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ABSTRACT .

The first task of the study was to develop valid, -
short-cut methods of indexing the narrative content of evaluation
reports that would extract the differentiating information contained
in evaluative comments simply, reliably, and with as good
classification accuracy as the longer initial procedure. In the
second task, the original inter~-indexer reliability study was
extended to clarify the issue of reliability of the complex, lengthy
indexing procedure. Section 2 of the report reexamines the pilot
study sample, the cross validation sample, and the generalization
sanple. Section 3 reviews the original content analysis methocdology
and includes a description of the two shortcut indexing methods that
were devised. In Section 4 the performance of the two shortcut
indexing methods in classifying the three experimental samples into’
correct criterion groups is compared with that of the original
lengthy indexing procedure. Section 5 presents the results of the
extension of the original inter-indexer reliability study. In Section
6 future areas of investigation are delineated. (Author/HMW)
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(U) The purpose of this continuing research effort is to develop content
analytic techniques capable of extracting the differentiating information in
narrative performance evaluations for senior enlisted personnel in order to
aid selection boards in choosing the most qualified candidates for promotion.
tn the present study two tasks were performed. The first task was to try to
develop valid, short-cut methods of indexing the narrative content of Evalua-
tion Reports that would extract the differentiating information contained in
evaluative zomments in a simple but reliable fashion, hopefully achieving as
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20, ABSTRACT (Continued)

good or nearly as good classification accuracy in assigning individuals to
three criterion groups by a stepwise discriminant analysis procedure as the
longer, more complex indexing method developed earlier. In the second task an
earlier inter-indexer reliability study was extended in order to elucidate
more fully the issue of reliability of the complex, lengthy indexing procedure.

Two short-cut indexing methods were developed, one a rational condensa-
tion of the entire original hierarchy of 29 index terms into a new set of 15
compressed terms, and the other a 15-term subset of the original hierarchy of
29 terms chosen on the basis of their early selection by the stepwise discri-
minant analysis process. The two short-cut indexing methods, although not a-
chieving the classification accuracy of the original lengthy indexing proce~
dure which had more variables available for the stepwise discriminant analysis !
process, did, however, achieve an acceptable level of classification perfor- !
mance in comparison to the longer, more complex indexing methodology. Of the |
two short-cut methods, the rational condensation indexing method was preferred |
since it tracked the lengthy method more faithfully in the selection of discri- |
minating variables. Further, the rational condensation method examines all of !
the information contained in a narrative performance evaluation whereas the ' !
statistically selected subset method ignores certain portions of the narrative v
text. ’

The key variables in differentiaiing between the performance of superla-
tive chief petty officers and their slightly less qualified colleagues were
the adjectives and adv. s that an evaluator uses to describe the performance
of the individual that is being evaluated; the range of skills and abilities
that an individual manifests; and the following specific demonstrated capabi-
lities: Management and supervisory ability; skill in leading and directing his
men; ability to organize his work area and to staff it properly; ability to
plan his workload and take any corrective measures necessary to compensate for
unforeseen obstacles to good performance; the ability to present an effective
image of his work force to other components of the Navy and t. the civilian
community; skill in communicating effectively with others; a cooperative and
responsive way of performing his job duties; a creative, resourceful, and in-
novative approach to his work; the drive and stamina to perform well under
tiring or adverse circumstances; his level of intellectual functioning; pro-
fessional and technical competence in his occupational specialty; his level of
productivity and achievement; and recognition of his assets and potential by
his subordinates, peers, and superior officers.

The results of the extension of the inter-indexer reliability study,
using the lengthy complex indexing procedure, were very similar to the results
of tlie original reliability study. In the original study product-moment corre-
latien, kappa, and weighted kappa were the three statistics used to meas:re
agreement among the four reliability indexers. Of the six possible pairwise
cotparisons between the four reliability indexers, the value of the various
agreement statistics ranged from .64 to .88. 1In the extension of the reliabi-
lity study, the various agreement statistics ranged from .48 to .83, However,
it was felt that one of the data bases for the second reliability study cofi=
tained a sample of narrative text more difficult to index than the first re-
liability study data base. But once again, the heartening finding was that in
only six training sessions a quite respectable level of agreement among if-
dexers was achieved. This is a significant finding because it suggests that
Navy and civilian operational personnel also can be trained to consistently
anply content analytic techniques.
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SUMMARY OF FINDINGS

The purpose of this continuing research investigation has been to comple-

' ment the Navy Personnel Research and Development Center (NPRDC), San Diego, in

- their efforts to develop effective procedures for improving the validity of

¢ individual personnel selection decisions based on accurate measures of job-
_relevant performance. The workload facing selection boards is massive and to

| date narrative comments on the performance evaluation forms have not been ex-
ploited in any systematic manaer because narrative text resists easy analysis.

- Yet there seems to be a great deal of differentiating information in these

' narrative comments that could substantially aid selection boards in choosing

the most qualified candidates for promotion. Therefore, a series of studies

' has been conducted, all aimed at developing and refining content analytic tech-

' niques capable cof extracting the differentiating information in narrative per-

. formance evaluations for senior enlisted personnel. In the study being report-

ed here, two tasks were performed. The first task was to try to develop valid,

' short-cut methods of indexing the narrative content of Evaluation Reports that

| would extract the differentiating information contained in evaluative comments

' in a simple but reliable fashion, hopefully achieving as good or nearly as good

| classification accuracy in assigning individuals to three criterion groups by a

' stepwise discriminant analysis procedure as the longer, more complex indexing

' method developed earlier. In the second task an earlier inter-indexer reliabi-

 1ity study was extended in order to elucidate more fully the issue of reliabi-

' lity of the complex, lengthy indexing procedure. Two short-cut indexing methods

. were developed, one a rational condensation of the entire original hierarchy of

29 index terms into a new set of 15 compressed terms, and the other a 15-term -

- subset of the original hierarchy of 29 terms chosen on the basis of their early

z selection by the stepwise discriminant analysis process.

Comparison of the Short-cut Indexing Methods
with the Original Lengthy Procedure

‘ The two short-cut indexing procedures that were developed for this study

- compared favorably with the classification accuracy achieved by the original

' lengthy indexing procedure in the early steps of the stepwise discriminant

' analysis process, i.e., between Steps 1 and 10. Beyond Step 10 the lengthy

' indexing procedure, with its greater complement of available variables, typi-

' cally displayed a superior classification performance as the stepwise discrim-

. inant analysis process continued to try to maximize its classification accu=-

' racy. In all of the comparisons that were made, the lengthy indexing proce-

- dure exceeded the better classification performance of the two short-cut index-
dexing methods. However, since the lengthy indexing procedure provided more

variables to the stepwise discriminant analysis process, it was expected that

| this fmethod would demonstrate superior classification performance. There is
 other evidence that most of the discrimination which i3 achievable can be attri-
 buted to the variables selected early by the stepwise discriminant analysis pro-

cess. In previous research with the lengthy indexing procedure, when the dis-
criminant functions developed on one sample were used to classify a second
cross velidation sample, the classification performance of the lengthy procedure
 dropped markedly, typically from near perfect classification for the original

| sample to 65-70% classification accuracy for the cross validation sample, This
' level of cross validation classification accuracy was achieved early in the
istepwise discriminant gnalysis process, typically by the fifth step. This im=




portant finding from a previous study indicated that the variables selected by
the stepwise discriminant analysis program for the early steps in the discrimi-
nant analysis are crucial variables, playing a major role in differentiating
among the three criterinon groups.

Perhaps, then, a more meaningful comparison among the three indexing proce-
dures is the classification performance that they achieved between Steps 10 and
20 in the stepwise discriminant analysis process, the renge of steps at which the
two short-cut methods attained their best classification accuracy. In the com-
parisons for four occupational speclalties---AT's, Pi's, CS's, and RM's, the
classification performance of the three indexing procedures was similar between
Steps 10 and 20, with the lengthy procedure typically having a slight but définite
edge over the two short-cut methods. In some comparisons the rational condensa-
tion indexing method, at its best classification accuracy, demonstrated superior
classification performance to the best performance of the statistically selected
subset indexing method, but in otner comparisons the statistically selected subset
method perfo: med better. In eight of the 16 comparisons that were made, the ra-
tional condensation method achieved better classification accuracy. In seven of
the 16 comparisons, the statistically selected subset method attained better
classification accuracy. In one comparison the two short-cut indexing methods
performed equally well. Therefore, the criterion that was adopted to determine
which of the two short-cut methods should be considered superior and elected as
the preferred method for subsequent research studies was how well each short-cut
method tracked the original lengthy indexing procedure in selecting variables into
the discriminant function. Of the two short=-cut indexing methods, the one that
from the initial step more faithfully tracked the original lengthy indexing pro-
cedure in selecting variables into the discriminant function was the rational
condensation method. Moreover, the rational condensation method examines all
of the information contained in a nartitive performance evaluation in contrast to
the statistically selected subset method which takes into consideration only por-
tions of the narrative text, thus subjecting it to more indexing error and incon-
sistency. Therefore, the rational condensation method was chosen as the preferred
short-cut indexing method for further research investigations.

When the number of predictor variables is large in re :“ion to the number
of cases (the worst instance in this study being 67 variables for the lengthy
indexing procedure as applied to the 60 generalization CS's), the solution
achieved by the stepwise discriminant analysis algorithm, as in the case of
multiple regression, may converge on a set of predictor variables that solves
the classification problem perfectly for that particular sample, but may not
constitute the same set of variables that might be selected for another sample
or for another indexing procedure, a different set of variables also being able
to achieve perfect or near perfect classification. Therefore, it is extremely
interesting to note that for all three indexing procedures, the kev variables
gselected early in the stepwise discriminant analysis process for the Evalua-
tion Section were Total Number of 5 Weights (Excellent) and Total Number of 2
Weights (Poor). This was true for all comparisons made on the Evaluation Sec-
tion of the Evaluation Report except for the 60 generalization CS's. This find-
ing points up the need to cross validate the results of studies based on small
N's where the number of predictor variables exceeds the number of cases in order
to determine which discriminanting variables are constant over several samples.
The conclusion that can be drawn from these findings is that the modifying adjec-
tives and adverbs used by an evaluator to assess an individual's performance in
the Evaluation Section of the Evaluation Report are key factors in distinguishing
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- betwcen superior performance and less stellar achievements, regardless of the

' occupational specialty being analyzed, with the exception of the 60-case genera-
' lization CS sample which constituted the worst case statistically for finding
- @ valid, repreducible set of predictor variables.

‘ When one examines the results for the Justification Section of the Evalu-
' ation Report, the findings are unequivocal. Without exception for all com-

. parisons made, the first variable selected for the Justification Section was

' Total Number of Index Terms Used. This variable reflects the variety of spe-
cific areas of an individual's performance that the evaluator chose to comment
' on, and is measured by the number cf different index terms chosen by the indexer
to encompass the narrative content. This finding indicates that the range of
skills and abilities that a chief petty officer manifests is a key factor in
his superior performance as narrated by the evaluator in the Justification Sec-
. tion. Another finding, which corroborates the results of previous research, is
that without exception better classification was achieved in the content analy-
sis of the narrative comments in the Justification Section compared to the
Evaluation Section, regardless of which of the three indexing procedures was

| employed.

_ The results from an earlier research study indicated that classification
procedures based on the lengthy content analysis methodology should be tailor-

ed to specific occupations., The findings from the study being reported here

substantiate the earlier rasearch results and show that for each occupational

- specialty on a particular section of the Evaluation Report, the variables se-

lected for at least two of the three indexing procedures were identical and not

| necessarily the same as those variables selected for a different occupational

| specialty. A summary enumeration of these key discriminating variables selected

' in the first 135 steps by the stepwise discriminant analysis procedure for each

. o:cupational specialty is given below.

AT's - Key Discriminating Variables for the Evaluation Section. The
following list of variables was determined from the results of the combined

- AT analysis on the Evaluation Section (N=282). The key discriminating clus-
. ters of variables were Total Mumber of 5 Weights (Excellent); Total Number of
2 Weights (Poor); LEADERSHIP AND DIRECTING; TECHNICAL SKILLS/PROFESSIONAL AND
TECHNICAL SKILLS; MANAGEMENT FUNCTIONS; Total Number of 3 Weights (Average);

. RESPONSIVENESS COMMUVICATION‘ POTENTIAL; and DRIVE.

[ AT's - Key Discriminating Variables for the Justification Section. The
following list of variables was determined from the results of the combined

AT analysis on the Justification Section (N=282). The key discriminating

' clusters of variables were Total Number of Index ierms Used; sum of the weight-
' ed frequencies of the available set of variables tor a particular indexing pro-
‘cedure, PRODUCTIVITY AND ACHIEVEMENT; PROFESSIONAL AND TECHNICAL SKILLS/TECHNI-
| CAL SKiLLS/PROFESSIONALISM; Total Number of 3 Weights (Average); SKILLS AND
‘ABILITIES STAFFING/ORGANIZATTON AND STAFFING; INTELLECTUAL FUNCTIONING; EN-

| DURANCE AND MOTIVATION/DRIVE; MANAGEMENT FUNCTIONS; REPUTE; Total Number of

;2 Weights (Peor); COMMUNICATION; REPRESENTATION; and Total Number of Words in

| Text.

i
¥

i BT's = Key Discriminating Variables for the Evaluation Section. The
<following 1ist of variables was determined from the results of the combined
BT analysis on the Evaluation Section (N=164). The key discriminating clus~




xiv

ters of variables were Total Number of 5 Weights (Excellent); Total Number

of 2 Weights (Poor); Total Number of Index Terms Used; MANAGEMENT FUNCTIONS;
COMMUNICATION; PROFESSIONALISM; RECOGNITION/REPUTE/ASSET TO THE NAVY/POTEN-
TIAL; SKILLS AND ABILITIES; RESOURCEFULNESS/CREATIVITY: AND INITIATIVE; REPRE-
SENTATION; ORGANIZATION/STAFFING/ORGANIZATION AND STAFFING; and PRODUCTIVITY
AND ACHIEVEMENT.

BT's - Key Discriminating Variables for the Justification Section. The
following list of variables was determined from the results of the combined
BT analysis on the Justification Section (N=164). The key discriminating
clusters of variables were Total Number of Index Terms Used; LEADERSHIP AND
DIRECTING; sum of the simple or weighted frequencies of the available set of
variables for a particular indexing method; PRODUCTIVITY AND ACHIEVEMENT;
RESPONSIVENESS/COOPERATION AND RESPONSIVENESS; CREATIVITY AND INITIATIVE/
INITIATIVE; AWARDS AND PUNISHMENT/ASSET TO THE NAVY/RECOGNITION; SKILLS AND
ABILITIES; and Total Number of Words in Text.

CS's - Key Discriminating Variables for the Evaluation Section. The
key discriminating clusters of variables for the 60 generalization CS's on
the Evaluation Section were CONTROLLING/PLANNING-CONTROLLING; ASSET TO THE
NAVY; MANAGEMENT FUNCTIONS; Total Number of 3 Weights (Average); SKILLS AND
ABILITIES; sum of the weighted frequencies of the available set of variables'
for a particular indexing method; Total i'umber of Index Terms Used; PLANNING'
ENDURANCE/SERVICE MOTIVATION/DRIVE/ENDURAI\LE AND MOTIVATION; CREATIVITY AND
INITIATIVE/INITIATIVE; ORGANIZATION AND STAFFING/ORGANIZATION; POTENTIAL;
PROFESSIONAL AND TECHNICAL SKILLS/TECHNICAL SKILLS; LEADERSHIP AND DIRECTING;
and REPRESENTATION.

CS's - Key Discriminating Variables for the Justification Section. The
key discriminating clusters of variables for the 60 generalization CS's on
the Justification Section were Total Number of Index Terms Used; PROFESSIONAL=-
ISM/PROFESSIONAL AND TECHNICAL SKILLS; INITIATIVE/CREATIVITY AND INITIATIVE:
COMMUNICATION; COOPERATION AND RESPONSIVENESS/COOPERATION; REPRESENTATION;
STAFFING/ORFANIZATION AND STAFFING; POTENTIAL; Total Number of Words in Text;
PRODUCTIVITY AND ACHIEVEMENT; Total Number of 3 Weights (Average); SKILLS AND
ABILITIES; and PLANNING.

RM's - Key Discriminating Variables for the Evaluation Section. The
key discriminating clusters of variables for the 162 generalization RM's on
the Evaluation Section were Total Number of 2 Weights (Poor); AWARDS AND
PUNISHMENT/RECOGNITION/POTENTIAL/REPUTE/ASSET TO THE NAVY; MANAGEMENT FUNC-
TIONS; Total Number of 5 Weights (Excellent); COMMUNICATION; RELIABILITY AND
DEPENDABILITY/CONDUCT AND ATTITUDE; INTELLECTUAL FUNCTIONING; Total Number of
Index Terms Used; PRODUCTIVITY AND ACHIEVEMENT; REPRESENTATION; and RESPON-
SIVENESS.

RM's - Key Discriminating Variables for the Justification Section. The
key discriminating clusters of variables for the 162 generalization RM's on
the Justification Section were Total Number of Index Terms Used; sum of the
weighted frequencies of the available set of variables for a particular index-
ing method; Total Number of 4 Weights (Good); PRODUCTIVITY AND ACHIEVEMENT;
DRIVE/ENDURANCE AND MOTIVATION/ENDURANCE; COOPERATION/RESPONSIVENESS/COOPERA=
TION AND RESPONSIVENESS; CONDUCT AND ATTITUDE/GROOMING AND ATTIRE; STAFFING/
ORGANIZATION AND STAFFING; Total Number of 3 Weights (Average); REPUTE; PRO=




 FESSIONAL AND TECHNICAL SKILLS/TECHNICAL SKILLS/VROFESSIONALISM; PLANNING;
. CREATIVITY AND INITIATIVE/INITIATIVE; and POTENTIAL.

There is very little difference between the original lengthy indexing pro-
cedure and the superior rational condensation short-cut indexing method in the
time required to index and code Evaluation Reports containing brief narrative
text. Only when the text becomes longer and requires more scrutiny and consid-
eration by the indexer does the efficiency of the short-cut me:hod become appar-
ent, Over a large sample of Fvaluation Reports, it is estimated that use of the
rational condensation short-cut indexing method will save 25 to 50 percent of
the indexing time required by the ocriginal lengthy indexing procedure. ([t is
expected that the time required to count the number of words in the narrative
text and to transfer this count and the indexing decisions to the indexing form
and to generate the various quantitative variables will be approximately the
same for both procedures. The time required for the rational condensation method
- to enter this information onto IBM coding forms preparatory to keypunching 1is es-
timated to be two-thirds of that required by the lengthy indexing procedure. |
| Since only one punched card is needed to contain tne variables extracted by the
rational condensation content analysis compared to two punched cards for the
- original lengthy content analysis, the keypunching, verifying, and proofing time
' is cut in half. And since fewer card images have to be examined by the stepwise |
' discriminant analysis procedure each time that a classification matrix is com=-
i puted and vrinted, it is estimated that computer processing time is halved.

s

Three samples of Evaluation Reports, covering two contiguous years and
 representing four occupational specialties and three experimental content anal-
' ysis procedures, have highlighted certain key variables as being crucial in
' differentiating between the performance of superlative chief petty officers
and their slightly less qualified colleagues. These key variables are the
' adjectives and adverbs that an evaluator uses to describe the performance of
the individual that is being evaluated; the range of skills and abilities that
' an individual manifests; and the following specific demonstrated capabilities:
 Management and supervisory ability; skill in leading and directing his men;

- ability to organize his work area and to staff it properly; ability to plan

' his workload and take any corrective measures necessary to compensate for un-
 foreseen obstacles to good performance; the ability to present an effective

' image of his work force to other components of the Navy and to the civilian
community; skill in communicating effectively with others; a cooperative and
' responsive way of performing his job duties; a creative, resourceful, and in-
'novative approach to his work; the drive and stamina to perform well under

| tiring or adverse circumstances; his level of intellectual functioning; pro-
 fessional and technical competence in his occupational specialty; his level of
productivity and achievement; and recognition of his assets and potential by
'his subordinates, peers, and superior officers.

Extension of the Original Inter-Indexer Reliability Study

The original plan for the extension of the inter-indexer reliability study
‘was to select and train four more individuals in the complex indexing procedure
and to have them independently index the same 48 Evaluation Reports that formed
the indexing corpus for the first reliability study. However, the results from
‘the first reliability study strongly suggested that additional training of the
original reliability indexers aimed at clarifying the areas of confusion that
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were identified in the analysis of their indexing judgments most likely would
raige their level of agreement. Consequently, both of these avenues of investi-
gation were pursued. A revision of the original training manual was prepared by
the experienced indexer and the principal investigator, an updated version that
attempted to eliminate areas of confusion brought to light in analyzing the re-
sults of the first reliability study and which also included voluminous examples
of how to handle difficult indexing decisions. This revision was used to train
the four participants in the extension of the original reliability study.

Two new reliability indexers were engaged for the study, a male and a fe-
male, both in their sophomore year in college. The other two indexers partici~-
pating in the study were inexperienced indexer A (with two years of college in
the liberal arts) and inexperienced indexer B (with executive secretary experi-
ence) who also had participated in the first reliability study. All four of
these individuals were trained intensively by the experienced indexer over the
- course of six training sessions using the updated version of the training manual
and a corpus of *raining Evaluation Reports. The two new reliability indexers
independently indexed the same 48 Evaluation Reports that were indexed in the
first reliability study. These two individuals in essence were attempting to
replicate the earlier results. Inexperienced indexer A and inexperienced indexer
B were given a new and different set of 48 Evaluation Reports to index indepen-
dently. This second corpus constitutes a randomized representative sample taken
from the cross validation and generalization data bases. This second aspect of
the reliability study was included in order to test the hypothesis that with ad-
ditional training and indexing experience, the level of indexing agreement can
be raised. :

In summary, the conclusions that can be drawn from this extension of the
original reliability study are that once again, in only six training sessions,
a fairly respectable level of agreement was achieved on a very difficult con-
tent analysis task, the various agreement statistics that were computed ranging
from .48 to .83. The two new reliability indexers (both college sophomores)
who were attempting to replicate the results from the first study did not
achieve as high a level of agreement with the experienced indexer as the three
reliability indexers did in the initial study, probably because the two new
indexers were less motivated and not as deeply involved in the second reliabi-
lity study as inexperienced indexers A and B were in the first study conducted
a year earlier. These latter two individuals are regular employees of R~K Re~-
search and System Design, performing a variety of clerical and technical assign=
ments in addition to their role in the two reliability studies. Inexperienced
indexer A in particular may have had additional unsuspected training in the con=-
tent analysis methodology since one of her other assignments in this research
was to enter the indexing decisions of the experienced indexer for the pilot
study, cross validation, and generalization samples onto IBM coding forms fotr
keypunching., Inexperienced indexer A's extended exposure to the logic of the
indexing scheme in the context of preparing the coding forms may account for
her superior performance in both reliability studies.

In that part of the second reliability study designed to test the hypothe~
sis that with additional training and indexing experience the level of index-
ing agreement can be raised, the results were ambiguous. Neither inexperienced
indexer A nor inexperienced indexer B was able to increase her level of agree=
ment with the experienced indexer despite refresher training in the complex,
lengthy indexing procedure and the challenge to try to outdo her previous pere
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formance. However, these two reliability indexers felt that the data bawe in-
dexed by them in the second reliability study contained a sample of narrative
\text more difficult to index than the first reliability study data base, and
 this greater difficulty inherent in cthe narrative text may have masked any
gain in indexing proficiency that might have been achieved by the additional

- training. Another possible explanation is that inexperienced indexers A and B
'may have already approached the upper boundary of theilr indexing skill, with

| additional training and experience contributing very little to increasing their
| level of agreement with the experienced indexer,
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' SECTION 1, INTRODUCTION
t

} The purpose of this continuing research investigation has been to comple-
ment the Navy Personnel Research and Development Center (NPEDC), San Diego. in
their efforts to develop effective procedures for improving the validity of
individual personnel selection decisions based on accurate measures of job-
‘relevant performance. NPRDC has an ongoing program to develop and exploit

‘Navy enlisted performance evaluation formats which will be effective in holding
'down the pile-up of marks at the high end of the marking scale and in achieving
‘a distribution of marks that tapers off sufficiently at the high end of the
 scale in order to permit greater differentiation, thus making evaluations more
useful, especially when small selection opportunities are involved.!’2’3 An ac-
curate and timely measure of each individual's on-job performance is essential

' if valid decisions are to be made in selecting personnel for advancement, duty
assignment, training, or quality retention. Such a measure is one of the best
indications of how well the individual will perform in other or future assign-
ments. However, effective use of performance measures is severely limited due
to the lack .of performance data in formats responsive to the needs of the de-
cision makers. The problem is particularly acute when these decision makers

are members of selection boards who must review in a short span of time narra-
tive evaluation data for thousands of candidates. The seriousness of this
problem can be attested to by the fact that some 14,000 candidates for promo-
tion must be reviewed annually by the E8-E9 selection board. This number rep-
resents the top 75 percent of all candidates, the lower 25 percent having been
eliminated by a screening procedure. The problem is even more serious at the
lower pay grades. An E7 selection board was established in 1973 whose task is
to review annually the records of some 20,000 enlisted candidates for promotion
| to chief petty officer. This number of candidates represents the top 50 per-
cent of the eligible population, the bottom 50 percent having been eliminated

' by a screening procedure.

%
|
|

The workload facing these selection boards is massive and to date narra-

. tive comments on the performance evaluation forms have not been exploited in
any systematic manner because narrative text resists easy analysis. Yet there
| seems to be a great deal of differentiating information in these narrative com-
 fients that could substantially aid selection boards in choosing the most quali-
' fied candidates for promotion. This, then, was the task that R-K Research and
 System Design took on in an initial pilot study.
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In the pilot study of the narrative sections of Navy performance evalua-
 tions for senior enlisted persomnel in Pay Grade E7, it was determined by con-
tent analytic techniques that it is possible to differentiate between the per-
 formance of typical and superlative chief petty officers based on the substan-
' tive content of Evaluation Reports.® The results of this pilot study strongly
 suggested that there are stable differences among the performance characteris-
tics of chief petty officers in the various portions of the upper half of the
' marking scale on Performance of Duty that are reflected in narrative statements
i written by evaluators., Prior to embarking on the initial pilot study, it was
assumed that differences in marks between the upper and lower halves of the

| marking scale were readily refiected in narrative statements. However, in

' order to address the study to the realities and difficulties facing selection
 boards, who must make their selections only from a uniformly high quality

- group of candidates, NPRDC provided R-K Research and System Design with a




truncatec data set comprising individuals marked only in the upper half of the
marking scale. The sample data then were divided into three criterion groups~--
Upper, Mi'dle, and Lower---corresponding to three segments of the upper half

of the marking scale on Performance of Duty (the criterion variable). This
truncated data set required a much more rigorous analytical approach than would
have been required for a uontruncated data set. :

The statistical analyses that were performed on the quantitative data ex~
tracted from the pilot study content analysis sGjported the hypothesis that
narrative performance evaluations do contain information useful to personnel
selection boards in discriminating between typical and superlative chief petty
officers, The findings from the pilot study were considered to be provocative
enough to warrant further investigation. Therefore, a second study was embark-
ed upon to attempt to cross validate the pilot study results on new Evaluation
Reports for senior enlisted men in the same two occupational specialties (AT's
and BT's) that were represented in the pilot study sample and to extend the
content analysis to Evaluation Reports for senior enlisted men in two different
occupational specialties (CS's and RM's) than those investigated in the pilot
study in order to test the generalizability of the content analytic techniques
developed earlier.® As a further refinement, the cross validation and general-
ization samples of Evaluation Reports were analyzed without any knowledge of the
individual's relative position in the upper half of the marking scale on Perform-
ance of Duty (the criterion variable), In the pilot study the criterion data
were made available early in the study, thus introducing the possibility that
this knowledge subconsciously might have influenced the content analysis that
was performed. This factor was controlled for in the second study by withhold-
ing the criterion information until the content analysis of the narrative text
had been completed.

In the second study a series of more sophisticated and comprehensive sta-
tistical analyses was performed on the quantitative data extracted from the
content analysis, resulting in the following important findings. It was pos-
sible to index the cross validation sample in the blind, without knowledge of
criterion group membership, and achieve as good classification accuracy as was
achieved with the pilot study sample where criterion group membership was known
to the indexer. Further, it was shown that better classification into the
three criterion groups was achieved when the two occupational specialties rep-
resented in the pilot study sample and the cross validation sample were treat-
ed separately. These findings suggest that classification procedures based on
the content analysis methodology developed in this research should be tailored
to specific occupations. In addition, it was shown that the content analysis
methodology developed initially on the pilot study sample consisting of AT's
and BT's was generalizable to a new sample consisting of two different occupa=-
tional specialties, viz., CS's and RM's.

Also of concern in the pilot study were the issues of reliability and
trainability, although the scope of the small initial research effort did not
permit these aspects to be studied in any substantial way. Therefore, in de-
signing the second investigation these issues were dealt with by including a
reliability study whose objectives were twofold: (1) to determine the level
of agreement among four individuals all of whom independently would perform a
content analysis of the same corpus of Evaluation Reports, and (2) to investi-
gate if nonresearchers could be trained successfully to apply the complex




content analysis methodology developed in the pilot study,® Product-moment
correlation, kappa, and weighted kappa were the three statistics used to meas-
ure agreement among the four reliability indexers. Of the six possible pair-
wise comparisons between the four reliability indexers, the value of the vari-
ous agreement statistics ranged from .64 to .88. The initial expectation in
beginning this reliability study was that it would be extremely difficult to
train nonresearch-oriented individuals to consistently index the narrative sec~
tions of Evaluation Report forms using the complex content analysis methodology
that had been developed in the pilot study. The surprising result was that in
only six training sessions a quite respectable level of agreement was achieved.
This is a significant finding because it suggests that Navy and civilian oper-
ational personnel also can be trained to consistently apply content analytic
techniques.

I[n the follow-on investigation to the pilot study and the second study be-
ing reported here, two tasks were performed. The first task was to try to de-
velop valid, short-cut methods of indexing the narrative content of Evaluation
Reports that would extract the differentiating information contained in evalu-
ative comments in a simple but reliable fashion, hopefully achieving as gcod
or nearly as good classification accuracy as the longer, more complex indexing
procedure developed initially. In the second task the original inter-indexer
reliability study was extended in order to elucidate more fully the issue of
reliability of the complex, lengthy indexing procedure.

Section 2 of this veport reiterates the nature of the pilot study sample,
the cross validation sample, and the generalization sample. Section 3 reviews
the original content analysis methodology that was used in both the pilot study
and the second study; this section also includes a description of the two short-
cut indexing methods that were devised. In Section 4 the performance of the
two short-cut indexing methods in classifying the three experimental samples
into correct criterion group is compared with that of the original lengthy in-
dexing procedure. Section 5 presents the results of the extension of the origi-
nal inter-indexer reliability study. In Section 6 future areas of investiga-
tion are delineated.




SECTION 2, NATURE OF THE PILOT STUDY SAMPLE, THE CROSS VALIDATION SAMPLE,
AND THE GENERALIZATION SAMPLE

As a result of research conducted at the Navy Personnel Research and De-
velopment Center (NPRDC), San Diego, to develop experimental forms for evalu-
ating personnel in Pay Grades E7 (Chief Petty Officer), E8 (Senior Chief Petty
Officer), and E9 (Master Chief Petty Officer), a new evaluation report form=--
NAVPERS 1616/8---was introduced into operational use in January 1969 (see Fig-
ure 1). This form subsequently has been replaced by another form that can be
scanned by an optical character reader; however, the content of the two forms
is essentially the same.

Section 19, Evaluation Section, of Evaluation Report Form NAVPERS 1616/8
1s designed to permit the evaluator to compare the individual being evaluated
with all others of his rate* krown to the evaluator on 12 specific aspects of
on-job performance. Evaluations are made by marking the column of the marking
scale into wnich the evaluator decides that the individual falls for each of the
12 specific aspects of on-job performance plus an overall evaluation of the
individual (for example, top 1% for superlative performance). Section 19R of
this form provides space for the uvaluator to write narrative evaluation com-
ments to describe further the individual's performance and qualifications.
Section 19S of this form provides space for the evaluator to write narrative
justification comments and is required to support any marks assigned to the
top or bottom 10, 5, or 17 columns of Section 19. Sections 19R and 19S are
referred to as the narrative text of the Evaluation Report since they are the
only portions of the report where the evaluator uses his own words to assess
the on-job performance of the senior enlisted man whom he is evaluating.

In the pilot investigation, NPRDC selected a sample of 225 Evaluation Re-
ports for senior enlisted personnel in Pay Grade E7 including 145 Aviation
Electronics Technicians (AT's) and 80 Boiler Technicians (BT's). All 225
Evaluation Reports were drawn from the top half of the marking scale on 19A-
PERFORMANCE OF DUTY located in the upper right quadrant of Evaluation Report
Form NAVPERS 1616/8. The 19A-PERFORMAICE OF DUTY catego-y was used in prefer-
ence to 19N-OVERALL EVALUATION because standard scores (T Scores) were avail-
able only for 19A., The use of standard scores rather than raw marks permitted
a more refined selection to be made of the three criterion groups used in the
study. Since raw marks on 19A correlate very highly with raw marks on 19N, it
was felt that little was sacrificed by not using the overall evaluation and
that much was gained by using the purified T Scores on 19A. Only those Evalu-
ation Reports from commands spreading their marks and submitting eight or more
E7 and E8 reports were considered.

The pilot study sample of 225 Evaluation Reports was divided equally into
three criterion groups---Upper, Middle, and Lower---corresponding to three con-
tinuous segments of the upper half of the marking scale on 19A-PERFORMANCE OF
DUTY. Table 1 shows fthe range of raw marks on 19A for each of the three cri-
terion groups in the pilot study sample as well as the range and mean of T
Scores. These standardized scores have a mean nf 50 and a standard deviation
of 10. Standardization was accomplished by setting each unit command mean

Rate 18 a Navy term which identifies an occupational specialty and pay grade.
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TABLE 1

RANGCE OF RAW MARKS, RANGE OF T SCORES, AND
MEAN OF T SCORES ON 19A-PERFORMANCE OF DUTY
FOR THE THREE CRITERINN GROUPS IN THE PILOT STUDY SAMPLE

Criterion Range of Range of Mean of
Group Raw Marks T Scores T Scores
Upper In the top 5% 59,3 to 74,2 64.68

column or the top
12 column

Middle In the top 10% 48.0 to 54.1 51.79
column only

Lower In the top 50% 33.8 to 39.7 38.85
column or the top :
30% column

equal to 50 and standardizing the total of E7 and E8 marks for each unit com-
mand. No cases from the bottom half of the marking scale on 19A were included
in this study since there is no difficulty in differentiating these cases from
the better performing personnel.

Table 2 shows the distribution of the 225 pilot study Evaluation Reports
among the three criterion groups for each of the two occupatinnal specialties
and for both occupations combined. After the pilot study sample had been select-
ed and analyzed, it was discovered that one Evaluation Report for an Aviation
Antisubmarine Warfare Operator (AW) erroneously had been coded as an Aviation
Electronics Technician (AT). This case was removed from the analysis by spe-
cific occupation but was left in the analysis for the total pilot study sample.

In the second study, NPRDC also selected the sample of Evaluation Reports
to be analyzed. The same general procedures descrihed above for selecting the
pilot study sample were followed also in selecting the cross validation sample
and the generalization sample, except that the forms were selected from a sub-
sequent year's data pool. .The cross validation sample consisted of 222 Evalu-
ation Reports from the same two occupational specialties that were used in the
pilot study, that is, Aviation Electronics Technician (AT) and Boiler Technician
(BT)., In addition, a generalization sample consisting of 222 Evaluation Reports
was selected by NPRDC from two different specialties in order to ascertain the
generalizability of the content analytic methodology developed in the pilot study.
The two specialties from which the generalization sample was drawn were Commis=
saryman (CS) and Radioman (RM). '

The cross valication sample of 222 Evaluation Reports and the generaliza-
tion sample of 222 Avaluation Reports both were divided equally into the same
three criterion gruvups---Upper, Middle, and Lower---taken from the upper half
of the marking scale on 19A~PERFORMANCE OF DUTY as was the pilot study sample.




TABLE 2

DISTRIBUTION OF THE 225 PILOT STUDY EVALUATION REPORTS
AMONG THE THREE CRITERION GROUPS FOR EACH OF THE TWO
OCCUPATIONAL SPECIALTIES AND FOR BOTH OCCUPATIONS COMBINED

gr—

Occupational Criterion Group Total

Specialty Upper Middle Lower N

AT 49 39 56 144

* ,

AW 0 1 0 1

BT 26 35 19 LL 80
Total Sample [ 75 75 75 | 225

This case erroneously was coded as an AT initially.

Table 3 shows the range of raw marks on 19A for each of the three criterion
groups in the cross validation sample (AT's and BT's), the range of T Scores,
and the mean of the T Scores for each criterion group. These same data for

the generalization sample (CS's and RM's) are presented in Table 4. Tables 5
and 6 show the distribution of the 222 cross validation sample Evaluation Re-
ports and the 222 generalization sample Evaluation Reports among the three cri-
terion groups for each of the two occupational specialties represented in each
sample and for both occupations combined. Actual criterion group membership
for the cross validation sample and the generalization sample was known only to
NPRDC until the content analysis of the narrative text had been completed. Con-
sequently, the content analysis of these two samples was conducted in the blind
without benefit of knowing to which criterion group each Evaluation Report be-
longed.




TABLE 3

RANGE. OF RAW MARKS, RANGE OF T SCORES, AND
MEAN OF T SCORES ON 19A-PERFORMANCE OF DUTY
FOR THE THREE CRITERION GROUPS IN THE CROSS VALIDATION SAMPLE

Criterion Range of Range of Mean of
Group Raw Marks T Scores T Scores

Upper In the top 5% 61.2 to 71.9 64.23
column or the top
17 column

Middle In the top 10% 48.2 to 55.9 52.54
column only

Lower In the top 50% 30.3 to 42.0 38.48

column or the top
30% column

TABLE 4

RANGE OF RAW MARKS, RANGE OF T SCORES, AND
MEAN OF T SCORES ON 19A-PERFORMANCE OF DUTY
FOR THE THREE CRITERION GROUPS IN THE GENERALIZATION SAMPLE

Criterion Range of Range of Mean of
Group Raw Marks T Scores T Scores

Upper In the top 5% 61.2 to 74.8 64.33
column or the top
1% column

Middle In the top 107 48.2 to 36.2 52.50
column only

Lower In the top 50% 34,5 to 41.5 38.56
column or the top
304 column

9
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TABLE 5

DISTRIBUTION OF THE 222 CROSS VALIDATION SAMPLE
EVALUATION REPORTS AMONG THE THREE CRITERION GROUPS

FOR EACH OF THE TWO OCCUPATIONAL SPECIALTIES
AND FOR BOTH OCCUPATIONS COMBINED

Occupational Criterion Group
speCialty Middle

Total Sample

TABLE 6

DISTRIBUTION OF THE 222 GENERALIZATION SAMPLE
EVALUATION REPORTS AMONG THE THREE CRITERION GROUPS
. FOR EACH OF THE TWO OCCUPATIONAL SPECIALTIES
AND FOR BOTH OCCUPATIONS COMBINED

Occupational Criterion Group _
] Specialty Upper 1 Middle Lower
Cs. 19 16 25 60
RM 55 58 49 i 162
Total Sample 74 74 74 222 |




SECTION 3. CONTENT ANALYSIS METHODOLOGY

Original Conceptual Approach

In the pilot study, the narrative portions of the 75 Evaluation Reports
for each of the three criterion groups were read in their entirety before for-
malizing the method of content analysis to be used. In ihis review the Evalu-
ation Section and the Justification Section (19R and 19S) were considered sepa-
rately. Borrowing from the field of information science, it s<emed most ap-
propriate to regard each narrative secltion as a short document that had been
written by the evaluator in order to communicate to a selection board or to a
detailer the potential that the individual being evaluated had for promotion
and increased responsibility. Considered in this framework, the analysis task
then becomes one of ascertaining what the document is about (content analysis),
specification of the content by a set of descriptive labels, (indexing), and
organization of an indexing vocavulary (controlling the form and semantics of
the descriptive labels by lexicon and/or rule).%’7 1In order for the content
analysis to be valid, Fairthorne® cautions that two aspects must be taken into
consideration: (a) what the document is about, and (b) the circumstances of
the expected uses of the content analysis with respect to a particular task or
problem. Fairthorne's advice was attended to in the design of the content
analysis methodology in that the indexing vocabulary which was developed re-
lates strongly to the ultimate use to which performance evaluations are put,
that is, the selection for promotion of outstanding chief petty officers in
the face of limited promotional opportunities.

Original Indexing Vocabulary

In reading the narrative portions of the 75 Evaluation Reports for each
of the three criterion groups in the pilot study sample, it became apparent
that the attributes and characteristics being evaluated for an individual re-
lated primarily tc his potential as a manager and supervisor. Consequently,
several references in the area of managerial behavicr and practiceg’lo’ll were
consulted as an aid to the development of the irdexing vocabulary used in this
study. An initial vocabulary containing 41 descriptive labels was devised and
used to test the adequacy and manageability of the indexing method on 20 Evalu-
ation Reports not included in the pilot study sample but similar to them in
content. As a result of this experience, the original set of 41 labels was
condensed into a more generic set of 29 index terms. The original indexing
form, incocporating the final vocabulary that was used in both the pilot study
and the second study, is shown in Figure 2.

The top line of the original indexing form carries fields for an identify-
ing number for each individual being evaluated, which criterion group he be-
longs to (used only in the pilot study since criterion data were withheld in
the second study until the indexing had been completed), and whether the section
being indexed is an Evaluation Section (19R) or a Justification Section (198) .
The indexing form itself is divided into three major parts: MANAGEMENT FUNC'TIONS,
SKILLS AND ABILITIES, and PRODUCTIVITY AND ACHIEVEMENT. Under each of these
headings there are more detailed terms, providing the indexer with a 3-level
hierarchy of descriptive labels from which to choose.




ID No.

Criterion Group

SKILLS AND ABILITIES

Section

Index Term

MANAGEMENT FUNCTIONS

Fl'eg ’

CONTROLLING

LEADERSHIP AND DIRECTING

ORGANIZATION

PLANNING

REPRESENTATION

STAFFING

USE OF COMMUNICATION

COMMUNICATION

CONDUCT, INTEGRITY,
AND PRIDE

COOPERATION

ENDURANCE

FLEXIBILITY

GROOMING AND ATTIRE

INITIATIVE

INTELLECTUAL FUNCTIONING

PROFESGIONALISM

RELIABILITY AND
DEPENDABILITY

RESOURCEFULNESS

RESPONSIVENESS

TECHNICAL SKILLS

PRODUCTIVITY AND ACHIEVEMENT

AWARDS AND PUN1SHMENT

DRIVE

SERVICE MOTIVATION

POTENTIAL

REPUTE

ASSET TO THE NAVY

FREQUENCY COUNTS: 5 _ s 4

v 3 2 y 1

TOTAL NUMBER OF WORDS

Figure 2.

TOTAL NUMBER OF INDEX TERMS

Original Indexing Form Used in Performing the Content Analysis
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The first section of the original indexing form includes seven specific
MANAGEMENT FUNCTIONS that many authorities on management practice agree are
the characteristic duties of all managers.>’10°1} Although some authorities
believe that there are more, less, or different functions performed by man-
agers, these seven functions were selected because they are representative of
the duties that chief petty officers actually perform,

The second section of the original indexing form contains index terms for
13 specific SKILLS AND ABILITIES considered to be important by Navy supervisory
personnel in performing effectively as a chief petty officer. While some au-
thorities on management practice consider making a judgment about whether or
not an individual possesses a skill, quality, or ability to be a subjective
process, Navy evaluators do repeatedly call out these specific qualities in
their narrative evaluations because many of these qualities are dimensions on
which they mark the individual in Section 19 of the Evaluation Report. The
first section of the original indexing form---MANAGEMENT FUNCTIONS---deals
with how an individual performs his managerial functions and 1s result orient~-
ed, while the second section---SKILLS AND ABILITIES---contains index terms
that relate to an individual's characteristics and qualities which, if used,
may help him achieve good results.

The third section of the original indexing form---PRODUCTIVITY AND ACHIEVE=-
MENT=-=-=1s the most result-oriented section of the indexing hierarchy. Here are
included the measures of overall performance. DRIVE and SERVICE MOTIVATION (a
specific type of drive) are included in this section since drive 1s considered
to be one of the more important variables leading to success. POTENTIAL also
1s included here since potential is a measure of future performance. AWARDS
AND PUNISHMENT, REPUTE, and ASSET TO THE NAVY represent acknowledgments of an
individual's performance, either positive or negative acknowledgment,

Each sentence of narrative text in the pilot study sample and the cross
validation and generalization samples was read carefully and, where appropri=-
ate, divided into segments corresponding to the assignment of specific index
terms. However, it 1s not enough to simply label a narrative statement with
the most appropriate index term since the statement may have been a highly
positive, quite positive, neutral, quite negative, or highly negative one.

For example, in order to differentiate between the individual who plans su-
perbly and the individual who plans inadequately, a weighting scale was devis-
"ed to be applied to each index term that is used (see Table 7). The original
weighting scale contains five numerical values ranging from 5 (the positive end
of the scale) to 1 (the negative end of the scale). Under each numerical value
in Table 7 there are listed samples of adjectives or adverbs that may be used
by the evaluator to describe an individual's performance. These lists of words
provide clues to the indexer as to which numerical value to assign to an index
term. As a simple example, if the evaluator commented that the individual was
highly cooperative, this statement would be indexed as COOPERATION and assigned
a weight of 4 since highly is listed as an example under numeral 4 in Table 7.

The narrative text of each Evaluation Report was read, segmented into
distinct statements, and each statement was then assigned one or more index
terms from the set of 29 possible choices shown in Figure 2, Each term select-
ed was also assigned a numerical weight from 1 to 5 depending upon the nature




TABLE 7

ORIGINAL WEIGHTING SCALE

3 4 3 2 1
excellent | good average __poor poorest
superlative comparative comparative superlative
best better than average not as good worst

above
reproach
beyond
reproach
boundless
exceptional
extra-
ordinary
extremely
finest
flawless
greatest
highest
ideal
little to be
desired
limitless
maximum
most .
never
outstanding
paramount
perfect
profound
sterling
superb
superior
surpassed by
none
top/topnotch

unimpeachable

unique
unlimited
unmatched
utmost

without equal

without
exception
100%

NOTE: AWARDS AND PUNISHMENT is assigned a weight of either 5 or 1,

most

above average

better
commendable
complete
deep
definitely
easily
effective
efficient
eloquent
eminent
exceeds
excels
exemplary
expeditious
experienced
expertise
extensive
favorable
great
high/highly
immaculate
immensely
impeccatle
impressive
innate
inspires
instills
invaluable
keen
laudable
leading
marked

meticulously

model
much
noteworthy

particularly

rapidly

EXAMPLES

adequate
aptly
capable
competent
generally
moderate
satisfac~
tory

sufficient-

ly
usually

4-good (Cont.)

rare
remarkable

significantly

skillful
smoothly
solid
strongly
surpassed
thorough
tremendous
truly
unstinting
valuable
vast

very

as most

declining
quality
deficiency
detrimental
fair
in need of
insufficient
lack of
lower than
average
lowering of .
negatively
sputty
unfortunate
unwisely
weak in
with the ex-
ception of

bot tom
least
lowest
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of the adjectives or adverbs used as modifiers in the statement. The following
examples will make more explicit the indexing procedure that was followed
originally.

Example 1. "BTC has an excellent working and practical knowledge of the
PMS System/but has a tendency to be lax in the administrative phase of the
system,"

This sentence was segmented into two parts. The first part was indexed
as TECHNICAL SKILLS and assigned a weight of 5. The second part was indexed
as MANAGEMENT FUNCTIONS and assigned a weight of 2.

Example 2, '"Chief XX was relieved or his duties as the ship's 0il King
after serving in this capacity for approximately two months./ He was removed
from this billet because of his lack of professional knowledge/and technical
know-how in the art of refueling."

This portion of narrative text was divided into three segments for indexing
purposes. Segme.t 1 was indexed as AWARDS AND PUNISHMENT and assigned a weight
of 1. Segment 2 was indexed as PROFESSIONALISM and assigned a weight of 2.
Segment 3 was indexed as TECHNICAL SKILLS and assigned a weight of 2.

Example 3. '"He 1s able to direct the efforts of Line Personnel in an
efficient and effective manner;/this is reflected in CPO XX by a multiple of
exceptional qualities."

This sentence was segmented into two parts. The first part was indexed
as LEADERSHIP AND DIRECTING and assigned a weight of 4., The second part was
indexed as SKILLS AND ABILITIES and assigned a weight of 5.

Example 4. "His natural abilities/and responsible approach to recruiting/
have enabled him to outperform his contemporaries."

This sentence was segmented into three parts. The first part was indexed
as SKILLS AND ABILITIES and assigned a weight of 3. The second part was index-
ed as RELIABILITY AND DEPENDABILITY and assigned a weight of 3, The third part
was indexed as PRODUCTIVITY AND ACHIEVEMENT and assigned a weight of 4.

Figure 3 shows an example of the complete narrative text written in an
Evaluation Section as indexed originally. The index terms that were selected
by the indexer have been recorded above each segment of text and the indexing
weights that were assigned appear directly after each term. Factual statements
requiring no indexing were enclosed in brackets. The number of words in the
narrative text were counted and recorded at the bottom of the text by the in-
dexer, '

After all of the narrative text for either an Evaluation Section or a
Justification Section of an Evaluation Report was indexed, the weights corre-
sponding to each term were written onto the original indexing form to the right
of the appropriate index term (see Figure 4). Thus there may have been two in-
stances of mention of the individual's INTELLECTUAL FUNCTIONING, the first men-
tion given a weight of 3 and the second a weight of 4., To the right of INIEL-
LECTUAL FUNCTIONING on the indexing form for this person would be written the
following string of weights: 3,4, Then to the far right on the indexing form
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INT FuN 3 MAN Fun 4 P40 » ACH S
@8 is an intelligent and proficient Petty Officer, who performs his duties
PANS o 046 3 oté¢ LYD Y
in an outstanding manner. His ability to plan, %’rganize, coordinate and super-

PROD v Ach 3
vise have been ably demonstrated by his performance as Recruit Company Command-

R€Lv DEA3 RELPDCAI (Y] ENTY Full 4
er. He is dependable, trustworthy, and exhibits mature judgment in disposing
CAY AT D

of problems which occur within his company. &@R's military appearance and

éo coND & conp 3
neatness of person and dress denote great pride. He 1s cheerful, highly mo-

v 4 coor s
tivated, and gets along exceptionally well with others. His command of the
comm & g0
Inglish language, both orally and written is above average. &R is highly
pOT ¢ 100
recommended for E-8. [He has been in Water Survival and Hygiene Division
for &
only for a short period of t:ime.] He has shown a great potential towards being

ne qv 3
a swimming instructor and is practicing on his own time to qualify for Senior

Life Saver.

T=/132

Figure 3. Example of the Narrative Text for An Evaluation Section Showing
the Original Indexing Decisions That Were Mads. Factual State~
ments Requiring No Indexing Are Enclosed in Brackets., T = Total
Number of Words in the Narrative Text.
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ID No. [0 0O criterion Group U beotwn ot L Section bead. (19 R)

‘
oF « | ,
Index Term Freq, .

MANAGEMENT FUNCTIONS i@ q
CONTROLLING
LEADERSHIP AND DIRECTING 3 | |
ORGANIZATION 2 3 2
PLANNING 4 |
REPRESENTATION
STAFFING

USE OF COMMUNICATION

SKILLS AND ABILITIES
COMMUNICATION
CONDUCT, INTEGRITY,

4

AND PRIDE 4. 3 2
_5
3

COOPERATTION
ENDURANCE
FLEXIBILITY
GROOMING AND ATTIRE
INITIATIVE |
INTELLECTUAL FUNCTIONING 3, & 2
PROFESSIONALISM

RELIABILITY AND
DEPENDABILITY 3 3 <

RESOURCEFULNESS
RESPONSIVENESS
TECHNICAL SKILLS

PRODUCTIVITY AND ACHIEVEMENT____ 5, 3 2
AWARDS AND PUNISHMENT
DRIVE ____ 4.3 2

SERVICE MOTIVATION
POTENTIAL 4, 4 r
REPUTE _

ASSET TO THE NAVY

FREQUENCY COUNTS: 5 2 ,4 2 s 3 N , 2 , 1

TOTAL NUMBER OF WORDS [3_9. TOTAL NUMBER OF INDEX TERMS /3

Figure 4. The Original Indexing Form As It Was Filled Out to Record the Index-
Q ing Decisions Made in the Example of Narrative Text Shown in Figure 3
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under the column headed "Freq.' would be written "2", indicating that this index

term had been used two times in indexing that particular section of narrative text.

At the bottom of the original indexing form there is a line labeled FRE-
QUENCY COUNTS. After all of the weights assigned to the index terms selected
for a section of narrative text (19R or 19S) had been entered on the indexing
form, all of the 5 weights were counted and the sum was entered to the right
o 5 on the FREQUENCY COUNTS line. The same procedure was followed for enter-
ing the frequency count of 4 weights, 3 weights, 2 weights, and 1 weights. The
rinal step in completing the original indexing form was to transfer the total
number of words written at the bottom of the narrative text and to count the
total number of index terms selected from the set of 29 possibilities,

In order to increase the likelihood of consistent usage of the indexing
vocabulary, a definition was writtren for each of the 29 index terms. Koontz
and O'Donnell's Principles of Management® was relied upon heavily in defining
the management-oriented terms listed in Figure 2. Also contributing to the
formulation of the definitions for the 29 index tcrms was the way that Navy
evaluators actually referred to these concepts in narrative text. These defi-
nitions were consulted frequentiy during the indexing process. Indexing of
the pilot study sample and the cross validation and generalization samples was
performed by one experienced indexer who also had conceptualized the content
of the indexing vocabulary and had prepared the definitions of the 29 terms.
As part of a concomitant study to ascertain the reliability of this content
analysis methodology, a training manual was developed for use by the four re-
liability indexers who participated in the original reliability study. This
training manual was included in its entirety in an earlier technical report.5
The manual incorporates an alphabetical dictionary of the 29 index terms. The
dictionary definition for each term is followed by extensive examples of cor-
rect indexing usage of the term and the proper assignment of weights.

A set of #7 gquantitative variables was derived from the original indexing
form used in the content analysis (see Table 8). The first 29 variables re-
flect the simple frequency with which each index term was used to index a par=-
ticular section of narrative text., Variable 30 is the sum of these 29 frequen=
cies. Variables 31 through 59 represent the weighted frequency of each index
term used to index a particular section of narrative text. For example, sup-
pose that the index term CONTROLLING was used twice. The first time that it
was used it was assigned a weight of 4; the second time that it was used it
was assigned a weight of 3. The weighted frequency then for CONTROLLING would
be 4x1 + 3x1 = 7. The simple frequency for this same example would be
1+ 1=2., Variable 60 is similar to Variable 30 in that it is the sum of the
29 weighted frequencies.

Variables 61 through 65 represent the frequency counts over the entire
original indexing form for all 5 weights, 4 weights, 3 weights, 2 weights, and
1 weights., Variable 66 1is the total number of words in the section of narra-
tive text that was indexed. Variable 67 is the total number of index terms of
the Z. available that were used to index the section of narrative text.

Prufiles or vectors of these 67 values then were prepared for all of the
Evaluation Reports contained in each sample. Separate profiles were compiled

for the Bvaluation and Justification Sections of each Fvaluation Report., 1f
| ]
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Frequency
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Frequency
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TABLE 8

Description

DEFINITION OF THE 67 QUANTITATIVE VARIABLES
DERIVED FROM THE ORIGINAL INDEXING FORM
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Mention
Mention
Mention
Mention
Mention
Mention
Mention
Mention
Mention
Mention
Mention

Mention
Mention
Mention
Mention
Mention
Mention
Mention
Mention

Mention
Mention
Mention
Mention

Mention
Mention
Mention
Mention
Mention
Mention

of
of
of
of
of
of
of
of
of
of
of

of
of
of
of
of
of
of
of

of
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of
of

of
of
of
of
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of Variable

MANAGEMENT FUNCTIONS
CONTROLLING

LEADERSHIP AND DTRECTING
ORGANIZATION

PLANNING
REPRESENTATION
STAFFING

USE OF COMMUNICATION
SKILLS AND ABILITIES
COMMUNICATION

CONDUCT, INTEGRITY, AND
PRIDE

COOPERATION

ENDURANCE

FLEXIBILITY

GROOMING AND ATTIRE
INITIATIVE

INTELLECTUAL FUNCTIONING
PROFESSIONALISM
RELIABILITY AND DEPENDA-
BILITY

RESOURCEFULNESS
RESPONSIVENESS
TECHNICAL SKILLS
PRODUCTIVITY AND
ACHIEVEMENT

AWARDS AND PUNISHMENT
DRIVE

SERVICE MOTIVATION
POTENTIAL

REPUTE

ASSET TO THE NAVY

Sum of Variables 1 through 29
Weighted Frequency of Mention of MANAGEMENT

Weighted Frequency
Weighted Frequency

Weighted Frequency
Weighted Frequency
Weighted Frequency

FUNCTIONS

of Mention of CONTROLLING
of Mention of LEADERSHIP

AND DIRECTING

of Mention of ORGANIZATION
of Mention of PLANNING
of Mention of REPRESENTATION

(Continued)
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37
38

39

40
41

42
43
b4
45

46
47

48
49

50
51
52
53

54

35
56

57
38
59

60
61
62
63
64
65
66
67

TABLE 8 (CONT.)

DEFINITION OF THE 67 QUANTITATIVE VARIABLES

DERIVED FROM THE ORIGINAL INDEXING FORM

Weighted
Weighted

Weighted

Weighted
Weighted

Weighted
Weighted
Weighted
Weighted

-Welghted
Weighted

Weighted
Weighted

Weighted
Weighted
Weighted
Weighted

Weighted

Weighted
Weighted

Weighted
Weighted
Weighted

Description of Variable

Frequency of
Frequency of

Frequency of

of
of

Frequency
Frequency

of
of
of
of

Frequency
Frequency
Frequency
Frequency

of
of

Frequency
Frequency

Frequency
Frequency

Frequency
Frequency
Frequency
Frequency

Frequency

Frequency
Frequency

Frequency
Frequency
Frequency

Mention of STAFFING

Mention of USE OF
COMMUNICATION _

Mention of SKILLS AND
ABILITIES

Mention of COMMUNICATION

Mention of CONDUCT, INTEG-
RITY, AND PRIDE

Mention of COOPERATION

Mention of ENDURANCE

Mention of FLEXIBILITY

Mention of GROOMING AND
ATTIRE

Mention of INITIATIVE

Mention of INTELLECTUAL
FUNCTIONING

Mention of PROFESSIONALISM

Mention of RELIABILITY AND
DEPENDABILITY

Meiition of RESOURCEFULNESS

Mention of RESPONSIVENESS

Mention of TECHNICAL SKILLS

Mention of PRODUCTIVITY AND
ACHIEVEMENT

Mention of AWARDS AND
PUNISHMENT

Mention ef DRIVE

Mention of SERVICE MOTIVA-
TION

Mention of POTENTIAL

Mention of REPUTE

Mention of ASSET TO THE
NAVY

Sum of Variables 31 through 59

Total Number
Total Number
Total Number
Total Number
Total Number
Total Number
Total Number

of 5 Weights

of 4 Weights

of 3 Weights

of 2 Weights

of 1 Weights

of Words in Narrative Text
of Index Terms Used
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certain index terms were not used at all in indexing the Evaluation Section
narrative or the Justification Section narrative, they were given a value of

zero in the profile. This practice raised an important theoretical issue. Is

it more damaging not to say anything about an individual's performance in a par-
ticular area than to damn him with qualified praise? A statement such as the fol-
lowing was assigned a weight of 2: '"With more time and conscientious effort,

he should realize a greater potential." This evaluation of the individual's po-
tential seems more negative than not to have commented at all about his potential.

As a result of these considerations, the weighting scale that had been
used in the original indexing of Variables 31 through 39 was transformed in
order to place "no comment' between positive comments and negative comments.
Table 9 shows the conversion that was used. A constant of 10 was added to -the
weighted frequency of Variables 31 through 59 in order to avoid the incidence
of any negative input values in the subsequent statistical computations.

All profiles were transformed to the new weighting scale and entered onto
IBM coding forms in preparation for keypunching. The criterion data and occu-
pational specialty codes were known for the pilot study sample and were included
on the coding forms. However, all of the coding forms for the cross valida-
tion sample and the generalization sample were sent to the Navy Personnel Re-
search and Development Center in San Diego where the criterion data and occu-
pational specialty codes were added to the coding forms and then returned to R-K
Research and System Design for keypunching at UCLA. Card decks for each of
the three samples were assembled in six parts: (1) Upper Criterion Group -
Evaluation Section, (2) Middle Criterion Group - Evaluation Section, (3) Lower
Criterion Group - Evaluation Section, (4) Upper Criterion Group - Justifica-
tion Section, (5) Middle Criterion Group - Justification Section, and (6)
Lower Criterion Group = Justification Section.

TABLE 9

TRANSFORMATION OF ORIGINAL WEIGHTING SCALE

Original Transformed
Weights Weights
5 (Excellent) 3 (Excellent)
4 (Good) 2 (Good)
3 (Average) 1 (Averaye)

0 (No Comment)
2 (Poor) -1 (Poor)
1 (Poorest) -2 (Poorest)
0 (No Comment)




Short=-cut Indexing Methods

Two approaches to streamlining the original lengthy indexing procedure _
were devised. In the first approach the original hierarchy of 29 index terms
was compressed into a rational condensation consisting of 15 terms. The ra-
tionale for thls condensation grew out of extensive indexing experience and 1is
hased on management theory. ‘The compression was achleved by combining those
terms in the original hierarchy that logically belong together in managemen
practice? or that tended to be confused with each other in the actual indexing
of the pilot study, cross validation, and generalization data bases. This ap-
proach, called the rational condensation, includes all of the information con-
tained in the original set of 29 index terms, but extracts this information in
a more efficient, less confusing, and simpler fashion.

The sccond approach to streamlining the complex indexing methodology,
called statistically selected subset, capitalized on the findings resulting
from the various stepwise discriminant analyses that were performed originally
on the pilot study, cross validation, and generalization samples. Plots of
the classification accuracy achieved over the history of the discriminant analy-
sis procedure revealed that the most useful information in discriminating be-
tween superior chief petty officers and their slightly less qualified colleagues
is contained in the variables selected initially. Therefore, a subset of ap-
proximately one-third of the initial set of 67 quantitative variables derived
from the original indexing form was determined, based on the order in which
these variables were selected into the discriminant functions for the four oc-
cupational specialties represented in the pilot study, cross validation, and
generalization data bases, i.e., AT's, BT's, CS's, and RM's.

Rational Condensation Method. In the rational condensation method, the
original hierarchy of 29 index terms was compressed into 15 terms in the follow-
ing fashion. The seven specific index terms comprising the MANAGEMENT-FUNCTIONS
section of the original hierarcny (see Figure 2) were collapsed intu & new set
of four index terms. MANAGEMENT FUNCTIONS remained as the major heading for
this section, but CONTROLLING was combined with PLANNING and renamed PLANNING-
CONTROLLING. LEADERSHIP AND DIRECTING remained unchanged as did REPRESENTATION,
ORGANIZATION was combined with STAFFING and called ORGANIZATION AND STAFFING.
USE OF COMMUNICATION was subsumed under COMMUNICATION in the SKILLS AND ABILI~-
TIES section of the hierarchy.

The second section of the hierarchy, that dealing with specific SKILLS
AND ABILITIES, was condensed from 13 original index terms to seven revised
terms. The term COMMUNICATION was expanded to include USE OF COMMUNICATION.
A new term called CONDUCT AND ATTITUDE was created to encompass the following
original index terms=---CONDUCT, INTEGRITY, AND PRIDE; FLEXIBILITY; GROOMING
AND ATTIRE; and RELIABILITY AND DEPENDABILITY. COOPERATION was combined with
RESPONSIVENESS and renamed COOPERATION AND RESPONSIVENESS. The old terms
INITIATIVE and RESOURCEFULNESS were combined to rreate a new term calied CRE-
ATIVITY AND INITIATIVE. Another new term entitled ENDURANCE AND MOTIVATION
subsumed the old term ENDURANCE from the SKILLS AND ABILITIES section of the
original hierarchy and the old terms DRIVE and SERVICE MOTIVATION from the
PRODUCTIVITY AND ACHIEVEMENT section of the original hierarchy. INTELLECTUAL
FUNCTIONING remained unchanged. PROFESSIONALISM was combined with TECHNICAL
SKILLS and renamed PROFESSIONAL AND TECHNICAL SKILLS,
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The PRODUCTIVITY AND ACHIEVEMENT section of the compressed hierarchy now
contains only one specific term---RECOGNITION---a consolidation of the old
terms AWARDS AND PUNISHMENT, POTENTIAL, REPUTE, and ASSET TO THE NAVY, the old
terms DRIVE and SERVICE MOTIVATION having been moved to the SKILLS AND ABILI-
TIES section of the hierarchy and subsumed under the new term ENDURANCE AND
MOTIVATION. Thus, the new hierarchy contains all of the concepts represented
in the original indexing hierarchy but uses them in a more rnndensed and less
confusing fashion.

Figure 5 portrays the indexing form that was developed for use with the
rational condensation method. From this list of 15 compressed index terms, 23
quantitative variables were derived (see Table 10). The first 15 variables
represent the weighted frequency of each index term used to index a particular
section of narrative text using the original weighting scale shown in Table 7.
The simple frequency of each index term was not employed because the weighted
frequency provides more information. Variable 16 is the sum of the 15 weight-
ed frequencies.

Variables 17 through 21 represent the frequency counts uver the entire
rational condensation indexing form for all 5 weights, 4 weights, 3 weights,
2 weights, and 1 weights. Variable 22 is the total number of index terms of
the 15 available that were used to index the section of narrative text. Vari~
able 23 is the total number of words in the section of narrative text that was
indexed.

- .

Statistically Selected Subset Method. In the statistically selected sub-
set method, a subset of 15 terms was selected from the 29 original index terms,
based on the order in which the original set of terms was selected by the step-
wise discriminant analysis procedure. The 15 terms comprising this reduced,
short-cut indexing procedure are those terms selected early by the discriminant
analysis procedure for all four occupational specialiles +epiesented in the
pilot study, cross validation, and generatization samples.

In the MANAGEMENT FUNCTIONS section of the original hierarchy (see Figure
2), the main heading was selected as well as four specific index terms under
Lhie MANAGEMENT FUNCTIONS heading--~-~LEADERSHIP AND DIRECTING, PLANNING, REPRE-
SENTATION, and STAFFING. In the SKILLS AND ABILITIES section of the original
hierarchy, again the main heading was retained. Under this heading four spe-
cific skills and abilities were selected=--COMMUNICATION, PROFESSIONALISM,
RESPONSIVENESS, and TECHNICAL SKILLS. 1in the PRODUCTIVITY AND ACHIEVEMENT sec-
tion of the original hierarchy, the main heading also was retained and under
this heading the following specific terms were selected---DRIVE, POTENTIAL,
REPUTE, and ASSET TO THE NAVY. The 14 original index terms that were not in-
cluded in the statistically selected subset are the following: CONTROLLING;
ORGANIZATION; USE OF COMMUNICATION; CONDUCT, INTEGRITY, AND PRIDE; COOPERATION;
ENDURANCE; FLEXTBILITY; GROOMING AND ATTIRE; INITIATIVE; INTELLECTUAL FUNCTION-
ING; RELIABILITY AND DEPENDABILITY; RESOURCEFULNESS; AWARDS AND PUNISHMENT; and
SERVICE MOTIVATION, These 14 terms were the least differentiating in that they
were selected by the stepwise discriminant analysils procedure very late in the
process and added very little to the classification accuracy of the discriminant
function. Of these 14 terms the seven that were the most inferior in their dis-
criminatory power were, in order from worst to better, GROOMING AND ATTIRE, RE~-
LIABILITY AND DEPENDABILITY, USE OF COMMUNICATION, CONTROLLING, ORGANIZATION,
ENDURANCE, and INITIATIVE,




. I No. Criterion Group Section

Weighted
Index Term Frequency

MANAGEMENT FUNCTIONS

LEADERSHIP AND DIRECTING

ORGANIZATION AND STAFFING

PLANNING-CONTROLL ING

REPRESENTAT ION

SKILLS AND ABILITIES

COMMUNICAT ION

CONDUCT AND ATTITUDE

COOPERATION AND RESPONSIVE-
NESS

CREATIVITY AND INITIATIVE

ENDURANCE AND MOTIVATION

INTELLECTUAL FUNCTIONING _

PROFESSIONAL AND TECHNI-
CAL SKILLS

PRODUCTIVITY AND ACHIEVEMENT

RECOGNITION _
SUM OF WEIGHTED FREQUENCIES
FREQUENCY COUNTS: 5 , 4 v 3,2 , 1
TOTAL NUMBER OF WORDS , TOTAL NUMEER OF INDEX TERMS

Figure 5. Tudexing Form Used in Performing the Content Analysis
for the Rational Condensation Short-cut Method
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DEFINITION OF THE 23 QUANTTTATIVE VARTABLES DERIVED
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MANAGEMENT FUNCTIONS

LEADERSHIP AND
DIRECTING

ORGANIZATION AND
STAFFING

PLANNING-CONTROLLING
REPRESENTATION
SKILLS AND ABILITIES
COMMUNICATION
CONDUCT AND ATTITUDE

COOPERATION AND
RESPONSIVENESS

CREATIVITY AND
INITIATIVE

ENDURANCE AND MOTIVATION
INTELLECTUAL FUNCTIONING

PROFESSIONAL AND
TECHNICAL SKILLS

PRODUCTIVITY AND
ACHIEVEMENT

RECOGNITION

of Words in Narrative Text




Figure 6 portrays the indexing form that was developed for use with the
statistically selected subset method. From this list of 15 statistically se-
lected index terms, 21 quantitative variables were derived (see Table 11), The
first 15 variables represent the weighted frequency of each of the statistically
selected inuex terms us.d co index a particular section of narrative text using
the original weighting scale shown in Table 7. The simple frequency of each of
these 15 terms was not employed because the weighted frequency provides more
information. Variable 16 is the sum of the 15 weighted frequencies.

Variable 17 represents the frequency count over the entire statistically
selected subset -indexing form for all 5 weights. Variable 18 represents a
similar frequency count for all 3 weights, and Variable 19 represents a similar
frequency count for all 2 weights. Variable 20 is the total number of index
- terms of the 15 available that were used to index the section of narrative text.
Variable 21 is the total number of words in the section of narrative text that
was indexed.




ID No. Criterion Group

Section

Index Term

MANAGEMENT FUNCTIONS

Weighted
Frequency

LEADERSHIP AND DIRECTING

PLANNING

REPRESENTATION

STAFFING

SKILLS AND ABILITIES

COMMUNICAT ION

PROFESSIONALISM

RESPONSIVENESS

TECHNICAL SKILLS

PRODUCTIVITY AND ACHIEVEMENT

DRIVE

POTENTIAL

REPUTE

ASSET TO THE NAVY

FREQUENCY COUNTS: 5 ’

TOTAL NUMBER OF WORDS

3 9 2 ’

TOTAL NUMBER OF INDEX TERMS

Figure 6., 1Indexing Form Used in Performing the Content Analysis
for the Statistically Selected Subset Short-cut Method




TABLE 11

DEFINITION OF THE 21 QUANTITATIVE VARIABLES DERIVED
FROM THE STATISTICALLY SELECTED SUBSET INDEXING FORM

Number of
Variable Description of Variable
1 Weighted Frequency of Mention of MANAGEMENT FUNCTIONS
2 Weighted Frequency of Mention of LEADERSHIP AND
, DIRECTING
3 Weighted Frequency of Mention of PLANNING
4 Weighted Frequency of Meﬁtion of REPRESENTATION
5 Weighted Frequency of Mention of STAFFING
6 Weighted Frequency of Mention of SKILLS AND ABILITIES
7 Weighted Frequency of Mention of COMMUNICATION
8 Weighted Frequency of Mention uf PROFESSIONALISM
9 Weighted Frequency of Mention of RESPONSIVENESS
10 Weighted Frequency of Mention of TECHNICAL SKILLS
11 Weighted Frequency of Mention of PRODUCTIVITY AND
' ACHIEVEMENT
12 Weighted Frequency of Mention of DRIVE
13 Weighted Frequency of Mention of POTENTIAL
14 Weighted Frequency of Mention of REPUTE
15 Weighted Frequency of Mention of ASSET TO THE NAVY
16 Sum of Variables 1 through 15 |
17 Total Number of 5 Weights
18 Total Number of 3 Weights
19 Total Number of 2 Weights
20 Total Number of Index Terms Used
21 Total Number of Words in Narrative Taxt
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SECTION 4. COMPARISON OF THE SHORT-CUT INDEXING METHODS WITH THE ORIGINAL
LENGTHY PROCEDURE

Profiles or vectors of the values for the 23 quantitative variables de-
rived from the indexing form for the rational condensation short-cut method
(see Table 10) were prepared for all of the Evaluation Reports contained in
the pilot study, cross validation, and generalization samples. Separate pro-
files were compiled for the Evaluation and Justification Sections of each Evalu-
ation Report. The transformed weighting scale shown in Table 9 was used, and
a constant of 10 was added to the weighted frequency of Variables 1 through 15
in order to avoid the incidence of any negative input values in the subsequent
statistical computations. All profiles were transformed to the new weighting
scale, entered onto IBM coding forms, and keypunched. Card decks for each of
the three samples were assembled in six parts: (1) Upper Criterion Group -
Evaluation Section, (2) Middle Criterion Group - Evaluation Section, (3) Lower
Criterion Group - Evaluation Section, (4) Upper Criterion Group - Justifica-
tion Section, (5) Middle Criterion Group - Justification Section, and (6)
Lower Criterion Group - Justification Section.

Profiles or vectors of the values for the 21 quantitative variables de-
rived from the indexing form for the statistically selected subset short-cut
method (see Table 11) were prepared in a similar manner, using the transformed
weighting scale. Parallel card decks for the three samples were keypunched
and assembled in six parts as described above for the rational condensation
card decks.

The card decks corresponding to the two short-cut indexing methods were
analyzed by Program BMDO7M in the library of Biomedical Computer Programs12
at the UCLA Health Sciences Computing Facility, just as the card decks for the
original lengthy indexing procedure had been analyzed the year before.,* Pro-
gram BMDO7M performs a multiple discriminant analysis in a stepwise manner.
At each step one variable is entered into the set of discriminating variables
or a variable is deleted if its F value becomes too low. At the option of the
user, a classification matrix is computed and printed after those steps speci-
fied by the user. This option permits the user to determine if the classifica-
tion process tends to converge to perfect classification or to maximize at some
midway step and then diverge as more variables are added to the discriminant
function.

Comparisons then were made among the three indexing methods for each step
in the stepwise discriminant analysis procedure. These comparisons examined
two aspects of the performance of each indexing method: (1) the variable that
was selected at each step in the stepwise discriminant analysis procedure, and
(2) the number of individuals in the particular sample being compared that were
classified correctly into the criterion group to which they actually belonged.
The remainder of this section presents a discussion of these comparisons. The
results for each of the four occupational specialties represented in this study

* - .
Computing assistance was obtained from the Health Sciences Computing Facility,
UCLA, sponsored by NIH Special Research Resources Grant RR-3,




--=Al's, BT's, CS's, and RM's---are presented separately, followed by a sum-
mary and discussion of the conclusions tha’ can be drawn from the various com-
parisons that were made.

AT Comparison

AT Comparison - Evaluatjon Section. Table 12 shows a comparison of the
performance of the three indexing procedures for the 144 pilot study AT's on
the Evaluation Section of the Evaluation Report. At Step 1 the same variable
was selected ior all three indexing procedures--=Total Number of 5 Weights
(Excellent)---and the classification accuracy achieved by the three indexing
procedures at Step 1 was approximately the same. The same variable=-=Total
Number of 2 Welghts (Poor)---was selected also for all three indexing proce-
dures at Step 2, The classification accuracy dropped =lightly for all three
indexing procedures, but remained comparatively the same. Beginning at Step 3
there 1s a divergence among the three indexing procedures in the variable se-
lected and some oscillation in the classification accuracy achieved. However,
the following important clusters of variables were selected for at least two
of the three indexing procedures between Steps 3 and 15: COMMUNICATION;
PRODUCTIVITY AND ACHIEVEMENT; ORGANIZATION AND STAFFING/STAFFING:; MANAGEMENT
FUNCTIONS; COOPERATION/COOPERATION AND RESPONSIVENESS; REPRESENTATION; Total
Number of Index Terms Used; and SERVICE MOTIVATION/ENDURANCE AND MOTIVATION/
DRIVE,

At Step 14 the statistically selected subset indexing method achieved 1its
best classification performance, correctly classifying 83 of the 144 pilot
study AT's (58%). The best classification performance for the rational ¢ nden-
sation indexing method was achieved at Step 18, with 80 of the 144 pilot study
AT's (56%) being classified correctly, The stepwise discriminant analysis pro-
cedure continued to try to maximize the classification performance of the
lengthy indexing method, using the greater number of available variables for
this method. Finally, at Step 50 the best classification accuracy was achieved
for the lengthy indexing procedure, 105 of the 144 pilot study AT's (73%).
However, this superior classification accuracy for the lengthy indexing method
compared to the two short-cut indexing methods was achieved because of the
larger number of variables available to the stepwise discriminant analysis pro-
cedure for the lengthy method (67 compared to 23 for the rational condensation
method and 21 for the statistically selected subset method). Perhaps a more
meaningful comparison is the classification performance achieved by each index-
ing method at Step 15. At this step the lengthy method correctly classified 87
of the 144 pilot study AT's (60%) whereas the rational condensation method cor-
rectly c'assified 75 of the 144 pilot study AT's (52%). The statistically se-
lected subset method had already reached its best classification performance at
Step 14, correctly classifying 83 of the 144 pilot study AT's (58%). Even at
Step 15 the lengthy indexing proceduqe shows a slight but definite advantage
over the two short-cut indexing methods. Probably more interesting is the fact
that the same variables were selected at Steps 1 and 2 for all three indexing
methods. This 1s a significant finding since the variables selected early in
the stepwise discriminant analysis procedure are the key variables in maxi-
mizing the ability of the discriminant function to differentiate membership in
the three criterion groups---Upper, Middle, and Lower. From the statistical
results presented in Table 12, it appears that the modifying adjectives and
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TABLE 12

COMPARISON OF THE VARIABLES SELECTED AT FACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
PILOT STUDY AT's (N=144) = EVALUATION SECTION

No. of Pilot

Study AT's
Classified
Variable Selected Correctly
Step 1:
~ Lengthy Procedure Total Number of 5 (New 3) Weights* 68
Rational Condensation Total Number of 5 (New 3) Weights# 68
Stat. Selected Subset Total Number of 5 (New 3) Waights# 67
Step 2: ‘
Lengthy Procedure Total Number of 2 (New ~1) Weights* 64
Rational Condensation Total Number of 2 (New -1) Weights#* 64
Stat. Selected Subset Total Number of 2 (New -1) Weights* 63
Step 3:
Lengthy Procedure  wf of AWARDS AND PUNISHMENT 83
Rational Condensation wf of COMMUNICATION 69
Stat. Selected Subset wf of PRODUCTIVITY AND ACHIEVEMENT 65
Step 4:
Lengthy Procedure f of COMMUNICATION 76
Rational Condensation wf of ORGANIZATION AND STAFFING 72
Stat. Selected Subset wf of MANAGEMENT FUNCTIONS 80
Step 5:
Lengthy Procedure f of PRODUCTIVITY AND ACHIEVEMENT 79
Rational Condensation wf of CREATIVITY AND INITIATIVE 73
Stat. Selected Subset Total Number of 3 (New 1) Weights® 73
Step 6:
Lengthy Procedure f of COOPERATION 81
Rational Cocndensation wf of COOPERATION AND RESPONSIVENESS 75
Stat. Selected Subset wf of PROFESSIONALISM 76
Step 7:
Lengthy Procedure wf of MANAGEMENT FUNCTIONS 81
Rational Condensation Sum of Variables 1 through 15 74
Stat. Selected Subset wf of REPRESENTATION 76

* A 5 (New 3) Weight = Excellent; a 3 (New 1) Weight = Average;

a8 2 (New -1) Weight = Poor.
(Continued)




TABLE 12 (CONT,)

COMPARISON OF THE VARTIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
PILOT STUDY AT's (N=144) - EVALUATION SECTION

No. °f Pilot

Study AT's
Classified
Variable Selected Correctly
Step 8:
Lengthy Procedure wf of PRODUCTIVITY AND ACHIEVEMENT 89
Rational Condensation Total Number of Index Terms Used 73
Stat. Selected Subset wf of LEADERSHIP AND DIRECTING 77

Step 9: A
Lengthy Procedure wf of SERVICE MOTIVATION 88
Rational Condensation wf of REPRESENTATION 71
Stat. Selected Subset wf of COMMUNICATION 76

Step 10:

Lengthy Procedure Total Number of Index Terms Used 91

Rational Condensation wf of SKILLS AND ABILITIES 69

Stat. Selected Subset wf of ASSET TO THE NAVY 76
Step 11:

- Lengthy Procedure wf of USE OF COMMUNICATION 93
Rational Condensation wf of MANAGEMENT FUNCTIONS 73
Stat. Selected Subset wf of STAFFING 75

Step 12:

Lengthy Procedure f of USE OF COMMUNICATION 89
Rational Condensation wf of ENDURANCE AND MOTIVATION 73
Stat. Selected Subset Total Number of Index Terms Used 82
Step 13:
Lengthy Procedure wf of REPRESENTATION 90
Rational Condensation wf of INTELLECTUAL FUNCTIONING 74
Stat. Selected Subset wf of DRIVE 81
Step 14: '
Lengthy Procedure wf of GROOMING AND ATTIRE 87
Rational Condensation wf of PRODUCTIVITY AND ACHIEVEMENT 75
Stat. Selected Subset wf of PLANNING 83*

The underscore indicates the best classification achieved in the
stepwise discriminant analysis for a particular indexing procedure.

(Continued)
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TABLE 12 (CONT.)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
PILOT STUDY AT's (N=144) - EVALUATION SECTION

No, of Pilot

Study AT's
Classified
Variavle Selected Correctly
Step 15:
Lengthy Procedure wf of DRIVE 87
Rational Condensation Total Number of Words in Text 75
Step 16:
Rational Condensation Total Number of 4 (New 2) Weilghus* 78
Step 17:
Rational Condensation wf of CONDUCT AND ATTITUDE 77
Step 18:
Rational Condensation wf of LEADERSHIP AND DIRECTING 80x*
Step 50:
Lengthy Procedure wf of ORGANIZATION 105%%

RECAPITULATION OF CLASSIFICATION ACCURACY
FOR THE THREE INDEXING PROCEDURES:

Lengthy Irocedure 105 out of 144 (73%)
Rational Condensation 80 out of 144 (56%)
Stat. Selected Subset 83 out of 144 (587%)

A 4 (New 2) Weight = Good.

#k
The underscore indicates the best classification achieved in the

stepwise discriminant analysis for a particular indexing procedure.




adverbs used by an evaluator to assess an individual are key factors in distin-
guishing between superior performance and less stellar achievements.

Do these findings also apply to the Evaluation Section for the cross vali-
dation AT's? Table 13 provides the answer. The results shown in Table 13 are
less striking than those presented in Table 12. However, within the first
five steps shown in Table 13, all thrrve indexing procedures selected the same
two variables dealing with weights, i.e., Total Number of 5 Weights (Excellent)
and Total Number of 2 Weights (Poor). Other important clusters of variables
selected in the first ten steps for all three of the indexing methods were
COOPERATION/RESPONSIVENESS/COOPERATION AND RESPONSIVENESS; LEADERSHIP AND
DIRECTING; TECHNICAL SKILLS/PROFESSIONAL AND TECHNICAL SKILLS; and PRODUCTI-
VITY AND ACHIEVEMENT. Between Steps 8 and 15 the following additional clusters
of variables were selected for two of the three indexing procedures: REPRESEN-
TATTON; SERVICE MOTIVATION/ENDURANCE AND MOTIVATION; Total Number of Words in

Text; ORGANIZATION AND STAFFING/STAFFING; MANAGEMEWT FUNCTIONS; and COMMUNICA-
TION,

The classification performance of the three indexing procedures began at
comparatively the same level in Table 13, but by the second step the statisti-
cally selected subset method began to fall behind and never recouped its losses
while the rational condensation method managed to keep up reasonably well with
the lengthy indexing procedure, even exceeding its classification performance
at Steps 6, 7, and 8. At Step 16 the statistically selected subset indexing
method achieved its best classification performance, correctly classifying 87
of the 138 cross validation AT's (63%). The rational condensation indexing
method achieved its best classification performance at Step 18, correctly
classifying 96 of the 138 cross validation AT's (70%). The lengthy indexing
procedure, with its greater complement of variables, continued on to Step 48
where 110 of the 138 cross validation AT's were classified correctly (80%).
Again, taking a reading at Step 15, oune can see that the rational condensation
method was fairly close to the original lengthy indexing procedure (65% accu-

racy compared to 68% accuracy), but the statistically selected subset method
had lost ground (61%).

Since the pilot study and cross validation AT samples were drawn from
data puols available for two contiguous years, it is possible that there were
subtle differences in the composition of these two samples that made themselves
evident in the results from the stepwise discriminant analysis procedure for
each sample analyzed separately. Therefore, the pilot study and cross valida-
tion AT samples were combined into a single larger sample (N=282) and reanaly-
zed by the stepwise discriminant analysis procedure. Table 14 presents the
results for the combined AT analysis on the Evaluation Section.

Now the importance of the variable, Total Number of 5 Weights (Excellent),
becomes crystal clear, being selected initially for all three indexing proce-
dures. The variable, Total Number of 2 Weights (Poor), was selected for all
three indexing procedures within the first three steps. LEADERSHIP AND DIRECT-
ING was selected for all three indexing procedures within the first four steps.
TECHNICAL SKILLS/PROFESSIONAL AND TECHNICAL SKILLS plus MANAGEMENT FUNCTIONS
were variables selected between Steps 4 and 6 for all three indexing proce-
dures. The variable, Total Number of 3 Weights (Average), was selected by all
three indexing procedures between Steps 2 and 12, Between Steps 6 and 15 four




TABLE 13

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
CROSS VALIDATION AT's (N=138) ~ EVALUATION SECTION

Step 1l:

Lengthy Procedure

Rational Condensation

Stat. Selected Subset
Step 2:

Lengthy Procedure

Rational Condensation

Stat. Selected Subset
Step 3:

Lengthy Procedure

Rational Condensation

Stat. Selected Subset
Step 4:

Lengthy Procedure

Rational Condensat.on

Stat. Selected Subset

Step 5:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 6:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 7:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

VYariable Selected

f of COOPERATION
Total Number of 5 (New 3) Weights*
Total Number of 2 (New ~1) Weights*

Total Number of 5 (New 3) Weights*
Total Number of 3 (New 1) Weights#*
wf of LEADERSHIP AND DIRECTING

f of TECHNICAL SKILLS
Total Number of 2 (New ~1) Weights*
Total Number of 5 (New 3) Weights *

f of LEADERSHIP AND DIRECTING

wf of PROFESSIONAL AND TECHNICAL
SKILLS

wf of TECHNICAL SKILLS

Total Number of 2 (New -1) Weights¥*
wf of LEADERSHIP AND DIRECTING
wf of RESPONSIVENESS

wf of RESPONSIVENESS
wf of PRODUCTIVITY AND ACHIEVEMENT
wf of PRODUCTIVITY AND ACHIEVEMENT

f of RESOURCEFULNESS
wf of CONDUCT AND ATTITUDE
wf of PLANNING

* | ,
A 5 (New 3) Weight = Excellent; a 3 (New 1) Weight = Average;
a 2 (New -1) Weight = Poor.

35

No. of Cross

Valid, AT's
Classified

Correctly

58
61
59

73
69
64

78
76
70

85
78

75

84
80
74

82
86
68

86
89
71

(Continued)
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TABLE 13 (CONT,)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP

IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THRE" INDEXING PROCEDURES
CROSS VALIDATION AT's (N=138) = EVALUATION SECTION

No, of Cross
Valid. AT's

Classified
Variable Selected Correctly

Step 8:

Lengthy Procedure f of PRODUCTIVITY AND ACHIEVEMENT 89

Rational Condensation wf of COOPERATION AND RESPONSIVENESS 90

Stat. Selected Subset wf of REPRESENTATION 76
Step 9:

Lengthy Procedure f of SERVICE MOTIVATION 95

Rational Condensation wf of REPRESENTATION 89

Stat. Selected Subset Total Number of Words in Text 81
Step 10: .

Lengthy Procedure wf of TECHNICAL SKILLS 92

Rational Condensation wf of ORGANIZATION AND STAFFING 89

Stat. Selected Subset wf of MANAGEMENT FUNCTIONS - 80
Step 11:

Lengthy Procedure Total Number of 4 (New 2) Weights* 920

Rational Condensation wf of MANAGEMENT FUNCTIONS : 89

Stat. Selected Subset wf of POTENTIAL 82
Step 12:

Lengthy Procedure f of AWARDS AND PUNISHMENT 92

Rational Condensation wf of INTELLECTUAL FUNCTIONING 87

Stat. Selected Subset wf of ASSET TO THE NAVY 81
Step 13:

Lengthy Procedure f of PROFESSIONALISM 92

Rational Condensation wf of COMMI™'ICATION 86

Stat. Selected Subset wf of STarFING 80
Step l14:

Lengthy Procedure Total Number of Index Terms Used 93

Rational Condensation wi of ENDURANCE AND MOTIVATION 90

Stat. Selected Subset wf of COMMUNICATION 84

* A 4 (New 2) Weight = Good.

(Continued)
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TABLE 13 (CONT.)

COMPARISON OF THE VARTABLES SELECTED AT EACH STEP

IN THE STEPWISE DISCRIMINANT ANALYSIS AND THF. CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
CROSS VALIDATION AT's (N=138) - EVALUATION SECTION

No, of Cross

Valid. AT's
Classified
Variable Selected Correctly
Step 15:
Lengthy Procedure Total Number of Words in Text 94
Rational Condensation wf of SKILLS AND ABILITIES 90
Stat., Selected Subset wf of PROFESSIONALISM 84
Step l6:
Rational Condensation Total Number of 4 (New 2) Weights* 91
Stat. Selected Subset wf of REPUTE 87%*
Step 17:
Rational Condensation wf of RECOGNITION 94
Step 18:
Rational Condensation wf of CREATIVITY AND INITIATIVE 96**
Step 48:
Lengthy Procedure f of INITIATIVE 110%*

RECAPITULATION OF CLASSIFICATION ACCURACY
FOR THE THREE INDEXING PROCEDURES :

Lengthy Procedure 110 out of 138 (80%)
Rational Condensation 96 out of 138 (70%)
Stat. Selected Subset 87 out of 138 (63%)

*
A 4 (New 2) Weight = Good.

*k
The underscore indicates the best classification achieved in the

stepwise discriminant analysis for a particular indexing procedure.
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TABLE 14
COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREFE 1NDEXING PROCEDURES
COMBINED AT SAMPLES (N=282) - EVALUATION SECTION
No. of Com-
bined AT's
Classified
Variable Selected Correctly
Step 1:
Lengthy Procedure Total Number of 5 (New 3) Weights* 129
Rational Condensation Total Number of 5 (New 3) Weights* 129 .
Stat. Selected Subset Total Number of 5 (New 3) Weights* 130
Step 2:
Lengthy Procedure f of LEADERSHIP AND DIRECTING 142
Rational Condensation Total Number of 3 (New 1) Weights* 138
Stat. Selected Subset Total Number of 2 (New -1) Weights* 121
Step 3:
Lengthy Procedure Total Number of 2 (New ~1) Weights* 151
Rational Condensation Total Number of 2 (New -1) Weights* 143
Stat. Selected Subset wf of LEADERSHIP AND DIRECTING 147
Step 4:
Lengthy Procedure wf of TECHNICAL SKILLS 151
Rational Condensation wf of LEADERSHIP AND DIRECTING 162
Stat. Selected Subset wf of MANAGEMENT FUNCTIONS 142
Step 5:
Lengthy Procedure Total Number of 3 (New 1) Weights* 158
J Rational Condensation wf of MANAGEMENT FUNCTIONS 155
: Stat. Selected Subset wf of TECHNICAL SKILLS 142
| Step 6:
Lengthy Procedure wf of MANAGEMENT FUNCTIONS 165
| _Rational Condensation wf of PROFESSIONAL AND TEUHNICAL 166%%
“l SKILLS
7 Stat. Selected Subset wf of PROFLSSIONALISM 143
Step 7:
Lengthy Procedure wf of RESPONSIVENESS 162
Stat. Selected Subset wf of REPRESENTATION ' 146
* ,
5 (New 3) Weight = Excellent; a 3 (New 1) Weight = Average;
a 2 (New -1) Weight = Poor.
*k
The underscore indicates the best classification achieved in the
stepwise discriminant analysis for a particular indexing procedure,
(Continued)




TABLE 14 (CONT,)

COMPARY*'IN OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
COMBINED AT SAMPLES (N=282) ~ EVALUATION SECTION

Step 8:

Lengthy Procedure
Stat. Selected Subset

Step 9:

Lengthy Procedure
Stat. Selected Subset

Step 10:
Lengthy Procedure
Stat. Selected Subset
Step 11:

Lengthy Procedure
Stat. Selected Subset

Step 12:

Lengthy Procedure
Stat. Selected Subset

Step 13:

Lengthy Procedure
Stat. Selected Subset

Step 14:

Lengthy Procedure
Stat. Selected Subset

Step 15:

Lengilhiy Procedure
Stat. Selected Subset

Step lé:
Stat. Selected Subset

Yariable Selqugg

f of COMMUNICATION
wf of RESPONSIVENESS

f of RESOURCEFULNESS
wf of POTENTIAL

f of PROFESSIONALISM
wf of COMMUNICATION

f of DRIVE
Total Number of Words in Text

wf of LEADERSHIP AND DIRECTING
Total Number of 3 (New 1) Weights*

f of AWARDS AND PUNISHMENT
wf of DRIVE

wf of POTENTIAL
wf of STAFFING

wf of INTELLECTUAL FUNCTIONING
Total Number of Index Terms Used

Sum of Variables 1 through 15

*
A 3 (New 1) Weight = Average.

39

NO. Of COm"
bined AT's
Classified
Correctly

160
145

165
147

162
147

157
152

. 157
152

162
150

163
151

160
150

156

(Continued)




TABLE 14 (CONT,)

COMPARISON OF THE VARIABLES SELECTED AT FACH STEP

IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
COMBINED AT SAMPLES (N=282) - EVALUATION SECTION

, No. of Com-

| | bined AT's

; Classified
vVariable Selected Correctly

Step 17:
Stat. Selected Subset wi of PRODUCTIVITY AND ACHIEVEMENT 152

Step 18:
Stat. Selected Subset wf of ASSET TO THE NAVY 151

Step 19:
Stat. Selected Subset wf of REPUTE 152

Step 20:
Lengthy Procedure wf of CONDUCT, INTEGRITY, AND PRIDE 164
Stat. Selected Subset wf of SKILLS AND ABILITITS 152
Step 21:
Stat. Selected Subset wf of PLANNING ' 159%

Step 46:
Lengthy Procedure wf of DRIVE 184*

RECAPITULATION OF CLASSIFICATION ACCURACY
FOR THE THREE INDEXING PROCEDURES:

Lengthy Procedure 184 out of 282 (65%)
Rational Condensation 166 out of 282 (59%)
Stat. Selected Subset 159 out of 282 (567%)

* , ,
@ The underscore indicates the best classification achieved in the
stepwise discriminant analysis for a particular indexing procedure,
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variables that assumed importance were RESPONSIVENESS, COMMUNICATION, POTENTIAL,
and DRIVE,being selected by at least two of the three indexing procedures.

At Step 6 the rational condensation indexing method achieved its best
classification performance, correctly classifying 166 of the 282 combined AT's
(539%). The statistically selected subset indexing method lagged behind but
continued on to Step 21 where it achieved its best classification performance,
correctly classifying 159 of the 282 combined AT's (56%). The lengthy index-
ing procedure finally reached its maximum classification performance at Step
46 where it correctly classified 184 of the 282 combined AT's (65%).

AT Comparison - Justification Section, Table 15 shows a comparison of
the performance of the three indexing procedures for the 144 pilot study AT's
on the Justification Section of the Evaluation Report, For all three index-
ing procedures, the first variable selected was Total Number of Index Terms
Used, with the classification accuracy for the three methods being approxi-
mately the same initially. The lengthy procedure and the rational condensa-
tion method paralleled each other at Step 2, with Total Number of 5 Weights
(Excellent) being selected for both procedures. The three procedures then go
their more or less independent ways until Step 15, but certain important clus-
ters of variables were selected by at least two of the indexing methods up to
this point. These clusters were REPUTE/POTENTIAL/RECOGNITION; INTELLECTUAL
FUNCTIONING; PRODUCTIVITY AND ACHIEVEMENT; Total Number of 3 Weights (Average);
COOPERATION AND RESPONSIVENESS/RESPONSIVENESS; - ORGANIZATION AND STAFFING/STAFF-
ING; ENDURANCE AND MOTIVATION/ENDURANCE/DRIVE/SERVICE MOTIVATION; SKILLS AND
ABILITIES; PLANNING/CONTROLLING/PLANNING-CONTROLLING; and sum of either the
simple or weighted frequencies of the available set of variables for a par-
ticular indexing method.

At Step 15 in Table 15 the statistically selected subsei indexing method
achleved its best classification performance, correctly classifying 116 of the
144 pilot study AT's (81%). The lengthy indexing procedure was only slightly
better at Step 15, correctly classifying 117 of the 144 pilot study AT's (81%).
At Step 15 the rational condensation indexing method was =omewhat inferior to .
the other two indexing procedures, correctly classifying 109 of the 144 pilot
study AT's (76%). By Step 18 the rational condensation method achieved its
best classification performance, correctly classifying 110 of the 144 pilot
study AT's (76%). The stepwise discriminant analysis procedure continued on
to Step 58 where it finally achieved a best classification performance of 137
individuals in the l44-case pilot study AT sample (95%) for the lengthy index-
ing procedure.

Table 16 presents the Justification Section results for the 138 cross
validation AT's. As with the pilot study AT's on the Justification Section,
the variable, Total Number of Index Terms Used, was selected initially for all
three indexing procedures, with the classification accuracy for the three
methods being approximately the same. At Step 2 TECHNICAL SKILLS was selected
for the original lengthy indexing procedure and for the statistically selected
subset short=-cut method, and the new index term, PROFESSIONAL AND TECHNICAL
SKILLS, was selected for the rational condensation short-cut indexinz method;
again, the classification accuracy of the three methods was approximately the
same. At Step 3 PRODUCTIVITY AND ACHIEVEMENT was the variable selected for
both the lengthy indexing procedure and for the rational condensation method,




TABLE 15

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP

IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIFVED BY THE THREE INDEXING PROCEDURES
PILOT STUDY AT's (N=144) = JUSTIFICATION SECTION

No. of Pilot

Study AT's
Classified
Variable Selected Correctly
Step 1:
Lengthy Procedure Total Number of Index Terms Used 95
Rational Condensation Total Number of Index Terms Used 96
Stat. Selected Subset Total Number of Index Terms Used 99
Step 2:
Lengthy Procedure ‘Total Number of 5 (New 3) Weights* 104
Rational Condensation Total Number of 5 (New 3) Weights* 106
Stat. Selected Subset wf of REPUTE 99
Step 3:
Lengthy Procedure f of CONDUCT, INTEGRITY, AND PRIDE 105
Rational Condensation Total Number of 4 (New 2) Weights™ 107
Stat. Selected Subset Total Number of Words in Text 100
Step 4:
Lengthy Procedure £ of INTELLECTUAL FUNCTIONING 103
Rational Condensation wf of PRODUCTIVITY AND ACHIEVEMENT 108
Stat. Selected Subset wf of PROFESSIONALISM 103
Step 5:
Lengthy Procedure - wf of INTELLECTUAL FUNCTIONING 102
Rational Condensation Total Number of 3 (New 1) Weights* 105
Stat. Selected Subset . wf of PRODUCTIVITY AND ACHIEVEMENT 109
Step 6:
Lengthy Procedure wEf of GROOMING AND ATTIRE 104
Rational Condensation wf of COOPERATION AND RESPONSIVENESS 106
Stat, Selected Subset Total Number of 3 (New 1) Weights* 111
Steg 7: .
Lengthy Procedure f of TECHNICAL SKILLS 108
Rational Condensation wf of ORGANIZATION AND STAFFING 109
Stat. Selected Subset wf of ASSET TO THE NAVY 107

A 5 (New 3) Weight = Excellent; a 4 (New 2) Weight = Good:
3 (New 1) Weight = Average.

(Continued)
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TABLE 15 (CONT,)
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IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION

ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES

PILOT STUDY AT's (N=144) = JUSTIFICATION SECTION

Step 8:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 9:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 10:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 11:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 12:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 13:

Lengthy Procedure
Rational Condensation
Stat., Selected Subset

Step 14:

Lengthv Procedure
Rational Condensation
Stat., Selected Subset

Variz";le Selected

f of REPUTE
wf of ENDURANCE AND MOTIVATION
wf of STAFFING

wf of FLEXIBILITY
wf of INTELLECTUAL FUNCTIONING
wE of POTENTIAL

f of PRODUCTIVITY AND ACHIEVEMENT
wf of MANAGEMENT FUNCTIONS
wf of SKILLS AND ABILITIES

Sum of Variables 1 through 29

wf of REPRESENTATION
Sum of Variables 1 through 15

wf of ENDURANCE
wf of PLANNING~CONTROLLING
wf of DRIVE

wf of SERVICE MOTIVATION
wf of RECOGNITION
wf of PLANNING

wf of CONTROLLING

Total Number of 1 (New =2) Weights*

wf of LEADERSHIP AND DIRECTING

* A1 (New =2) Weight = Poorest.

No. of Pilot

Study AT's
Classified
Correctly

110
109
109

111
106
109

112
106
109

110
106
111

112
106
111

114
108
110

117

108
115

(Continued)
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TABLE 15 (CONT,)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP

IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
PILOT STUDY AT's (N=144) =~ JUSTIFICATION SECTION

No, of Pilot

Study AT's
Classified
Variable Selected Correctly
Step 15:
Lengthy Procedure f of ENDURANCE 117
Rational Condensation wf of SKILLS AND ABILITIES 109
Stat. Selected Subset wf of RESPONSIVENESS 116*
Step 16:
Rational Condensation wi of CREATIVITY AND INITIATIVE 109
Step 17:
Rational Condensation wf of LEADERSHIP AND DIRECTING 109
Step 18:
Rational Condensation  wf of PROFESSIONAL AND TECHNICAL 110%
SKILLS
Step 58:
Lengthy Procedure f of POTENTIAL 137%

RECAPITULATION OF CLASSIFICATION ACCURACY
FOR THE THREE INDEXING PROCEDURES:

Lengthy Procedure 137 out of 144 (957%)
Rational Condensation 110 out of 144 (76%)
Stat. Selected Subset 116 out of 144 (81%)

. .
The underscore indicates the best classification achieved in the
stepwise discriminant analysis for a particular indexing procedute,
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IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION

ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
CROSS VALIDATION AT's (N=138) - JUSTIFICATION SECTION

Step 1:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Variable Selected

Total Number of Index Terms Used
Total Number of Index Terms Used
Total Number of Index Terms Used

No. of Cross
Valid. AT's
Classified
Correctly

Step 2:
Lengthy Procedure wf of TECHNICAL SKILLS
Rational Condensation wf of PROFESSIONAL AND TECHNICAL
SKILLS
Stat. Selected Subset wf of TECHNICAL SKILLS
Step 3:
Lengthy Procedure wf of PRODUCTIVITY AND ACHIEVEMENT

Rational Condensation wf of PRODUCTIVITY AND ACHIEVEMENT
Stat. Selected Subset wf of MANAGEMENT FUNCTIONS

Step 4:

Lengthy Procedure wf of SKILLS AND ABILITIES
Rational Condensation wf of SKILLS AND ABILITIES
Stat. Selected Subset wf of SKILLS AND ABILITIES

Step 5:

f of COMMUNICATION
wf of INTELLECTUAL FUNCTIONING
wf of PRODUCTIVITY AND ACHIEVEMENT

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 6:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

wf of ORGANIZATION
wf of ORGANIZATION AND STAFFING
Total Number of 3 (New 1) Weights®

Step 7:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

wf of ASSET TO THE NAVY
wf of MANAGEMENT FUNCTIONS
wf of LEADERSHIP AND DIRECTING

* A 3 (New 1) Weight = Average.

88
88
85

97
98
96

98
100
96

102
104
101

101
108
100

100
104
102

102
100
101

(Continued)
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TABLE 16 (CONT.)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
CROSS VALIDATION AT's (N=138) = JUSTIFICATION SECTION

No. of Cross
Valid. AT's

Clasgified
Variable Selected Correctly

Step 8:

Lengthy Procedure wi of REPUTE - 104

Rational Condensation wf of ENDURANCE AND MOTIVATION 108

Stat. Selected Subset Total Number of 2 (New ~-1) Weights* 103
Step 9:

Lengthy Procedure wf of AWARDS AND PUNISHMENT 106

Rational Condensation Total Number of 4 (New 2) Weights* 104

Stat. Selected Subset wf of ASSET TO THE NAVY | 103
Step 10:

Lengthy Procedure f of INTELLECTUAL FUNCTIONING 108

Rational Condensation Total Number of Words in Text 109

Stat. Selected Subset wf of REPUTE : 102
Step 11:

Lengthy Procedure wf of POTENTIAL 109

Rationai Cuadensation wf of RECOGNITION 109

Stat. Selected Subset wf of REPRESENTATION 104
Step 12:

Lengthy Procedure f of REPRESENTATION 107

Rational Condensation wf of LEADERSHIP AND DIRECTING 108

Stat. Selected Subset wf of POTENTIAL _ 103
Step 13:

Lengthy Procedure Total Number of Words in Text 108

Rational Condensation Total Number of 2 (New ~1) Weights* 107

Stat. Selected Subset wf of COMMUNICATION 103
Step 14: '

Lengthy Procedure wEt of RESPONSIVENESS 111

Rational Condensation Total Number of 3 (New 1) Weights* 109

Stat. Selected Subset Total Number of Words in Text 103

A 4 (New 2) Weight = Good; a 3 (New 1) Weight = Average;
2 2 (Mew ~1) Weight = Poor.

(Continued)
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TABLE 16 (CONT.)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
CROSS VALIDATION AT's (N=138) = JUSTIFICATION SECTION

No. of Cross
Valid. AT's

Clagsified
Variable Selected Correctly
Step 15:
Lengthy Procedure f of RESPONSIVENESS 113
Rational Condensation wif of REPRESENTATION 108
Stat. Selected Subset wf of PLANNING 101
Step 16:
Rational Condensation wf of COMMUNICATION 110%*
Stat. Selected Subset Total Number of 5 (New 3) Weights¥* 107
Step 17:
Stat. Selected Subset Sum of Variables 1 through 15 107
Step 18: ,
Stat. Selected Subset wf of PROFESSIONALISM 109k
Step 46:
Lengthy Procedure wf of COMMUNICATION L29%*

RECAPITULATION OF CLASSIFICATION ACCURACY
FOR THE THREE INDEXING PROCEDURES:

Lengthy Procedure 129 out of 138 (93%)
Rational Condensation 110 out of 138 (80%)
Stat. Selected Subset 109 out of 138 (79%)

* A 5 (New 3) Weight = Excellent.

* L
* The underscore indicates the best classification achieved in the
stepwise discriminant analysis for a particular indexing procedure.
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.
with this same variable being selected at Step 5 for the statistically select-
ed subset method. At Step 4 the variable SKILLS AND ABILITIES was selected
for all three indexing procedures. After Step 4 in Table 16 the three index-
ing procedures go their separate ways until Step 15, but certain important
clusters of variables were selected for at least two of the three indexing
methods. These clusters were COMMUNICATION; INTELLECTUAL FUNCTIONING; ORGANI-
ZATION/ORGANIZATION AND STAFFING; Total Number of 3 Weights (Average); MANAGE~
MENT FUNCTIONS; LEADERSHIP AND DIRECTING; ASSET TO THE NAVY/REPUTE/AWARDS AND
PUNISHMENT/POTENTIAL/RECOGNITION; Total Number of 2 Weights (Poor); fotal Num-
ber of Words in Text; REPRESENTATION; and RESPONSIVENESS.

At Step 16 the rational condensation indexing method achieved its best
classification performance, correctly classifying 110 of the 138 cross valida-
tion AT's (80%). At Step 18 the statistically selected subset indexing method
reached its best classification performance, correctly classifying 109 of the
138 cross validation AT's (79%). Finally, at Step 46 the lengthy indexing
procedure attained its best classification performance, correctly classifying
129 of the 138 cross validution AT's (93%). However, a reading at Step 15
shows that the lengthy indexing procedure was only slightly superior to the
two short-cut methods (82% classification accuracy for the lengthy procedure
compared to 78% classification accuracy for the rational condensation method
and 737% classification accuracy for the statistically selected subset method).

A combination of the pilot study and crnss validation AT samples also was
reanalyzed for the Justification Section. The results of this analysis are
presented in Table 17. As expected, the variable, Total Number of Index Terms
Used, was selected first for all three indexing procedures just as this variable
universally was selected first when these two samples were analyzed separately.
In Table 17 the initial classification accuracy for the three methods was ap-
proximately the same. At Step 2 in the combined AT analysis for the Justifica-
tion Section, the sum of the weighted frequencies of the available set of vari-
ables for a particular indexing procedure was the variable selected for all
three indexing methods., At Step 3 PRODUCTIVITY AND ACHIEVEMENT was selected
for all three indexing methods. From Step 4 through 15 in Table 17 certain
important clusters of variables were selected for at least two of the three
indexing procedures., These clusters were PROFESSIONAL AND TECHNICAL SKILLS/
TECHNICAL SKILLS/PROFESSIONALISM; Total Number of 3 Weights (Average); SKILLS
AND ABILITIES; STAFFING/ORGANIZATION AND STAFFING; INTELLECTUAL FUNCTIONING;
ENDURANCE AND MOTIVATION/DRIVE; MANAGEMENT FUNCTIONS; REPUTE; Total Number of
2 Weights (Poor); COMMUNICATION; REPRESENTATION; and Total Number of Words in
Text, At Step 15 the rational condensation indexing method was slightly su-
perior to the lengthy indexing procedure (77% classification accuracy compared
to 76% classification accuracy), but the statistically selected subset index-
ing method had already reached its best classification performance at Step 12,
correctly classifying 214 of the 282 combined AT's (76%). At Step 17 the ra-
tional condensation method achieved its best classification performance, cor=
rectly classifying 217 of the 282 combined AT's (77%). The stepwise discrimi-
nant analysis for the lengthy indexing procedure continued on to Step 46 where
this procedure's best classification performance was achieved, correctly classi-
fying 230 of the 282 combined AT's (82%).
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TABLE 17

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP

IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHILVED BY THE THREE INDEXING PROCEDURES
COMBINED AT SAMPLES (N=282) =~ JUSTIFICATION SECTION

No. of Com=-

bined AT's
Classified
Variable Selected Correctly
Step 1:
Lengthv Procedure - Total Number of Index Terms Used 184
Rational Condensation Total Number of Index Terms Used 182
Stat. Selected Subset Total Number of Index Terms Used 181
Step 2:
Lengthy Procedure Sum of Variables 31 through 59 189
Rational Condensation Sum of Variables 1 through 15 192
Stat. Selected Subset Sum of Variables 1 through 15 185
Step 3:
Lengthy Procedure wEf of PRODUCTIVITY AND ACHIEVEMENT 202
Rational Condensation wf of PRODUCTIVITY AND ACHIEVEMENT 199
Stat. Selected Subset wf of PRODUCTIVITY AND ACHIEVEMENT 195
Step 4:
Lengthy Procedure Sum of Variables 1 through 29 198
Rational Condensation wf of PROFESSIONAL AND TECHNICAL 202
SKILLS :
Stat. Selected Subset Total Number of 3 (New 1) Weights 197
Step 5:
Lengthy Procedure wf of TECHNICAL SKILLS 199
Rational Condensation wf of SKILLS AND ABILITIES 206
Stat. Selected Subset wf of SKILLS AND ABILITIES 191
Step 6:
Lengthy Procedure wf of STAFFING 203
Rational Condensation wf of INTELLECTUAL FUNCTIONING 205
Stat. Selected Subset wf of TECHNICAL SKILLS 199
Step 7:
Lengthy Procedure wf of SKILLS AND ABILITIES 203
Rational Condensation wf of ENDURANCE AND MOTIVATION 210
Stat. Selected Subset wf of MANAGEMENT FUNCTIONS 204

*
A 3 (New 1) Weight = Average.
(Continued)




TABLE 17 (CONT.,)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
COMBINED AT SAMPLES (N=282) = JUSTIFICATION SECTION

Step 8:

Lengthy Procedure

Rational Condensation

Stat. Selacted Subset
Step 9:

Lengthy Procedure

Rational Condensation

Stat. Selected Subset
Step 10:

Lengthy Procedure

Rational Condensation

Stat. Selected Subset
Step 11:

Lengthy Procedure

Pational Condensation

Stat. Selected Subset
Step 12:

Lengthy Procedure

Rational Condensation

Stat. Selected Subset
Step 13:

Lengthy Procedure

Rational Condensation
Step 14:

Lengthy Procedure
Rational Condensation

Variable Selected

f of REPUTE
Total Number of 3 (New 1) Weights*
wf of REPUTE

wf of DRIVE
wf of ORGANIZATION AND STAFFING
wf of ASSET TO THE NAVY

wf of PROFESSIONALISM
wf of MANAGEMENT FUNCTIONS
Total Number of 2 (New -1) Weights#*

f of INTELLECTUAL TUNCTIONING
Total Number of 2 (New ~1) Weights*
wf of COMMUNICATION

f of AWARDS AND PUNISHMENT
wf of REPRESENTATION
wf of STAFFINC

Total Number of 3 (New 1) Weights*
Total Number of Words in Text

wf of REPRESENTATION
wf of COMMUNICATION

. .
A 3 (New 1) Weight = Average; a 2 (New ~1) Weight = Poor.

No, of Com~
bined AT's
Classified
Correctly

203
206
203

208
209
209

209
211
210

210
211
212

212
212
21404

211
211

212
215

The underscore indicates the best classification achieved in the
stepwise discriminant analysis for a particular indexing procedure.

(Continued) = _



TABLE 17 (CONT,)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP

IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
COMBINED AT SAMPLES (N=282) - JUSTIFICATION SECTION

Step 15:

Lengthy Procedure
Rational Condensation

Step 16:
Rational Condensation

Step 17:
Rational Condensation

Step 46:
Lengthy Procedure

Variable Selected

Total Number of Words in Text
Total Number of L (New -2) Weights#*

wf of COOPERATION AND RESPONSIVENESS
wf of LEADERSHIP AND DIRECTING

Total Number of 4 (New 2) Weights¥*

RECAPITULATION OF CLASSIFICATION ACCURACY
FOR THE THREE INDEXING PROCEDURES:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

230 out of 282 (82%)
217 out of 282 (77%)
214 out of 282 (76%)

* , ,
A 4 (New 2) Weight = Good; a 1 (New ~2) Weight = Poorest.

51

No. of Com-
bined AT's
Classified
Correctly

213
216

214

N
-
~J
*
t 4

230

o The underscore indicates the best classification achieved in the
stepwise discriminant analysis for a particular indexing procedure.
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BT Comparison

BT Comparison - Evaluation Section. Table 18 shows a comparison of the
performance of the three indexing procedures for the 80 pilot study BT's on the
Evaluation Section of the Evaluation Report. At Step 1 the same variable was
selected for all three indexing procedures---Total Number of 5 Weights (Excel-
lent)---and the classification accuracy achieved by the three indexing proce=
dures at Step 1 was approximately the same. The variable, Total Number of 5
Weights, was also the variable selected initially by all three indexing proce-
dures for the pilot study AT's (see Table 12). At Step 2 the variable, Total
Number of 2 Weights (Poor), was selected for bath the lengthy indexing proce-
dure and the rational condensation short-cut method, and at Step 7 this same
variable was gelected for the statistically selected subset method. The dis~
criminating role of these two variables dealing with weights assumes importance
with the BT's just as these variables did with the AT's in the analysis of the
Evaluation Section of the pilct study sample. After Step 3 there is a diver-
gence among the three indexing procedures in the variables selected, but cer-
tain clusters of variables were selected for at least two of the three indexi.ig
procedures---TECHNICAL SKILLS; LEADERSHIP AND DIRECTING; COMMUNICATION; RESPON-
SIVENESS/COOPERATION AND RESPONSIVENESS; PROFESSIONALISM; MANAGEMENT FUNCTIONS;
SKILLS AND ABILITIES; RECOGNITION/POTENTIAL/ASSET TO THE NAVY; and ORGANIZATION
AND STAFFING/STAFTING. -

At Step 12 the statistically selected subsef: method achieved its best -
classification performance, correctly classifyiug 57 of the 80 pilot study
BT's (71%Z). The best classification performance for the rational condensation
indexing method was achieved at Step 16, with 57 of the 80 pilot study BT's
(71%) also being classified correctly. The stepwise discriminant analysis pro-
cedure continued to try to maximize the classification performance of the
lengthy indexing method, using the greater number of available variables for
this method. Finally, at Step 50 the best classification accuracy wus dchieved
for the lengthy indexing procedure, 77 cof the 80 pilot study BI's (96%). Even
at Step 15 the lengthy indexing procedure showed a definite advantage over the
two short-cut indexing methods (80% classification accuracy for the lengthy
procedure compared to 68% classification accuracy for the rational condensation
method and 71% maximum classification accuracy achieved at Step 12 for the
statistically selected subset method). For the pilot study BT's as for the
pilot study-AT's, once again the modifying adjectives and adverbs used by an
evaluator to assess an individual appear to be the key discriminating variables
for the Evaluation Section of the Evaluation Report in distinguishing between .
superlative chief petty officers and thelr slightly less qualified colleagues.

The results for the comparison of the three indexing procedures on the
Evaluation Section for the 84 cross validation BT's is shown in Table 19 where
it can be seen that once again the variable, Total Number of 5 Weights (Excel=
lent), was ithe first variablc selected for all three indexing procedures. At
Step 2 the variable, Total Number of Index Terms Used, was selected for all
three indexing procedures. Other important clusters of variables selected in
the first 15 steps for at least two of the three indexing procedures were sum
of the weighted frequencies of the available set of variables for a particular
indexing mettiod; Total Number of 2 Weights (Poor); RESOURCEFULNESS/CREATIVITY
AND INITIATIVE; REPUTE/AWARDS AND PUNISHMENT/ASSET TO THE NAVY/RECOGNITION:




TABLE 18

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP

IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION

ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
PIIOT STUDY BT's (N=80) = EVALUATION SECTION

Step 1:

Lengthy Procedure
Rational Condensation
Stat., Selected Subset

Step 2:

Lengthy Procedure
Rational Condensation
Stat., Selected Subset

Step 3:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 4:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 5:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 6:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 7:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Variable Selected

Total Number of 5 (New 3) Weights*
Total Number of 5 (New 3) Weights*
Total Number of 5 (New 3) Weights*

Total Number of 2 (New -1) Weights*
Total Number of 2 (New -1) Weights*
wf of TECHNICAL SKILLS

f of LEADERSHIP AND DIRECTING
wf of COMMUNICATION
wf of RESPONSIVENESS

wf of PROFESSIONALISM
wf of MANAGEMENT FUNCTIONS
wf of PROFESSIONALISM

f of RESPONSIVENESS
Total Number of 1 (New -2) Weights®*
wf of SKILLS AND ABILITIES

wf of GROOMING AND ATTIRE
wf of LEADERSHIP AND DIRECTING
wf of LEADERSHIP AND DIRECTING

wf of TECHNICAL SKILLS
wf of INTELLECTUAL FUNCTIONING
Total Number of 2 (New -1) Weights*

* _ ,
A 5 (New 3) Weight = Excellent; a 2 (New ~1) Weight = Poor;
a1l (New -2) Weight = Poorest,

33

No. of Pilot
Study BT's
Classified
Correctly

34
34
32

45
45
33

47
45
42

48
48
45

51
49
46

53
48
49

54
48
48

(Continued)




TABLE 18 (CONT,)

COMPARISON OF THE VARIABLES SELFCTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEX1NG PROCEDURES
PILOT STUDY BT's (N=80) ~ EVALUATION SECTION

No. of Pilot
Study BT's
. Classified
Variable Selected Correctly

Step 8:

Lengthy Procedure wf of CONTROLLING 56

Rational Condensation wf of SKILLS AND ABILITIES 50

Stat. Selected Subset wf of MANAGEMENT FUNCTIONS - 51
Step 9:;

Lengthy Procedure ' f of SKILLS AND ABILITIES 57

Rational Condensation wf of RECOGNITION 51

Stat. Selected Subset wf of COMMUNICATION 53
Step 10:

Lengthy Procedure wf of RELIABILITY AND DEPENDABILITY %€

Rational Condensation wf of ENDURANCE AND MOTIVATION 48

Stat. Selected Subset Total Number of 3 (New 1) Weights* 54
Step 11:

Lengthy Procedure wf of MANAGEMENT FUNCTIONS 57

Rational Condensation wf of ORGANIZATION AND STAFFING 49

‘Stat. Selected Subset wf of POTENTIAL 54
Step 12:

Lengthy Procedure wf of USE OF COMMUNICATION 60

Rational Condensation Total Number of 4 (New 2) Weights* 51

Stat. Selected Subset wi of PRODUCTIVITY AND ACHIEVEMENT STk
Step 13:

Lengthy Procedure wf of ASSET TO THE NAVY 60

Rational Condensation Total Number of Words in Text 51
Step 14: 4

Lengthy Procedure f of MANAGEMENT FUNCTIONS 64

Rational Condensation wf of COOPERATION AND RESPONSIVENESS 53

* ,
A 4 (New 2) Weight = Good; a 3 (New 1) Weight = Average,

ek
The underscore indicates the best classification achieved in the
stepwise discriminant analysis for a particular indexing procedure.

(Continued)




TABLE 18 (CONT,)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
PILOT STUDY BT's (N=80) - EVALUATION SECTION

No. of Pilot
Study BT's
Classified
Variable Selected Correctly
Step 15:
Lengthy Procedure wf of STAFFING ' 64
Rational Condensation Total Number of Index Terms Used 54
Step 16:
Rational Condensation Total Number of 3 (New 1) Weights* S57%=
Step 50:
Lengthy Procedure wf of POTENTIAL J7%*

RECAPITULATION OF CLASSIFICATION ACCURACY
FOR THE THREE INDEXING PROCEDURES:

Lengthy Procedure 77 out of 80 (96%)

Rational Condensation 57 out of 80 (71%)
Stat. Selected Subset 57 out of 80 (71%)

*
A 3 (New 1) Weight = Average.

*
The underscore indicates the best classification achieved in the
stepwise discriminant analysis for a particular indexing procedure.
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TABLE 19

COMPARISON OF THE VARTABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
CROSS VALIDATION BT's (N=84) - EVALUATION SECTION

Step 1:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 2:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 3:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 4:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

ftep 5:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 6:

Lengthy Procedure
Rational Condensation

Stat. Selected Subset

Step 7:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

' Variable Selected

To*al Number of 5 (New 3) Weights¥*
Total Number of 5 (New 3) Weights*
Total Number of 5 (New 3) Weights*

Total Number of Index Terms Used
Total Number of Index Terms Used
Total Number of Index Terms Used

Sum of Variables 31 through 59

Total Number of 2 (New ~1) Weights#*

Sum of Variables 1 through 15

wf of RESOURCEFULNESS
Sum of Variables 1 through 15
wf of PROFESSIONALISM

f of COOPERATION
wf of CREATIVITY AND INITIATIVE
wf of REPUTE

f of RESOURCEFULNESS
wf of PRODUCTIVITY AND ACHIEVEMENT
wf of SKILLS AND ABILITIES

Total Number of Words in Text
wf of SKILLS AND ABILITIES
wf of STAFFING

* , _
A 5 (New 3) Weight = Excellent; a 2 (New =-1) Weight = Poor.

No. of Cross
Valid, BT's
Classified
Correctly

39
39
33

52
50
37

53
50
42

53
50
49

57
54
51

58
53
55

60
55
55

(Continued)




TABLE 19 (CONT,)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
CROSS VALIDATION BT's (N=84) - EVALUATION SECTION

Step 8:

Lengthy Procedure
Rational Condensation
Stat., Selected Subset

Step 9:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 10:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 1ll:

Lengthy Procedure
Rational Condensation
Stat., Selected Subset

Step 12:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 13:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 14:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Variable Selected

f of AWARDS AND PUNISHMENT
wf of ORGANIZATION AND STAFFING
Total Number of 2 (New -1) Weights#*

f of ORGANIZATION
wf of INTELLECTUAL FUNCTIONING
wf of ASSET TO THE NAVY

f of TECHNICAL SKILLS
wf of RECOGNITION
wf of RESPONSIVENESS

f of ASSET TO THE NAVY
Total Number of 1 (New -2) Weights*
wf of MANAGEMENT FUNCTIONS

wf of ASSET TO THE NAVY

‘Total Number of Words in Text

wf of PRODUCTIVITY AND ACHIEVEMENT

wf of FLEXIBILITY :
wf of LEADERSHIP AND DIRECTING
wf of COMMUNICATION

wf of REPUTE
wf of MANAGEMENT FUNCTIONS
wf of REPRESENTATION

* A 2 (New -1) Weight = Poor; a 1 (New -2) Weight = Poorest.

57

No. of Cross
Valid. BT's
Classified
Correctly

58
55
55

61
59
58

62
59
58

62
59
58

64
62
59

64
61
62

62
63%*

e

62

Rk
The underscore indicates the best classification achieved in the
stepwise discriminant analysis for a particular indexing procedure.

(Continued)
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TABLE 19 (CONT.)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP

IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
CROSS VALIDATION BT's (N=84) - EVALUATION SECTION

No, of Cross
Valid. BT's

Classified
Variable Selected Correctly

Step 15:

Lengthy Procedure £ of STAFFING 65

Stat. Selected Subset Total Number of 3 (New 1) Weights* 61
Step l6:

Stat. Selected Subset wf of POTENTIAL 60
Step 17:

Stat. Selected Subset wf of LEADERSHIP AND DIRECTING 62
Step 18:

Stat. Selected Subset Total Number of Words in Text 61
Step 19: _ N

Stat. Selected Subset wf of TECHNICAL SKILLS 61
Step 20:

Lengthy Procedure f of PROFESSIONALISM 69

Stat. Selected Subset wf of DRIVE 60
Step 21: .

Stat. Selected Subset wf of PLANNING 64**
Step 62:

Lengthy Procedure f of COOPERATION 2%%

RECAPITULATION OF CLASSIFICATION ACCURACY
FOR THE THREE TNDEXING PROCEDURES:

Lengthy Procedure 82 out of 84 (98%)

Rational Condensation 63 out of 84 (75%)
Stat. Selected Subset 64 out of 84 (767%)

*
A 3 (New 1) Weight = Average.

*
The underscore indicates tlie best classification achieved in the
stepwise discriminant anaiysis for a particular indexing procedure.
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PRODUCTIVITY AND ACHIEVEMENT; SKILLS AND ABILITIES; Total Number of Words in
Text; STAFFING/ORGANIZATION AND STAFFING/ORGANIZATION; and MANAGEMENT FUNCTIONS.

The classification performance of the lengthy indexing procedure and the
rational condensation indexing method began at the same level in Table 19, with
the statistically selected subset method lagging behind somewhat. The statisti-
cally selected subset method continued to trail the other two indexing proce-
dures in classification performance until Step 6 where all three procedures
achieved approximately the same classification accuracy. At Step 14 the three
methods are almost identical in their classification performance, and it 1s at
‘this step that the rational condensation method reached its best classification
performance, correctly classifying 63 of the 84 cross validation BT's (75%).
The statistically selected subset method achieved its best classification per-
formance at Step 21, correctly classifying 64 of the 84 cross validation BT's
(76%). The stepwise discriminant analysis for the lengthy indexing procedure
continued on to Step 62, trying to maximize its classification performance with
the greater number of variables available to it, finally correctly classifying
82 of the 84 cross validation BT's (98%).

As with the AT samples discussed earlier, the pilot study and cross vali-
dation BT samples were combined into a single larger sample (N=164) and reanaly-
zed by the stepwise discriminant analysis procedure. Table 20 presents the re-
sults for the combined BT analysis on the Evaluation Section.

Once again the importance of the variable, Total Number of 5 Weights (Ex-
cellent), becomes unmistakably apparent, being selected initially for all three
indexing procedures. At either Step 2 or Step 3 the two variables, Total Num-
ber of 2 Weights (Poor) and Total Number of Index Terms Used, were selected for
all three indexing procedures. Between Steps 4 and 15 the following clusters
of variables were selected for at least two of the three indexing procedures:
MANAGEMENT FUNCTIONS; COMMUNICATION; PROFESSIONALISM; RECOGNITION/REPUTE/ASSET
TO THE NAVY/POTENTIAL; SKILLS AND ABILITIES; RESOURCEFULNESS/CREATIVITY AND
INITIATIVE; REPRESENTATION; ORGANIZATION/STAFFING/ORGANIZATION AND STAFFING;
and PRODUCTIVITY AND ACHIEVEMENT,

At Step 15 the lengthy indexing procedure held a slight edge over the two
short-cut indexing methods (63% classification accuracy for the lengthy proce=-
dure compared to 60% classification accuracy for the rational condensation
method and 57% classification accuracy for the statistically selected subset
method). At Step 16 the rational condensation method attained its best classi-
fication performance, correctly classifying 100 of the 164 combined BT's (61%).
At Step 17 the statistically selected subset method attained its best classifi-
cation performance, correctly classifying 106 of the 164 combined BT's (65%).
The stepwise discriminant analysis for the lengthy indexing procedure continued
on to Step 54, finally achieving a classification accuracy of 123 individuals
in the 164-case combined BT sample (75%).

BT Comparison - Justification Section. Table 21 shows a comparison of
the performance of the three indexing procedures for the 80 pilot study BI's
on the Justification Section of the Evaluation Report. For all three index-
ing procedures, the first variable selected was Total Number of Index Terms
“sed, with the classification accuracy for the three methods being approxi-
mately the same initially. The variable, Total Number of Index Terms Used,




TABLE 20

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
COMBINED BT SAMPLES (N=164) - EVALUATION SECTION

Variable Selected

Step 1:
Lengthy Procedure Total Number of 5 (New 3) Weights*
Rational Condensation Total Number of 5 (New 3) Weights*
Stat. Selected Subset Total Number of 5 (New 3) Weights*
Step 2:
Lengthy Procedure ~ Total Number of 2 (New ~1) Weights*
Rational Condensation Total Number of 2 (New -1) Weights*
Stat. Selected Subset Total Number of Index Terms Used
Step 3:
Lengthy Procedure Total Number of Index Terms Used
Rational Condensation Total Number of Index Terms Used
Stat. Selected Subset Total Number of 2 (New -1) Weights*
Step 4:
Lengthy Procedure f of TECHNICAL SKILLS

Rational Condensation wf of MANAGEMENT FUNCTIONS
Stat. Selected Subset wf of MANAGEMENT FUNCTIONS

Step 5:

lLengthy Procedure wf of COMMUNICATION
Rational Condensation wf of COMMUNICATION
Stat. Selected Subset wf of PROFESSIONALISM

Step 6:

Lengthy Procedure wf of MANAGEMENT FUNCTIONS
Rational Condensation wf of RECOGNITION
Stat. Selected Subset wf of SKILLS AND ABILITIES

Step 7:

Lengthy Procedure f of COOPERATION

Rational Condensation wf of SKILLS AND ABILITIES

Stat. Selected Subset wf of REPUTE

*
A 5 (New 3) Weight = Excellent; a 2 (New -1) Weight = Poor.

No. of Com=-
tined BT's
Classified

Correctly

73
73
65

84
84
71

89
86
17

87
87
87

87
91
90

o1
93
86

98
93

(Continued)




TABLE 20 (CONT,)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP

IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
COMBINED BT SAMPLES (N=164) - EVALUATION SECTION

No. of Com-
bined BT's
Classified
Variable Selected Correctly
Step 8:
Lengthy Procedure wf of RESOURCEFULNESS 96
Rational Condensation wf of CREATIVITY AND INITIATIVE 98
Stat. Selected Subset wf of RESPONSIVENESS 98
Step 9:
Lengthy Procedure f of RESOURCEFULNESS 99
Rational Condensation wf of REPRESENTATION 95
Stat. Selected Subset wf of ASSET TO THE NAVY 99
Step 10:
Lengthy Procedure - f of ORGANIZATION 101
Rational Condensation wf of ORGANIZATION AND STAFFING 96
Stat. Selected Subset wf of STAFFING 102
Step 11:
Lengthy Procedure f of COMMUNTCATION 101
Rational Condensation wf of PRODUCTIVITY AND ACHIEVEMENT 96
Stat. Selected Subset w® of POTENTIAL 97
Step 12:
Lengthy Procedure f of PROFESSIONALISM 103
Rational Condensation Total Number of Words in Text 94
Stat. Selected Subset = wf »f PRODUCTIVITY AND ACHIEVEMENT 98
Step 13:
Lengthy Procedure wf or REPUTE 103
Rational Condensation Total Number of 1 (New -2, Weights* 93
Stat. Selected Subset wf of DRIVE 98
Step 14:
Lengthy Procedure wf of PROFESSIONALISM 104
Rational Condensation Total Number of 4 (New 2) Weights* 48
Stat. Selected Subset wf of REPRESENTATION 98

* A 4 (New 2) Weight = Good; a 1 (New -2) Weight = Poorest.,

(Continued)
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TABLE 20 (CONT,)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP

IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
COMBINED BT SAMPLES (N=164) ~ EVALUATION SECTION

No. of Com-

bined BT's
Classified
Variable Selected Correctly
Step 15:
Lengthy Procedure f of REPRESENTATION 104
Rational Condensation wf of INTELLECTUAL FUNCTIONING 98
Stat. Selected Subset wf of COMMUNICATION 94
Step 16: |
Rational Condensation wf of ENDURANCE AND MOTIVATION 100**
Stat. Selected Subset wf of TECHNICAL SKILLS 100
Step 17:
Stat. Selected Subset Total Number of 3 (New 1) Weights* 106%*
Step 54: -
Lengthy Procedure f of PLANNING 123%%

RECAPITULATION OF CLASSIFICATfON ACCURACY
FOR THE THREE INDEXING PROCEDURES :

Lengthy Procedure 123 out of 164 (75%)
Rational Condensation 100 out of 164 (61%)
Stat. Selected Subset 106 out of 164 (65%)

* .
A 3 (New 1) Weight = Average.

*k ,
The underscore indicates the best classification achieved in the

stepwise discriminant analysis for a particular indexing procedure,
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TABLE 21

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
PILOT STUDY BT's (N=80) = JUSTIFICATION SECTION

No. of Pilot

Study BT's
Classified
Variable Selected - Correctly
Step 1l:
Lengthy Procedure Total Number of Index Terms Used 53
Rational Condensation Total Number of Index Terms Used 54
Stat. Selected Subset Total Number of Index T¢ 3 Used 50
Step 2:
Lengthy Procedure wf of PRODUCTIVITY AND ACHIEVEMENT - 62
Rational Condensation wf of PRODUCTIVITY AND ACHIEVEMENT 61
Stat. Selected Subset wf of PRODUCTIVITY AND ACHIEVEMENT 62
Step 3:
Lengthy Procedure f of AWARDS AND PUNISHMENT 61
Rational Condensation @ wf of PLANNING-CONTROLLING 60
Stat. Selected Subset Sum of Variables 1 through 15 59
Step 4: |
Lengthy Procedure Sum of Variables 31 through 59 59
Rational Condensation Total Number of 3 (New 1) Weights* 64
Stat. Selected Subset wf of REPUTE 61
Step 5: ,
Lengthy Procedure f of REPUTE 61
Rational Condensation Sum of Variables 1 through 15 63
Stat. Selected Subset Total Number of 3 (New 1) Weights* 62
Step 6:
Lengthy Procedure f of RESOURCEFULNESS 61
Rational Condensation wf of CREATIVITY AND INITIATIVE 61
Stat. Selected Subset wf of PLANNING 63
Step 7:
Lengthy Procedure f of PRODUCTIVITY AND ACHIEVEMENT 61
Rational Condensation Total Number of 2 (New ~1) Weights* 62
Stat., Selected Subset Total Number of Words in Text 63

. |
A 3 (New 1) Weight = Average; a 2 (New ~1) Weight = Poor.

(Continued)




TABLE 21 (CONT.)

COMPARIS N OF THE VARIABLES SELECTED AT EACH STEP

IN THE STEPWIS: DISCRIMINANT ANALYSIS AND THE CLASSIFICATION

ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
PILOT STUDY BT's (N=80) - JUSTIFICATION SECTION

Step 8:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Stap 9:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 10:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 11:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 12:

Lengthy Procedure
Rational Condensation

- Step 13:

*

Lengthy Procedure
Rational Condensation

Step 14:

Lengthy Procedure
Rational Condensation

Variable Selected

wf of CONTROLLING
Total Number of Words in Text
wf of ASSET TO THE NAVY

f of SERVICE MOTIVATION
wf of ORGANIZATION AND STAFFING
wf of SKILLS AND ABILITIES

f of ASSET TO THE NAVY
Total Number of 4 (New 2) Weights*
wf of RESPONSIVENESS

f of ENDURANCE
wf of COMMUNICATION
Total Number of 5 (New 3) Weights#

Total Number of 3 (New 1) Weights#
wf of RECOGNITION

wf of REPUTE
wf of SKILLS AND ABILITIES

f of USE OF COMMUNICATION
wf of LEADERSHIP AND DIRECTING

A 5 (New 3) Weight = Excellent; a 4 (New 2) Weight = Good;
a 3 (New 1) Weight = Average.

No. of Pilot
Study BT's
Classified
Correctly

62
61
68

- 65
64
66

69
65
68

69
65
69%*

69
63

69
64

69
65

* The underscore indicates the best classification achieved in the
stepwise discriminant analysis for a particular indexing procedure.

(Continued)
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TABLE 21 (CONT,)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSTFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
PILOT STUDY BT's (N=80) = JUSTIFICATION SECTLON

No. of Pilot

Study BT's
Classified
Variable Selected Correctly
Step 15: .
Lengthy Procedure f of INITIATIVE 70
Rational Condensation wf of CONDUCT AND ATTITUDE 65
Step 16:
Rational Condensation wf of INTELLECTUAL FUNCTIONING 66*
Step 40:
Lengthy Procedure wf of RELIABILITY AND DEPENDABILITY 80*

RECAPITULATION OF CLASSIFICATION ACCURACY
FOR THE THREE INDEXING PROCEDURES:

Lengthy Procedure 80 eut of 80 (100%)
Rational Comdensation 66 out of 80 (83%)
Stat..Selected Subset 69 out of 80 (86%)

The underscore indicates the best classification achieved in the
stepwise discriminant analysis for a particular indexing procedure,
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also was selected initially for all three indexing procedures in the analysis
of the Justification Section for the pilot study AT's, At Step 2 in the analy-
sis for the pilot study BT's, PRODUCTIVITY AND ACHIEVEMENT was the variable
selected for all three methods, with the classification accuracy of the three
methods remaining comparatively the same. From Step 3 to Step 15 the three
indexing procedures diverge in the variables that were selected at each step,
but certain important clusters of variables were selected by at lecast two of
the three indexing procedures between Steps 3 and 15. These clusters were
AWARDS AND PUNISHMENT/REPUTE/ASSET TO THE NAVY/RECOGNITION; PLANNING-CONTROL=-
LING/PLANNING/CONTROLLING; sum of tue weighted frequencies of the available
set of variables for a particular indexing method; Total Number of 3 Weights
(Average); RESOURCEFULNESS/CREATIVITY AND INITIATIVE/INITIATIVE; Total Number
of Words in Text; and SKILLS AND ABILITIES.

At Step 15 the lengthy indexing procedure was definitely superior to the
rational condensation indexing method (88% classification accuracy compared
to 81% classification accuracy), but the statistically selected subset index~
ing method had already attained its best classification performance at Step
11, correctly classifying 69 of the 80 pilot study BT's (86%). At Step 16 the
rational condensation method reached its best classification performance, cor-
rectly classifying 66 of the 80 pilot study BT's (83%). The stepwise discrimi-
nant analysis for the lengthy indexing procedure continued on to Step 40 where
perfect classification performance was achieved, all 80 pilot study BT's being
classified correctly. '

Table 22 presents the Justification Section results for the 84 cross
validation BT's. As with the pilot study BT's on the Justification Section,
the variable, Total Number of Index Terms Used, was 3elected initially for all
three indexing procedures. At Step 2 LEADERSHIP AND DIRECTING was selected
" for all three indexing ptocedures, with the classification accuracy for the
three methods being approximately the same. Between Steps 3 and 15 the follow-
ing clusters of variables were selected for at least two of the three indexing
procedures: Sum of the simple or weighted frequencies of the available set of
variables for a particular indexing method; CONDUCT AND ATTITUDE/CONDUCT, IN-
TEGRITY, AND PRIDE; PRODUCTIVITY AND ACHIEVEMENT; COOPERATION AND RESPONSIVE~ °
NESS/RESPONSIVENESS; COMMUNICATION; ASSET TN THE NAVY/RECOGNITION; DRIVE;
CREATIVITY AND INITIATIVE/INITIATIVE/RESOURCEFULNESS; and REPRESENTATION.

At Step 15 the lengthy indexing procedure showed an advantage over the
statistically selected subset short=-cut method (90% classification accuracy
compared to 81% classification accuracy), but the rational condensation index-
ing method had already attained its best classification performance at Step 10,
correctly classifying 70 of the 84 cross validation BT's (83%). At Step 19
the statistically selected subset method reached its best classification per-
formance, correctly classifying 72 of the 84 cross validation BT's (86%). The
stepwise discriminant analysis for the lengthy indexing procedure continued on
to Step 46 where perfect classification performance was achieved, all 84 cross
validation BT's being classified correctly. '

A combination of the pilot study and cross validation BT samples also was
reanalyzed for the Justification Section. The results of this analysis are
presented in Table 23, As expected, the variable, Total Number of Index Terms
Used, was selected first for all three indexing procedures just as this vari-




TABLE 22

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP

IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES

CROSS VALIDATION BT's (N=84) = JUSTIFICATION SECTION

Step 1:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 2:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 3:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 4:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 5:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 6:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 7:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

67

No. of Cross

Variable Selected

Valid. BT's
Classified
Correctly

Total Number of Index Terms Used
Total Number of Index Terms Used
Total Number of Index Terms Used

wf of LEADERSHIP AND DIRECTING
wf of LEADERSHIP AND DIRECTING
wf of LEADERSHIP AND DIRECTING

Sum of Variables 1 throﬁgh 29
wf of CONDUCT AND ATTITUDE
Total Number of 3 (New 1) Weights*

f of PRODUCTIVITY AND ACHIEVEMENT
wf of COOPERATION AND RESPONSIVENESS
wf of RESPONSIVENESS

wf of CONDUCT, INTEGRITY, AND PRIDE
wf of COMMUNICATION
wf of ASSET TO THE NAVY

f of DRIVE
wf of CREATIVITY AND INITIATIVE
wf of DRIVE

wf of SERVICE MOTIVATION
wf of PRODUCTIVITY AND ACHIEVEMENT
wf of MANAGEMENT FUNCTIONS

* A 3 (New 1) Weight = Average.

58
58
49

61
58
60

58
60
64

61
62
63

63
64
63

66
65
64

66
67
64

(Continued)
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TABLE 22 (CONT.)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
CROSS VALIDATION BT's (N=84) - JUSTIFICATION SECTION

No. of Cross
" Valid. BT's

Classified
Variable Selected Correctly

Step 8:

Lengthy Procedure f of INITIATIVE 72

Rational Condensation Sum of Variables 1 through 15 65

Stat. Selected Subset Total Number of 2 (New ~1) Weights* 64
Step 9: ~

Lengthy Procedure f of RESPONSIVENESS 74

Rational Condensation wf of RECOGNITION 69

Stat. Selected Subset wf of COMMUNICATION 66
Step 10:

Lengthy Procedure f of ASSET TO THE NAVY 71

Rational Condensation wf of INTELLECTUAL FUNCTIONING TO%*

Stat. Selected Subset wf of PRODUCTIVITY AND ACHIEVEMENT 66
Step 11:

Lengthy Procedure wf of DRIVE 75

Stat. Selected Subset wf of REPRESENTATION 66
Step l2:

Lengthy Procedure wf of RESOURCEFULNESS 78

Stat. Selected Subset Sum of Variables 1 through 15 66
Sfep 13:

Lengthy Procedure f of RESOURCEFULNESS 76

Stat. Selected Subset Total Number of Words in Text 68
Step 14: .

Lengthy Procedure f of PROFZSSIONALISM 77

Stat. Selected Subset Total Number of 5 (New 3) Weights* 68
Step 15:

Lengthy Procedure f of REPRESENTATION 76

Stat. Selected Subset wf of TECHNICAL SKILLS 68

* A'S (New 3) Weight = Excellent; a 2 (New ~1) Weight = Poor.

*
The underscore indicates the best classifiication achieved in the
stepwise Jdiscriminant analysis for a particular indexing procedure.

(Continued)
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TABLE 22 (CONT,)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
CROSS VALILATION BT's (N=84) - JUSTIFICATION SECTTON

No. of Cross

Valid. BT's
Classified
Variable Selected Correctly
Step 16:
Stat. Selected Subset wf of REPUTE 70
Step 17: )
Stat. Selected Subset wf of SKILLS AND ABILITIES 70
Step 18:
Stat. Selected Subset wf of STAFFING 70
Step 19:
Stat. Selected Subset wf of POTENTIAL 12%
Step 46: -
Lengthy Procedure wf of RELIABILITY AND DEPENDABILITY 84*

RECAPITULATION OF CLASSIFICATION ACCURACY
FOR THE THREE INUEXING PROCEDURES:

Lengthy Procedure 84 out of 84 (100%)
Rational Condensation 70 out of 84 (837%)
Stat. Selected Subset 72 out of 84 (86%)

¥ The underscore indicates the best classification achieved in the
stepwise discriminant analysis for a particular indesing procedure.




TABLE 23

- COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES

COMBINED BT SAMPLES (N=164) - JUSTIFICATION SECTION

Step 1:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 2:

Lengthy Procedure
Rational Condensation
Stat., Selected Subset

Step 3:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 4:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 5:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 6

Lengthy Procedure
Rational Condensation
Stat., Selected Subset

Step 7:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Variabhle Selected

Total Number of Index Terms Used
Total Number of Index Terms Used
Total Number of Index Terms Used

wf of LEADERSHIP AND DIRECTING
wf of LEADERSHIP AND DIRECTING
wf of LEADERSHIP AND DIRECTING

Sum of Variables 1 through 29
wf of PRODUCTIVITY AND ACHIEVEMENT
wf of RESPONSIVENESS

wf of PRODUCTIVITY AND ACHIEVEMENT
Sum of Variables 1 through 15
wf of PRODUCTIVITY AND ACHIEVEMENT

wf of ENDURANCE
wf of CREATIVITY AND INITIATIVE
sum of Variables 1 through 15

f of DRIVE
wf of COMMUNICATION
Total Number of 3 (New 1) Weights*

wf of AWARDS AND PUNISHMENT
wf of SKILLS AND ABILITIES
Total Number of Words in Text

*
A 3 (New 1) Weight = Average.

No. of Com=-
bined BT's
Classified
Correctly

112
108
100

112
118
114

114
119
117

118
115
117

120
121
114

116
122
118

121
125
122

(Cont iy

")
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TABLE 23 (CONT.)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
COMBINED BT SAMPLES (N=164) - JUSTIFICATION SECTION

No. of Com=-
bined BT's
Classified
Variable Selected Correctly
Step 8:
Lengthy Procedure wf of SKILLS AND ABILITIES 123
"Rational Condensation Total Number of 5 (New 3) Weights® 125
Stat. Selected Subset wf of SKILLS AND ABILITIES 121
Step 9:
Lengthy Procedure wf of INITIATIVE 126
Rational Condensation Total Number of 1 (New ~2) Weights* 128
Stat. Selected Subset wf of ASSET TO THE NAVY 123 %%
Step 10:
Lengthy Procedure f of RESPONSIVENESS 129
Rational Condensation wf of ORGANIZATION AND STAFFING 126
Step 11:
Lengthy Procedure wf of ASSET TO THE NAVY 130
Rational Condensation Total Number of 4 (New 2) Weights¥* 124
Step 12:
Lengthy Procedure f of CONDUCT, INTEGRITY, AND PRIDE 131
Rational Condensation wf of RECOGNITION 126
Step 13:
Lengthy Procedure wf of SERVICE MOTIVATION 131
Rational Condensation Total Number of Words in Text 128
Step 14:
Lengthy Procedure wf of PLANNING 133

Rational Condensation wf of COOPERATION AND RESPONSIVENESS 129%%

*
A 5 (New 3) Weight = Excellent; a 4 (New 2) Weight = Good;

a 1 (New =2) Weight = Poorest.

*
The underscore indicates the best classification achieved in the
stepwise discriminant analysis for a par:icular indexing procedure.

(Continued)
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TABLE 23 (CONT.)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
.COMBINED BT SAMPLES (N=164) = JUSTIFICATION SECTION

No. of Com=
bined BT's
Classified
Variable Selected - Correctly
Step 66:
Lengthy Procedure f of POTENTIAL 50%

RECAPITULATION OF CLASSIFICATION ACCURACY -
FOR THE THREE INDEXING PROCEDURES :

Lengthy Procedure 150 out of 164 (91%)
Rational Condensation 129 out of 164 (79%)
Stat. Selected Subset 123 out of 164 (75%)

. -
The underscore indicates the best classification achieved in the
stepwise dlscriminant analysis for a particular indexing procedure.
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able universally was selected first when the two BT samples were analyzed sepa-
rately., The variable, Total Number of Index Terms Used, also was the first
variable selected for the three AT analyses on the Justification Section. This
variable reflects the variety of specific areas of an individual's performance
that the evaluator chose to comment on, and is measured by the number of differ-
ent index terms chosen by the indexer to encompass the narrative content of the
Evaluation or Justification Section. It appears that the range of skills and
abilities that a chief petty officer possesses is a key factor in his superior
performance. :

At Step 2 in Table 23, LEADERSHIP AND DIRECTING was selected for all three
indexing procedures. Between Steps 3 and 15 the following clusters of variables
were selected for at least two of the three indexing procedures: Sum of the
simple or weighted frequencies of the available set of variables for a parti-
cular indexing method; PRODUCTIVITY AND ACHIEVEMENT; RESPONSIVENESS/COOPERATION
AND RESPONSIVENESS; CREATIVITY AND INITIATIVE/INITIATIVE; AWARDS AND PUNISH-
MENT/ASSET TO THE NAVY/RECOGNITION; SKILLS AND ABILITIES; and Total Number of
Words in Text.

The three indexing procedures exhibit similar classification accuracy
through Step 9 at which point the statistically selected subset method achieved
its best classification performance, correctly classifying 123 of the 164 com-
bined BT's (75%). At Step 14 the rational condensation indexing method attain-
ed its best classification performance, correctly classifying 129 of the 164
combined BT's (79%). The stepwise discriminant analysis for the lengthy index-
ing procedure continued on to Step 66 where it finally achieved a classifica-
tion accuracy of 91%, correctly classifying 150 of the 164 combined BT's.

CS Comparison

CS Comparison - Evaluation Section. Table 24 shows a comparison of the
performance of the three indexing procedures for the 60 generalization CS's on
.the Evaluation Section of the Evaluation Report. At Step 1 the similar vari-
ables, CONTROLLING and PLANNING-CONTROLLING, were selected for the lengthy in-
dexing procedure and the rational condensation indexing method, respectively.
ASSET TO THE NAVY was selected for the statistically selected subset method at
Step 1 and for the lengthy indexing procedure at Step 2. Within Steps 2 and 3
the variable, MANAGEMENT FUNCTIONS, was selected for all three indexing proce-
dures. Between Steps 3 and 15 the following clusters of variables were se-
lected for at ieast two of the three indexing procedures: Total Number of 3
Weights (Average); SKILLS AND ABILITIES; sum of the weighteu frequencies of
the available set of variables for a particular indexing method; Total Number
of Index Terms Used; PLANNING; ENDURAMCE/SERVICE MOTIVATION/DRIVE/ENDURANCE
AND MOTIVATION; CREATIVITY AND INITIATIVE/INITIATIVE; ORGANIZATION AND STAFF- »>
ING/ORCANIZATION; POTENTIAL; PROFESSIONAL AND TECHNICAL SKILLS/TECHNICAL SKILLS;
LEADERSHIP AND DIRECTING; and REPRESENTATION.

The three indexing procedures exhibit similar classification accuracy
; tiirough Step 15 at which point the rational condensation indexing method
achieved its best classification performance, correctly classifying 48 of the
00 generalizetion CS's (80%). At Step 16 the statistically selected subset
method reached its best classification performance, correctly classifying 46




TABLE 24

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
GENERALIZATION CS's (N=60) = EVALUATION SECTION

No. of Gener~
alizat'n CS's
Classified

Variable Selected Correctly

Step 1:

Lengthy Procedure wf of CONTROLLING 20

Rational Condensation wf of PLANNING~CONTROLLING 23

Stat. Selected Subset wf of ASSET TO THE NAVY 20
Step 2:

Lengthy Procedure wf of ASSET TO THE NAVY 28

Rational Condensation wf of MANAGEMENT FUNCTIONS - 25

Stat. Selected Subset wf of MANAGEMENT FUNCTIONS 29

Step 3:

Lengthy Procedure f of MANAGEMENT FUNCTIONS" 30
Rational Condensation Total Number of Words in Text KX
- Stat. Selected Subset Total Number of 3 (New 1) Weights* 35

Step 4:

Lengthy Procedure wf of SKILLS AND ABILITIES 30
Rational Condensation Sum of Variables 1 through 15 37
Stat. Selected Subset wf of SKILLS AND ABILITIES 35

Step 5:

Lengthy Procedure Total Number of Index Terms Used 32
Rational Condensation Total Number of Index Terms Used 37
Stat. Selected Subset wf of PLANNING 38

Step 6:

*A3 (New 1) Weight = Average,

Lengthy Procedure f of ENDURANCE 34

Rational Condensation wf of CREATIVITY AND INITIATIVE 39

Stat. Selected Subset wf of REPUTE 41
Step 7:

Lengthy Procedure Sum of Variables 31 through 59 38

Rational Condensation wf of ORGANIZATION AND STAFFING 41

Stat. Selected Subset Total Number of Index Terms Used 38

(Cont inued)
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TABLE 24 (CONT,)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
GENERALIZATION CS's (N=60) - EVALUATION SECTION

No, of Gener-
alizat'n CS's

Classified
Variable Selected Correctly

Step 8:

Lengthy Procedure wf of ORGANIZATION 39

Rational Condensation Total Number of 3 (New 1) Weights* 39

Stat. Selected Subset Sum of Variables 1 through 15 39
Step 9: |

Lengthy Procedure wf of POTENTIAL 42

Rational Condensation wf of PROFESSIONAL AND TECHNICAL 40

. SKILLS

Stat. Selected Subset wf of TECHNICAL SKILLS , 45
Step 10:

Lengthy Procedure wf of PLANNING 43

Rational Condensation =~  wf of COOPERATION AND RESPONSIVENESS 44

Stat. Selected Subset wf of LEADERSHIP AND DIRECTING 43
Step 11:

Lengthy Procedure f of SERVICE MOTIVATION 46

Rational Condensation wf of CONDUCT AND ATTITUDE 45

Stat. Selected Subset Total Number of 5 (New 3) Weights* 44
Step 12:

Lengthy Procedure f of PLANNING 41

Rational Condensation Total Number of 4 (New 2) Weights* 45

Stat. Selected Subset wf of POTENTIAL 41
Step 13:

Lengthy Procedure Total Number of 3 (New 1) Weights* 44

Rational Condensation wf of COMMUNICATION 47

Stat. Selected Subset wf of DRIVE 44
Step 14:

Lengthy Procedure f of LEADERSHIP AND DIRECTING 43

Rational Condensation wf of REPRESENTATION 47

Stat. Selected Subset wf of PRODUCTIVITY AND ACHIEVfMENT 44

A 5 (New 3) Weight = Excellent; a 4 (New 2) Weight = Good;
a 3 (New 1) Weight = Average.
(Continued)
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TABLE 24 (CONT,)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION -
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
GENERALIZATION CS's (N=60) - EVALUATION SECTION

No, of Gener-
alizat'n CS's

Classified
Variable Selected Correctly
Step 15:
Lengthy Procedure f of INITIATIVE 44
Rational Condensation wf of ENDURANCE AND MOTIVATION ~48%
Stat. Selected Subset wf of REPRESENTATION 44
Step 16: .
Stat. Selected Subset wf of RESPONSIVENESS 46%
Step 44:
Lengthy Procedure f of COMMUNICATION 8%

RECAPITULATION OF CLASSIFICATION ACCURACY
FOR THE THREE INDEXING PROCEDURES:

Lengthy Procedure 58 out of 60 (97%)
Rational Condensation 48 out of 60 (80%)
Stat. Selected Subset 46 out of 60 (77%)

*
The underscore indicates the best classification achieved in the
stepwise discriminant andalysis for a particular indexing procedure,
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of the 60 generalization CS's (77%). The stepwise discriminant analysis for
the lengthy indexing procedure continued on to Step 44 where it €inally attoin-
ed a classification accuracy of 974, correctly classifying 58 of the 60 genera-
1ization CS's.

CS Comparison - Justification Section. Table 25 presents a comparison of
the performance of the three indexing procedures for th2 60 generalization
CS's on the Justification Section of the Evaluation Report. For all three in-
dexing procedures, the first variable selected was Total Number of Index Terms
Used, with the classification accuracy for the three methods being approximate-
ly the same initially. At Step 2 the similar variables, PROFESSIONALISM and
PROFESSIONAL AND TECHNICAL SKILLS, were selected for all three indexing proce-
dures. Between Steps 3 and 13 the following clusters of variables were se-
lected by at least two of the three indexing procedures: INITIATIVE/CREATI-
VITY AND INITIATIVE; COMMUNICATION; COOPERATION AND RESPONSIVENESS/COOPERATION;
REPRESENTATION; STAFFING/ORGANIZATION AND STAFFING; POTENTIAL; Total Number of
Words in Text; PRODUCTIVITY AND ACHIEVEMENT; Total Number of 3 Weights (Aver-
age); SKILLS AND ABILITIES; and PLANNING.

The three indexing procedures exhibit similar classification accuracy
through Step 11 at which point the statistically selected subset indexing
method achieved its best classification performance, correctly classifying
52 of the 60 generalization CS's (87%). At Step 13 the rational condensation
indexing method reached its best classification performance, correctly classi-
fying 55 of the 60 generalization CS's (92%). The stepwise discriminant analy-
sis for the lengthy indexing procedure continued on to Step 35 where perfect
classification performance was achieved, all 60 generalization CS's being
classified correctly.

RM Comparison

RM Comparison - Evaluation Section. Table 26 shows a comparison of the
performance of the three indexing procedures for the 162 generalization RM's
on the Evaluation Section of the Evaluation Report. At Step 1 the variable,
Total Number of 2 Weights (Poor), was selected for all three indexing proce-
dures, with the classification accuracy for the three methods being approxi-
mately the same initially. Between Hteps 2 and 15 a number of important clus-
ters of variables were selected for at least two of the three indexing proce-
dures. These clusters were AWARDS AND PUNISHMENT/RECOGNITION/POTENTIAL/REPUTE/
ASSET TO THE NAVY; MANAGEMENT FUNCTIONS; Total Numher of 5 Weights (Excellent);
COMMUNICATION; RELIABILITY AND DEPENDABILITY/CONDUCT ‘AND ATTITUDE; INTELLECTUAL
FUNCTIONING; Total Number of Index Terms Used; PRODUCTIVITY AND ACHIEVEMENT;
REPRESENTATION; and RESPONSIVENESS.

At Step 15 the lengthy indexing procedure was slightly superior to the
two short-cut indexing methods (65% classification accuracy for the lengthy
procedure compared to 60% classification accuracy for both the rational con-
densation method and the statistically selected subset method). At Step 17
the rational condensation indexing method achieved its best classification
performance, correctly ¢lassifying 102 of the 162 generalization RM's (63%).
At Step 20 the statistically selected subset indexing method reached its best
classification performance, correctly classifying 105 of the 162 generalization
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TABLE 25

COMPARISON OF THE VARTABLES SELECTED AT EACH STEP

IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
GENERALIZATION CS's (N=60) = JUSTIFICATION SECTION

No. of Gener~-
alizat'n CS's

Classified
Variable Selected Correctly

Step l:

Lengthy Procedure Total Number of Index Terms Used 42

Rational Condensation- Total Number of Index Terms Used 44

Stat. Selected Subset Total Number of Index Terms Used 45
Step 2:

Lengthy Procedure f of PROFESSIONALISM 44

Rational Condensation wf of PROFESSIONAL AND TECHNICAL 46

SKILLS

Stat. Selected Subset wf of PROFESSIONALISM b4
Step 3:

Lengthy Procedure f of INITIATIVE ? 44

Rational Condensation wf of CREATIVITY AND INITIATIVE 49

Stat. Selected Subset wf of COMMUNICATION . 45
Step 4:

Lengthy Procedure wf of COMMUNICATION 47

Rational Condensation wf of COOVERATION AND RESPONSIVENESS 50

Stat. Selected Subset wf of REPRESENTATION 46
Step 5:

Lengthy Procedure wf of REPRESENTATION 47

Rational Condensation wf of REPRESENTATION 50

Stat. Selected Subset wf of STAFFING 47
Step 6:

Lengthy Procedure wf of COOPERATION 47

Rational Condensation wf of CONDUCT AND ATTITUDE 50

Stat. Selected Subset Total Number of 2 (New ~-1) Weights* 49
Step 7:

Lengthy Procedure f of CONTROLLING 50

Rational Condensation wf of LEADERSHIP AND DIRECTING 52

Stat. Selected Subset wf of POTENTIAL 49

*
A 2 (New ~1) Weight = Poor.

(Continued)




TABLE 25 (CONT.)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
GENERALIZATION CS's (N=60) - JUSTIFICATION SECTION

Step 8:
Lengthy Procedure
Rational Condensation
Stat. Selected Subset
Step 9:

Lengthy Procedure

Rational Condensation

Stat. Selected Subset
Step 10:

Lengthy Procedure

Rational Condensation

Stat. Selected Subset
Step 11:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 12:

Lengthy Procedure
Rational Condensation

Step 13:

Lengthy Procedure
Rational Condensation

Step 35:
Lengthy Procedure

Variable Selected

f of POTENTIAL

wf of
Total

COMMUNICATION
Number of Words in Text

f of PRODUCTIVITY AND ACHIEVEMENT

Total
Total

wf of
wf of
wf of

wf of
Total
wf of

Total'

wf of

wf of
wf of

wf of

* A 3 (New 1) Weight = Average.

Number of 3 (New 1) Weights*
Number of 3 (New 1) Weights*

SKILLS AND ABILITIES

. PRODUCTIVITY AND ACHIEVEMENT

PLANNING

PLANNING
Number of Words in Text
PRODUCTIVITY AND ACHIEVEMENT

Number of Words in Text
SKILLS AND ABILITIES

PROFESSIONALISM
ORGANIZATION AND STAFFING

POTENTIAL

79

No. of Gener-
alizat'n CS's
Classified
Correctly

51
51
51

55
51
51

53
51
50

54
53
52%%

54
54

55
55%%

60%*

. .
The underscore indicates the best classification achieved in the
stepwise discriminant analysis for a particular indexing procedure.

(Continued)




TABLE 25 (CONT,)

COMPARISON OF THE VARIABLES SELECTED Al EACH STEP

~ IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
GENERALIZATION CS's (N=60) = JUSTIFICATION SECTION

RECAPITULATION OF CLASSIFICATION ACCURACY
FOR THE THREE INDEXING PROCEDURES:

Lengthy Procedure 60 out of 60 (100%)
Rational Condensation 55 out of 60 (92%)
Stat. Selected Subset 52 out of 60 (87%)
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TABLE 26

COMFARISON OF THE VARIABLES SELECTED AT EACH STEP

IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
GENERALIZATION RM's (N=162) =~ EVALUATION SECTION

Nn., of Gener=
alizat'n RM's

Classified
Variable Selected Correctly

Step 1: .

Lengthy Procedure Total Number of 2 (New ~1) Weightsx 70

Rational Condensation Total Number of 2 (New -1) Weightsx 70

Stat. Selected Subset Total Number of 2 (New ~1) Weightsx 69
Step 2:

Lengthy Procedure wf of AWARDS AND PUNISHMENT 79

Rational Condensation wf of RECOGNITION 85

Stat. Selected Subset wf of POTENTIAL 78
Step 3:

Lengthy Procedure wf of POTENTIAL 87

Rational Condensation wf of MANAGEMENT FUNCTIONS 83

Stat., Selected Subset Total Number of 5 (New 3) Weights# 85
Step 4:

Lengthy Procedure wf of MANAGEMENT FUNCTIONS 88

Rational Condensation wf of COMMUNICATION 80

Stat. Selected Subset wf of MANAGEMENT F'INCTIONS 87
Step 5:

Lengthy Procedure Total Number of 5 (New 3) Weights* 91

Rational Condensation Total Number of 5 (New 3) Weights* 82

Stat. Selected Subset wf of COMMUNICATION 87
Step 6:

Lengthy Procedure f of RELIABILITY AND DEPENDABILITY 100

Rational Condensation wf of CONDUCT AND AITITUDE 85

Stat. felected Subset wf of REPUTE 90
Step 7:

Lengthy Procedure f of COMMUNICATION 103

Rational Condensation wf of INTELLECTUAL FUNCTIONING 82

Stat. Selected Subset Total Number of Index Terms Used 93

" ,
A 5 (New 3) Weight = Excellent; a 2 (New ~1) Weight = Poor,

(Continued)
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TABLE 26 (CONT,)

COMPARISON OF THE VARIABLES SELECTED AT FACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHLEVED BY THE THREE INDEXING PROCEDURES
GENERALIZATION RM's (N=162) = EVALUATION SECTION

Step 8:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 9:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 10:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 11:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 12:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 13:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 14:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Variable Selected

f of POTENTIAL
wf of PRODUCTIVITY AND ACHIEVEMENT
wf of PRODUCTIVITY AND ACHIEVEMENT

wf of REPUTE
Total Number of Index Terms Used
wf of PROFESSIONALISM

f of REPUTE
Sum of Variables 1 through 15
wf of REPRESENTATION

f of INTELLECTUAL FUNCTIONING
wf of REPRESENTATION
Total Number of 3 (New 1) Weights#

f of RESPONSIVENESS
wil of PLANNING-~CONTROLLING
wf of ASSET TO THE NAVY

wf of
wf of
wf of

RESPONSIVENESS
LEADERSHIP AND DIRECTING
STAFFING

wf of SERVICE MOTIVATION
Total Number of Words in Text
wf of RESPONSIVENESS

%
A 3 (New 1) Weight = Average,

No, of Gener~
alizat'n RM's
Classified

Correctly

99
89
95

95
91
96

9
95
98

92
94
95

98
97
9

99

97
lo1

99
99
101

| (Continued)
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TABLE 26 (CONT.)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEE

IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
GENERALIZATION RM's (N=162) = EVALUATION SECTION

No. of Gener~
alizat'n RM's

Classified
Variable Selected Correctly

Step 15: )

Lengthy Procedure wf of PRODUCTIVITY AND ACHIEVEMENT 105

Rational Condensation wf of SKILLS AND ABILITIES 97

Stat. Selected Subset wf of DRIVE 98
Step 16:

Rational Condencation Total Number of 4 (New 2) Weights* 98

Stat. Selected Subset Tota! Number of Words in Text 100
Step 17:

Rational Condensation wf of ORGANIZATION AND STAFFING 102%*

Stat. Selected Subset wf of LEADERSHIP AND DIRECTING 100
Step 18:

Stat. Selected Subset wf of SKILLS AND ABILITIES 103
Step 19:

Stat. Selected Subset wf of PLANNING 103
Step 20

Lengthy Procedure ' wf of PLANNING 107

Stat. Selected Subset Sum of Variables 1 through 15 105%*
Step 63:

Lengthty Procedure f of INTELLECTUAL FUNCTIONING 13)%%
. (Variable Removed)

RECAPITULATION OF CLASSIFICATION ACCURACY
FOR THE THREE INDEXING PROCEDURES:

Lengthy Procedure 131 out of 162 (81%)
Rational Condensution 102 out of 162 (637%)
Stat. Selected Subset 105 out of 162 (65%)

*
A 4 (New 2) Weight = Good.

o
The underscore indicates the best classification achieved in the

stepwise discriminant analysis for a particular indexing procedure,
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RM's (65%Z). The wtepwise discriminant analysis for the lengthy indexing proce-
dure cont Inued on to Step 63 where it finally attained a classification accura-
vy ol BlZ, correctly classifylng 131 of the 162 generalfzation RM's.

RM Comparison - Justification Section. Table 27 presents a comparison of
the performance of the three indexing procedures for the 162 generalization
RM's on the Justification Section of the Evaluation Report. For all three in-
dexing procedures, the first variable selected was Total Number of Index Terus
Used. Between Steps 2 and 15 the following important clusters of variables
- were selected for at least two of the three indexing procedures: Sum of the
welghted frequencies of the available set of variables for a particular irdex~
ing method; Total Number of 4 Weights (Good); PRODUCTIVITY AND ACHIEVEMENT;
DRIVE/ENDURANCE AND MOTIVATION/ENDURANCE; COOPERATION/RESPONSIVENESS/COOPERA-
TION AND RESPONSIVENESS; CONDUCT AND ATTITUDE/GROOMING AND ATTIRE; STAF¥FING/
ORGANIZATION AND STAFFING; Total Number of 3 Weights (Average); REPUTE; PROFES=-
SIONAL AND TECHNICAL SKILLS/TECHNICAL SKILLS/PROFESSIONALISM; PLANNING; CREA-

TIVITY AND INITIATIVE/INITIATIVE; and POTENTIAL.

The rational condensation indexing method achieved its best classifica-
tion performance at Step 11, correctly classifying 130 of the 162 generaliza-
tion RM's (80%). At Step 16 the statistically selected subset method reached
its best classification performance, correctly classifying 129 of the 162
generalization RM's (80%). The stepwise dis: ainant analysis for the lengthy
indexing procedure continuedi on to Step 40 where it finally achieved a classi-
fication accuracy of 897%, correctly classifying 144 of the 162 generalization
RM's.

Summary and Conclusions

The two short-cut indexing procedures that were developed for this study
compared favorably with the classification accuracy achieved by the original
lengthy indexing procedure in the early steps of the stepwise discriminant
analysis process, i.e., between Steps 1 and 10. Beyond Step 10 the lengthy
indexing procedure, with its greater complement of available variables, typi-
cally displayed a superior classification performance as the stepwise discrim-
inant analysis process continued to try to maximize its classification accu-
racy. In all of the comparisons that were made, the lengthy indexing proce-
dure exceeded the better classification performance of the two short-cut in-
dexing methods. However, since the lengthy indexing procedure provided more
variables to the stepwise discriminant analysis process, it was expected that
this method would demonstrate superior classitication performance. There 1is
other evidence that most of the discrimination which is achievable can be
attributed to the variables selected early by the stepwise discriminant anay-
sils process. In previous research with the lengthy indexing procedure, when
the discriminant functions developed on one sample were used to classify a
gecond cross validation sample, the classification performance of the lengthy
procedure dropped markedly, typically from near perfect classification for the
original sample to 65-70% classification accuracy for the cross validation sam-
ple.13 This level of cross validation classification accuracy was achieved
early in the stepwise discriminant analysis process, typically by the fifth
atep. This important finding from a previous study indicated that the vari-
ables selec -4 by the stepwise discriminant analysis program for the early




COMPARISON OF THE VARIABLES SELECTED AT EACH STEP

TABLE 27

IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION

ACCURACY ACHIEVED BY THE THREE INDEXING POCEDURES
GENERALIZATION RM's (N=l162) = JUSTIFICATION SECTION

Step 1:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 2:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 3:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 4:

Lengthy Procedure
Rational Condansation
Stat. Selected Subset

Step 5:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 6:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 7:

Lengthy Procedure
Rational Condensation
Stat. Selected Subset

5 (New 3) Weight = Excellent; a 4 (New 2) Weight = Good;

Variable Selected

No. of Gener-
alizat'n RM's
Classified
Correctly

Total Number of Index Terms Used
Total Number of Index Terms Used
Total Number of Index Terms Used

Sum of Variables 31 through 59
Total Number of 4 (New 2) Weights*
Sum of Variables 1 through 15

wf of PRODUCTIVITY AND ACHIEVEMENT
wf of PRODUCTIVITY AND ACHIEVEMENT
wf of PRODUCTIVITY AND ACHIEVEMENT

f of PRODUCTIVITY AND ACHIEVEMENT
Total Number of 5 (New 3) Weights*

wf of DRIVE

f of COOPERATION

wf of CONDUCT AND ATTITUDE

wf of RESPONSIVENESS

wi of GROOMING AND ATTIRE
wf of ENLURANCE AND MOTIVATION

wf of STAFFING

wf of STAFFING

103
100
112

105
102
104

110
109
113

114
112
116

117
117
114

123
121
113

127

wf of COOPERATION AND RFESPONSIVENESS 123

Total Number of 3 (New 1) Weights*

3 (New 1) Weight = Average.

117

(Continued)
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TABLE 27 ((CONT.)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
' ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES

GENERALIZATION RM's (N=162) = JUSTIFICATION SECTION

Step 8:
Lengthy Procedure
Rational Condensation
Stat. Selected Subset
Step 9:
Lengthy Procedure
Rational Condensation
Stat. Selected Subset

Step 10:

Lengthy Procedure

Rational Condensation

Stat. Selected Subset
Step 11:

Lengthy Procedure

Rational Condensation

Stat. Selected Subset
Step 12:

Lengthy Procedure

Stat. Selected Subset
Step 13:

Lengthy Procedure

Stat. Selected Subset
Step 14:

Lengthy Procedure
Stat., Selected'Subset

Variable Selected

wf of ENDURANCE
Total Number of 3 (New 1) Weights*
wf of REPUTE

f of STAFFING

wf of PROFESSIONAL AND TECHNICAL
SKILLS

wf of PLANNING

wf of PLANNING
wf of CREATIVITY AND INITIATIVE
Total Number of Words in Text

Total Number of 4 (New 2) Weights*

wf of ORGANIZATION AND STAFFING
wf of MANAGEMENT FUNCTIONS

f of POTENTIAL
wf of SKILLS AND ABILITIES

f of INITIATIVE
wf of ASSET TO THE NAVY

wf of TECHNICAL SKILLS
wf of POTENTIAL

* A 4 (New 2) Weight = Good; é 3 (New 1) Weight = Average.

No. of Gener-
alizat'n RM's
Classified
Correctly

130
123
118

131
126

123

134

129
125

129
130%*

130
125

130
125

133
128

* The underscore indicates the best classification achieved in the
stepwise discriminan® analysis for a particular indexing procedure.

(Continued)
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TABLE 27 (CONT,)

COMPARISON OF THE VARIABLES SELECTED AT EACH STEP
IN THE STEPWISE DISCRIMINANT ANALYSIS AND THE CLASSIFICATION
ACCURACY ACHIEVED BY THE THREE INDEXING PROCEDURES
GENERALIZATION RM's (N=162) = JUSTIFICATION SECTION

No, of Gener-
alizat'n RM's

. Classified
Variable Selected Correctly
Step 15;
Lengthy Procedure f of REPUTE 132
Stat, Selected Subset wf of PROFESSIONALISM 128
Step 16:
Stat.. Selected Subset Total Number of 2 (New -1) Weightss 129%%
Step d40:
Lengthy Procedure . wf of FLEXIBILITY 144 %%

RECAPITULATION OF CLASSIFICATION ACCURACY
FOR THE THREE INDEXING PROCEDURES :

*

Kk

Lengthy Procedure 144 out of 162 (89%)
Rational Condensation 130 out of 162 (80%)
Stat., Selected Sihset 129 out of 162 (80%)

A 2 (New =1) Weight = Poor.

The underscore indicates the best classification achieved in the
stepwise discriminant analysis for a particular indexing procedure,
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steps in the discriminant analysis are crucial variables, playing a major role
in differentiating among the three criterion groups,

Perhaps, then, a more meaningful comparison among the three indexing proce-
dures is the classification performance that they achieved between Steps 10 and
20 in the stepwise discriminant analysis process, the range of steps at which the

"two short-cut methods attained their best classification accuracy. In all of the
comparisons reported in this section, the classification performance of the three
indexing procedures was similar between Steps 10 and 20, with the lengthy proce-
dure typically having a slight but definite edge over the two short=-cut methods.
In some comparisons the ratiuial condensation indexing method, at its best classi-
fication accuracy, demonstrated superior classification performance to the best
performance of the statistically selectud subset indexing method, but in other
comparisons the statistically selected subset method performed better (see Table
28). In eight of the 16 comparisons that were made, the rational condensation
method achieved better classification accuracy. In seven of the 16 comparisons,
the statistically selected subset method attained better classification accuracy.
In one comparison the two short-cut indexing methods performed equally well.
Therefore, the criterion that was adopted to determine which of the two short-cut
methods should be considered superior and elected as the preferred method for
subsequent research studies was how well each short-cut method tracked the orig-
inal lengthy indexing procedure in selecting variables into the discriminant
function. Of the two short-cut indexing methods, the one that from the initial
step more faithfully tracked the original lengthy indexing procedure in select=-
ing variables into the discriminant function was the rational condensation method.
Moreover, the rational condensation method examines all of the information con-~
tained in a narrative performance evaluation in contrast to the statistically
selected subset method which takes into consideration only portions of the narra-
tive text. In the rational condensation short-cut method the indexer is obli-
gated to make ar indexing decision for each segment of narrative text. The logi-
cal choice for any one segment of text usually is between only two of the 15 in~-
dex terms comprising this short-cut method and between only two of the five pos-
sible weights, thus increasing the likelihood that a correct indexing decision
will be made. However, the statistically selected subset method requires that
the indexer ignore portions of the text whose content does not map onto one of
the 15 index terms available for this short-cut method, 14 of the 29 original in-
dex terms having been eliminated from the statistically selected subset. If none
of the 15 available terms appears to fit a segment of narrative text, then this
particular segment is left unindexed. Therefore, a 2=step indexing decision is
required for the statistically selected subset method: (1) whether or not to
index a particular segment of narrative text, and (2) if the decision is made

to index, then the choice of an appropriate index term from the 15 available
terms and the choice of a weight from the five possibilities. The decision not
to index a particular segment of narrative text may be an easier choice than the
decision of which index term and weight to use. Consequently, it was felt that
the statistically selected subset method is more subject to indexing error and
inconsistency than the rational condensation method. Because of this hazard

with using the statistically selected subset method and because the rational
condensation method more faithfully tracked the original lengthy indexing pro-
cedure in selecting variables into the discriminant function, the rational con-
densation method was chosen as the preferred short-cut indexing method for fur=-
ther research investigations.
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When the number of predictor variables is large in relation to the number
of cases (the worst instance in this study being 67 variables for the lengthy
indexing procedure as applied to the 60 generalization CS's), the solution
achieved by the stepwise discriminant analysis algorithm, as in the case of
multiple regression, may converge on a set of pregictor variables that solves
the classification problem perfectly for that particular sample, but may not
constitute the samé set of variables that might be selected for another sample
or for another indexing procedure, a different set of variables also being
able to achieve perfect or near perfect classification.™ Therefore, it is
extremely interesting to note that for all three indexing procedures, the key
variables selected early in the stepwise discriminant analysis process for the
Evaluation Section were Total Number of 5 Weights (Excellent) and Total Number
of 2 Weights (Poor). This was true for all comparisons made on the Evaluation
Section of the Evaluation Report except for the 60 generalization CS's, This
finding points up the need to cross validate the results of studies based on
small N's where the number of predictc - variables exceeds the number of cases
in order to determine which discriminating variables are constant over several
samples. The conclusion that can be drawn from these findings is that the modi-
fying adjectives and adverbs used by an evaluator to assess an individual's
performance in the Evaluation Section of the Evaluation Report are key factors
in distinguishing between superior performance and less stellar achievements,
regardless of the occupational specialty being analyzed, with the exception of
the 60-case generalization CS sauple which constituted the worst case statis-
tically for finding a valid, reproducible set of predictor variables.

When one examines the results for the Justification Section of the Evalu=-
ation Report, the findings are unequivocal. without exception for all com-
parisons made, the first variable selected for the Justification Section was
Total Number of Index Terms Used. This variable reflects th~ variety of spe-
cific areas of an individual's performance that the evaluator chose to comment
on, and is measured by the number of different index terms chosen by the indexer
to encompass the narrative content. This finding indicates that the range of
skills and abilities that a chief petty officer manifests 1is a key factor in
his superior performance as narrated by the evaluator in the Justification: »
Section. Another finding, which :corroborates the results of previous re-
search!5, 1s that without exception better classification was achieved in the
content analysis of the narrative comments in the Justification Section com-
pared to the Evaluation Section, regardless of which of the three indexing
procedures was employed.

The results from an earlier research study indicated that classification
procedures based on the 1en§thy content analysis methodology should be tailor-
ed to specific occupations.'® The findings from the study being reported here
substantiate the earlier research results and show that for each occupational
specialty on a particular section of the Evaluation Report, the variables se-
lected for at least two of the three indexing procedures were identical and not
necessarily the same as those variables selected for a different occupational
specialty., A summary enumeration of these key discriminating variables selected
in the first 15 steps by the stepwise discriminant analysis procedure for each
occupatio.al specialty is given below.

AT's - Key Discriminating Variables for the Evaluation Sectign. The
following list of variables was determined from the results of the combined
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AT analysis on the Evaluation Section (N=282). The key discriminating clus-
ters of variables were Total Numher of 5 Weights (Excellent); Total Number o«
2 Weights (Poor); LEADERSHIP AND DIRECTING; TECHNICAL SKILLS/PROFESSIONAL AMD
TECHNICAL SKILLS; MANAGEMENT FUNCTIONS; Total Number of 3 Welghts (Average);
RESPONSIVENESS; COMMUNICATION; POTENTIAL; and DRIVE.

AT's ~ Key Discriminating Variables for the Justification Section. The
following list of variables was determined from the results of the combined
AT analysis c¢cn the Justification Section (N=282)., The ke’ discriminating
clusters of variables were Total Number of Index Terms Used; sum of the wuight-
ed frequencies of the available set of variables for a particular indexirg pro-
cedure; PRODUCTIVITY AND ACHIEVEMENT; PROFESSIONAL AND TECHNICAL SKILLS/VECHNI=-
CAL SKILLS/PROFESSIONALISM; Total Number of 3 Weights (Average); SKILLS AND
ABILITIES; STAFFING/ORGANIZATION AND STAFFING; INTELLECTUAL FUNCTIONING; EN-
DURANCE AND MOTIVATION/DRIVE; MANAGEMENT FUNCTIONS: REPUTE; Total Number of
2 Weights (Poor); COMMUNICATION; REPRESENTATION; and Total Number of Words in
‘Text.

Y

BT's - Key Disr:iminating Variables for the Evaluation Section. The
following list of variatles was determined from the results of the combined
BT analysis on the Evaluation Section (N=164)., The key discriminating clus-
ters of variables were Total Number of 5 Weights (Excellent); Total Number
of 2 Weights (Poor); Total Number of Index Terms Used; MANAGEMENT FUNCTIONS;
COMMUNICATION; PROFESSIOIALISM; RECOGNITION/REPUTE/ASSET TO THE NAVY/POTEN-
TIAL; SKILLS AND ABILITIES; RESOURCEFULNESS/CREATIVITY AND INITIATIVE; REPRE-
SENTATION;'ORGANIZATION/STAFFING/ORGANIZATION AND STAFFING; and PRODUCTIVITY
AND ACHIEVEMENT.

BT's - Key Discriminating Variables for the Justification Section. The
following list of varjables was determined from the results of the combined
BT analysis on the Justification Section (N=164). The key discriminating
clusters of variables were Total Number of Index Terms Used; LEADERSHIP AND
DIRECTING; sum of the simple or weighted frequencies of the available set of
variables for a particuiar indexing method; PRODUCTIVITY AND ACHIEVEMENT;
RESPONSIVENESS/COOPERATION AND RESPONSIVENESS; CREATIVITY AND INITIATIVE/
INITIATIVE; AWARDS AND PUNISHMENT/ASSET TO THE NAVY/RECOGNITION; SKILLS AND
ABILITIES; and Total Number of Words in Text.

CS's - Key Discriminating Variables for the kvaluation Section. The
key discriminating clusters of variables for the 60 generalization CS's on
the Evaluation Section were CONTROLLING/PLANNING-CONTROLLING; ASSET TO THE
NAVY; MANAGEMENT FUNCTIONS; Total Number of 3 Weights (Average); SKILLS AND
ABILITIES; sum of the weighted frequencies of the available set of variables
for a particular indexing method; Total Number of Index Terms Used; PLANNING;
ENDURANCE/SERVICE MOTIVATION/DRIVE/ENDURANCE AND MOTIVATION; CREATIVITY AND
INITIATIVE/INITIATIVE; ORGANIZATION AND STAFFING/ORGANIZATION; POTENTIAL;
PROFESSTIONAL AND TECHNICAL SKILL3/TECHNICAL SKILLS; LEADERSHIP AND DIRECTING;
and REPRESENTATION.

CS's = Key Discriminating Variables for the Justification Section. The
key discriminating clusters of variables for the 60 generalization CS's on
the Justification Section were Total Number of Index Terms Used; PROFESSIONAL=-
ISM/PROFESSIONAL AND TECHNICAL SKILLS; INITIATIVE/CREATIVITY AND INITIATIVE;
COMMUNLCATION; COOPERATION AND RESPONSIVENLSS/COOPERATION; REPRESENTATION;
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STAFFING/ORFANIZATION AND STAFFING; POTENTIAL; Total Number of Words in Text;
PRODUCTIVITY AND ACHIEVEMENT; Total Number of 3 Weights (Average); SKILLS AND
ABILITIES; and PLANNING.,

RM's - Key Discriminating Variables for the Evaluation Section. The
key discriminating clusters of variables for the 162 generalization RM's on
the Evaluation Section were Total Number of 2 Weights (Poor); AWARDS AND
PUNISHMENT /RECOGNITION/POTENTIAL/REPUTE/ASSET TO THE NAVY; MANAGEMENT FUNC-
TIONS; Total Number of 5 Weights (Excellent); COMMUNICATION; RELIABILITY AND
DEPENDABILITY/CONDUCT AND ATTITUDE; INTELLECTUAL FUNCTIONING; Total Number of
Index Terms Used; PRODUCTIVITY AND ACHIEVEMENT; REPRESENTATION; and RESPON-
SIVENESS.

RM's - Key Discriminating Variables for the Justification Section. The
key discriminating clusters of variables for the 162 generalization RM's on
the Justification Section were Total Number of Index Terms Used; sum of the
weighted frequencies of the available set of variables for a particular index~
ing method; Total Number of 4 Weights (Good); PRODUCTIVITY AND ACHIEVEMENT;
DRIVE/ENDURANCE AND MOTIVATION/ENDURANCE; COOPERATION/RESPONSIVENESS/COOPERA-
TION AND RESPONSIVENESS; CONDUCT AND ATTITUDE/GROOMING AND ATTIRE; STAFFING/
ORGANIZATION AND STAFFING; Total Number of 3 Weights (Average); REPUTE; PRO~
FESSIONAL AND TECHNICAL SKILLS/TECHNICAL SKILLS/PROFESSIONALISM; PLANNING;
CREATIVITY AND INITIATIVE/INITIATIVE; and POTENTIAL.

In summary, it can be concluded that the two short-cut indexing methods,
although not achieving the classifi.ation accuracy of the original lengthy in-
dexing procedure which had more variables available for the stepwise discrimi-
nant analysis process, did, however, achieve an acceptable level of classifi-
cation performance, that is, approximately comparable to that achieved between
Steps 10 and 20 by the longer, more complex indexing methodology. Of the two
short~cut methods, the rational condensation indexing method is preferred
since it tracked the lengthy method more faithfully in the selection of dis-
criminating variables. Further, the ration:l condensation method examines all
of the information contained in a narrative performance evaluation whereas the
statistically selected subset method ignores ~ertain portions of the narrative
text. Since the rational condensation method is less vulnerable to indexing
error and inconsistency and probably will fare better in any cross validation
study because it takes into account all of the narrative text, this short-cut
method was chosen to be used in further research investigations.

The efficiency of using the rational condensation short-cut indexing meth-
od compared to the original lengthy indexing procedure was estimated by con=-
sidering the time required to index and code both an Evaluation Report with
brief narrative comments and one with lengthy narrative comments. The short
case contained 43 words and required three minutes to index regardless of which
indexing procedure was used. Another half minute was taken up for hoth proce-
dures in counting the number of words in the text. The process of transferring
the indexing decisions and word count to the indexing form and generating the
various quantitative variables required approximately two and one-half minutes
for each indexing procedure. Entering this information onto IBM coding forms
consumed four minutes for the short-cut method (two lines of coding) and six
minutes for the lengtliy procedure (four lines of coding, the second and fourth
lines of which macch up with the fields for the first and third lines thus
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speeding up the coding of the second and fourth lines). In the long case,
which contained 338 words, it required 35 minutes to index the narrative text
using the lengthy Indexing procedure whercas the rational condensation method
required only 20 minutes. The addit lonal time required by the lengthy proce-
dure was caused by the difficulty in choosing among the larger number of index
terms available for the lengthy method and the need to refer more often to the
dictionary of index terms in order to resolve indexing dilemmas., Another five
minutes was taken up for both procedures in counting the number of words in
the text. The process of transferring the indexing decisions and word count
to the indexing form and generating the various quantitative variables required
approximately 12 minutes for each indexing procedure. As with the short case,
entering the information onto IBM coding forms consumed four minutes for the
short-cut method (two lines of coding) and six minutes for the lengthy proce-
dure (four lines of coding, the second and fourth lines of which match up with
the fields for the first and third lines thus speeding up the coding of the
second and fourth lines),

The conclusion to be drawn from these two comparisons 1s that thcre is
very little difference between the two ‘indexing procedures in the time required
to index and code Evaluation Reports containing brief narrative text. Only
when the text becomes longer and requires more scrutiny and consideration by
the indexer does the efficiency of the short-cut method become apparent. Over
a large sample of Evaluation Reports, it is estimated that use of the rational
condensation ghort-cut indexing method will save 25 to 50 percent of the index-
ing time required by the original lengthy indexing procedure. It is expected
that the time rcequired to count the number of words in the narrative text and
to transfer this count and the indexing decisions to the indexing form and to
generate the various quantitative variables will be approximately the same for
both procedures. The time required for the rational condensation method to
enter this information onto IBM coding forms preparatory to keypunching 1s es-
timated to be two-thirds of that required by the lengthy indexing procedure.
Since only one punched card is needed to contain the variables extracted by the
rational condensation content analysis compared to two punched cards for the
original lengthy content analysis, the keypunching, verifying, and proofing
time is cut in half. And since fewer card images have to be examined by the
stepwise discriminant analysis procedure each time that a classification ma-
trix is computed and printad, it is estimated that computer processing time
is halved. A more detailed comparison of the efficiency of the two indexing
procedures is being carried out as a future area of investigation (see Section
6.Ds).

Three samples of Evaluation Reports, covering two contiguous years and
representing four occupational specialties and three experimental content anal-
ysis procedures, have highlighted certain key variables as being crucial in
differentiating between the performance of superlative chief petty officers
aud their slightly less qualified colleagues. These key variables are the
adjectives and adverbs that an evaluator uses to describe the performance of
the individual that is being evaluated; the range of skills and abilities that
an individual manifests; and the following specific demonstrated capabilities:
Management and supervisory ability; skill in leading and directing his men;
ability to organize his work area and to staff it properly; ability to plan
his workload and take any corrective measures necessary to compensate for un-
foreseen obstacles to good performance; the ability to present an effective




image of his work force to other components of the Navy and to the civilian
community; skill in communicating effectively with others; a cooperative and
responsive way of performing his job duties; a creative, resourceful, and in-
novative approach to his work; the drive and stamina to perform well under
tiring or adverse clrcumstances; his level of intellectual functioning; pro-
fessional and technlcal competence in his occupationa' speclalty; his level of
Froductivity and achievement; and recognition of his assets and potential by
his subordinates, peers, and superior officers.
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SECTION 5. EXTENSION OF THE ORIGINAL INTER-INDEXER RELIABILITY STUDY

In the pilot content analytic study of the narrative sections of Navy
performance evaluations for senior personnel in Pay Grade E7, the issues of
reliability and trainability were of concern although the scope of the small
initial research effort did not permit these aspects to be studied in any sub=
stantial way., Therefore, in designing the second investigation these issues
were dealt with by including a reliability study whose objectives were twofold:
(1) to determine the level of agreement among four individuals all of whom in=-
cependently would perform a contunt analysis of the same corpus of Evaluation
Keports, and (2) to investigate if nonresearchers could be trained successful-
is to apply the complex content analysis methodology developed in the pilot
study.® Product-moment correlation, kappa, and weighted kappa were the three
statistics used to measure agreement among the four reliability indexers. Of
the six possible palrwise comparisons between the four reliability indexers,
the value of the various agreement statistics ranged from .64 to .88. The
initial expectation in beginning this reliability study was that it would be
extremely difficult to train nonresearch-oriented individuals to consistently
index the narrative sections of Evaluation Report forms using the complex con-
tent analysis methodology that had been developed in the pilot study. The
surprising result was that in only six training sessions a quite respectable
level of agreement was achieved. This is a significant finding because it
suggests that Navy and civilian operational personnel also can be trained to
consistently apply content analytic techniques.

In the follow-on investigation to the pilot study and the second study,
the original inter-indexer reliapility study performed as part of the second
study was extended in order to elucidate more fully the question of reliability
of the complex, lengthy indexing procedure. The original plan for the extension
of the inter-indexer reliability study was to select and train four more in-
dividuals in the complex indexing procedure and to have them independently in-
dex the same 48 Evaluation Reports that formed the indexing corpus for the
first reliability study. However, the results from the first reliability
study strongly suggested that additional training of the original reliability
indexers aimed at clarifying the areas of confusion that were identified in
the analysis of their indexing judgments most likely wouid raise their level
of agreement. Consequently, both of these avenues of investigation were pur-
sued. A revision of the original training manual was prepared by the experi-
enced indexer and the principal investigator, an updated version that attempt-
ed to eliminate areas of confusion brought to light in analyzing the results
of the first reliability study and which also included voluminous examples of
how to handle difficult indexing decisions.!? This revision was used to train
the four participants in the extension of the original reliability study.

Two new reliability indexers were engaged for the study, a male and a fe-
male, both in their sophomore year in college. The nther two indexers partici-
pating in the study were inexperiencred indexer A (with two years of college in
the liberal arts) and inexperienced indexer B (with executive secretary experi-
ence) who also had participated in the first reliability study. All four of
these individuals were trained intensively by the expericnced fndexer over the
course of six training sessions using the updated version of the training manual
and a corpus o training Evaluation Reports. The two new reliability indexers
independently indexed the same 48 Evaluation Reports that were indexed in the

‘y
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first reliability study. These two individuals in essence were attempting to
replicate the earlier results. Inexperienced indexer A and inexperienced indexer
B were given a new and different set of 48 Fvaluation Reports to index indepen-
~dently. This second corpus constitutes a randomized representative sample taken
from the cross validation and generalization data bases. This second aspect of
the reliability study was included in order to test the hypothesis that with ad-
ditional training and indexing experience, the level of indexing agreement can

be raised.

In e¢ach of the two sets of 48 Evaluation Reports, the Evaluation Section
was separated from the Justification Section so that the narrative comments
for each section of a report were not considered together. This resulted in
a group of 96 randomized pleces of narrative text=--minidocuments=--*o be in=
dexed by each reliability indexer. To each of these 96 pileces of narrative
text was appended the corresponding sections 4A and 48 of the Evaluation Re-
port form. These two sections provide a description of the primary and collat-
eral duties of the individual being evaluated and should be read as background
information before beginning to index the narrative text.

When all four reliability indexers had completed indexing their assigned
96 pleces of narrative texr, thelr indexing decisions were recorded on work
sheets for each segment of narrative text indexed. These work sheets provided
the data base for computing agreement statistics. In all of the statistical
computations reported subsequently in this section, assignment of the index
terms was considered to be a separate intellectual task from assigning the
corresponding weights based on the modifying adjectives and adverbs. There 1is
good justification for analyzing the reliability study results in these :wo
contexts. When an indexer studied a segment of narrative text, the first step
was to select an appropriate index term or terms from among the 29 possibili-
ties that best described the substantive content of the text. Once the index-
er had completed this first phase of the content analysis, then the segment of
narrative text was rescanned to identify the adjectives and adverbs that de-
fined the numerical weight to be assigned to each index term chosen. Consider-
ing these judgments as two sequential decision processes also made the results
of the reliability study more amenable to statistical analysis as will be shown
in the subsequent discussion.

As early as 1960 Cohen, in introducing a new agreement statistic called
kappa, pointed out that for most problems in nominal scale agreement between
two judges or decision makers, many investigators compute a contingency chi
square as a test of the hypothesis of chance agreement, and some investigators
have gone on to compute the contingency coefficient, C, as a measure of degree
of agreement.!® However, Cohen concluded that the use of chi square (x2), and
therefore, the C which is based on it for the evaluation of agreement is inde-
fensible. When applied to a contingency table, x? tests the null hypothesis
with regard to association, not agreement. Theretore, xz and C are inappro-
priate statistics for measuring agreement since they will be inflated quite
impartially by any departure from chance association, cither disagreement or
agreement. In order to remedy this situation, Cohen suggested a new coeffi-
cient, kappa, to measure the degree of agreement in nominal scales, and to
provide means for testing hypotheses and setting confidence limits for this
coefficient,
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Quoting from Cohen's 1960 article [18, pp. 39-40], ". .for any problem in
nominal scale agreement between two judges, there are only two relevant quanti-
ties:

P, = the proportion of units in which the judges agreed
P, = tne proportion of units for which agreement is expected by chance.

The test of agreement comes; then with regard to the 1 - p, of the units
tor which the hypothesis of no association would predict disagreement between
the judges. This term will serve as the denominator.

"To the extent to which nonchance factors are operating in the direction
‘of agreement, p, will exceed po; their difference, P, = P,s represents the
proportion of the cases in which beyond-chance agreement occurred and is the
numerator of the coefficient.

"The ccaefficient k is simply the proportion of chance-expected disagree-
ments which do not occur, or alternatively, it is the proportion of agreement
after chance agreement is removed from consideration:

P, =P, |

K = .
l - P,

The significance of an obtained « is determined by dividing « by o,

D o
where OKo = \/Q;ZI—5—525 + The resulting critical ratio is referred to the
normal curve. However, Cohen has pointed out that *t-is generally of as little
value to test r« for significance as it is for any other reliability coefficient
--=-to know merely that v is beyond chance is trivial since one usually expects
much more than this in the way of reliability in psychological measurement.
llowever, the size of the critical ratio does provide some immediate feedback
concerning the magnitude of the agreement achieved beyond the ievel expected

by chance. Probably a more useful way to interpret the significance of an
obtained x is in terms of the maximum value of x. The theoretical upper limit
~of « is +1.00, but this 1limit can only be reached if the off-diagonal (dis-
agreement) cells in the agreement matrix are all zero. This in turn demands
that the marginal probabilities for each diagonal (agreement) cell must be
identical. Perfect agreement between two judges is rarely achieved, and there-
fore, the marginal distributions in any agreement matrix are not identical.
This means that in practice the upper limit of x is never +1.00 but rather

some lesser value. The maximum value of x is set by the marginal distributions
in any particular application of the kappa agreement statistic, and it can be
calculated. A comparison of the obtained « with its maximum upper limit com-
puted from the marginal distributions provides the investigator with a more
useful index of how closely the agreement level that was achieved between two
judges approached the maximum level of agreement that was possible.

The kappa statistic was the measure of agreement used in analyzing the in-
dex terms assigned by the four rellability indexers and the experienced indexer.
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For each segment of narrative text, each indexer chose a term or terms from the
list of 29 possibilities, or the decision was made that no term should be used,
From a careful analysis of these indexing decisions on the same reliability
study data base for cach pair of reliability indexers, six pairwise agreement
matrices were constructed. These were 30 by 30 matrices, with the 29 index
terms representing 29 of the 30 nominal categories and No Index Term Used repre-
senting the 30th nominal category. The pairwise indexing decisions for each
segment of narrative text analyzed across all 96 documents in the two reliabi-
lity study data bases were tabulated into the appropriate cell of the agreement
matrix for the particular pair of indexers being compared. The 30 diagonal
cells of the agreement matrix denote agreement between the two indexers in as-
signing index terms; all of the off-diagonal elements In the matrix represent
instances in which the two indexXers disagreed in their selection of terms. The
total number of entries in these six matrices varied slightly among the six
pairwise comparisons between the five indexers participa*ting in the second reli-
ability study, but in all instances they were very large, ranging from 1,257
tallles to 1,403 tallies. Consequently, the size of the two reliability study
data bases can be considered to be large enough to provide a stable measure of
the level of agreement achieved in performing this complex intellectual task.

Table 29 shows the results of the kappa analysis of the six pairwise com-
parisons between the five indexers participating in the second reliability study
in selecting index terms for the two reliability study data bases. The second
column in this table shows the value of k; the third column shows the standard
error of x; and the fourth column lists the normal deviate, z, obtained by di-
viding « by its standard error. All of the z values are very large, and conse-
quently, extremely significant, indicating that in all six comparisons the null
hypothesis that the obtained k does not exceed the chance level of agreement can
be rejected. The fifth column in Table 29 provides the maximum possible value
of kappa for each of the six pairwise comparisons. These values can be used as
an upper limit for comparing the level of agreement actually achieved with the
maximum level possible given the marginal distributions. Thus, in the first com-
parison for the original data base, that between the experienced indexer and in-
experienced indexer X, the « obtained was .68 compared to a possible maximum
value of .88. The last column of Table 29 shows, in percentage form, the ratin
of each « obtained to its maximum value. The best agreement in selecting index
terms for the replication of the reliability study on the original data base was
obtained between the experienced indexer and inexperienced indexer X (the male
college sophomore), a « of .68, In the previous reliability study all three
reliability indexers exceeded this level of agreement with the experienced indexer,
demonstrating a range of values for kappa from .72 to .88.

It is rather difficult to speculate just why the two new reliability in-
dexers who were trying to replicate the earlier results did not agree as close-
ly with the experienced indexer on the original reliability data base as the
two initial reliability indexers did. Both of the two new indexers were col-
lege students, involved in a myriad of academic and recreational activities.
It was frustrating to try to schedule the six training sessions because these
two individuals had so many conflicts, and sometimes they would cancel at the
last minute, making it necessary to reschedule the training session for every-
one for another time slot. DBecause of these considerations, it was felt that
perhaps the new indexers were less motivated and not as deeply involved in
the second reliability study as the other two indexers who had participated
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TABLE 29

RESULTS OF THE KAPPA ANALYSIS FOR THE SIX PAIRWISE COMPARISONS
BETWEEN THE FOUR RELIABILITY INDEXERS AND THE EXPERIENCED INDEXER
IN SELECTING INDEX TERMS FOR THE TWO RELIABILITY STUDY DATA BASES

Pairwise Comparisons

. ) pari > k obtained/
Between Each Pair of o 9
P . K * K K as %
Reliabilicy Indexers K 0 z max max

Original Data Base

The experienced indexer vs. .68 .0070 98.05 .88 717%
inexperienced indexer X

The experienced indexer vs. .61 .0066 92,25 .87 70%
inexperienced indexer Y

Inexpérienced indexer X vs. «55 .0066 82.81 .82 67%
inexperienced indexer Y

Second Data Base

The experienced indexer vs. .83 .0068 121.78 .95 87%
inexperienced indexer A

The experienced indexer vs. W72 .0065 110.46 .94 17%
inexperienced indexer B -

Inexperienced indexer A vs., .70 .0065 106.85 92 767%
inexperienced indexer B

* A 2 of 3.29 is significant at the..001 level of probability. Therefore, all
of the observed values of x reported in this table are extremely significant
and lead to rejection of the null hypothesis that the obtained x does not
exceed the chance level of agreement.

in the first study conducted a year earlier. These latter two individuals are
regular employees of R-K Research and System Design, performing a variety of
clerical 'and technical assignments in addition to their role in the two relia-
bility studies. This explanation may account for the observed differences in
the level of agreement with the experienced indexer by indexers X and Y in the
second study and indexers A and B in the first study.

Turning attention now to the secuad part of Table 29--~the results of the
kappa analysis for the second reliability study data base, the best agreement
in selecting index terms was obtained between the experienced indexer and in-
experienced indexer A, a < of .83. 1In the first reliability study this same
indexer also demonstrated the highest level of agreement with the experienced
indexer in selecting index terms, a x of .88. The level of agreement between




the experienced indexer and inexperienced indexer B in assigning index terms

as measured by « was .72 in both of the reliability studies, Thus, neither in-
experienced indexer A nor inexperienced indexer B was able to increase her
level of agreement with the experienced indexer despite refresher training in
the complex, lengthy indexing procedure and the challenge to try to outdo her
previous performance, However, these two reliability indexers felt that the
data base indexed by them in the second reliability study contained a sample of
narrative text more difficult to index than the first reliability study data
base, and the experienced indexer who conducted the refresher training concurred
in this judgment. There were more longer cases in the second reliability study
data base, and in addition, the werding of the narrative text in general was
more complex, confusing, or vague. Both reliability indexers expressed diffi-
culty in trying to understand what the evaluators meant, and even after several
reviews of their indexing decisions over the entire second reliability study
data base, they remained uncertain of their choice of many index terms. As a
result it also took longer for them to index the second reliabilicy study data
base. Therefore, the greater difficulty in indexing this narrative material
may have masked any gain in indexing proficiency that might have been achieved
by the additional training. Another possible explanation is that inexperienced
indexers A and B may have already approached the upper boundary of their index-
ing skill, with additional training and experience contributing very little to
increasing their level of agreement with the experienced indexer. Regardless
of which explanation one accepts as being more plausible to account for the
results, the reassuring finding is that in only six training sessions, once
again a fairly respectable level of agreement among indexers was achieved for
both reliability study data bases.

The kappa analysis performed as part of the first reliability study re-
vealed that the major area of confusion in indexing the initial reliability
study data base resided in whether or not to index supposedly factual state-
ments describing the job duties and the qualifications needed for the pogition
occupied by the person being evaluated rather than this individual's acqual
performance in the position. All three of the less experienced indexers tend-
ed to index these statements as describing the individual's performance where-
as the experienced indexe: whom the other three indexers were trying to emu-
late treated these statements as factual descriptions of the job duties and
the qualifications needed for the position. It was concluded that additional
training aimed at clarifying this area of confusion most likely would markedly
reduce this type of disagreement and possibly raise the magnitude of kappa.

In order to test this assumption, the six pairwise comparisons shown in Table

29 were recomputed by removing the "No Index Term Used" nominal category from
the analysis. Four of the six kappa values remained unaltered by this recalcu-
lation, only two of them being affected and both of these being increased by
only .0l. Therefore, it appears that this area of confusion indeed was resolved
in the training sessions for the second reliability study and did not constitute
a significant factor in reducing the level of agreement achievable. It also is
interesting to note that for both data bases shown in Table 29, the lowest level
of agreement was between the two inexperienced indexers, each pair of inexperi-
enced indexers agreeing more closely with the indexing decisions of the experi-
enced indexer than with each other. This is not a surprising finding since the
inexperienced indexers were trying to emulate the indexing skill of the experi-
enced indexer who served as the model.
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Analysis of the level of agreement among the five indexers participating
in the second reliability study in assigning numerical weights to each index
term selected, based on the modifying adjectives and adverbs, was performed
differently than the analysis of the level of agreement in selecting the index
terms themselves. Selection of the index terms in the two reliability studies
constituted a nominal scale whereas assignment of a numerical weight to each
index term selected was an indexing decision involving an ordinal scale. There-
fore, more powerful agreement statistics could be employed. Since numerical
weights on a scale from 1 to 5 (New -2 to New 3) were assigned to each index
term selected, it was possible to compute a product-moment correlatin~u coeffi-
cient between cach pair of reliability indexers. The new transformed weights
were used in these computations since this ordinal scale provided a more justi-
fiable way of measuring the situation in which one indexer did not select an
index term but the other indexer did (see Table 9).

In addition to computing these six product-moment correlation coefficients,
another agreement statistic, weighted kappa, also was calculated in order to
determine if it agreed with the results of the correlational analysis. In 1968
Cohen published another article generalizing the kappa statistic to the situ-
ation in which disagreements of varying gravity can be weighted accordingly.19
Application of weighted kappa to quantifying the level of agreement in psychi-
atric diagnosis also was shown Ly Cohen and his colleagues. 0

Weighted kappa is an agreement statistic corrected for chance agreement,
to be used when different kinds of disagreement are to be differentially
weighted in the agreement index. The des:.red weighting is accomplished by an
a priori assignment of weights to the r by ¢ cells of the agreement matrix,
and must be done very carefully because th: weights assigned are an integral
part of how agreement is defined, and therefore, how it is measured with weight-
ed kappa (K ). Table 30 shows the weighting algorithm that was used in comput-
ing K., for asse331ng the level of agreemeut in assigning numerical weights,
based on the modifying adjectives and adverbs, to the index terms selected in
the two reliability studies. The first step in computing x was to construct
a 6 by 6 agreement matrix between each pair of reliability $ndexers that encom-
passed all of the pairwise numerical weights that were assigned to index terms
based on their modifying adjectives and adverbs. These numerical weights were
tabulated in the agreement matrix across all 96 documents in each reliability
study data base. Using the first row of Table 30 as an example, if reliability
indexer I and reliability indexer II both had assigned a numerical weight of 3
to the index term that they had selected, it represented perfect agreement in
their interpretation of the superlativeness of the adjective or adverb modify-
ing the index term. Therefore, the 3,3 cell was given an & priori weight of
zero in computing ¢ since perfect agreement should receive no penalty. If
one indexer had assfgned a numerical weight of 3 to the index term selected
and the other indexer had assigned a numerical weight of 2, they only disagreed
by one position on the ordinal scale, and therefore, the 3,2 cells were given
an a priori weight of one in computing x , penalizing this mild disagreement
only slightly. In the extreme case, if one indexer had assigned a numerical
weight of 3 to the index term selected and the other indexer had assigned a
numerical weight of -2, they disagreed by five positions on the ordinal scale,
and therefore, the 3,~2 cells were given an a priori weight of five in comput-
ing x o penalizing this extreme disagreement the maximum possible. This same
logic was applied in determining the weights to be used in computing K through~
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TABLE 30

THE WEIGHTING ALGORITHM USED IN COMPUTING WEIGHTED KAPPA
FOR ASSESSING THE LEVEL OF AGREEMENT IN ASSIGNING NUMERICAL WEIGHTS
TO THE INDEX TERMS SELECTED IN THE TWO RELIABILITY STUDIES

RELTABILITY INDEXER I
Index Weights

3 2 1 0 -1 -2
. 3 0 1 2 3 4 5
%} " 2 1 0 1 2 3 4

2

2 E‘o 1 2 1 0 1 2 3
E ; 0 3 2 1 0 1 2
g E -1 4 3 2 1 0 1
E’ -2 5 4 3 2 1 0

out the remainder of the matrix., All of the diagonal cells were given a weight
of zevo since in no case should perfect agreement be penalized. All cells im-
mediately off the diagonal were penalized by a weight of one; those cells
slightly farther off the diagonal were penalized by a weight of two; and so

on out to a penalty weight of five for the case of worst disagreement.

The formula for computing Ky is

iw, -

c = 1 12p01]
W Iw,.p .,
1j%cij

where wij a priori weight in cell ij

observed proportion in cell ij

3
"

oij

chance proportion in cell ij,

o
u

cij
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The original approximate standard error formula* for Ky is

p_..)?2

2 -
p (Zw oy

cij

wo -\ N(zwijpcij

1]
)2

iw, .
17

Q
)

A significance test of x , that is, a test of H : Population k - Observed

<= 0, is accomplished Dy evaluating the normal curve deviate

K
wo

It is possible to capitalize on the fact that the standard normal deviate
squared is distributed as x% with one df and then to cast the result in the
x? form traditionally used in tne analysis of frequencies and proportions:

where x? is distributed as x2 with one degree of freedom, no matter what the
dimensignality of the agreement matrix is. The formula for x2 (weighted chi
square) is offered by Cohen for use in all contexts where x2 “{s now used with
frequency and proportion data, and where the investigator wishes to improve the
power of the statistical test by including his hypotheses (hunches, expecta-
tions) about the outcome. Weighted kappa 1s an incidental benefit in this
scheme in that it provides a measure of hypothesized assoclation, a "rho"
measure, 23 A

The more recent publication521’22 on kappa and welghted kappa provide
computational examples that use an agreement welghting scale, and the corres-
ponding calculation of the standard error reflects this way of scaling the
analysis. However, either degree of agreement or degree of disagreement may
be scaled, depending on what weighting scheme seems more natural in a given
context. The welghting scheme for x in the original reliability study and in
the extension of this study was devefoped in terms of disagreement scaling.
Therefore, to switch now to another scaling logic based on agreement rather
than disagreement would make it impossible to directly compare the results of
the second reliability study with those of the first study. Consequently, it
was decided to retain the disagreement weighting algorithm shown in Table 30.
Since all of the observed weighted kappas in both of the reliability studies
were very large, and as a result, significantly different from zero far beyond

In two more recent publication821’22, Cohen indicated that the original ap-
proximate standard error formula for k and k published in his earlier arti-
cles!8'19 were incorrect, but in a conservative direction, i.e., too large.




the ,001 level of probability, the fact that the conservative formula for es-
timeting the standard ervor of K., overestimated these values really has no ef-
fect on the interpretation of the statistical results. The same conclusions
would be arrived at regardless of which formula for estimating the standard
error was used. For example, there is no doubt that a weighted kappa of .63,
having a z value of 119.62 and a corresponding chi square value of 14,308,2
with one degree of freedom is extremely significant when the values of z and x2
at the .001 level of probability are 3.29 and 10.8, respectively, As pointed !
out by Cohen, a more meaningful way to interpret an observed value of kappa is
to compare it to its maximum upper limit in order to assess how closely the
agreement level that was achieved between two gudges actually approached the
maximum level of agreement that was possible,! However, the weights which
maximize weighted kappa turn out to be of no psychological interest because

< 1s a maximum only for hinary weights assigned so that the cell where

pi./p, p . is smallest in the agreement matrix is assigned a weight of 0 and
a1l the olher cells in the matrix are assigned a weight of 1,22

Since the correct version of the formula for the standard error of x is
so cumbersome to compute and would have only increased the magnitude of the
resulting z values and corresponding x2 values which are ¢normous anyway as
computed by the less accurate, more conservative formula for the standard er-
ror, it was felt that the extensive additional computation required to redo
the entire x analysis for both reliability studies based on agreement scaling
rather than on the disagreement weighting scheme developed in the first reli=
ability study was not warranted, the interpretation of the results being the
same regardless of which formula was used to compute o With these statis-

W

tical considerations kept in mind, Table 31 now can be discussed.

Table 31 shows the results of the correlational analysis and the weighted
kappa analysis for the six pairwise comparisons between the five indexers parti-
cipating in the second reliability study 'n assigning numerical weights to each
index term selected, based on the modifying adjectives and adverbs, for the two
reliability study data bases. The results of the correlational analysis are
shown first in Table 31, The best agreement in assigning numerical weights to
each index term selected for the replication of the reliability study on the
original data base was obtained between the experienced indexer and inexperienced
indexer X, a correlation coefficient of .60. The best agreement in selecting
index terms themselves also was achieved between this same pair of indexers (see
Table 29). 1In the previous reliability study all three reliability indexers ex-
ceeded this level of agreement with the experienced indexer, -demonstracing a
range of correlation coefficients from .64 to .80. A difference in their in-
volvement in the replication of the first reliability study by the two new in-
dexers compared to the two reliability indexers who participated in the first
study appears to be the best explanation to account for these findings.

On the weighted kappa side of Table 31 for the original data base, the
best agreement in assigning numerical weights to each index term selected as
measured by weighted kappa again was obtained between the experienced indexer
and inexperienced indexer X, a x of .65. The values shown in parentheses
after the tour Kw's listed in Table 31 were computed in order to determine the
level of agreement achieved if those instances were excluded where the experi-
enced indexer did not select an index term, and consequently, did not assign a
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numerical welght but the other less experienced indexer did select an index
term and assigned a weight to it, This had proved to be the area of major con-
fusion {n executing the iirst reliability study as. pointed out earlier in

this sectfon in discussing the results of the kappa analysis of level of agree~-
ment in selecting the (ndex terms themselves, Instances where the experienced
indexer did not assign a welght but the other indexer did form one row in the
weighted kappa computational matrix. This row can be omitted from the compu="
tation, resulting in a value for k that ignores this area of confusion and
takes into account only thogse instdnces where both indexers selected an index
term, and consequently, assigned a weight. The gain in the value of x 1is not
very large for the comparison between the experienced indexer and inex%erienced
indexer X when x was recomputed in this fashion. However, the gain was con-
siderable in thewcomparison between the experienced indexer and inexperienced
indexer Y, indicating that inexperienced indexer Y was more prone to overindex
than inexperienced indexer X. As was expected, the k values in Table 31 are
similar in magnitude to their correlation coefficientwcounterparts. All mea-
sures of agreement shown in Table 31 are significantly differcnt from zero well
beyond the .00l level of prnbability.

Turning attention now to the second part of Table 31---the results of the
correlational and weighted kappa analysis for the second reliability study data
base, the best agreement in assigning weights to the index terms selected again
was obtained between the experienced indexer and inexperienced indexer A, a
‘correlation coefficient of .74 with a corresponding weighted kappa of .76. In
the first reliability study this same indexer also demonstrated the highest
level of agreement with the experienced indexer in assigning weights to the
index terms selected, a correlation cnefficient of .80 with a corresponding
weighted kappa of .78, The level of agreement between the experienced indexer
and inexperienced indexer B in assigning weights to the index terms selected
was approximately the same in both studies, a corrclation coefficient of .64
with a corresponding weighted kappa of .60 in the tirst reliability study and
a correlation roefficient of .A2 with a corresponding weighted kappa of .63 in
the cecond reliability study which involved a different data base. Thus,
neither inexperienced indexer A nor inexperienced indexer B was able to in-
crease her level of agreement with the experienced indexer in assigning weights
despite additional training and a high motivational level. The explanation for
this outcome appears to be either the greater difficulty of the second data
base or that these two individuals have asymptotically approached their best
performance in a content analysis task as complex as this one. The recomputa-
tion of K to exclude those instances in which the experienced indexer did not
select an indcx Lerm but the other less experienced indexer did does not raise
the magnitude of weighted kappa very much for inexperienced indexer A but does
show some gain for inexperienced indexer B, indicating that inexperienced in-
dexer B was more prone to overindex than inexperienced indexer A. A possible
reason that inexperienced indexer A exhibited the best agreement with the ex-
perienced indexer in both of the reliability studies is that in other aspects
of this research she was responsible for entering the indexing decisions of
the experienced indexer for the pilot study, cross validation, and generaliza-
tion samples onto indexing forms and then onto IBM coding forms preparatory to
keypunching. Although the rationale for the content analysis methodology was
not explained to her at that time because she did not need to understand it in
order to perform what was essentially a clerical coding operation, it is quite
possible that she absorbed the logic of the indexing scheme by example and
that her coding duties served the purpose of providing her with an extended
additional training period in the content analysis methodology.
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In summary, the conclusions that can be drawn from this extension of the
original reliability study are that once again, in only six training sessions,
a fairly respectable level of agreement was achieved on a very difficult con-
tent analysis task., The two new reliability indexers (both college sophomores)
who were attempting to replicate the results from the first study did not
achieve as high a level of agreement with the experienced indexer as the three
reliability iudexers did in the initial study, probably because the two new
indexers were less motivated and not o deeply involved in the second reliabi-
jity study as inexperienced indexers A and B were in the first study conducted
a vear carlier., These latter two individuals are regular employees of R-K Re-
search and System Design, performing a variety of clerical and technical assign-
ments in addition to their role in the two reliahility studies. Inexperienced
indexer A in particular may have had additional unsuspected training in the con-
tent analysis methodology since one of her other assignments in this research
was to enter the indexing decisions of the experienced indexer for the pilot
study, cross validation, and generalization samples onto IBM coding forms for
keypunching. Inexperienced indexer A's extended exposure to the logic of the
indexing scheme in the context of preparing the coding forms may account for
her superior performance in both reliability studies.

In that part oi cthe second reliability study designed to test the hypothe-
sis that with additional training and indexing experience the level of index-
ing agreement can be raised, the results were ambiguous. Neither inexperienced
indexer A nor inexperienced indexer B was able to increase her level ot agree-
ment with the experienced indexer despite refresher training in the complex,
lengthy indexing procedure and the challenge to try to outdo her previous per-
formance. However, these two reliability indexers felt that the data base in-
dexed by them in the second reliability study contained a sample of narrative
text more di ficult to index than the first reliability study data base, and
this greater difficulty inherent in the narrative text may have masked any gain
in indexing proficiency that might have been achieved by the additional train-
ing. Another possible explanntion is tnat inexperienced indexers A and B may
have already approached the upper boundary of their indexing skill, with addi-
tional training and experience contributing very little to increasing their
level of agreement with the experienced indexer. '




SECTION 6, FUTURE AREAS OF INVESTIGATION

The obvious next step {u Lhis research is to cross validate the superior
short-cut indexing technique---the rational condensation method---on other
occupational specialties and on other pay grades than those studied to date
(viz., AT's, BT's, CS's, and KM's in Pay Grade E7), In the past year a new
performance evaluation report form, NAVPERS 1616/18, for Pay Grades ES5 and E6
wiuu introduced into operational use. It will take a year before iiic Faw uarks
given on this rorm from an actual operational evaluation can be coaverted to
T scores, a necessary requirement in oruer to provide valid criterion data for
research studies. However, a set of usable fleet trial data exists at NPRDC
that was generated in the process of testing a number of experimental forms
for measuring on-job performance for Pay Grades E5 and E6.3 One of these
forms, the form recommendec by NPRDC, is very similar to NAVPERS 1616/13, the
narrative evaluation and justification comments sections being essentially
the same. Further, this extensive data base of fleet trial data, which in-
cludes useful criterion data, consists of evaluations on enlisted personnel
in seven occupational areas, unly one of which (Radioman) overlaps the four
occupational specialties already studied:

AD - Aviation Machinists Mate
DC - Damage Controlman

ET - Electronics Technician
HM - Hospital Corpsman

PN - Personnelman

RM - Radioman

SK = Storekeeper

Until the statistical standardization of the E5-E6 evaluations on NAVPERS
1616/18 become availabls, ilie fleet trial data described above offer an im=
mediate opportunity to cross validate the superior short-cut content analysis
technique that has been developed.

During the 12-month time period from January 1, 1974 to December 31, 1974,
additional validity and reliability studies of content analysis techniques for
extracting differentiating information from narrative performance evaluations
will be carried out with the ultimate objective that of recommending to NPRDC
a method that can be tested in a future convocation of a simulated or actual
gclection board. The following specific tasks are being undertaken:

A. Cross Validation of the Rational Condensation Short-cut Indexing
Procedure on the E5-E6 Fleet Trial Data

A sample has been selected that is representative of the seven occupa=-
tional specialties (enumerated above) from the E5-E6 fleet trial data base at
NPRDC. The narrative performance evaluation and justification comments con-
tained in this sample are being indexed using the rational condensation short-
cut indexing procedure. Stepwise discriminant analysis will be used to deter-
mine how well Lhe quantitative variables derived from the short-cut content
analysis of the narrative text can classify each individual evaluated into cor=
rect criterion group. Each of the seven occupational specialties represented
in the sample and each of the two pay grades will be analyzed separately. This
g.udy will show if the rational condensation short-cut indexing procedure is
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generalizable to Pay Grades E5 and E6 and to occupational specialties other
than those studied thus far.

B, Reliability Study of the Rational Condensation Short-cut Indexing
Procedure '

A third reliability study is being .conducted in order to be certain
that consistency among several iudexers can be taught and achieved in their
interpretation and application of the rational condensation short-cut indexing
procedure., A new training manual is being prepared to explain and illustrate
the proper utilization of this short-cut technique. This manual will be used
lo train three reliability indexers. When their training is completed, they
independently will index the narrative comments contained in a newly selected
set of 48 Evaluation Reports from the E5-E6 fleet trial data ! ise. The level
of agreement between each of the three reliability indexers and the experienced
indexer who trains them will be determined by the same statistical procedures
used in the two earlier reliability studies in order that comparisons can be
made amoug the three reliability stndies of the magnitude of agreement that
was achieved. This study will lay the foundation for a training curriculum
that may be used in the future io train Navy and civilian operational person-
nel in the application of the content analysis methodology.

C. Validation of the Original Indexing Procedure by Means of a Second

Indexer '

The vesults of the first reliability study suggested the possibility
that it may be as important to consider the issue of internal consistency for
a single indexer as to measure the level of agreement that can be achieved
among several indexers. It seems reasonable to assume that although there may
be slight differences between two indexers in how they apply a particular in-
dexing procedure, a more important consideration is that they consistently use
their own Individual!lzed interpretation of the indexing rules and ranventions.
One then might expect that regardless of which individualized interpretation
was used to index a particular data base, a similar level of classification
agreement with the criterion of on-job performance could be achieved. This
1s an important area to study because the findings may point to the necessity
to use only one 1ndexer for a particular data base if optimum extraction of
differentiating information is to be obtained.

In order to shed some light on this issue, a second indexer is inde=-
pendently reindexing the cross validation and generalization samples. Thus,
an exact rzplication of the indexing performed by the experienced indexer in
her content analysis of the cross validation and generalization samples is
being carried out independently. The accuracy of classification into correct
criterion group achieved by each of these two indexers will be compared in
order to determine if both indexers working separately with their own indivi-
dualized interpretations of the indexing rulcs and conventions ran achieve
comparable classif‘cation results, The original lengthy indexing procedure
is being used in this comparison hecause the experienced indexer's indexing
decisions and the classification results based on her judgments are immediate-
ly avat‘*able for this study.
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D, Efficiency of the Rational Condensation Short-cut Indexing Procedure
Compared to the Original Lengthy Indexing Procedure

A careful comparisoan of the indexing, coding, keypunching, and subse-
quent computer processing time required to apply the rational condensation
short-cut indexing procedure and the original lengthy indexing procedure to a
small subsample of the E5-E6 fleet trial data.base will be made. This compari-
son will provide data needed for assessing the economic feasibility of adding
information extracted from narrative comments into a composite score for pre-

dicting an enlisted man's potential for assuming the managerial responsibilities
of the next higher pay grade.
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