﬂlI--:-.-.--llu-----n--!I-l--l-.-------'ll---.l-ltl-l
PENRUCTION OIF TO GENERAL QUADRATIC FIT witH OF 2, ® D013
RENUCTION M, 8, = 0,006
PES]OUSL S,.8, o 0,987 OF » 136 RESIOUAL N,8, 0,007
F FAR QUAORATIC FIT » 0.AT3
REQUCTION OUF TO CUANRATIE TERM ALONEs WITH ) nFe n 0012
F FOR QUADRATIC TEAM ALONE = 1,486 -
.--...l...-.-.-l.Il.....ll......'......'I..l.ll...............n...........
REOUCTION DUE YO OENERAL CURIC FIT WITH OF 3y o 0,047
REOUCTION M,8, @ 0,018 I ]
RESTOUAL 8,8, 0,953 OF » 135 RESTOVAL NS, w 00007 -2
. FAR AENERAL CURIC PiT » 2,218
Ez l FOUCTION DUF TO CLATC TERM ALONE WITH | DF o | 0,094

: FAR CUAIC TFPRM ALNNE o 4,8%
l..lIl-III--.--IInI.II.-lll---.-l--lllll----l.-!Il---IlI-lI-l-l--l-.---.-



l-.-l:lnulll-nl-.llII-n:u!l.nIIIIIIll!nlall.luullu:-l.l.all..l.lllll..-.:.

POLYMORTAL FITTING FOR ¢ VARIAHLES<WRE AND YP $CORE. 139 NRSERVATIONS,

THE PRENICINR VARIAALE(X) 1S WREy AND THE CRITERION vealanLE(Y) (S Tp SCGRE,

TEST MEANS ANN STANNAREL DEVIATIONS

] X 0,817 ne183

?  SQUAR 0.414 6227

3 X Cuse 04298 0+232

4 ¥ 2,R06 1564

CORRELATION MATRIX

| 14000 04983 04949 LORLE]
2 SQuaR 0,943 1,000 0,990 “0,n?S
1 X cusg 0,949 04990 14000 ®n.nRY
. ¥ 04051 =0.07% LY L 1en00

ll..llllllllllllllllullIllll.llslllllllllIlllllllnllll:ln!llu-l--l---ll--l
FIRGT, SKCONP, AND THIRD AERREE PULYNOMIALS,
lll."lll-lllBllll.l!llll-...l.lll'.l.ll'llll.lllll‘..lll..ll..ll.l'll.-..
MULTIPLE R SOIIARE » 0.04)

MULTIPLE R = 0,087

ND,Fe] = i
M D,Fe2 = 137
F FPR ANALYSIS OF VARIANCE ON R = 0382
BETA WETIGHTS

0,051
CONTRIRUTINNS TO WULTIPLE CORRELATION

AND REQRESSION FacTcR LOADINGSY 2ND COLUMN)

1 Y 0,003 =1.000
SHUAREQD BETA wEIGMIS
0,003
A W/IQHTS
0,439
INTERCEPT CONSTANT = deo7H

lll..lllll.llll.l"lllllllll...l)..llll.lll.llll..ll..l.ll.l....l....l...l

MULTIPLE R SAARE a 04021

MULTIPLE R = _ n. 148
NeDyFel » 2
NudoFe2 = 138
¢ f FOR ANALYSIS OF YARIANCE ON R = 10487

BFTa WELIGHTS

0,569 «f,71)
CONTRIRUTIONS TO MULTIPLE CORRELATION

AND REGRESSION FarTCR LOSQINGSS 2ND COLUMN)

1 x =0,03s =0,3%4

2 SOURR 0,089 «0,92]
SQUARED RETA “ETONTS

n,448 0.%38
A WEIGMTS _

8,715 «%,Ad4
INTERCEPT CONSTANT @ 14368
-Il.ll.lll.l.lIl--ll-lll-!ln-l-lll--lllllll-l-lllllniull--lll-l--lll------
MULTIPLE R SOVARE » 0e041
MULTIPLE R » 0,204
NeO,Fi] k|
NoD,Fe2 » . 138
F FNR ANALYSIS OF VARIANCE ON R @ 1e948
8FT4 YEIGNTS o L. .o
. 3,072 «a,399 3,30
CONTRIAUTINNS TO MULTIFLE CORRELATION

ANO PEGRESSION FuiTCR LOAOINGSs  2ND COLUMN)

] X =0.1%8 =0.252
2  Souam 0,483 =0,37%
X cuaE 0,284 =0,418

sauzaeo BETA WELQOKTS

9,439 40,947 11134
R WEIGHTS

26,233 «44,ni7 22,482
INTERCEPT CONSTANT » =leB14

ANOVA TARLE FOR POLYNCHIALS
-ll----llulla-ll--lluiu..'llll-l-llluillllllII-Il.......-ll-l-ll---l----ll
REPUCTION DUF TH LINEAR FIT, WITH | OF = 0+00)

RESTNUAL S.%, » 0.997 OF = 137 RES;OUAL Me8, ® De00?
F FAR LINEAR FIT = 0,362 N

QENRUCTION OIIF To GEwERAL CUADRATIC FIT wlTh OF 2, e 0,621
REDICTION %,%, = 0,010

RESINUSL 5,8, = 0,979 oF = 136 RESIOUAL M8, o 0+007
F FAR 2UADRATIC FIT = 14457

REDUCTION NUF YO CUANRATIA TERH ALCNE, WITH ) oFs = 0,018

F FAR QUADRATTIC TERM A ONE = 2,543

Ill.‘ll..llllll.-I-I..II-...ll-ll...l-ll--llll.l.lll.ll.l.‘l“..l.l‘.l...l

REOUCTION OufF th GENFRAL CUBIC FIT WITH OF 3y « 0,041
RENUCTION M,&, » 0,014
RESTOVAL §,8, ® 0,959 OF « 133 RESIDUAL M,s, » 0,007
Q FnR GENERA_ CURIC FIT = 1,946
]E l DUCTION nite 1O CURTC TERN ALONE WITH | OF = R 04020
FAR CURIC YrRM ALONE n  7,AR)

'mmummnmcl-lllll.l.u--l.Il..ll..ill-lunnilll'u-!ll--lllllll.....li:l!.l...l Ngmet
ang

RD RATING

1-22
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POLYNOMIAL FITTING FOR 2 VAHIABLES=SHE AND 1P SCNWES 137 CHSEnVATIONS,

THE PREDTCTOR VARIAALE(X) IS SHEs AND THE cRITERION vaaraglLe. .Yy 18 1p sduﬂé;

TFST KEANS ANn STANNAHC DEVIATIONS

1 X 0,428 6,331
?  SANAR 04%07 Je348
1 A CURE 0,424 74358
[y Y 4,85%) 1.92%
CARRELATION MATARIX
X 1,000 0,940 0.907 0,211
2 SNUAR [PLLY) o000 0en8 ne234
1 X CURF 0.907 6,948 1.000 Ne244
Iy Y 0211 .24 NeL4s 1e000

IIIIIllllllll:l.lllllllll'.l.llllﬂll:lll2l..l'.l.a........................
FIRST, SECOND, aAND THWIRD DEGREE PULYNOMIALS,
l'lu!ll.llll.:!l!ll..ll.lllllllllllllllllll.l!lllll:lli.llllllll-ll'lll.ll
MULTIPLE R SMIARE = 0.044
KULTIPLE R e 5,21
N,D,Fe] ® 1
NeyFy2 m 13%
F FOR ANALYSIS OF YARIANCE ON R @ 64288
8FTi WEIGHTS
2,211
CONTRIAUTIONS 10 MULTIPLE CORMELATION
ANO REGRESSION FacTCR LOADINGSY  2ND COLUMNY
i t 0,044 14000
SAUARED RAETA wEIGNTS
0,044
B WFIGHTS
1,228
INTERCEPY CONSYANT o Jebny
l.ll:l:lll.l--lllll..l---llI-Illl-lll-llnll-ll-I-lll.lll--lqlll..!.l..lggn
MILYTPLE R SQI1IRE » 04087
TMULYIPLE R = 04238
NN, Fel ?
NeN,Fi2 » 134
F FOR ANALYSIS OF VARIANCE ON R ® 44034
B5Ta WEIGHTS
~0,168 0,704
CONTRIAUTIONS TO MULTIPLE CORRELATION
AND DEGRESSION FacTCR LDADINGSs 2ND COLUMN}

1 x «0,018 0.R8%
?  SNUAR 0,092 0,980
SOUARED AETA WEIGHTS
0.028  0,i%s .
B WFIGHTS
«n,97h  2,7ajf
INTERCEDPT CONSTANT ® 3,988

...-s-sl-.---.-llll..l'----l.ll.lllluultl'-.lI.Il-l.-l----l---ll--.ultun.l
MULLTIPLE R SOIARE » 0.06¢8
MULTIPLE R » 0+260
NeO,Fel @ b )
NyDFol ® 13 .
F FAR ANALYSIS OF YaRIANCE Ox R ® 3.218
BETA VWEIOHWTY

N,786 =2,231 1,779
CONTRIARUTIONS TO vULTIPLE CORRELATION

AND REGRESC10N FAGTCR LOAQINGSs 2ND COLUMN)

1 X 0,1%7 0.011
? SNUAR 0,921 0.898
1 ¥ CuRy 0.43] 0,937

SOUARED 8ETA wrlgnTs
0,557 4,978 3.i{d)

f WFIGHTS ]
4,346 «12,07 9,867 .
INTERCE®T CONSTANT w 30887

ANNVA YABLE FOR POLYNCMIALS

REAUCTYION NuE Y0 LINEAR FI1T, WITH |'DOF = 04044
RESIDUAL S.5, ® Ne9586 DNF » 135 RARESIDUAL N,8, » B.007
F FOR LINFAR FIT & +,285%
IIIIIII.!..II'.!IIIIIII.l..l.lll-.llﬂi.lll.ﬂll.lllll‘lll..lll.llll.l.....l
REMICTION DUF TO GENERAL CQUAURATIC FIT wITH OF 2, » 0.0%87
REOUCTION M,&, » 0,028,
WESIMJAL S,&, ® 0,943 OF = 138 ARESTOUAL N,8, = 0007
F FNAR QUADRATIC FIT & 42034
REDUCTION DUF T CUANAATIC TERM ALONEy WITH ) RF+ @ 04012
f FNR QUADRATTC TERM ALONE ® 1:748
....Ill.ll....ll.ll.lll.l.-l.l..lllll.ull..llllll.l-.l.lllll.lll.lll.l...l
AFDUCTION DUF T0O GENERAL CUBIC FIT WITH DF 34 » 0,048
RENUCTION W,&, o 0,023
NESINUAL 8,8, ® Ne932 DF » 133 RESTOUAL M,8, a Na007
Q  FoR OENEEAL CURMIC FIT @ 3.218
]E l(:‘rnnc7|n~ DUZ Tn CUMTC TERM ALONE WITM | OF 7 0.011

2 FAR CHATIC TeRWM ALONE = 1,954
-l..llllﬂlllllll.ll..llllll..llllll'll’..llllllllllll.ll.-lllllll.lllllllll

RM RATING

1-23
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POLYNOMIAL FITTING FNR 2 VARTABLES<FRE AND 1P CNRYe 137 OHSERVATLIONS,

RM RATING

THE PRENICTOR VARIANLE (x) IS PRE, AND THE CRITERION vaRTARLE(Y) IS Tp SCORE,

TEST MEANS 4NN STAMNARD DEVIATIONS

i X 0,R00 0,361 .
?  SQUAR 0,786 04382

1 X CUAE N,719 04348

4 % 4,45) 1.92%

CORRELATION MATARIX .

1 x 1,000 0,989 0999 0,186

? SQUAR ne08% 1,000 0+99) 04164

1 X cuse 0,952 0991 1000 04147

4 Y 04155, 0,104 0,187 1.000

I.I.-.III.II::IIIIIIIIH;I.'Illlllll..l.II-IIIIIIIIIIIIII!IIIIIIIIIIIIIIlll
FIRST. SECANN, aND THIRD AFGREE PYLYNONTALS,
llIll::llIIIIIllllll:lllllll.llll-ll!-lll!lIII.IIllll!l.lllllllllll.llll.l
MULTIPLE R SOUARE = 04024
MULTIPLF R = LERLL}
N,OyFs] = )
NuiOyFo? = 138
F FNR ANZLYSIS OF VARIANCE ON R = 3,347
BFTs WEIGHTS
0,156
CONTRIHUTIONNS TO MULTIPLE CORRELATION
AND REGRESSION FACTCR LOUADINGSs 2ND COLUNN)
T X 0,024 1,000
SAUAREN RETA VEIGMTS
0,024
R WFIGHTS
N,AR2
INTFRCEPT CONSTANT « 3707
.lﬂglllll.l.l:ll-l-lilllll'llllllllllllIIIIIII.IIIIIIIIIIIIIIIIIIIIIIIIIII

MULTIPLE R SNUARE = 04028

MULTIPLF R = [FR LY}

NsO,Fsl ® 2

NeN,Fy2 u 136

F FNR ANALYSIS OF VARIANCE ON R = 1+902

AFTa WEIGHTS
=0,1%9 90,3280 .
CONTRTIAUTIONS TO WULTIPLE CORRELATION
AND REGRESSION FacTCR LOAO!NGSoz 2ND COLUMN)

i x “0,02% 0.9%
2 SAUAR n,082 0,988
SOUARED HETA_“EIGMTS -
0,025 0,1n2 >
A WFIGKTS .
“0,894 1,mA]

INTFRCEPT CONSTANT & J.ao[ .
' G.I.IIIIIIIIIIII-I-IIIIIII.II-III.IIII..III-.IIIIIIIIIIIII.II.I.I.I.I.II.-
MULTIPLE R SNIARE » 04021
MULTIPLFE R » 0.177
NilyFul » L ]
NeOyFe2 = 133
F FAR ANALYSIS OF VARIANCE ON R ® 1:428
BETA WEIGHTS , L ,
1,A52 =4,148 2.710
CONTRIAUTIONS TO WULTIPLE CORRELATION

ANO REGRESRION FACTCR LOADINGSs 2ND COLUMN)
N 1 X 0,290 0.A88
?  Snuam 0,712 04927

3 X CURF 0,453 0,947
SNUARED RETA wrEIGNTS
3,430 1im,aan 7,348

A WEIGHTS , )
10,040 =24,5%8 15,510
INTFRCEPT CONSTANT » 3,793

[}
ANNVA TARLE FDR POLYNCHMIALS

RENUCTION Our TO LINESR FiT, WITH | OF = 0:024
RESTOUAL S,8, = 0,976 OF » 138 RESIOUAL M,9, = 0+007
F FNAR LINEAR FIT = Y387
l.lll’lllllll"llll'llllIl".lllllllllllIlIll-l.lllllIIIIIIII-I.IIBI-III.II
RENUCTION ONF TO GENERAL QUADRATIC FIT wITK OF 2, = 0,028
RENHECTION M,g, = 0,014
RESINUAL 5,8, « 04972 OF » 134 RESIDUAL M,8, = 0.007
F FNR QUAORATIC FIY « 1+902
REOHCTION DUF TN CUANRBTIC TERN ALCNE, WITH 1 Fs o 0400
F FnR QUANRATTIC TERM ALONE « 0.032
Ill.llllIlIliI.lllllIIIllll..llIIlllIIllllIllI.IIIIIIIIIIIIIIIJIII.III....
RENHCTION NHE TH OENFRAL CUBIC FIT wiiH OF 3, . 0,011
REDUCTION N,8, = 0,010 -
RESINUAL S.K, » 0,969 OF a 133 RESIGUAL MeS, » 0007 1-24

QO ne RENFRA CUAIC FIT = 1,428
[E l HCTION NUF TO CUATC TERM ALONE WITH | OF = , 04004
MR CUINIC TFRM ALONE = N.493

AR |
Full Toxt Provided by ERIC
--—IIIIIIIIIIIIIII.II.IIl.l.llII‘...lllIIIIII..’IIIII.IIIIIIIIIII-IIIIIII-



Il'unl!llutlultﬂuiisnlllnllIiilltlll.II:I!IlI‘nlIlll..s...l.llItlI.Illl...

POLYNOMIAL FIVTING FOR 2 VARIAMLES~GRE AND 19 SCHRFa 137 CRSEaVATIONS,

RM RATING
THE PREDICTOR VARTARLE:X} LS GRE, AND THE CATTPAION VanlagLE(Y) 19 Tp ICNRE,
TFST MEANS ANn STYanNARE OEyIATIOKS
] X 04997 0.007
F SOUAR 0.,99% ' 0013
1 x chige 0992 " 0.819
'y A 4,49%) 14928
CORRELATION mata(x
X 1.n00 - 1000 l.000 0.nal
? SGuUAR 1.000 1000 1+000 0enée
1 X CURE 1.000 1000 1.000 04046
4 Y 0+nb1 01044 DeOAS 1.n00
I----Illlltll.t..ulstlll."sallIalll!lllnlllﬂl.-lII--.....-Il---ll.IlII.--
FIRST, SFCONN, AND THIRD AREGREE PULYNOMLALS,
-lt'll.lll!ll:l'lli’.III'II-III.IIIII.IIllll.llllllt'ﬂll]llllllll'lllll-ll
MULTIPLE R SnuaRE » 0,042 .
MULTIPLF R & g,3a]
NN ,Fol = [
NN Fe2 = 138
F FAR ANALYSI® NDF VARIANCE ON R = 0227
AFTs WEIGHTS
n,0el )
CONTRIAUTIONY TN pULTIPLE CORRELATION
AND REGRESKION FACTCR LOADTNGS, 2NO COLUMN)
t X 0.002 1,000 - R -
SOUIRED RETA wEIGMTS .
0,n02
R WFIGHTS
12,039
INTFRCEPT CONSTANT = =7:48%)
-ll-lllIItnl.ulla-ll-lIllllllll--Ill.-l-llIlIl|.ll-.l--.-lq-llllllll.-....
MULTIPLE R SOUARE « 0e14¢
MULTIPLE R » 0,174 ‘ 3
NN Fol = 2
NeO,Fo2 & 134 ' "
F FDS ANALYS)S OF VARIANCE ON R » 10.859
8FTA WEIGHTS
-%1,093 S1.0a8
CONTAIRAUTIONS TO MULTIFLE CORRELATION
AND REORERCTON FACTCR LOADINGSs 2NO COLUMN)
i X «2,092 0,116
2 sSnuam 2,23t - 0,7
SNUGRED BETA ~FIGNTS
6n6,3632819,491
8 wrlGNTS
Ll LA TY YL ROV )
INTFRCEST LONKTANT a  7388.344
l-..ll.lnsuu&»n-.na.n..---llninnnlll-lniill-.-.II-I-----.llilllﬁlll--I-.lI
MULTIPLE R Sasarg = 0,129
MULTIPLE R & 0,372
NeN Fil » 3
NeO,Fed2 & 133 .
F FOR ANALYSIR OoF YARIANCE ON R = T3
BFTA YEIGHTS .
=15,047 19,858 18,%8) ,
CONTRIRUTYINNG TO WULTIRLE CORRELATION
AND REGRESCTON FACTCR LUADINGSs  2NO COLUMNY
1 X i, 0ls 9.11¢0
2 _ SOuaAn 0.8%) 0.137
3 X Cumf 6,722 g.128
SOUARED BEYA wEIQHTS
278,727 381,348 242,793
. A WEIGHTS
Sematnu’92),4971900,930
INTFRCEPY CONSTANT = 5796.982 .
ANOVA TARLE rOR POLYNCHIALS
....llllllll!l...n.l:ll.Is!llll.lll..l.llllltlllllllll...llllllll.ll.l..-.
HENUCTION Otk 10 LINEAR FiT, wiTH 10f = 04002
RESINUAL S.8, = 0,998 OF a 135 RESIOUAL HeS, = 0,007
F FOR LINEAR FiT = 0,227 s -
-.I‘IIII.IIIIIIIIIIIIIIII--IIIIIIIIIIIIIIIIIIIII-Il..---IIIIIIIIIHI.II-.-.
RENUCTION DUF Tn GENESAL GUADRATIC FIT wirw py 2, . 0,140
BENICTION &,¢, = 0,070
AFSINUAL S,8, & 0,860 OF = 136 RES(OUAL M
F FAR QUADRATIC FIT & 10.869 3 StouaL '?' . 0.008
RENUICTION NDUF Tn CUAPRATIE TERAM ALONE, MITH L PPy = 0.138
F FOR QUANRATIC TERW ALONE o 214478
I.I-II.IIIIII.I.IIIII-I-I-'II.IIII.IIIIIIIII.IlIIII.I.'.-I-I..I..II-I...-.
RENUCTION nUF T GENERAL CUPIC FIT WiTw OF 3, 5 0119
REDUCTION w,q, o 0,046
RESTOUAL $.¢, & 0.8l OF = 133 RESIDUAL M,8, = 040086 1-25

y © FoR GENERA| CURIC FIT Te131
Y rauction nuf te cunre TERM ALONE NITH | OF = , “04001
[z l FNR CUMIC YrRu BLONE & =g, 5+ *

sSsSSasasassesSsagSssensasSsaar acsa sse L]
. SESECNssacctssasnsssasasssnssnnntncas
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POLYNOMTAL FTITTING poR & VAHIABLELSanHE ANU TP 5CONEa 137 CHSEQVATIONS,

RM RATING
THE PRENICTOR VARTANLE (x) IS WREs #ND THE CRITERION VARTAALE(Y) 1§ Th SCORE, .
TFSY MEANS AMA STYANNnanAr NEVIATIONS
1 x 0,832 1,232
2 SNUAR 6,451 n.252
3 X CURE 6,342 n.25)3
[} Y 4,451 1.92%
CORRELATION MsTRIX : .
1 x l.000 0,958 0,898 008
? SNLAR 0,958 1.00¢ p.94a8 04990
3 x CuBE 0,68 0985 1.000 0.187
. ¥ 0,368 00390 0,287 1.0n090
CEEEyYEKESIEIINE eSS ggenaaidng llll.II'IllBJllll!lllllllllllllllllll’llll...
FIRYT, SECOND, ANQ TWIRN AFGREE PULYNOMIALS,
==na:l=uBSIHI===-llnsllx:lln-lllllll..l::alllnallllllllllllllIlllx«I.l...-
MULYTIPLE R SQUARE » 0,134
MULTIELF R % 0,366
Ny BT m 1
Nt Fo2 @ 13% -
F FAR ANALYSLI® NF VAQIANCE ON R » 20 B8
BFTa WEIGHTS ’
0,366
CONTRIAUTIONS TO MULTIFLE CORRELATION
© AND HF6989<10~ FacTcu LOADINGSy 2ND COLUNN}
1 A, 138 1,000
" $nYaRED ﬂE!A wETGKHTS
“0,134
R~HF!GNYS
3,037
INTFRCEOT CONSTANT o 2453
.g.:llﬂ'l!lll:l'llll.l;=.Il..lllllll.ll!lllllll.lllllllIllllllllllll.llll.
MULYIPLE R SQUARE » 0,193
MULTIPLE R » 0e39]
N,D,Fol ® 2
NoD,Fs2 134
rﬁfﬁn ANALYSTS DF VARIANCE ON R ® 124103
RFTa WEIGHTS
=0,0R9 N,47%
CONTRIRUTIANS TO MULTIPLE CORRELATION
AND REGRESSTION FacTrR LOADINGSs  2ND ‘COLUNN)
i X “-n,01) 0,938
?  SNUAR o.rea 0998
SHUARED RETA WFIGKTS
0,008 0,276
A WEIGHTS
-0,739 J,A0 .
INTFRCEDPT CONSTANT » 1276 )
llllll.llll‘lll!llll.llIII.IIIllI.Illl.llllal..l..l'l...’....Il'.."..'~..
MULTIPLE R SNUARE = 0,59 L
MULYIPLE R » 0,392 - a
NeP Fol ® 2
NP ,Fe2 133 '
£ FAR ANALYSTS OF VAQIANCE UN R = 84042
BFTA WEIGHTS
-0,260 0.9%q¢ =0,324
CONYR RUTIONS YO »ULTIFLE CORRELATION
- aND REGRESSION FacTCR LOADINGSe 2ND COLUMN)Y
{ X =0,05% 00933
2 SOUAR’ 0,374 0,998
1 x cuae -0,126 0,987
SNUARED RETA wETGWTS
0,068 0,919 0,108
A arlonrs . “
-2,159 Te320 2,472
INTERCEPT CONSTANT o 39347
ANOVA TARLE FOR POL_YNCHTALS
lll.lll.lllllll:..l..n...lll.lllnlll.lllslllnsullilll-|lslll.l.ll..'......
PENUCTION OUF TO LINESR FIT, WITH } OF » Geldd
RESINUAL S.+5, = 0sR60 DF = 135 RESIOUAL X8, = 0s008
F FAR LINEAR FIT a 20,845
..q..;.Iullllllllllg.E.a.llI.ulilllllIIIIllll..ll.llll...ll.ll..-.........
RENUCTINN DUF TO GENERAL QUADRATIC FIT wlth pr.2, » 0e1%3 -
REMICTION M,8, » 0.0T7
RESINUAL SeS, = 0,887 DOF » 134 RESIDUAL M o g
F FAR OUADRATIC FIT = 124103 ' o9 D
REDUCTIONN NDUF TO QUANRAT[r TERM ALONEs WITH | oFy » . 0,019
F FaR QUANRETIC TERM ALONE = 3046 "
...........l.llllll..-....ln.lhllIIl..llll‘.'...l..lII-'Illn-l-.i......n..
RFNUICTION NUFE 10O GENrRAL CUBIC FIT WITH OF 3y o 0,154
RFNUCTION MeS, = 0,051 N
REGIOUAL Se%, » 0.bé0 DF = 133 RESTOVAL N,8, = De006 1-26

FOR AFNFRAL CURIC FIT = 8,042
[: l METION DUF TN CURTC YEHM ALONE WITW | NF = 02001
FAR CURIC TFRM ALONE . 0,0A8

'rnmmmnmcl..lllllll'llllll......l'l..lllIll.llIlllIllll..llllllllll..ll..........
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POLYNOMIAL FITTING FAR 2 VARTAULLS=SKE AND TP 'SCOAE 152 CASLAVATIONS,
/

THE PRENICTOR VARIAALE(X) IS SRE, AND THE CRITZHION Yan[aBLE(Y) IS TP SCORE,

TFST MEANS ANN STANNARE NEVIATIONS

1 X 0,260 0,283
2 SQUAR 04i5n 0+250
1 1 CURE O0st10 0234
. Y 5,783 2.42%
CNROELATION MaTRIX )
| x t.no00 0,918 0,831 0,199 . b
?  SOUAR 0,938 1+000 0.989 0,246
bl 1 CURE 0.2 0+980 14000 04+2%9
4 Y 0,199 0+246 0+2%8 1.000

llllllllllllllllllll.’llll;l.lllllllllllll:ll!lllllllllIll'll.ll.-.l.l....
FIRST, SECOND, AND THIRD NEGREE PUL/NOMIALS,
.:lgll.ll..l.l:-lll..ll.llll:llllllllllllllllllllIllI-lIIIIlIllIllll-lllll
MULTIPLE R SNIARE » 0,040
MULTYPLE R = 0.199
DFs) » 1
|0 Fi2 v
F FAR ANALYSTS NF VARIANCE ON R = 8.217
BFTa VWEIGHTS
© 0,199
CONTRIAUTIONS 1O wULTIPLE CORRELATION
aAND nronrqcrou FACTCR LOADINGS) 2ND COLUNMNY
i 0,080 1,000
anAnEo REYA WEIGHTS
0,040 . -
A WFIGHTS
1,710
INTFRCEPT CONGTANT = Ss306
lll-lllllllllal'.l'llllll.'l.\-lll.ll:llll.l.l.lllll.l.llI.lIIll..ll.lll...
MULTIPLE R SNUIARE » . 00089
NULTIPLE R = 04262
NeDFil = ?
N,O,Fe2 = 149
F FAR ANALYS!S OF VARIANCE ON R » S.483
BFTA WEIGHTS
0,258 0,4RAQ
CONTRIAUTIONS 70 MULTIPLE CORRELATION
AND REGRESSION FACTCR LOADINGSs 2ND COLUNMNY
x =0,081 0,762
? SOUAR 0,120 0+9%0
SNUARED RETA WEIGHTS
0,087 0571’
8 WFIGHTS
=2,21) 4,774
INTFRCEPT CONSTANT » S 687
n.l.lll.ll.lllllII.llIlIll.ll.llI...I-.I..Illlll'lll....lllI.$=Illl-lI....
MULTIPLE R SNIARE = 00689
NULTIPLE R » 0426)
NyOF.l o 3
N,D,Fe2 = 147
F Foﬂ ANALYSIS OF VARIANCE ON R » 3656
BFTA WEIGNTS
0,142 0e18%3 0,231
co~7918u7[nus T0 YULTIPLE CORRELATION
AND REGRESSION FACTCA LOADINGS) 2ND COLUMN)

v

i X -0,028 04799
e 2 SNUAR 0,038 0,934
% CUBRE 0,060 0,988

SNUARED ﬁEYA wEIGHTS
0,020 0,023 0,083

A WEIGHTS
=1,218 1,403 2,39
INTFRCEPT CONSTANT = 8,827

ANNVA TAARLF FCR POLYNCMIALS
lll.ll.llI-l.-llllll.ll-llll.lI!-lll:lll-Il.ll.lllllllIl-IIllI.....-......
PENUCTION DUk TO LINEAR FIT, WITH | DF » 0snab

RESINUAL 5,5, = §s960 DOF = 150 RESIDUAL M,8, = 0e008
F FNR LINEAR FIT = €,217

SNSRI NS ER SR NAgE Esa S NN SN NS TN I N NS SN SN RNANENENNNNSrYSnngn

QFNUCTION D!IF TO GENERAL QUAORATIC FIT WiTH OF 2, = 0,069
REMICTION M,%, » 0,034

RESIDUAL S.%, » 0.931 OF » 149 RESIOUAL M,8, » 00006
F FNQ QUADRATIC FIT = $e4R]

REPUCTION DPUF TQ CUADRATIC TERM ALCNEy WITH | CFy = 0,029

F FAR QUADRATIC TERM ALONE = 4,600
-.I.IIIIIIlIlll-llllllll-Ill.IIllIll.IlllIllI-llllIlll-lIllIl-Il-lIl-.--.-

RFNUCTION DUF TO "ENFRAL CURIC FIT WITH DF 3y & 0,069
REDHCTION M.&, ® 0,023
@ TESIDUAL S.S, = 0,931 OF » 148 RESIOUAL M8, » 0,006
[E l FAR GFNEQAL. CURLC FLT » 3,686 4
NUCTION DUF TO CUATC TFRE ALONE wITH | oF s, 0,000

WIEEEITH pan CURIC TFAM ALONE & 0,071

ST RATING

v

I-27
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POLYNOMIAL PITTING FOR & VARTAULES=PRE AND TP 5CONEe 152 GBSERVATIONS,
_

£ B
THE PUEDICTOR VARTARLE (X} IS PREs AND THE CRITENION VARTARLE(Y) 1S TP SCQRE,

TFSY MEANS AND STANNARD DEVIATIONS

1 X 0,849 04390
?  SOUAR 0,452 0,363
k] X CURAF 0,78% TRl
A ¥ 5.783 | 2-.25
CORRELATION MATATX
1 X 1,000 0.972 0+92) 14098 *
2 SOUAR 0.972 1,000 0,987 04099
1 X CUBF . 0.92) n.987 14000 04063
4 Y 0,058 §.058 0,068 1.000

CESrINIZINNCEseIe3ce il N eSS CANREINE2 301 INMENNZENeNNZSNNNENNSnSngeS
$IR&T. SECOND, aMD THIRD nEGREE! PULYNOMIALS,
EnZ3aBSIVIEBEISI=IS =IBH.lll.-llialillllﬂlllliB’IJ‘IIIIIIIIIIIIIIIIIIIl-llll-
MULTIPLE R SNItARE = 0,033
MULTIPLE R = O-OSR '
NP, Fel = 1.7
NoD F'z = 150
F FAR ANALYS]S OF VAaRIANCE ON n m 00509
BFYA WEIGHTS
0,158

* CONTRIAUTIANS T0 WULTEPLE CORRELATION

AND REGRESSION FagTCR LOANINGSs 2ND COLUMN)

i X 4,003 1.000
SNUANED RETA WEIGKHTS

0,003 -
8 WFIGHTS J

0,342 _
INTFRCEPT CONSTANT = SeSA4 -

(EEER R AN E RS ARSI R R LRIl R E Sl R R P L Y R LR L R S P T ]

MULTIPLE R SOIAPE = 0,042

MULTIPLE R = 0,058

NeD,Fol & 3 .- *
N.DFe2 8 149 .

F FAR ANALYSIS OF VARIANCE ON R = 0255

BFTa WEIGMTS
0,083 =0,078
CONYDIRUTIONQ TO MULTIPLE CORRELAY!ON
AND REGRESSION FacTCR LOADINGSs 2NO COLUNNl
i x 0,008 Ve 995
? SQU4R 0,001 0,943
SOUARED RETA'“EIGHTS
5,007 0,041

-

R WFIGHTS N s
0,51t =0,170
INTFRCEPT CONSTANTY @ 5:577 -
- lg:g:lllul-Ilal.ll:llillllIlll:llllllI!lll-lszlllsl:lsllllllll.llltlll..ll
MULTIPLFE R SOUARE & 0,142

MULTIPLF R = 0.320
Nyt ,Fel = 9

NN, Fe2 = 148
F FOR ANALYSIS oF VARIANCE ON R = 5.636
BFTa WEIGHTS _
A RHN «1],7c8 T.17? -

CONTRIBUTIANS TO MULTIPLE CORRELATION
AND RFGRESSION FAcrcn LOApINGS, 2ND COLU"N}

1. x 0,283 0.142
7 S0UAR “c,688 - 0,112
3 X CURE 0,48 0+204
. SOUARED RETA wfIGHTS i
21,459 13A,2+4 $]1,513 -
8 WFIGHTS »
A0,272 «TALANs 30,181
!NYPFCEDY CONSTANT » 5.4]0

ANOVA TARLF FCR POLYNCMIALS
SENeEEENSSNESINs NSt et agsnunttsansnasaninnstunetennl ENEqUNEN N atanan
QENUCTTON DIF TO LINESR FIT, WiTH | OF = 041:01 ‘&

RESINUAL 5,5, ® 0,997 OF = 150 RESIOUAL M,S8, = 0.007

F FAR LINEAR FIT m 0509

RENAUCTTAN DUIF TO GENERAL GUADRATIC FIT ver oF 2, = 0,00
REDICTION M,§, » 0,002

PEGINUAL S,5, = 0. 997 OF = 149 RESIOUAL H,8, & 0¢007
F FnR QUAnnAvxc FI' » 0,259 -
REDUCTEION NISF TO GUANRRATIC TERM ALCNEs WITH | gFy = o a0

F FAR QUADRATIC TERM ALONE s 04008

RFPUCTION DUF T GENERAL CUH!C FIT wITH DF Je » 04102
REOUCTION M,8, = 0.03¢ . e
RESIDUAL §,%, = 0,898 OF = 148 RESIOUAL N,9, ® 00008

GENERAL CURIC FIT = 5.614 : )
]E l(: 1ON DHF T CURJIC TERM ALDLE thH 10F @, . 0.099
CURIC TrAM ALONE = 14,339

[ provisey e
FullText rovided by ERIC
lllll.lllllllll.lll-llllllllllll.llllllllllllllllllllll-ll.ll-l'lll.

ST RATING

1-28
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PALysintdi FETTING PON  VARTAULES=GAE BND 1P 'S¢N%E 152 ORSEAVATINNS,

Tl PPEOTCTAR vARTAMLE (X} 1S GRE, 4ND THE CRITgRIGN YARTABLE(Y) 1% TP SoORE,

TESY wfanS Anay STa0nARC OFVIATTIONS

H ] LI LA p.147
? SIAR RLLY) 0.203
Y 1 cung 0,790 0220

¥ $.78% 24429

1.n00 0.969 0.914 0e0 79

$TUAR 0.769 1.000 0,989 0e183

! CUAF 0.0)4 0.948 1.009 0426)
’ v n.899 0,181 LYY 14000
uqo'l-qnvntlnllll-l.-0--lll-.-Iillllalllllllll-llllllllulllllllllllllll--l
FI8CR, SECOMA, AN Tw|kN PpdREE PULYNOMIALS,

lll.llll.l‘llll'lllllllll.‘l-llllllllJlll.llll-l.ll.l.ul..ll........l.....

.
CCRAFLATION upTaR
[ H
?
)

WL TIPLE R SNaRE e 0.010
WLYIPLF 9 e 0.099
DRy N} i
N D, FL,T » 184
F A AnaLYSIS oF VARIANCE On R » 10490
RETy wffnwuts

9,099
CANIRTAUTTIANS 7O Wy L TIPLE CORRELATION

IND BFOQFSSION FarTLA LCADINGSY  2NO COLUNN) .

) t 4,010 1.000 )

S uUsRED AETA wFIGKMtY '

0,810
RoweIGMTS

1.28%
TrOCEDT CONKTANY o 4830
lllll.llllll-nolllllll-lllll-llllllllllllll.l.llllll!lll-llllll-ll-llll.-l
WOLYIRLE R 4nnadl w 0.1)e

ML YIPLE R e 1.368
N.D T 2

N, 3. F.2 = 149
F FAR ANALYSIS OF VARIANCE ON R » 11.8%0
Bt s wELIGHTS

1,298 1,437

CAOMIRIAUTIINNS T PULTIPLE CONRELATION
shD RFGRESCION FACTCR LCADINGSY  2ND COLUMN
i t -r 128 0.271
3 (L] n,26) 0.499
StUWRED RETA vwrGMTS o
1.A74 2,044
RoprlGats
“1&, 755 17,11y -
I«T#ACEDT CONKTANT = 5.47
.l.D."l..l.lll'.ll'lllll.'..Il.lll-.l.-lll..lllll.l-.ll..ll--'.........-.
ML LTEIPLE T $Oiang e .18
HULTIOLF R 0,022
", 0,F.) = 3
KN, F.2 » 148
F FnR ANELYNIS aF vanR[ancE ON R » 10692
BFTa wEIOWYS
YRRy «% 777 4,192
CORMTAIALTIONS 19 »ULTIPLE CORRELATIOY
A0 REORESCION FArTCR LCAQINGSs  2ND COLUMNY
¥ X 0,587 0.238
> SayaRr -1,088 0.4))
At Cunr 1,087 0,578
$naBED AETA wrpiOmTe
2,343 33,¥1¢ 19,788

A wFIOWTY
IR IT AT L OE T TRY BT )
INTCRCEDTY CONATANT o 5,828 .

ERAVE TARLE roQ POLYNOHMIALS
o-l.l-lllillnnnlllnlll-ll'Ill.l.lllllll-lllllllllllllllll'llllllollllll.ll

afruCtINN DUF 10 LINEAR FIT, wiITH | OF = 0.010

aretouaL $.9%, = 0,990 OF = 150 RESIOVAL N S, » 0.007

F -0 LInfFAd FiY @ 1.490 .
!l‘l..lll.l.lllllllllllll'llllll.ll.lllll.llll.lll.l.lllll.l...l'........l
SEaucTIan U 10 GENEGAL QUADRATIC FIT 4ITH DF 24 = ds134

RESULTION W,5, = 0.067

arsinysL $.%, s n.A684 DF = 149 RESIOUAL M,5, » 0:0068
f FAB QuUAGRATIC FIT » 1145%0
AECCTION NUF 10 GUARRBTIC TERM ALCNE, wiTw 1 BFy » 0.124

£ taQ QUADRATIC TEHWM ALONE = 21.409%
.....g..........lll-.llll.llnllllllllllllllululllllullllllllllllll.l..l...

SFOnCTION DU tn GEnFRAL CUBTC FIT WITH OF 34 o 0,178
BIQaCtIoN w8, - 0,0%9
BECINUAL 5.4, = n.A2¢ or = 148 RESIOUAL M.8, @ 0:006

O o neneas, cumtc rit e 0,692
FRICerion o 10 cunte reme avone witn 4 o = | 0a04s

T ? GVt TrRe ALARE = 7,904

1-29
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POLYNOMIAL FITTING FOR 2 VAR ADLES«VRE AND TP SCNHEe 194 CAERVATIONS,

ST RATING
THF PRENICTAR VARTANLE (X} S WAEe AND THE CRITERINN VAALAALE(Y) 1S TP SCORE,
TFST MEANS ANN STANNARD NEVIATIONS
\ X 0,403 0207
2 SQUAR 0.408 0.23?
L] X CUAE 0,292 0,238
4 Y 5,783 204253
CORRELATION MATRIY
1 X 1,000 0.973 0,924 0,234
2 SAUAR 0,973 l1.000 0989 0,249
1 X CHRE 0,921 0,983 1,000 0,241
[y Y 04204 0.20% 0.2H) 1.000
IBI:IIII:IIIIH:III.l.lll.ﬂ’ll.!ll!ll!!l.llltllﬂlIIIIlllll.lllllllll..ll.l.l
FI1RSTs SECHNN, AMD THIRD NEGREE PULYNOMIALS,
III.IIIIIlll!!IIIII.III:lI.llllllllIllllllIIIIIIIIII..II.II.I.II..I.I.IIII
MULTIPLE R SNUARE = 04058
MOLTIPLE R = _ 1234
NN, Fel = 1
Nol,Foe2 ® 150
F FAR ANALYSTS OF VARIANCE ON R = B.707
BFTs WEIGHTS
n,274
CONTRTAUTIONS T0O WULTIPLE CORRELATION
iND REGRESSION FACTCR LOADINGSv 2ND COLUMN)
1 X 0,055 1.00
SOUMRED RETA WEIGKTS
0,053
B wr[GMTS
2,746
INTERCEPT CONSTANT » 49128
I.ll-llllIll.l!IIIIlIIIIIII.IlllllllIIIIIIIIIIII.I.II..I..IIII.I.-....IIll.
MULTIPLE R SOIMARE @ 0,090
MULTIPLE R & 0,283
N,D,Fsl @ 2
N.,D,F,2 ® ) 149
F FAR ANALYSIS OF YARIANCE OCN R » be467
BFT) WELAMTS ’
-0, 426 G.A79
cnnrnlnufxons Y0 ¥ TIPLE CORRELATION
iND RFGRESQION FACTCR LOADINGSs 2ND COLUMN}
1 ¥ “0,100 0,829
7  SO0uAR 0,180 0,938
SNUARED RETA “EIONTS '
0,182 Y
A urtGHYS
4,999 6,917
INTERCEPT CONSGTANT = 84982
I:l.!l!lIIIIIISIIIIIIIl?:I.I!IIIIIIII.IIII!IIIIIIIIIIIIIIIIII.IIIII.I.IIII
MULTIPLE R SOIAPE = 0.123 .
MULTIPLE R = 04351
N,D,Fel = J
.D F.2 = L4A
F FAR ANALYSTS OF VARIANCE ON R ® 64925
BFTs WEIGHTS
2,879 8,175 «3,314
CONTATAUTIONS TO WULTIPLE CORRELATION
AAD REGRESSION FACTCR LOADXNGS- 2ND COLUMN)
‘ X -0,628 0,608
? SQuAR l.bza 0,754
X CUuRE =0,87) 0,751
SQUARED BETA wFIGKTS
7,579 37,644 10,98¢
B WEIGHTS . L.
=31,415 62,653 =34,060
INTFRCEPT CONSTANT = 9,241
ANAYA TARLE FOR POLYNCNTALS
SEEgEsEEESEENEEEESggusputfazEEnENEsEEEE3ERENEuEEpuif P aguO SNt aAuaupinnen
PEAUCTTON DUE TO LINEAR F|Y, WITH | OF « 04055
RESILUAL 5,8, = 0,945 0F » 150 . RISTOUAL M,%, « 04006
F FAR LINEAR FIT = A, 707 :
SgpsguuSfEEsEEzEERuYgpuuanifaguusuEnsaulifEASguagEtnantennatAnPlSanPuduanpues
RENUCTION DHE TO GENERAL CUADRATIC FIT wiTH Of 2, « 04089
REPUCTION M, S, = 0,040
SECIDUAL §, & 0,920 OF » 149 RESTOUAL My8. » 0,608
F FoR auAnnarf? FIY? « 6,487
REOUCTION DUF TH CUANRATIC TERM ALONE) WITH 1 pFy = 0.028
F FAR QUADRATIC TERM A{ONE » 4,050
I.I.II.IIII.-IIII.ISIIIIIIIIII.II'lllllll'l!ll.I..II..II.lll..l...........
AFOUCTINN DUF Th OENERAL CURTIC FIT wWiTH OF 3, 0,123
REQUCTION M5, ® 0.04] 1-30
RESIDUAL S,%, o 0.,A77 OF = 148 RESIDUAL M3, » 0en0d
" FAR OGFNERA; CURIC FIT o 6,92%
E l ECUCTION DUF TO CURLC TERM ALONE WITH | OF & | . 0,04%
" FAR CUALC TFAM ALNNE = T.298

SRl SN s NN RSN gEE A A SN I IS N NG E NS N n S E sGNNI E SN G At A nneR
N
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POLYNOMTAL FITTING FOR 2 VARIAOLES=SRE AND TP SCNEEe 3 ORSERNVATIONS,

.

TM RATING
THE PREDTCTOR VARTARLE (X) 1S SAE, AND THE CRITERION VAn]A8LE(Y) 1S TP SCoRE,
TFST MEANS AND STANNARC OEVIATIONS
X 04172 0,194
? SQUAR Nenb? 04139
K} X cuBer 04038 0,109
4 Y 5,282 1,986
CHRRELATION MATRIX
1 X 1,000 04908 0.791 0,198
? SQUAR 0,909 14000 0.972 0.n82
1 X CUBE 0,791 0.912 1,000 04087
. 4 01t9% 04052 =0,057 14000
llIIIIIIIlll-:llllllllljlllllllllllltﬂllllllllllll:Illlllllllllllllllllll.
FIRST: SEENNN, AND THIRD REGREE PULYNONMTALS,
SENETINIINAEIINENEI e e g eNE i INEAENSeI0338033 0NN eSS EEEEEsSaNaEEn
ML TIPLE R SOILARE = 0.0239
MULTIPLE R »_ 0.19A
ND,Fusl » 1
NeO,Fap » 37
F FNR ANALYS!S OF VARIANCE ONR ® 1.%0)
BET: WEIGHTS
0,198
CONTAIRUTIONS TO MULTIPLE CORRELATION
AND REGRESSION FACTCA LOADINGSs 2N COLUMN)
] X 0,029 1,000
SAUARED BFTA WEIOMTS
0,079
R WFIGKTS
72,024
INTERCEPT CONSTANT = 4.932
lll:l:nl.lllllllllIllllIllla-llllllllllllll'llll-ll-llllllllllllll:lllll-'
HULTIPLE R SOUARE = 0.129
MULTIPLE R o 04359
NeO,Fel @ 2
NeD,Fi2 @ 34
F FOR ANALYSIS OF VARIMNCE ON R = 2¢684
BFTA WEIGHTS
6.873 «),7h04
CONTHRTAUTIONS TO MULTIPLE CORRELATION
AND REGAESSION FACTCA LOAOINGS. 2ND COLUMN)
1 L 0,168 649551
?  SNUAR 0,016 Delbé
SOUARED BETA WEIGHTS
0.698 0,496
8 WFIGKTS
B.558 =10, 74
INTERCEPT CONSTANT @ Aed9Q
..lllllllllllllIlllllllllllllllll-lllllllIlllllllll-llIlllllllllﬂllllllll.
MULTIPLE R SOUARE = 0.217
NULTIPLE R = 0,464
NiD,Fel = 3
N.OD, ‘u? L] s
F rnn ANALYSTIS OF VARIANCE ON R = 3.230
BFTa WEIGHMTS
0,463 3,047 2,651
CONTRIRUTIONS TO WULTIFLE CORRELATION
AND REGRESSINN FACTCR LOADINGS? 2ND COLUMN)
i X =0,092 0,424
? SOUAR 0,1%8 0s111
1 ¥ CURP 0,191 0,122
SOUARED BETA WEIGKTS ’
0.21% 9,208 T.028
B WFIGNHTS )
wh TAG A4, TAL 48,424
INTERCEPT CONSTANT = 41802
ANOVA TARLE FOR POLYNCMIALS
lI‘lllllllllllllllllllIlllIllllllllllll.l-lllllllllll.llllllllllllllll..ﬂl.
RENUCTION DUF TO LINEAR FiT, WiTH | OF = £.039
DERINUAL S.%, ® 0,961 OF = 37 RESTOUAL Me8, @ 00028
F FOR LINEAR FIT = 1,503
SN NSNS IS NN NS ENE ey EEEESEEEESuSEnNsEEEREnESsNannENtastEEnNntaNgunn
RENUCTION BIIE TO GENERAL GUADRATIC FII WITH OF 24 = 0,129
AFDIICTION H.8, = [ L1
RESIDUAL S,8, = 0.A71 OF = 36 RESIOVAL M,9, = Ge024
F FAR QUAPRATIC FIT = 2:686
REOHCTION OUF TO GUADRATIC TERM ALCNTy WITH ' £Fy = 0.090
F FAR QLIADAATIC TERM ALONE = J. 109
’llllllllllllllllllllllllllllllllllllll.lll-llllllll.lllllllllllll..,ll'll
REDIICTION OUE Tn GEnFRAL CURIC FIT wITH OF 3y o 0.217
RFDIICTION M,8%, = 0,072
ncqxnUAL g, ¢, o 0,783 DF = 35 RESIOVAL M,S, @ 0.022 - I-31
AR GFNERAL CORIC FIT o 3.230
[: l ICTION DUF T CUATC TERM ALONE BITH | OF = 0,088

)“ CURIC TFRu ALONE = 1,944

IR EN I NN NN NN NN NI N NI NN NN EE s ' NAE N ENEEEENENNENNENsERS



l-u;lllllllllnlllhl!l!llllllllil.lll:-llllllll.llllll‘llnlll.ll..lll-ll.l.

PDL YNOMIAL FITYING FOR 2 VARIAMLES=PRE AND 1P ACOHES 19 ODSERVATINNS,

TM RATING
THE PRENICTOR VARTAMLE(X) |5 PRE, AND THE CALTERINN VARTAALE(Y) 18 TP score,
TFST MEANS ANN STANDARE NEVIATIONS
1 X 0,459 04354
F I TTITY: 04729 n,296 °
1 X cusr 4248 04254
. Y 5,282 1,984
CORRELATION MaTRIX .
1 X 1.000 0.971 04911 n,24)
H SQUAR 0,971 1,000 0,982 ne2R]
2 X cing 0491 04982 1000 0280
. Y 0e743 0281 0249 14800
.‘a...l.-..l.-.-.ll[-llll.llllllllllnllllllllllllIIIIIll.ll.lll.'.l.-lll..
FIRST, SECINN, AND THIRD NEOREE PULYNGMIALS,
III-II:IIIIIIIIIIIIIllll'.-lll!lllllll]lllll.llII.IIHIII-IIII--IHIIIHIIIII
MULTIPLE R SOUARE ® 0.0%9%
MULYIPLE R & 04243
NeD,Fsl = i
ND,Fo2 » 17
F FOR ANALYSIS OF VARIANCE ON R = 2+329
8FT4 WEIGHTS
0,243
CONTRIHUTIONS TO MULTISLE CORRELATION
AND QEGRESSION FacTCR LOADINGS+ 2NO COLUMN)
i X 0,089 1,000
SOUARED RETA wEIOKTS
. 0,0%9
8 WFIGHTS
1.386
INTERCEPT CONSTANT & 4667
IIIIIIIIIII-IIIIIIIll.lll!.ll'I-III-IIII-.Illllll-lll-lll‘lll--l.ll.-lll-.
MULTIPLE R SOLARE = 0,094
HULTIPLE R » 04308
NeD,Fsl = 2
NeD,Fe2 = 3
F FOR ANALYSI® OF VARIANCE ON R = 1887
8FT4 WEIGNTS
«0,502 4,748
CONTRIAUTIONS TO WULYIPLE CORRELATION
AND REQRESSION F4CTCR LOADINGSs 2NO COLUMN)
i X 0,122 0,796
? SNUAR 0,216 0,918
SQUAREOD BETA WEIOKTS s
0,252 0,991
R VEIGHTS
-2.821 8,.7ss
INT"RCEPT CONSTANT @ 44879
lll,lllllll-lllllllllllllllllll‘l.lll.ll.lllllll.l.llllI..ll.--III-II--.lI
MULTIPLE R SOUARE ® 0.153
MULTIPLE R = 039§
N.DFel &= )
NeD,Fe2 » s
F FNR ANALYST® OF YARIANCE ON R a 2112
BETA WEIGHTS -
=3, 0R) 4,784 <),%7%
CONTQFAUTFIONS TO MULYIFLE CORRELATION
AND REGRESSION FACTCR LOAOINGSs 2N COLUMN)
1 X 0,750 0,622
?  SOUAR 1,906 0,717
1 X CURE =1,002 0,718
SAUARED RETA WEIGKTS
9.506 46,044 12,784
B WFIGHTS
=17,309 45,88 227,737
INTERCEPT CONSTANT o S.103
LNOVA TABRLE FOR POLYNCMIALS
-----’lll--l.--llllllllll-lllll-llIIlllllllllllll.l.l..ltIl’I-.I-IlIIIl-.-
RENPUCTION DUF Tn LINEAR FfT, WITH | OF » 8.089
RESINUAL §.5, = 0,848 OF o 37 RESIOUAL M,8, » 0,02
F FAR LINFAR FIT @ 2,329 )
l'l-lllIlllllllll-ll-llIHI-I-IIIIBIIIIIl-lllll'l-.llIl.I.l-I..--.Il..-...-
RENUCTION OUE TO GENERAL QUADRATIC FIT witH pDF 2, o 0,094
REDUCTION M,%, ® 0,047
GESINUSL §,8, = 0,906 OF a 3¢ RESIOUAL N,8, » 00029
F FAR QUADRATIC FIT a 1.887
REOICTTON NUF TO CUANRATIC TERM ALGNE, WITH | pFy = CGs034
F FAR GUANRATIC TEAM ALONE = 14363
llllllllln.-l...-lnlllll--------ll.ll-l--.l---lllllllllllll...I..Il...-...
REDUCTINN nUF Yo OENERAL CUBIC FIT WITH DF 34 o 0,183
REQUCTION M,8, ® 0,051
RESTINUAL 8,8, = D,RAT DOF = 33 RESIOUAL M,8, ® 01024 1'32

O oorveam, cuate F11 s 2,112
“FERJICer1on nur v curtc rerm aLonz with 1 or s |, 0,060
m CIIRIC TPRM ALONE » 2,470

..-.ql.lnl.-..nlnllllllllll--llnnlnl--nllllllllllllllllllll.!.l.....lll.nn



-llIIllIIl'Iuﬂ!llll‘-lll.lll|llll.lll'.!l.IIllll.llItIl..llII.Ilil.llll..l

POLYNOMIAL FITIING FOR 2 vARlAnLEs-onc AND TP S¢nREe 37 caSEavarTions,

T™ RATING
THE PRENICTOR VARIARLE(Xs IS GRE, AND THE CRITFAION vARTABLE(Y) S TP SCORE,
¢
TFSY MEANs AND sTananc ogv:;l]ons
1 0,AT1 0,11
> SQUAa 0,768 u.zlo ‘.
Yy x cung 0.720 0,249
. 5,282 1,946
CORRELATION maTRtX
1 X 1.000 09592 0,088 0.186
? SQUAR 04952 1,000 00984 04170
1 X cuag 0,888 0.988 1000 0,183
4 A 0.18¢ t.170 0e163 1.000
-l-'l-.IlIllllIIIIIII‘.IIIIIll.ll‘..l..llllll.llllll..llﬂ.ll.l‘l.ll.l.ll..
FIRST, SE<OND, ANE Twlfp AFGREE PULYNOMTAL .
ll.!llllll.lullllllll.llll.ll.lll.l.IlllilllllllllllIllllllll..llllllll-'l
MULTIPLE R SONARE w 0.035%
MULTIPLE R » 04184
NyN Fel » 7
N 0. 22 ® 37
F FOR ANALYSTS OF VARIANCE ON R ® 14327
Br T} WETGHTS
n,186
CONY“:RUT!ONQ TG MULTIPLE CORRELATION
ANO HEGRES<10N FacTCA LOADINGS»  2ND COLUNN)
0,038 1,000
SHUARED BE!A wEIONTS
0,018 -
B WEJGHTS
2,131
INTERCEPT COMSTANT = 3,428
.I.llll.l.ll.lllIll.lllll..llllll.lll.lllll.lll...ll..l.llll“..lll.IlllI.
MULTIPLE R SQUARE & 4,035
uqulDLz R = 0.187
NeD,Fal = ?
NeD,Fe2 = hL}
F FOR ANALYSIS OF VARIANCE ON R ® 0.6%8
BFTa WEIGHTS
0,257 =0,07%
cn~rntnu1to~s TO VULTIPLE CORRELATION
AND RFGRESEION FacTen LCapINGSe 2ND COLUMN)
1 X 0,048 0,993
3 snuae “0,013 0,907
SQUARED BETA YEIGKTS
0,066 0,004
8 vrlnuvs L.
2,946 w=p,7AM
INTFRCERPT CONSTANT » 3,272
l!IIIlIlllII.aIIIIII-ln:.-II.lllllllIIlIllIII-Illullll.--IIIlll..i.l...-..
MULTIPLE A SCUARE = 0.08%
MULTIPLE R = 0,291
NN F,1 = 3 3
N Fo2 @ ) 3s
F FOR ANALYSI®R OF VARIUNCE ON R » 1,082
BFTa WEIGNTS
3,436 =A,087 $,971
CONTRIRUTIONS TG MULYIPLE CORRELATION
ANO HEGRESSION FACTCR LOAQINGS: 2NO COLUMN)
3 ] 0,679 0.639
>  souaR 1,529 0,584
1 X Cuar 0,974 0,560
SOUARED RETA WwEIGHTS
11,807 Q80,748 35,858
A WFIGHTS
39,396 «84,A77 48,48
|~1rnc£91 CONSTANT = 2981
ANNVA TABLE FOR POLYNCNEALS
III.IIIIIBII..IIIII..I|-.III.I-IlllIlIlIIlIIl|-Il.IIOlII-IIIIOIl.IaII.-..-
RENUCTION DUF T LINEIR F§T, WiTH | DF 0.N1%
PESIDUAL $,5, » 0,965 OF = 37 RESIDUAL M,8, @ 0028
f FAR LINEGA FIT & 1,327 -
l..llll...llll.l......ll’..llﬁ.ll..llllll....lll.lll.lll..ll...ll......ll.
RENUCTION OUF Tn GENERAL QUADRATIC FIT WiTh or 24 0 0,038
RENDUCTION M,¢, = 0,018
AFcInUsL $,8, = 0,965 OF » 36 RESIDUAL M,8, ¢ . den2?
F FOR QUANRATIC FIT = 0.656
RFDICTION PUF TO CUANRATIC TERM ALCNE, WITH | CFer @ 0.001 .
F FOR QUEDRATTIC TERM A(ONE = 0020
.lllll.llllllIllllI.lllll'll-llIl.lll.llllllllllllll.l...'ll‘.ll...l..-...
REDUCTION DUE Tn OENERIL CUBIC FIT WITH DF 3, . 0.0A8
RENUCTION u,¢, = 0,028 1-33
RESIDUAL S,9, » 04913 OF » 35 RESTOUAL M,8, o 00248
FNAR GENERAI, CUHRIC FIT » 1,082
TOHCTION PUF 1O CURTIC TERM MOME WITH | DF = N 0,080
[E l(: FOR CHATIC TCRM ALDNE = 1.903

lllII.IIIIIIIIIII.llI'll.l.llllll.ll'hll.lllll..lll.Il..lll..ll....l.....



lllllllllllllilnilllll'l-lll-llllllﬂlllll.llll.lllllllll-lllllllll.ll'-lll

POLYNONLAL FITTING FOR 2 VAHIADLEU«WRE AND T# SCOREe 39 ODSERYATIONS,

TM RATING
THE PREDTCTOR VARIAALE (X} IS WRE, AHO THE CRITFRION VARTARLE(Y) 1S TP S¢ORE,
TFST MEANS ANn STANNARC DEVIATIONS
i X 0,498 n.19¢
?  SQuAR 0,28) 04193
3 X CURE nNeyle 0.168
[ Y 5,202 1.5088
CNRAELATION MaATRIX
t X len09 0970 0939 f480)
2 SAuAR 0.978 1.009 ne.9As 0,819
1 X cuse 0,930 009086 1.009 04407
LI ¥ 0403 04419 ns409 Lenind
.!IIIIDIIIIIIB.I'...I-lll..l.lllll.l.llllllllllll.ll.Il..llllll.llll.-....
FTAST, SFCANN, AND TWIRD nEGREE PULYNOMIALS,
|:lg.g-¢........u..-.ll-lﬂl-.lt.llllll-l-'clllllllll....tl-l-lll--.--.....
MULTIPLE R SAILAE » 0.1e2 '
MULTIPLE R 0,403
NN, Fy] = i
NDFoyp = a7
F FOR ANALYSIS NF YARIANCE ON R = Te172
BFTA WEIAGHTS
0,403
CONTRIRUTTNNS YO WULTIPLE CORRELATION
AND QEGRESSION FACTCR LCADINGSs  2ND COLUMN) £
1 x 0,162 1.000
SNUARED BEva wEIGHTS
0,182
R WPIGHTS
4,127
INTERCEST CONSTANT = 3234
Illlll.ll.lllll'lllIl.llll.l'lll.llIISIIIIIIIIIII.II..II.I.I.II.IIIII.-...
MULTIPLE R SOIARE = 0,177
MILTIPLE R » 0,421
NN Fe1 = P
ND,Fy2 @ s
F FOR ANALYSIS OF VARIANCE ON R = 3.067
BETe WEIGMTS
«0,161 8.578
CONTRIAUTIONS YO MULTIPLE CORRELATION
AND REGRESKION FACTCR LCADINGSs  2ND COLUMN)
] x *0,068 0,958
? SNUAR 0,242 00997
SAUARED RETA “EIGHTS
0,026 0,322
8 YFIGHTS .
=1,444 SuQi!
INTERCEPT CONSTANT @ 4,424
--l-clnll-lnll-ll-l--ll---lI-l----a-----ll----.---ll.n.'.-lllln.n...n...n.
MULTIPLE R SaU4RE = 0,224
MULTIPLE A = 0,473
N} Fol = 3
NeDFy? = kL]
F FOR ANALYSIS OF YARIANCE ON R ® 3e382
BFTa WEIGHTS
=3, 771 8,778 4,667
CONTRIAUTIANS YO MULTIPLE CORRELATION
AND AEGRECCHON FACTCR LOADINGSe  ZND COLUMN)
] X 1,520 0,892
? saGuaR 3.68%0 0.886
T X cuss =1,907 0,804
SNUARED RETA wEIGMTS
14,222 T8,y 21,789
B YFIGHTS
18,822 89,448 «56,064
ILTERCERPT CONSTANT @ 9.037
ANOVA TARLE ron POLVNCN!!‘S
-ll-ll.-.-..'..--lsnnl--'lll.-.--lllll-.-l--l---llllnlll.lllﬂ'."-ll.'..--
RFNUCTION puUF TO LINEBR FITy WITH | OF = 0162
CESIOUAL S,%, = 0,038 OF 31 RESIOVAL M,8, & 0,023
F FPR LINEAR FIT @ T.172
.-l.-.............l..ll..ll..lllllllll-ll'l-ll-llll...l...ll"'l.ll.......
RENUCTION DUF Th GENERAL QUADRATIC FIT WiTH Dr 2, @ 0.177 -
REOUCTION M 8, = n.o8e
RFelDUAL S,%, » ter2) OF = 36 RESIOUAL M,8, @ 0,023
F FOR QuAnRaTIC FIT u RAT . =
REQUCTION OUF YO CUAQRITIA TERM ALONEs WITH 1 oF: ® 0.01s ///
F FOR NIIADRATYC TEAM ALONE = 0,034
ﬂllllI.II.llllllll.'l.llllll.llllllll.lI.IIllIl_lll'l..ﬂ..'llllll.lllI..-..
REOICTION nUE Yo GENERSL CUALC FIT WITH OF 3, . 0,226
REOUCTION M &, = 04073
RESINDUAL $,%, o 0.776 OF = 35 RESIOUNL M,8, @ De022 I-34

Q R GENERsL CIRIC FIT o 3.362
EE l UETION niF Tn CURTC TERM ALONE WITH § DF = | 0,047
OR CURIC Tram ALNNE & - 2,11)
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JOD TASK CONDITIONAL AND
JOINT FREQUENCIES BY RATING

- This Appendix wi’i 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 symetric
about their main diagonal and therefore only the upper triangular portion

will be presented. Denote an arbitrary entry in the ith row and jth
column {i=1, ...,8) as a, j? read left to right and top to bottoa for

rows and columns respectively.

For the Job Task Conditional Frequency Matrices, the entries on the

main diagonal, 3y (i=1, ...,8), are the number of technicians CHECVED
3

OUT on the (92-i)th job task, but HOT CHECKED OUT on an any more difficult
task. The entry off the main diagonal, a, ; (i=1, ..., 8; j~i) is the

number of technicians CHECKED OUT on the (9-j)th task given they are

CHECKZD OUT at most on the (9-1)th task. For example, from page J-4, there
were 17 EM's who were CHECKED QUT at wmoast on Job Task Yo. 7, i.e.. they
were NOT CHECKED OUT on Job Task No. 8. Of those 17 men 4, 13, 14, 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, a5 (i=1, ..., 8), are the number of individuals CHECXED OUT

on the ith task, regardless of their performance on any of the other tasks.
The entries off the main diagonal, a, j (i=1, ..., 8: j>i), are the number
'Y th .th

of technicians CHECKED OUT on hoth the 1 and ] job task. For example,
from page J-4, 75 EM's were CHECKED OUT on Job Task ‘'io. 5, 42 on Job Tasks
No.'s 5 and 6, etc.

J-3




95

The number of technicians not CHECKED QUT on any job

R7

R7

FLECTRICLAN'S MATE (EM) RATING
(M =97)

Conditional Frequencies

Job Tasl:
6 5 s .3
33 50 SN 50
. .13 14 17
[ 6 S S
6 5 6
3 3

Joint Frequencies

Job Task
3 “ s e
87 17 75 43
Be 73 70 40
H7 71 69 40
17 69 N
.15 Y4

%3

J-4

2 1
52 55
17 17
3 6
6 6
3 3
5 6
0 0
2

task is 2
T- 8
63 55
63 52
62 50
56 Sa
56 50
35 33
63’ 46
55



he

A ELECTRONICS TECHNICIAN (ET) RATING
' N =173)

Conditional Freguencies

Job Task
M 7 6 5 6 3 H 1
132 114 Rl 113 131 127 123 131
r : 15 5 6 15 15 11 18
16 . 5 & 1n 7 9
2 2 2 1 2
Q - 4 e}
X ? 1 !
\ A 0 0
\ )

The number of technicians not CHECKED OUT on any job task is 1

Joint Frequencies

Job Task

1 2 3 o 5 6 7 8
142 7 lan 1n0 163 126 Qs 129 131
147 lan 141 117 A9 118 123

166 . 159 124 95 o126 127

pd 165 125 9 ‘129 131

126 8A 108 113

96a A3 81

129 114

132

Q J-5

ERIC

Aruitoxt provided by Eic:



FIRE, CONTROL TECHNICIAN (FT) RATING
_. - (N = 154)

Conditional Freguencies

Job Task
R 7 6 ) 4 3 2 ’ 1
102 92 74 36 . 101 Ye 90 . 102
A A 6 8 A 8. f
16 a 12 16 12 14
15 14 12 10 14
] 4 4 ?
2 1 2
0 0

1
The number of technicians not CHECKED OUT on any job task is 4

Joint Frequencies

Job Task
1 ? 3 s 5 6 7 8
1an 125 13 141 115 a3 100 102
125 lzae 121 101 H5 9 90
134 128 118 91 9% Ya
143 116 a0 99 101
116 76 86 86
33 76 74
2 . ) 100 92
102

J-6




t

INTERIOR COMMUNICATIONS ELECTRICIAN (IC) RATING

(N = 58)
A Conditional Freguencies

Job Task
K 7 6 5 “ 3 2 1
27 27 20 23 27 26 L 26 27
6 1 6 S 6 6 6
5 (3 ? & 4 5
8 T 6 “ 8
3 3 2 3
4 3 &
0 0

The number of technicians not CHECKED OUT on any job task is 1

k]

Joint Frequencies

Job Task
> 2 3 4 S . & 7 8
57 “5 . w9 “h 41 26 33 27
45 “b 38— 16 25 .32 26
< ey “1 38 25 32 26
. 37 23 32 27
1 25 29 23
2 21 i 25
33 21
27

J-7




(N =139)

RADARMAN (RD) RATING

Conditional Frequencies‘

Job Task

] 7 6 5 4
?h 7 ) 2% 14
- 1 1 1 1

. .
1 1 1
79 31
3

Joint Freguencies

/$

| 2 3 4

136 27 38 50

c7 23 le

3k 23

. ' 50

4
o v‘ . .
ERIC

Aruitoxt provided by Eic: - ’

Job Task

J-8

]

97
21
34
47

97

-

The number of technicians not CHECKED OUT on any job task is 3

® o N -

W

32

26

14

25

26



The number of technicians not CHECKED OUT on any job task is 2

135

O

ERIC

Aruitoxt provided by Eic:

&

ren
by

1u0

RADIOMAN (PM) RATING

(N = 137)

5

13
17
2H

55

Joint Fréquenpies

H8

69

Conditional Frequencies

Job Task

13
17
ee

32

Job Task

T6

ag

J-9

)

113

13
11
28

40

46
3A
40
39
45

4h

12
11
24

34

27
20
2l
27
27
17

27

13
17
29

55

12

13
12
i3
13

13

10

13



-

s

* SONAR TECHNICIAN (ST) RATING
(N = 152)

Conditional Frequencies

Job Task
8 7 S < 5 4 3 .2 1
R0 b4 A . 69 78 77 77 RO
13 11 9 12 13 13 13
. 1& 16 10 15 A 1R
s . . 27 15 10 10 . 26
2 ! 1 2
' 3 .3 3
0 0

The number of technicians not CHECKED OUT on any job task is &

Joint Frequencies

Job Task
1 2 3 “ 5 6 1 8
164 118 119 115 118 103 77 a0
11R 118 112 9q’ 98 76 77
119 102 100 99 76 77
117 101 94 76 ‘78
. 121 92 69 9
103 75 B P
77 YA
A0
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TORPEDOMAN'S MATE (TM) RATING
(N_= 39) ‘

Conditional Frequencies

Job Task
q 7 6 5 4 3 2 1
A A . 8 ) 8 ] 8
12 s 12 11 12 12 12
3 3 3 3 3 3
Tt . 6 6 10
5 3 2 s
n 0 - 0
0 0

The number of technicians not CHECKED OUT on ary job task is 0

Joint Frequencies

- : Job Task

] 2 3 . s 6 7 8
34 30 3l 3l 33 16 18 a’

31 T 27 29 14 18 8

T 28 29 14 18 3

i 3l 26 . 14 LA 8

34 14 - 18 8

14 10 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 “UE = 0 and zUI = 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 SUE = 0 and ZUIl = 0. For example, on job
activity Number 1, 19 (19.6% of the EM's) received ZUE = 0 and ZUI = 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 ine
mern 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.

Derivaticn of the Weights Employed by the WRE

On the JPQ ANSWER SHEET is Appendix A, page A-4, in column (c) for
each jeb activity the following questian was answered by the supervnsor
on the man he was evaluating:

QUESTION (c) Considering this mar's ¢vorall 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 secandary importance

1. of only moderate importance in estimating overall
performance

0. of 1ittle or no importance

The weights (w;) for the ith job activity are determined by the formuia:

If the supervisor recorded the ith

job activity as:

of central and primary importance, the weight W = .0
df secondary impertance, the weight wi-= .75

of moderate importaﬁce, the weight wy = .5

of 1ittle or no importance, the weight w; = .25.

K-3
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HUMBER AND PROPORTION

TABLE K-1

OF TECHNICIANS IN EACH PROBLEM AREA

RIC

Aruitoxt provided by Eic:

Rating
4] £7 £7 IC RD PM ST ™
N7 T Ne NW NZon o NZ  Hw NZ NW NZ Y NZ NN
e [} 38 0 54 s 9 0 a8 4 34 19 30 é é L]
2,196 0,062 8,220 0,002 0.331 0,032 D,15% 0,000 ¢,33L 0,02¢ €,240 0,139 6,257 0,03¢ 0,154 0,000
16 ? a7 0 48 1 7 0 s2 1 T 27 - 19 36 9 13 [}
0,165 0,072 0,272 t,e0nN 0,312 0,006 0,121 0,008 0,37¢ 0.007 0,197 9.109 ‘0,237 0,039 0,333 ,000
L] 14 42 3 70 H] 17 1 71 62 47 37 53 | LI 20 [}
0,289 0,144 0.243 0,07 0,453 0,032 0,293 0,017 0,951 0,448 o.:._s 0,416 9,349 0,10% 0,513 0.:5‘
29 14 53 30 &7 26 22 L 59 23 39 38 57 19 8 2
8,299 0,144 0,306 9,173 0,435 £.169 0,379 0,086 0,360 0,18¢ 0.28% 9,277 ,37?% 0,12% 0.20'9 0,051
18 H 82 1 7 1 ? 0 T 5 39 11 58 4 10 1
0.186 0,052 C.474 £,006 0,913 0,006 0,12¢ ti.oon 5,81% 0,036 0,283 0,080 e,382 _0.025 0,256 0,026 )
38 2 Bl a3 Te 36 24 11 5% 1 42 a8 . 58 32 15 ]
0,392 0,124 0.480 0,158 0,913 0,234 0,414 0,190 8,42¢ 0,299 0,377 0,338 0,382 0,211 0,383 n,128
13 5 ) 1 69 18 s o 50 g7 s 74 @ 2 23 2
n,134 0,052 0.272 0,006 0.448 0,091 0,088 0,00M n.367 0,626 0,394 0,340 0,322 0,42 N300 0,n5Y
1
+—

22 13 1) ° 60 4 12 0 -5 a1 30 64 4 18 18 4
€.2¢7 0,134 0.277 0,000 0,390 0,028 0.20Y 0,000 o,N87 0,983 0,385 0,487 |-0,296 0,10% 0,462 0.193

Humber 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
HY =

K-

4

= Number and Proncrtion of Technicians Who Did Not Work at that Job Activity -
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