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FOREWORD

This study was initiated in response to a request from the Chief of Naval Personnel

(Pers-23, Occupational Classification Systems; now Naval Military Personnel Command

(NMPC-5)) to develop methods for determining the minimal sample size requirements that

will yield stable, useful task inventory data. Within each of the military services, large-

scale task inventory surveys are being conducted on a recurring basis. Collecting data

from smaller-sized samples, without loss of useful information, would substantially reduce

€ both data acquisition costs (especially in terms of work hours lost by the operational units)
and data processing costs.

. The assistance of the following persons is gratefully acknowledged:

®  Mr. Charles Alexander and Mr. Steve Wax for computer programming support.
L e Ms. Mary Moore, Ms. Hazel Schwab, and Ms. Glynis Terry for clerical support.

e Ms. Susan Hilton for her assistance in data processing and construction of data
displays.

This study was performed within Exploratory Development Task Area ZF55-521-031
(Occupational Structures and Methodology). ]

DONALD F. PARKER : |
Commanding Officer '
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SUMMARY

e

Oec;xpatieml task inventories have been administered to hundreds of thousands of job

incumbents in the military service. The collected data are used by management for
several important decisions, including the specification of occupational standards, the

of training curricula, and the structuring of occupational specialties. Surveying
large numbers of incumbents places heavy time demands on operating units and also
- results in high data processing costs. Thus, the problem is how t6 minimize these costs
while selecting sample sizes and inventory response scales adequate to obtain stable,
useful data.

ectives

The objectives of this study were to evaluate: (1) the stability and interrelationship
of two types of job task scales--the continuous Relative Time-Spent and the dichotomous
Task-Performed scales, (2) the stability of "job types” (i.e., clusters of job incumbents)
derived from scale responses, and (3) the change in stability when sample size is reduced.

Approach

Scale stability was evaluated by comparing the profiles of average scale scores
between randomly split samples for each pay grade of each occupation; and scale
interrelationship, by comparing the profiles across scales. Job type (i.e., cluster) stability
was evaluated Ey comparing: (1) score profiles (between clusters), (2) number of tasks
performed by incumbents in the clusters, and (3) the "fit" of individual incumbent profiles
to the cluster profile. The change in stability with reduced sample size was evaluated
using a "pay-off” strategy; that is, instead of seeking a rationale to justify a requirement
for a particular level of stability, gains in stability were tracked with increases in sample
size. Essentially, if the gains dropped off—if the stability indices became sharply
as¥mptotic—there would be little justification for increasing sample size beyond that
w m.

The task data analyzed were from four ratings representative of different occupa-
tional areas--Aviation Machinist's Mate (AD), Electronics Technician (ET), Torpedoman's
Mate (TM), and Yeoman (YN). -

Findings

i. The stability of both the continuous (Relative Time-Spent) and dichotomous
(Task-Performed) scales was quite high (correlations in the .90s). When average Relative
Time-Spent per task (i.e., on the continuous scale) was calculated on only those
incumbents actually performing a task (i.e., Relative Time-Spent greater than zero),
however, the stability was very low (.30s to .50s).

2 The two types of scales provided highly redundant information, as indicated by
the similarity of rank orders of tasks by Relative Time-Spent and Percent Performing
profiles (correlations in mid .90s).

3. The average score on each task by the Relative Time-Spent (continuous) scale
was generally very small, often less than | percent of the total time spent, suggesting
that members in a pay grade spend, on the average, less than | percent of their time




mmmm Essentially, these time estimates are so small because they
have been made proportional (or relative) over all tasks responded to in the inventory,
Meaningful imterpretation of such small values is difficult.

8. High scale stability was obtained for sample sizes substantially smaller than
these specified by management. In plotting the stability indices for varying sample sizes,
the curves became sharply asymptotic (indicating limited improvement) for pay grade
samples greater than 40 (or 150 by a more rigorous criterion).

5 Similarly, cluster solution stability was achieved for occupation samples (total of
all pay grades) of 1000, which are substantially smaller than the samples of 2000 or

greater presently analyzed.
Conclusions

1. The dichotomous-type Task-Performed scale yields stable, meaningful task
information from job incumbent responses. No practical gain in information is achieved
from the continuous Relative Time-Spent scale. More informative, more efficiently
collected estimates of the time-spent per task could probably be based on incumbents’
ranking of a small number of the most time-consuming tasks.

2. Highly stable scale data and cluster solutions are obtainable from samples
substantially smaller than those previously administered.

3. This study's empirically developed relationship between sample size and stability
can be usefully employed to determine cost-effective sampling for task inventory surveys.
For example, for the large occupational populations of Navy ratings alone, use of these
aids may reduce the time demands on the fleet by about 52,000 work-hours per cycle of
inventory administration.

Recommendations

It is recommended that:

1. The Relative Time-Spent scale be deleted from task analysis inventories.

2. Alternative methods of estimating time spent performing tasks, including
::\l\:nyg.of the most time-consuming tasks, be used on a trial basis in task inventory

3. Responses to a currently administered inventory scale (see page 21) be used to
calculate the percentage of incumbents performing each task.

8. This study's empirically developed guidelines for sample size determination be
employed.
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INTRODUCTION

Problem

Job information is collected by the military services, on a recurring basis, by
administering task inventories (i.e., structured work analysis questionnaires) to large
samples of job incumbents. Since the 1960s, more than 800,000 incumbents in the military
services have completed inventories that often contain 800 to 1000 items. The data
obtained aid management in specifying occupational standards, designing training cur-
ricula, and structuring occupational specialties. Sample sizes of Navy personnel admin-
istered task inventories range from about 100 to 4000; sample sizes for ratings with large
populations (e.g., AD--Aviation Machinist's Mate) tend to be about 2500; and those for
ratings with smaller populations (e.g., TM--Tor pedoman's Mate), about 500.!

Surveying large numbers of incumbents to provide job information results in high data
acquisition costs, including work time losses to the operating units and costs incurred
from large-scale data processing. Thus, the problem is to select task inventory response
scales and sample sizes that will minimize these costs and yet yield stable, useful data.

Background

In selecting useful scales and sample sizes, the type of information to be collected
and the analyses to be performed need to be considered. One of the most important types
of task information collected by the military services is the estimate of the percentages
of personnel performing particular tasks or using specific equipment. This information is
used to verify or modify occupational standards and structures by determining the
similarity or dissimilarity of tasks performed within different occupational specialties.
Another important use of the collected task data is to identify "job types" (i.e., clusters)
by grouping persons performing jobs with similar task requirements. The identification of
these clusters, for example, can make substantial contributions to training cost-effective-
ness by tailoring training courses to the specific types of jobs, thereby providing an
objective basis for determining the numbers of students for these courses and the content
of the curriculum,

The Navy collects task data by having job incumbents indicate the relevance of each
task in the inventory booklet to their particular job by responding to the Relative Time-
Spent scale. This scale is a five-point Likert-type scale of time spent on a task, with
points ranging from "very much" (a score of 5) to "very little" (a score of 1). The Relative
Time-Spent scale responses are converted into scores on two additional scales--a Relative
Time-Spent Percentage scale and a dichotomous Task-Performed scale. The former is
simply a conversion of the Relative Time-Spent responses to percentages that sum to 100
percent for all tasks performed by an individual (see Appendix A for conversion
procedure}. The Task-Performed scale is a two-point scale indicating whether an
incumbent performs or does not perform a task; that is, the scale score of | indicates the
task is performed; and a 0, that is is not. The Task-Performed scores of 1 are derived
from any response on the Relative Time-Spent scale, while the scores of 0 are derived
from any non-response (i.e., blank) on the Relative Time-Spent scale. All references to
Relative Time-Spent estimates or scores in the following text will refer to the converted
scores (i.e., percentages).

'In the Navy, the term "rating" indicates a basic enlisted occupation (e.g., ST--Sonar
Technician) and "service rating" identifies a major class of equipment or systems worked
on within a rating (e.g., STS--Sonar Technician (Submarine)). Navy Enlisted Classification
Code (NEC) indicates a more specialized skill within or across ratings.

1
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Programs from the Comprehensive Occupational Data Analysis Programs (CODAP)
(Weissmuller, Barton, & Rogers, 1974) are applied to the scale data to derive the following
job description profiles:

l. MP--Percent of Members Performing (each task).
2. TSM--Average Percent Time-Spent by All Members.
3. TSMP--Average Percent Time-Spent by Members Performing (each task).

The scales, job description profiles, and the CODAP hierarchical clustering procedure
used to group persons performing similar work are described in Appendix A.

Standard formulae to determine sample size requirements for collecting survey data
have been available for some time (Cochran, 1953; Parten, 1950). These procedures,
however, require an estimate of the population variance (often not easily estimated), and
sampling assumptions that are not easily met by operational surveys. Also, they are
limited in that they are not appropriate for estimating multivariate population parameters
(e.g., scale response rates for more than one task in an inventory, or characteristics of
multivariate cluster solutions--however, see Frankel, 1971; Moonan, 1954; and Wolfe,
1970). Because of these requirements and the limitation, and because the specific
characteristics or properties of data do affect the results of analyses, the present study
analyzed the stability of samples of real data.

Purpose

The purpose was to determine empirically the relationship of sample size to stability
of incumbents' inventory scale responses. Questions specifically addressed were:

l.  What is the stability and interrelationship of two kinds of occupational task
inventory scales--Relative Time-Spent and Task-Performed?

2. What is the stability of cluster solutions that use, as input data, scale responses
by individual job incumbents?

3. What changes occur in stability indices when sample sizes are reduced?

METHOD
Data

Relative Time-Spent data for inventory tasks were provided by the Navy Occupa-
tional Development and Analysis Center (NODAC). The data were from four ratings
representative of different occupational areas--Aviation Machinist's Mate (AD),
Electronics Technician (ET), Torpedoman's Mate (TM), and Yeoman (YN) (see Table 1).
The data had been collected from a variety of Fleet and Shore activities, although
instructor and student billets were not sampled. Each of the four rating samples
contained data from eight different pay grades, E-2 through E-9. These data comprised
the populations (referred to as "Total Sample") from which samples were drawn for
analysis. Task data for entire rating populations do not exist. Thus, findings based on
NODAC samples provide the best available guidelines for sample sizes required for rating
populations. Appendix B presents sample and population sizes by pay grade (Table B-1),
and the types of units sampled for the AD and ET ratings (Table B-2),
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Table 1

Task Inventory Sizes for Four Navy Ratings

Rating Inventory Size?
Total Administration
Title Abbreviation Items Tasks Date
Aviation Machinist's Mate AD 1163 404 August 1974
Electronics Technician ET 1080 597 June 1975
Torpedoman's Mate ™ 782 337 March 1975
Yeoman YN 810 529 August 1975

3The task item section (i.e., statements of work performed) was analyzed. Other
inventory sections include biographical, job satisfaction, and equipment items.

Sampling Procedure

A set of samples was created from the total sample for these ratings (see Table 2),
using a systematic random sampling procedure described by Kish (1965). Sampling was
performed within each pay grade of each rating or service rating to assure a similar
proportion within pay grade across samples (because of pay grade importance in deter-
mining occupational requirements and in other management decisions). Pairs of indepen-
dent samples (i.e., no individual was included in both samples of the pair) were created by
randomly splitting one of the next larger samples, rather than sampling from two diffe-
rent larger samples. For example, in Table 2, the two N = 250 independent AD
samples were both drawn from one of the N = 500 samples. Hereafter, the samples will
be referred to by the rating (or service rating) abbreviation and sample size (e.g., the
AD250 samples, TM368 samples, ETN504 samples). A and B denote any two equal-sized,
independent rating samples. Table 2 also shows the holdout groups that were drawn for a
specific analysis.

To determine the stability of scores on the Relative Time-Spent and Task-Performed
scales, job description profiles were derived by pay grade for the following pairs (A, B) of
samples:

AD1269 ETI1275 YNI38  TM368
AD500 ET500 YN500
AD250 ET250 YN250

Profiles were also derived for four pairs of service rating samples.

Stability indices (described below) were calculated to measure the similarity of
profiles across the A and B samples. Ptofiles were compared (across the pair) at the same
pay grade level (e.g., E-4 in both A and B samples) as well as at different pay grade levels
(e.g., E-5 in one sample versus E-7 in the other paired sample). The similarity of principal




Table 2

Sample Sizes

RATING
N and % AD ET N ™
7 2513
Population N 14296 9050 9847
Totag Sample N 2538 2546 2771 735
YA S 17.9 28.1 28.1 29,2
XN Samples
Drawn
2 N 1269 1275 1386 368
ZA 50.0 50.0 50.0 50.0
AP 8.8 14.1 14.1 14,6
1 N 2000 2000 2000
zA 78.8 78.5 72.2
xp 13.9 22.0 20,3
2 N 1000 1000 1000
4 39.4 39.2 36.1
%P 6.9 11.0 10.1
2 N 500 500 500
A 19.7 19.6 18.0
ip 3.4 5.5 5.0
2 N 250 250 250
%A 9.8 9.8 9.0
1P 1.7 2.7 2.5
Service Rating?
ADJ ETR
2 N 976 366
ZA 38.5 14.4
%p 13.6 8.1
ADR ETN
2 N 238 504
ZA 9.3 9.0
%P 3.3 5.0
Holdout Group
AD w
1 N 540 774 -
A 21.3 27.9
%P 3.8 7.7
Notes.

1., Deletion of cases due to missin
personnel cause Ns to vary slightly for

2. % A--Percent of total avai
% P--Percent of population

aThese service ratings have
ADJ-~Jet Engine Mechanic,
ETN--Communications.

L e e i smd

been or will be disestablished.

g data or samples with uneven numbers of
specific analyses and tables.

lable sample (from actual administration).

in rating.

ADR--Reciprocating Engine Mechanic, ETR~-Radar,

4
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interest was the comparison of profiles at the same pay grade level--the higher this
similarity, the greater the stability of the average scale scores.

Scale Stability Indices

The following indices were calculated on the job description profiles across the A and
B samples at each pay grade level.

1. To measure the stability of relative values (essentially, the rank order) of profile
sco;es for tasks, the Product Moment correlation coefficient was calculated and labeled
as:

a. I'vyp when calculated on the Percent of Members Performing (MP) profile.

b. rsm? when calculated on the Average Percent Time-Spent by All Members
(TSM) profile.

¢ LrsMmp? when calculated on the Average Percent Time-Spent by only those
Members Performing (TSMP) profile.

2. To measure the stability of the absolute (i.e., actual percentage) scores for
tasks, the difference in percentages of members performing tasks was calculated and
labeled as:

a. Z-Difference, when indicating the proportion of inventory tasks not obtain-
ing a significant percentage difference (p > .05, by Z-test, Walker & Lev, 1969, p. 188)
(e.g., a proportion of .90 indicates that 9/10ths of the tasks in an inventory were not
significantly different).

b. Percent Difference, when indicating the proportion of inventory tasks that
did not differ by more than 05, 10, 15, and 20 percentage points (i.e., as with Z-
Difference, a large proportion equals hlgh stablhty)

Graphic Relationship Between Pay Grade Sample Size and Stability

Because the scores on the MP profile proved to be highly stable (see RESULTS, p. 8)
and apparently more meaningful (see p. 10) than scores on the Average Percent Time
Spent profiles, the plots to be described were constructed only for the MP profile data.
Further, while the Z-Difference values (described above) were calculated, emphasizing
their use might be misleading since lack of significance for percentage dlfferences based
on small ns could lead to an erroneous conclusion of adequate stability. Thus, only the
values for the r ™p and the Percent Difference Stability indices were plotted against the

pay grade sample sizes contained in the following pairs of samples (i.e., A and B samples)
listed in Table 2: ADI1269, ET1275, YN1386, and TM368. Only the 'MP and Percent

2The calculation treated tasks of job description profiles as cases, and task
percentages as scores. Pairs of zero scores on corresponding tasks of two profiles were
deleted from the calculation. With this correlational model, complete independence of
scores did not exist; that is, the same individuals provided responses for calculation of a
percentage (i.e., score) for more than one task. Cragun and McCormick (1967), however,
report only minor inflation for correlation coefficients derived with this same model for
the study of U.S. Air Force task analysis inventory reliability.

oo 54




Difference values that were calculated for corresponding pay grades (e.g., E-3 for sample
A compared to -3 for sample B) were plotted. The plotted stability values (proportions
of rs) can range from zero (no stability) to 1.0 (maximum stability).

A computerized, cubic-spline, curve-smoothing procedure was applied to the plotted
data points. This procedure was deemed to be more appropriate than curve smoothing (or
fitting) by means of linear regression because of the curvilinear (asymptotic) nature
observed in the data. The spline curve procedure generates the smoothest possible curve
that passes, )on the average, within a specified distance of the data points (ISSC, 1973, pp.
11-7 to 11-9).

Since the relationship between the Percent Difference values and sample size of pay
grade appeared to be curvilinear, the eta coefficient, as opposed to the linear correlation
coefficient, was calculated between these two variables (see formulae in Dunnette, 1966,
pp. 146-143).

Relationship Between Task-Performed and Relative Time-Spent Scales

Preliminary observation indicated little informational difference between the Per-
cent of Members Performing (MP) profile (derived from the Task-Performed scores) and
the Average Percent Time-Spent by All Members (TSM) profile (derived from the Relative
Time-Spent scores). Thus, if the information obtained from the two scales is highly
redundant, the time demands on the job incumbent could be reduced by administering a
two-point Task-Performed scale. To confirm empirically this preliminary observation,
correlations between these profiles were calculated (using the same model described in
Footnote 2) within each of the eight pay grades, E-2 through E-9, using one of the AD1269
and one of the TM368 samples.

Procedures to Determine Cluster Solution Stability

Employing the CODAP (IBM 360 version) hierarchical cluster procedure (see Appendix
A), 24 separate cluster analyses were performed on the following samples:

AD2000 ET2000 YN2000 TM735
ADI1000 (A & B) ET1000 (A & B)  YN1000 (A & B) TM368 (A & B)
AD500 (A & B) ET500 (A & B) YNS500 (A & B)

AD250 (A & B) ET250 (A & B) YN250 (A & B)

These analyses resulted in 24 hierarchical cluster solutions. Since 2000 is the maximum
number of cases that can be cluster-analyzed by the IBM version, these sized samples (and .
the TM735 sample) are the "total samples" for this part of the method.

Selection of Clusters .

Since a hierarchical cluster solution consists of a set of overlapping clusters (i.e.,
smaller clusters are contained in larger clusters), criteria to select the sets of nonoverlap-
ping (mutually exclusive) clusters on which to evaluate stability had to be specified.
These criteria were:

1. Cluster size--At least one percent of the sample and as large as possible while
still meeting the following criterja.

2. Mutually exclusive cluster membership--No individual in more than one selected
cluster.
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3. Cluster homogeneity (by CODAP-generated homogeneity index, Overlap Be-
tween)--At least 35 percent. (A second CODAP-generated homogeneity index, Overlap
Within, was not part of the selection criteria, since it is strongly influenced by the
membership N of the cluster.)

Cluster Matching Procedure

Selected clusters were systematically matched across the A and B pairs of in-
dependent samples from which they were derived. The rationale and a detailed
description of the matching procedure are provided in Appendix C. In general, the
procedure matched the two clusters that were most similar to the same cluster derived
from the rating total sample (i.e., from the AD2000, ET2000, YN2000, and TM735 samples
in Table 2). Thus, any two matched clusters were counterparts of a single cluster from
the total sample. The term "matched" refers only to clusters determined to be related
across the independent A and B samples. The term "corresponding" associates any total
sample cluster with its A and B counterparts.

Cluster Stability Indices

Job description profiles were calculated for each of the selected clusters.
Comparisons between cluster profiles were made by using the three indices of profile
similarily described below. The first two indices are essentially "cluster-to-cluster"
profile comparisons. That is, the indices are calculated between two clusters on the same
type of profile (i.e.,, MP, TSM, or TSMP profile). High profile similarity between
corresponding clusters indicates high stability. By contrast, the third index compared the
profile data of individuals from an independent, holdout sample to the profiles calculated
for the selected clusters. This index was used in an assignment procedure to determine if
the same individuals would be assigned to each of the clusters in a matched pair. The
same individuals will be assigned to each of the clusters if the matched clusters are
stable.

1. Product-moment correlation coefficient. This index was calculated on the three
types of job description profiles (MP, TSM, TSMP), between the clusters matched across
the A and B pairs of samples. Thus, each r AB indicated the stability of one of the three

types of job description profiles for a pair of matched clusters derived from the A and B

samples of 1000, 500, 368, or 250. The index is labeled as either MP r AB’ TSM r ABR? ©F

TSMP r AR’ depending on the profile being compared. The average of obtained index

values for the set of matched clusters derived from one pair of A and B samples was also
calculated. (See footnote 2 for the correlational model applied.)

The correlation coefficient was also calculated between the MP profile of the
total (T) sample clusters and the MP profile for the clusters matched across the A and B
pair of samples. Thus, each 1A and 1B indicated the stability of the MP profile of a

cluster from one of the 1000, 500, 368, and 250 paired samples when compared with the
profile of a corresponding total sample cluster. The average of TA and L2 values was

also calculated for all clusters compared for each reduced sample.

2. Number of tasks performed. This tally was the number of tasks in the MP profile
with a percentage value greater than 0 for one or both matched clusters being compared.
A decrease in this tally, as sample size is reduced, would indicate a loss of task
information (i.e., more tasks were obtaining zero scores for both matched clusters). The
average of these tallies (labeled Av. N Tasks) was calculated for the set of matched
clusters for each of the 1000, 500, 368, and 250 sample pairs.

TP .y i i aiiiutiabimeiiiias el st sl i, s




3. Percent of Common Membership in Matched Clusters. This index was calculated
on the MP and TSM profiles. The procedures for calculating this index are described in
more detail in Appendix C. Comparing each individual's profile with each cluster profile,
the individual was "assigned" to the cluster with the best fit--first to the cluster from the
A sample, then to the best fit cluster from the B sample. Next, the individual's
assignment to both of the matched clusters (across the A and B samples) was checked, and
a Percentage of Common Membership was calculated on the common vs. total member-
ship for the two matched clusters. (Because of the extensive calculations required to
compare hundreds of individual profiles with each of several clusters, this part of the
analysis was performed only on the A and B AD1000 and YN1000 samples.) The total or
overall Percentage of Common Membership was also calculated for each set of AD and
YN matched clusters (i.e., the percentage was calculated on the common vs. total
membership that was summed over all matched clusters in each set).

Relationship Between Cluster Membership Size and Stability

While the above analyses determined the effect of the size of the total sample on
deriving a set of stable clusters, this next analysis related the stability of single clusters
to the number of members within each cluster. The value of the stability index, r AR’ for

the MP profile (see "1" above) was plotted against the average membership N for the two
matched clusters (of the A and B samples on which the r Ap Vas calculated). These plots

were constructed for matched clusters derived from the pairs of the AD1000, ET1000,
YN1000, and TM368 samples. The curve-smoothing procedure (see page 5) was also

applied to these data. It should be noted that the MP r AB index, as well as the other

correlational indices described above, measure the stability of the relative values of the
percentages on cluster profiles.

RESULTS

Comparison Among Scales

Stability of Scales .

As shown in Table 3, the stability of the Average Percent Time-Spent by All Members
(TSM) profile and the Percent of Members Performing (MP) profile was found to be very
high; and that of the Average Percent Time-Spent by (only) Members Performing (TSMP)
profile, relatively low. For example, the mean correlation coefficients for pay grades E-2
through E-9 were mostly .90 or above--never below .80--for all ratings for both the TSM
and MP profiles, while those for the TSMP profiles were .28, .43, .36, and .28 for the four
ratings. Furthermore, for 12 of 32 comparisons (i.e., eight pay grades for four ratings) at
the same pay grade level (e.g., E-3 for the A and B samples), the Lrsmp coefficient was

not even significantly different from zero, indicating no similarity or stability between
profiles.

Examination of the rrc,, coefficients revealed that 22 of the 32 comparisons at the

same pay grade level (i.e., for the E-2 through E-9 comparisons for the AD1269, ET1275,
YN1386, and TM368 samples) yielded lower values than some different level pay grade
comparisons (e.g., E-3 with E-5). On the other hand, Tmp 3 gy values were generally

much higher for the same level than for different level pay grades, and systematically
decreased as pay grade disparity increased (see Appendix D--Table D-1 for intercorrela-
tions for the AD1269 samples. Results for three other ratings are available on request
from the Navy Personnel Research and Development Center, Code 310).




~smyl 3O ITIO2Ng ¥

H <ae38p 03 pesn sea | 8817 Yy ‘sapva8 Lwd g puw Y sy3 10j JuaTvAFnbe 3jou sea suosasg m 31
) uBy) ISTIVES SARATE S®A YOTYA ‘SuOsSIeg N jo o8

‘peke1dstp o7 i 3843 pur Jp supm
31891 JATITAIISUOD BIOM B U] ITNENI IR _‘sxswl x

*(L961) APYMI0JOK puv UNSEID UT sw JP SUTEIIIAP O3 pesn swa ‘eTyjzoad syl uy sysey o sy3 300

S(xsw3 3ad sasuodsex arqyssod jo isqunu *°9°7) peal Led g puv y yows U] suosIey N ‘SINED sw sysel aTfjoid uuovﬂoi-.—con 019913 1 syendTEd

01 pesn tepom ayl sIuUJS

pougewex sysel N puv suosiegy N 3yl yjog
30 sySPI JO I9QuUNU SYI ST SASWL R
POITINITED ysel aad Juadaad alwamaw ay3 sy g Ay

*(S0° ¥ d) 3uedpjTulys eaw paIoujooy jJou SIUSYIYIFR0)

*($0° < d) JuwdryTulys Jou e (I) Jusyay)zecy uoFIeTeIIO),

*opea8 Awd Bupivx v 103 #7§j0xd Yows 105 T JO UCFIFTNITED 30 smws Y3

+goTduws paxyed Iyl Ijouap suwnyod g puw y

JAY==JRSL ‘ea0quey ITV £q JusdS-dmy] JO JuUdIe] IFwisAV--RS] ‘SUTMAOIIRd SIIQEWIH JO IUDINI~-JH

*PIININOTED SPA 3 Y3 YOTYA UO ‘SITdwes g PuU¥ V YI0q I0J O1az paiods IwYl yse3 Lum BuypniIxs ‘saswd
*safviusoaed aryjoad g 30 YV Y3 JO VOTIVTAIP PIRpUEIS BYY 8T °(°S °seBejuadaed 30 1 ®13303d g 10 ¥y 3 033

*$31038 8® sa8viuaniad ayyjoxd puw sIsed sv sYSPI ITFjoad sIwaxy I

ITNITED 01 Tepom !.FA

*Sureiojisy sasquey Lq aneds
t915joad uoyadyaosep qor,

. D . - =
[ M 9¢* 0" 16’ iy [{N 26" [18 1" £6° T v,
. T ‘usy Tl ‘eey ” ull [CTTFR IS
Vel €% | 90 0 €0 (SO Y 4 I3 t'o 0 (SN TR LT B | 134 vt U 3 s B A Y
Y e o2 | o £'0 133 0 K e (X ”o e e est em] o2 vo e T vt e 3 cay
ir K S L "W i3 te* LY Nis o tv" i .
3
!
1 ‘e £ oy [{ 9 714 "'l ur ey Cene iy
£ ”u ro e e'sz e | s ”u o [ ST 3¢ £ S " 4 o (X} 0 0 1'et sTet] o o't [ (3] “c's
0 o e €9 vee st | ee "0 (3] 0 et soet "0 [X'] T o e ee| et '] tu o 3 tay
o " (75 s " [ 113 " 1% (1M 115 3 .
o ‘ez ({1831 o e o0t ‘ouy LT TR TR
. . . vo o1z et | co (] Ty €y soz el (3] o 2o e et 06| e t'o "o LT 3 L Y1 ‘e's
u.._. ".._, N" €0 osz 0w |0 0 z'0 e s e s'0 9'0 o T 6w | ot Tt (] 0 et 'nt 3 Cay
« pre e w "% % 1w [ [y S “w » 3 ¢
26 *otc (373 4] *’%e ‘96t e *voy 90813y ‘eyeriiy
50 o (3] €0 € et | v $°0 20 20 Tt et 13 T°0 o 0 961 61| ot 0 to €0t g ‘e
1 IR $°0 €0 1z e | ot 60 0 0 691 semt o Y] 0 0 g0z ter] st [ (3] e vt oql 5 tay
. [ {3 %' w I “ 55 .. “ ”® " w i [}
92T ‘uee 0% ‘8¢ S ‘968 . £6C *yoy sussang “sxswy:y,
50 o0 o o it e | 90 "0 20 [T S 4 €0 T'0 o ozt st | 0 (X3 €0 €0 0ST  v'm Uy
1 o1 ) €0 s'6t o6 | tev (3] o FAC I A 1 S 3] 90 60 130} T ST 9N | €Y e (3] 0 oSt v 3 cav
" " [ " [T [ 09 " “ 1% "% 7y i <
» ‘e 1y ‘s ‘ [7198 1 €62 "109 swesasy ‘swsey:y,
o0 o vo 0 19T eer | oo 0 o € yu ' (30 [X] £0 €0  c'ot e | T 1 o [3C N L S 4] ‘es
't § 1 0 €0 99 T8 [ 91 ”t 0 0 ot eol Y 1 o 0 sIT T 02 't €0 0 it m 3 ey
1 (7% »" ”°-: "% [ o5 [ “* 280° [ [ “ T [
o ‘vt £51 ‘czs [ T3¢ 69T '99C wosasy ‘syseyig
X 1 1 %0 $°0 0711 Yl | 0% (3] (3] [ 5% 2 ] YL ) to "o (%] €0 T vet | et e (3] o ozt ot ‘e's
ot M o €0 s'r 92 | et (R o o e 0'¢ (3] rt o 20 it sor | v2 [ %] (Y] e o6 ”e 3 ‘ay
T % » 1§ [ L3 " L3 [0 St " [y 3 (4
" ‘o0t [{3.] $2 ‘st [ M1 wesiny ‘sysepiy
1 91 o1 '0 €61 o't P o vo [ (8] $'0 0 yet et | e'e "t €0 €0 1! ot ‘.S
3] t1 0 (5 I 20 S 4 st o to 181 (X (%] [ 3T 131 (i3 (81 o 0 o6 M 3 ey
KN L 134 K. « oSS0 ° [ 20"~ " [ 3 t
v [ v [] v 3 v [] Y 1 ___ v [] y [] §._ v [ ] ¥ [ § v [] v
— - = y S 51 . —— — X T omaen |
JPT0s Suyrey '

20117014 ¥011432390g qor je L1j1jeeis

t ey

- e i o vecieal

i
|
i




Similar correlational results were obtained for the four service ratings (i.e., for the A
and B samples ADJ976, ADR238, ETR366, and ETN504 listed in Table 2). That is, very
high TP and Trsm values (e.g., for comparisons at the same pay grade level for ETR and
ETN, respectively, mean fyp = -89 and .94), and very low fTSMP values (e.g., ETR and
ETN mean TTSMP = .27 and .22) were obtained. (Service rating results are available on

request.)

Relationship Between Scales

Little informational difference (i.e., little independence) was found between the
relative values of the MP and TSM profiles. As Table 4 shows, correlations between these
profiles were in the mid .90s (except for pay grade E-9).

Table 4

Correlation Between Profiles of the Percent of Members
Performing (MP) and the Average Percent Time-Spent by
All Members (TSM)

Rating Pay Grade

Sample E-2 E-3 E-4 E-5 E-6 E-7 E-8 E-9

ADI1269r 9% .96 .97 .97 .93 .96 .96 .72
Ea 67 149 282 337 281 108 31 14

TM368 r a .92 .94 .96 .96 .94 .90 .92 .83
N 08 29 66 125 92 36 10 02

a_h_l_ is the number of persons within pay grade sample.

Meaningfulness of Average Scale Scores

The magnitudes of the TSM percentages (i.e., average scores on the Relative Time-
Spent Percentage Scale) for the pay grades of all ratings analyzed were generally found to
be substantially below 1 percent and very often below .1 percent. This finding suggests
that all members in the pay grade spend, on the average, much less than | percent of their
time performing any single task.

Appendix E (pages E-1 through E-8) contains the average scale scores (i.e., percen-
tages) for portions of the three job description profiles for YN pay grade E-5 and for TM
pay grade E-7. The displayed scores were ordered by the TSM scores, from the highest
value in the entire profile to the lowest (although the lowest value is not shown due to
space limitation). The percent Time-Spent value is above | percent for only 18 of 337
tasks in the TM task inventory (page E-1), and less than .1 percent for more than 100 of
the 337 TM inventory tasks. Very small values (i.e., about 1 percent) are aiso typically
obtained for the TSMP profile. Tasks performed for only minute fractions of the job
incumbent's time tend to yield information of little use for decisions regarding the
structuring or staffing of billets. On the other hand, values for the MP profile (see pages

e




|
|
|
|
!

E-1 through E-8) appear meaningful and useful. For example, the values displayed for TM
E-7 (Table E-1) range from about 2 percent to about 82 percent with substantial
percentages of personnel performing many of the inventory tasks.

Stability for Varying Sample Sizes

The expected relationship was found between all of the stability indices and pay
grade sample size (see Appendix F, Tables F-1 through F-4). As pay grade sample size
increased, the stability increased (e.g., as sample size for the YN pay grades increases
from 10 to 340, the obtained 'MP value increases from .74 to .99--see Table F-4).

Figures 1 and 2 display the plots between stability and sample size. (The derivation
of the plot axes and the curve smoothing procedure are described on pages 5 and 6).
Curve | in Figure 1, which plots sample size against the 10 Percent Difference index,
indicates that extremely high stability was attained when sample size within pay grade
reached about 100; and high stability, when the size reached about 30. Curve 2, which
plots the more rigorous 05 Percent Difference values (see page 5) indicates that very high
stability was attained when sample size reached about 240; and moderate stability, when
the size reached about 100. Generally, the improvement in stability begins to drop rapidly
for increases in pay grade size above 40 in Curve 1, and for increases above 140 for Curve
2,

The curve in Figure 2, which plots the ™MP values, is highly similar to Curve 1 in

Figure 1. Both display high stability when sample size exceeds about 30 and extremely
high stability for samples above 100. Also, both curves are clearly asymptotic and show
minimum improvement in stability for increases above 40.

If we compare the curves in Figure 1 for a sample of 100, we find that an increase of
50 percent, to 150, would raise stability in Curve 2, which plots by the more rigorous
criterion, from .75 to .83, but that it would produce hardly any gain by Curve |--already
at .97. If we compare Figures 1 and 2 for a sample of 80, we find that Curve 2 in Figure |
indicates a stability index of only .70, but the curve in Figure 2, an index of .95. Table 5,
which presents corresponding points on all of the curves for selected sample sizes,
indicates that sampling above size 240 would produce very little gain, even in terms of the
most rigorous stability criterion. Further, if only the rank order of percentages of
members performing tasks is required, a sample size of 100 or even 40 would be
acceptable (EMP = .97 or .90).

The eta coefficients (n), calculated between sample size and each of the stability
indices of Figure 1 (see Dunnette, 1966) were quite high--n = .76 for Curve | and .88 for
Curve 2 (p < .01, df = 5, 26)--indicating a significant consistency for pay grades of
different occupational areas.’

Stability of Clusters

As shown in Table 6, the number of clusters selected from each of the 24 obtained
solutions ranged from 10 to 16 for the largest samples, and from 13 to 17 clusters in the
smallest samples. Also, for all ratings except YN, the percentage of personne! from each

3For the calculation of both coefficients, six intervals were constructed for the
independent variable (i.e., sample size), thus assuring at least three observations per
interval (see Lewis, 1960, pp. 120-122). For significance test of eta, see Hays, 1963,
Formula 16.6.4.

11 - ‘
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sample who were included within selected clusters by rating is similar (e.g., for the AD
rating, the percentages ranged from 66.6 for the sample of 1000, to 74.4 for the sample of
250, compared with 38.2 (N = 1000) to 55.8 (N = 250) for YN. Except for TM, very similar
numbers of clusters were selected for solutions based on the total sample (i.e., the

AD2000, ET2000, and YN2000 samples) compared with the numbers of clusters selected
from the size lOOO samples.

Table 5

Comparison of Three Stability Indices for
Selected Sample Sizes

Stability Index

Proportions of Inventory Rank Order of
Tasks with Percent of Tasks by Values .
Members Performing Within: of Percent of )
Members Performing
5% Diff. 10% Diff.
Sample Size (more rigorous (less rigorous
Within Pay Grade criterion) criterion) ™MP
40 .58 .87 .90
100 .75 .97 .97
240 .91 1.0 .99
340 .96 1.0 .99
440 .99 1.0 .99
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Table 6

Number of Clusters Selected from Total Cluster Samples
and Pairs of Reduced Samples

Rating Cluster Solution

N° AD ET YN ™

% A B A B A B A B
N of Selected Clusters 16 13 10 12
Sample N 2000 1996 1998 735
% Sample N in Clusters  68.4 73.8 39.0 73.2
N of Selected Clusters 17 15 16 13 9 11 11 17
Sample N 999 1000 1000 996 999 998 368 367
% Sample N in Clusters 72.9 66.6 77.1 74.6 38.2  43.38 73.6 78.7
N of Selected Clusters 20 18 14 18 8 13
Sample N 500 499 500 499 499 500
% Sample N in Clusters 74.2  69.3 74.6 80.4 42.3  42.8
N of Selected Clusters 17 16 13 14 16 16
Sample N 250 250 250 250 250 249

% Sample N in Clusters 71.6 74.4  79.2 8.4  52.0 55.8

aﬂ of Selected Clusters refers to only those clusters selected by criteria on page 6.

The matching procedure (described in Appendix C) produced a set of matched clusters
for each A and B pair of independent samples of 1000, 500, and 250, as well as for the pair
of TM368 samples.

Cluster Stability by Type of Scale

When comparing all three job description profiles across AD1000 matched clusters,
stability was found to be very high for the MP and TSM profiles (see Table 7), but very low
for the TSMP profile. As Table 7 shows, the mean values for the MP (VY TSM AR’ and

TSMP r AB coefficients were .89, .90, and .17. These results, across clusters, are highly

similar to the results across pay grades already reported (on page 8). Because of these
results, and the finding that MP and TSM profiles were highly correlated (see Table #), it
was decided to evaluate cluster stability only on the basis of the MP profile.

Cluster Stability by Sample Size

Correlational Results. The high MP r Ap 2verage values obtained for samples of 1000

(see Table 8 and the analytical design described in Appendix C) indicate the following
relationships: (1) high stability for clusters derived from independent samples of 1000, (2)
high stability for clusters from total samples of 2000, since highly similar clusters (which
were counterparts of total sample clusters) were found in both half samples of 1000, and




Similarity of Job Description Profiles Across

Table 7

Matched Clusters for the AD1000 Paired Samples

Cluster ID#

Matched Clusters
From Sample

Stability Index r

and membership A B MP TSM TSMP

# 1 4 .98 .98 .08
N 103 67
# 5 2 .92 .94 .15
N 34 39
it 2 5 .80 .81 .21
N 92 32
# 7 6 .73 .70 .04
N b4 29 :
# 3 1 .96 .96 .06
N 71 97
# 6 3 .96 .96 .26
N 45 51
# 8 8 .93 .94 .22
N 20 69
# 10 9 .99 .99 .20
N 109 115
# 13 11 .93 .95 .15
N 21 20
# 12 13 .94 .92 .20
N 24 36
# 14 7 .59 .64 .06
N 28 12
# 16 14 .82 .35 .07
N 22 11
# 15 12 .93 .94 4l
N 31 47
# 17 15 .95 .96 .32
N 39 29

Mean = .89 .90 A7

Note. Data presented are for those matched clusters selected only by criterion on p. 6.
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Table 8
Average Stability Values of Members Performing (MP) Profile for Matched
Clusters from Reduced Samples
f . a I .
: Rating Index Sample Size
i 1000 500 368 250
. AD Av. AR and Range .89 .59-.98 .82 .56-,98 .73 .37-.94
(for Matched Clusters)
Av. N Tasks 281 240 240
Av.f,p (Al Clusters) .25 .16 .12
- Av, Ly and (™ .95 .93 (.93 .89 .38 .88
N Cluster Pairs 14 15 12
{ist Search) .
N Cluster Pairs 2 1 4
{Znd Search)
ET Av. fap and Range .87 .69-.98 . .82 .62-,96 .78 .48-.96
(for Matched Clusters)
Av. N Tasks 415 428 395
Av.Tap (All Clusters) 48 .39 .32
.‘\v._r_.l.A andL.l.B .90 <9 .86 .91 .89 .87
N Cluster Pairs .9 10 10
{ist Search)
N Cluster Pairs 2 3 3
{Znd Search)
YN Av. fan and Range .39 J75-.97 .80 47-.96 .62 .30-.96
(for Matched Clusters)
Av. N Tasks 375 338 291
Av. r, p (All Clusters) .50 .40 .22
Av.rpa and 2 .93 .94 .84 .89 .78 .81
N Cluster Pairs 8 7 9
{Ist Search)
N Cluster Pairs 2 3 1
(Znd Search)
T™  Av.fag and Range .80 .50-.97
(for Matched Clusters)
Av. N Tasks 224
Av. £, p (All Ciusters) .2
Av.fpp and rhn .92 .90
N Cluster Pairs 10
{Tst Search)
N Cluster Pairs 2
(2nd Search)
Notes.

1. To evaluate the relative magnitude of the Av. r ap for Matched Clusters, the r,, index was also calculated between each selected
cluster of sample A with each selected cluster of sample B, The average of these values is displayed as Av. r AB (All Clusters),

2. All displayed indices were calculated only for clusters selected by st search criteria (see page 6).

3. N of Cluster Pairs is the number of pairs of matched clusters selected by the st and 2nd search criteria (see 2nd search criteria on
page C-2 and C-3).

3For calculation of Av. Tap» AV- N Tasks, and Av. rqq, see page 7.
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(3) minimal differences between clusters from samples of 1000 and total sample clusters,
since the 1000 size clusters were counterparts of the total sample clusters.

By the MP r AB index, cluster stability declined as sample size was reduced, and
dropped noticeably from sample sizes of 1000 to 250 (see Av. r ap for Matched Clusters in
Table 8). For example, the average MP LAB index for the YN1000, 500, and 250 samples
dropped from .89 to .80 to .62. The difference in MP rap average values between clusters
from samples 1000 and 250 (ranging from about 9 to 27 correlation points) is substantial,
considering that the smaller samples are also contained in the larger samples.

Similar trends may be observed for the MP 1A and MP 1B indices (see Av. 1A and
L in Table 8). For example, the Av. 'TA values for the AD1000, 500, and 250 samples

decreases from .95 to .93 to .88. The dependence between each reduced sample (A or B)
and the total sample, however, appears to maintain these values higher than average MP

LAB values. (The MP rap’ FTAr @nd L1 values for each pair of matched clusters derived
from samples of 1000 are displayed in Appendix G, Tables G-1 through G-3).

Number of Tasks Performed. A substantial loss of task-performed information (i.e., a
drop in the number of tasks performed) occurred for matched clusters from samples of
250, compared with samples of 1000. For example, the number of tasks performed (see
the index, Av. N Tasks, in Table 8) for the AD1000 and AD250 samples dropped from 281
to 240, and for the YN1000 and 250 samples, from 375 to 291.

Percent of Common Membership. With some exceptions, the clusters evaluated by
this index were found to be moderately to highly stable, thus supporting further the
stability demonstrated by the correlation indices above. Tables G-1 and G-2 display
values for the Percent of Common Membership calculated on the MP and TSM profiles for
the AD1000 and YN1000 samples. For the AD matched clusters, the total index value
calculated on the MP profile was 75.7 percent, and on the TSM profile, 81.1 percent (see
Table G-1). Some of the values are low, however, especially for the YN samples (see
Table G-2). The sizes of these percentages appear to have been lowered due to error of
individual data (as distinguished from average profile data in the clusters) and due to the
dependence among matched clusters within each sample (see Appendix C, page C-4 for
further explanation). For the correlation indices, no corresponding decrease occurred
because, for those indices, average profile data were used, and each pair of matched
clusters was analyzed separately. It should also be noted that the values of the Percent of
Common Membership for the MP and TSM profiles were highly similar (see Tables G-1 and
G-2).

Cluster Stability by Membership Size

Figure 3 demonstrates a substantial drop in stability for the MP TAB index when

cluster membership (the number of incumbents within a cluster) was less than about 20."

“Carpenter (1974) reported high stability for Task-Performed Data for clusters with
membership greater than 10. The coefficients were calculuted between overlapping
clusters (i.e., stability was determined by comparing smaller clusters to larger clusters
that contained the smaller clusters). Thus, the values would be overestimates.
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DISCUSSION

Issues Pertaining to Properties of Inventory Scales

Effect of Zero Scores on Relative Time-Spent Scale

High stability was generally demonstrated for the TSM (Average Percent Time-Spent
by all Members) profile, and low stability for the TSMP profile (Average Percent Time-
Spent by only Members Performing) (see Table 3). While both profiles were calculated
from responses to the Relative Time-Spent Scale, only the calculation of the Average
Percent (i.e., Average Relative Time) scores for the TSM profile included zero scores for
those incumbents in the sample who did not perform a task. The inclusion of zeros results
in a substantial drop in the standard deviation between task scores (as observed in the
difference between the TSMP and TSM standard deviation values in Table 2), and an
apparent tendency for all TSM profiles (i.e., score distributions) to be positively skewed.
A consistent shape in score distributions is reflected in the high correlation coefficients
obtained between TSM profiles.

Validity of Scale Responses

It is noted parenthetically that the present study did not include a validation of either
of the two scales (Task-Performed or Relative Time-Spent scales) on any external criteria
(e.g., Subject Matter Expert judgments). Conclusions of other studies regarding the
validity of the Relative Time-Spent scale responses have not been consistent (Hartley,
Brecht, Pagery, Weeks, Chapanis, & Hoecker, 1977, vs. Carpenter, Giorgia, & McFarland,
1975; McCormick, 1976). Using instructors' daily recordings of the time spent on tasks as
the criterion, Carpenter et al. (1975) reported findings that indicate that responses by
U.S. Air Force trainees on the Relative Time-Spent scale were highly valid, regardless of
the number of scale steps (e.g., 5 vs. 9 steps). As evidence, they reported that the
difference between the Rejative Time-Spent profile for trainees and instructor estimates,
when converted to percentages, averaged about | percentage point on each task. There is
a serjous limitation to that kind of validation study, however, when comparing the
CODAP-generated TSMP profile to a criterion that also consists of percentage of time
spent. That is, if the number of tasks responded to on both profiles exceeds 100, then it is
likely that most percentages being compared will be very small, often about 1 percent or
less. Furthermore, such small percentages will result for any profile, regardless of the set
of profile tasks. In the Carpenter et al. study, since the subjects were in a basic training
program, it would be highly likely that both trainee and instructor would respond to most
of the 130 training tasks, thereby increasing the likelihood that most Time-Spent
percentages being compared would be very small, often below | percent. Thus, an error
(or percent difference) averaging about | percent per task between the two profiles could
be a relatively large error that might yield very low correlation values, if the relative
order of the Time-Spent on tasks was analyzed (as was performed in the present study).

Hartley et al. (1977) compared job incumbent estimates of time spent on 23 work
activities with on-site, recorded observations of the actual Time-Spent. They found an
Average Time-Spent difference of about 24 percent and concluded that the accuracy of
incumbent estimates is "suggestive at best," and that on-site observation may be more
appropriate. (The small sample of 12 office workers, however, raises a question as to the
stability of the average error obtained.)

It is noted that the Time-Spent values in the Hartley et al. study were based on
worker's estimates of absolute time spent (hours or minutes, or percentages of a specific
time period), which were then converted to relative time for the total observation period.
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By contrast, Carpenter et al. reported that absolute Time-Spent values converted to
percentages (by a slightly different procedure from Hartley et al.) were as accurate (by
the instructor criterion) as the other Relative Time-Spent Percentage estimates. The
validity of Relative Time-Spent estimates by incumbents appears to be questionable.
Hartley et al., however, did report that incumbents can accurately rank-order tasks in
terms of time spent. Also, they demonstrated that incumbents were very accurate in
identifying the tasks that they performed, thus providing valid, task-performed data.

Minimal Information Gain from Relative Time-Spent Responses

It is reasonable to expect a finding of high similarity in the rank-order of tasks for
TSM and MP profiles (results in Tables 3 and 7). (A similar finding is reported in
Carpenter, 1974.) As the percent of members performing a task increases, the value of
the average percent of time spent by all members on that task will be based on less zero
scores, and thus also increase. These results indicate that the use of either profile in
correlational-(or order)-type analyses will yield very similar results.

Disadvantages of the Relative Time-Spent Responses

For all ratings analyzed, extremely small values were obtained for the TSM profile
scores--often less than one-half of a percent (see examples in Appendix E). This result
makes meaningful interpretation of Relative Time-Spent per task data difficult. In
informal discussions, Navy managers who use task information reported little use of the
Relative Time-Spent scores.

Cragun and McCormick (1967) reported two other disadvantages of a Time-Spent
scale. First, military officer job incumbents evaluated a Time-Spent scale less favorably
than other standard response scales (e.g., importance-to-job scale). Second, Cragun and
McCormick estimated that the job incumbents were able to mark only three or four tasks
per minute on the Time-Spent scale. Using a three per minute estimate, it would take
enlisted personnel approximately 2.5 hours to mark only 450 tasks out of the 800 to 1000
items in a standard inventory. (Cragun & McCormick also reported a test-retest
correlation of about .60 for responses to a 9-point Time-Spent scale.)

Substantial savings in inventory administration time, with little or no loss of useful
information, would be realized if personnel samples marked only a Task-Performed scale
and not also the Relative Time-Spent scale. Further, Task-Performed responses could
routinely be derived from marks vs. no marks on another scale that is already a standard
part of NOTAP inventories, the Involvement scale. (This scale is a &4-point scale
indicating the type of job involvement--supervising, doing, supervising and doing, or
assisting--with each task.)

Use of Alternative Scales to Derive Clusters

While the CODAP cluster analysis procedure operated on individual Relative Time-
Spent scores, results (in Table 7) indicate that it produced clusters that are stable by the
MP profile (derived from Task-Performed scores), and the closely related TSM profile, but
not by the TSMP profile. This result suggests that the procedure may be essentially
driven by Task-Performed data, not by the Relative Time-Spent data. Indeed, as
illustrated in Appendix A, the Overlap Between values, which are the similarity index
values for the clustering procedure, are more closely related to the TSM than to the TSMP
profile. The data have clearly demonstrated the close relationship between the TSM
profile and the Task-Performed responses (i.e., the Percent of Members Performing
profile). CODAP options include a capability for clustering on Task-Performed responses,
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thereby obviating reliance on Relative Time-Spent scores. (Another on-going study is
comparing cluster solutions based on Task-Performed vs. Relative Time-Spent scores.
The obtained similar values of the Percent of Common Membership index calculated on
the MP profile (i.e., Task-Performed scores) and the TSM profile (i.e., Relative Time-
Spent scores) as reported on page 18, suggest that little difference between such solutions
will be found.)

In addition, continuous scale information for tasks performed by each incumbent
could be derived more economically and perhaps more reliably by small samples of subject
matter experts. These data could then be cluster analyzed by the CODAP system (see
procedure in Pass and Robertson, 1979).

Alternative Cluster Selection Criteria

Although other clustering procedures rely on external judgments regarding additional
data (e.g., job title, specialty code, type unit, pay grade), the objective method of
selecting clusters in the present study did not. One criterion that was employed--using a
minimum of 35 on the Overlap Between index (Archer, 1966)--appears to be useful for
selecting stable clusters.

Utility of Findings

Cost-Effective Sampling for Inventory Administration

The empirically developed relationships (displayed in Figures | and 2) demonstrate
that there are sample size ranges beyond which stability does not appreciably increase
(i.e., the displayed curves are sharply asymptotic). This result strongly supports a
justification to establish upper limits for sample size when collecting Task-Performed

data (i.e., data to calculate the MP profile). It should be emphasized that, in general,
sample size requirements for collecting dichotomous type scale data will be more than
adequate for collecting continuous type (e.g., five point) scale data (Bemis, 1978).

For purposes such as identifying the inventory tasks that are performed by the most
personnel, stable estimates of only the relative value or rank order (as displayed in Figure
2) of percentages of incumbents performing inventory tasks would be adequate. If stable
estimates of the actual percentage of personnel performing tasks are required, the
relationships displayed in Figure 1 can be applied to determine an adequate sample size.
Further, the curves in Figures 1 and 2 can be used interactively to satisfy stability
requirements for both types of estimates discussed above. Thus, management could
specify minimum levels of stability both for the relative order of the percentages of MP
tasks and for the absolute percentage of members performing each task.®

SFarrell, Stone, and Yoder (1976) recommend a single sample size of about 400
personnel to be sampled from each Marine Corps Occupational Field. Based on informal
discussions with U.S. Air Force investigators, it appears that determination of minimal
sample sizes for inventory administration has not been performed. Christal (1974b)
suggests sampling as many incumbents in the population as possible to assume an adequate
sample size for deriving stable clusters and for analyzing all conceivable subgroups in the
population.
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For an application of Figures |1 and 2 to the ET rating (see Table B-1), sample sizes
could be determined as follows: 100 from E-2, 240 each from E-3 through E-6, 200 from
E-7, 100 from E-8, and 40 from E-9. This revised total sample of 1389 reflects a 45
percent reduction compared with the operational sample of 2546 for which data were
actually collected. Further, these revised sample sizes would improve stability within
those pay grades where such improvement is most needed. Similarly, substantial
reductions in total sample size (i.e., a reduction of about 1000), while increasing overall
stability, could be achieved for AD and YN ratings. For TM (see Table B-1), however, a
reasonable application of the data in Figure 1 would indicate a requirement to increase
sample size for certain pay grades as follows: 100 for E-2 and E-3 combined, 240 for E-4,
30 for E-8, and 11 for E-9 (see Table B-1 for remaining pay grade sample sizes). These
pay grade increases would result in a relatively small increase of 151 personnel for the
total sample (i.e., operational total of 735, compared with the revised total of 886). For
each of the larger rating populations samples (i.e., populations with over 7000 personnel),
records indicate sampling about 1000 more personnel than required. Thus, for the 15
larger ratings, a reduction of 15,000 personnel for inventory administration could be
realized. Using 3.5 hours as an estimate of time to administer the inventory, 52,500 work
hours (i.e., 15,000 x 3.5 = 52,500) could be saved each time these ratings were sampled.
Alternatively, additional required information could be collected from the smaller
samples while still decreasing somewhat the total work hours lost to the operational units.

The utility of these findings relies on the representativeness of the Navy units
sampled (e.g., see Table B-2 for AD and ET ratings). It is reasonable to expect the
findings to apply to occupations judged to be as homogeneous as (or more homogeneous
than) pay grades within a rating. Although the study demonstrates sample size
requirements for occupational specialties defined as Navy ratings, the methods are
deemed to be similarly applicable to other levels of occupational description {e.g., a Navy
Enlisted Classification Code (NEC) or a Military Occupational Specialty (MOS) of the
other services).

An extension of the methods developed could be directed towards the question of
when it is necessary to administer a subsequent inventory to the same rating (the present
Navy cycle is about 4 years). Very small subsamples could be evaluated to detect changes
over time in tasks performed, until some critical point is reached for which a full sample
size is required. This extended application has implications for important decisions
regarding when to revise occupational standards or training curricula.

Reduced Computer Processing Costs

The study demonstrated that appreciable drops in the stability of cluster solutions did
not occur until the total sample (i.e., the sample that included personnel from pay grades
E-2 through E-9) was reduced to 250 (see Table 8)--substantially below the total 2000
typically processed by the IBM 360 CODAP procedure. Thus, if total sample size was
reduced to 1000 with the above procedures, highly stable clusters could still be derived.
Further, since computer processing time for the cluster analysis procedure is an
exponential function of sample size, and since the processing of about 2000 cases can
exceed 7 hours of central processing unit (CPU) time on an IBM 360/67 computer and 3
hours on a UNIVAC 1108, reducing the sample by one-half will substantially reduce
computer time and costs.

These findings apply only to clusters derived from heterogeneous samples of
individual responses (as distinguished from average response data) on about 400-600 tasks.




CONCLUSIONS

1. No practical gain in stable, meaningful task information is achieved from
enlisted job incumbent responses on the Relative Time-Spent scale, compared with the
Task-Performed scale. More informative, and more efficiently collected estimates of the
time spent per task could probably be based on incumbents' ranking of the most time-
consuming tasks.

2, Task-Performed data; that is, percentages of personne! performing tasks, are
highly stable for samples substantially smaller than samples previously collected.

3. Substantial data acquisition and processing costs can be saved by using the
empirically-developed relationships to determine minimal sample sizes that optimize
stability.

RECOMMENDATIONS

It is recommended that:

I. The Relative Time-Spent scale be deleted from future task inventories to reduce
substantially administration time.

2. Alternative methods of estimating time spent performing tasks, including
ranking the most time-consuming tasks, be used on a trial basis in task inventory surveys.

3. Responses to a currently administered inventory scale (see page 21) be used to
calculate the percentage of incumbents performing tasks.

4. The study's empirically-developed guidelines be used as an aid to determine
minimal sample sizes required for stable job analysis information.

..
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APPENDIX A

DESCRIPTION OF INVENTORY SCALES, CODAP JOB DESCRIPTION
PROFILES, AND CODAP CLUSTERING PROCEDURE




DESCRIPTION OF INVENTORY SCALES, CODAP JOB DESCRIPTION
PROFILES, AND CODAP CLUSTERING PROCEDURE

Scales

1. Relative Time-Spent--A five-point Likert-type scale of time spent performing a
task relative to other job tasks, with scale points ranging from "very much" through
"average" to "very little." (While the Navy's task analysis program employed the five-
point Time-Spent scale, other military services use a seven- or nine-point scale.)

2. Relative Time-Spent Percentage--This is not a true "response" scale; rather, it is
a conversion of the Relative Time-Spent scale responses to percentages that sum to 100
percent for all tasks performed by one individual. A simplified illustration for five tasks
(versus the usual 400 to 600 tasks) is presented below:

Relative Relative Time-
Task Time-Spent Response Spent Percentage
1 1 (very little) 10
2 3 (average) 30
3 1 10
4 1 10
5 4 (above average) 40
10 100%

3. Task-Performed--A dichotomous (or two point) scale on which a "1" indicates
task performed; and a "0", task not performed. A job incumbent's mark versus no mark on
some point of the Relative Time-Spent scale converts, respectively, to scores of 1 or 0 on
the Task-Performed scale.

Job Description Profiles

1. MP--Percent of Members Performing (the task)--the percentage of scores of "I1"
on the Task-Performed scale for each inventory task for a particular sample or cluster of
individuals (i.e., the term cluster refers to a mathematically derived group of incumbents
who perform similar work tasks).

2. TSM--Average Percent Time-Spent by All Members--the average of Relative
Time-Spent percentages across all incumbents in the sample or cluster for each task in
the inventory.

3. TSMP--Average Percent Time-Spent by Members Performing (the task)--the
average of Relative Time-Spent percentages across only those respondents in the sample
or cluster actually performing each task (as indicated by a response on one of the Relative
Time-Spent scale points).

Clustering Similarity Index

la. Overlap Between--Individuals. The sum of the smaller of the two percentages in
the comparison of two incumbent's Relative Time-Spent percentages on tasks. Example:
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Incumbent Percent

Task A B Overlap
1 10 100 109%

2 90 0 0%
Overlap Between = 10%

Ib. Overlap Between--Clusters. The average of the Overlap Between values for
each individual in one cluster with each of the individuals in the other cluster. The
Overlap Between Index is the similarity measure used by the CODAP clustering procedure
(described below). It should be emphasized that the values of this index do not reflect
mean or level differences between Relative Time-Spent percentages for tasks as much as
would values based on a distance measure (see Cronbach & Gleser, 1953) or the values of
the TSMP profile and the TSM profile, The difference in the information contained in
these measures is illustrated by the following example:

Relative Time-Spent Average Percent

by Incumbent Percent Task Time-Spent
Overlap Distance
Task A B TSMP TSM
1 10 50 10 40 30 30
2 10 10 10 0 10 10
3 70 10 10 60 40 40
4 10 20 10 10 15 15
5 0 10 0 10 10 5
Overlap Total

Between=40 Distance=120

The varying differences between the A and B Relative Time-Spent values are not
reflected in the Percent Overlap or Overlap between values as they are in the distance
and Average Percent Time-Spent values. Furthermore, previous research (Hamer, 1976)
on the comparability of similarity indices indicates very high comparability (r = .90 df =
48) between Overlap Between values and Pearson correlation coefficients used to measure
similarity between jobs. It should also be emphasized that the TSM values will be almost
always more closely related than TSMP values to the Overlap Between values (i.e.,
summed percent overlap values). That is, a zero percent overlap value for a task will
correspond to a TSM value that is closer to zero than the TSMP value.

Clustering Procedure

The CODAP clustering program is based on the Ward hierarchical cluster analysis
procedure (Ward, 1961; Christal & Ward, 1967). The procedural steps are outlined below.

1. Calculate Overlap Between values for all possible pairs of job incumbents (see
sample matrix below).
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Overlap Between Matrix

Incumbent A B C D
A 100 10 30 50
B 10 100 40 70
C 30 40 100 60
D 50 70 60 100

2. Combine (cluster) the two incumbents with the highest Overlap Between value
(in the above matrix, incumbents B and D would be clustered).

3. Continue to combine individuals and/or clusters by highest (average, if clusters)
Overlap Between percentages, for a number of stages equal to N-1 incumbents, until all
incumbents have been clustered into one total group. This agglomerative procedure
results in a hierarchial solution; that is, the smaller clusters are subsumed by larger

clusters.

4. For each cluster derived, calculate an Overlap Within index value as an indicator
of cluster homogeneity. This index is the average of Overlap Between values, including
redundant and diagonal values, for individuals contained in a cluster. Given the above
sample Overlap Between matrix, the Overlap Within for a cluster containing individual C
and D would equal (100 + 60 + 60 + 1J0) + & = 80 percent. It should be noted, however, that
the inclusion of diagonal values in the calculation of the Overlap Within index will cause
those index values always to be higher, and, at times (depending on N of cluster
membership and Overlap Between values), substantially higher, than the Overlap Between
values. This instability of the Overlap Within index is illustrated by clusters obtaining
very similar Overlap Between values but very different Overlap Within values, as
displayed in typical output of CODAP's (OVLGRP) program. Thus, the Overlap Between
index, and not the Overlap Within index, was used as an indicator of homogeneity for
selecting clusters for stability evaluation.
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Table B-1

Population and Total Sample Size by Pay Grade

for Selected Ratings

Population Total Sample
Pay Grade N % Pop N % Sample
AD Rating®
2 1278 8.9 135 5.3
3 1525 10.7 297 11.7
4 3390 23.7 565 22.3
5 3334 23.7 674 26.6
6 2666 18.6 562 22.1
7 1276 8.9 215 8.5
8 430 3.0 62 2.4
9 347 2.4 40 1.6
Totat 14296 99.9 2550 100.0
ET Ratingb
2 - - - -
3 874 9.6 208 8.2
3 2492 27.5 7438 29.4
5 3001 33.2 797 31.3
6 1553 18.3 506 19.9
7 666 7.4 197 7.7
8 237 2.6 66 2.6
9 127 1.4 24 0.9
Totat 9050 100.0 2546 100.0
TM Rating
2 - — - -
3 - - - -
4 982 39.1 205 27.9
5 756 30.1 251 3.1
6 521 20.7 183 24.9
7 182 7.2 71 9.7
8 6l 2.4 2] 2.9
9 11 0.4 4 0.5
Total 2513 99.9 735 100.0
YN Rating
2 - - - -
3 1607 16.3 415 15.0
4 2609 26.5 852 30.7
5 2246 . 22.8 680 24.5
6 1758 17.9 485 17.5
7 1228 12.5 266 9.6
8 303 3.1 53 1.9
9 96 1.0 2] 0.8
Total 9847 100.1 2772 100.0
Notes,

1. Population refers to number of personnel (not billets) inrating. Total samples were

provided by NODAC.

2. Sample Ns exclude personnel in instructor and student billets.

3. Pay grade | (E-1) personnel are not sampled since they do not have a rating.

4. Available records of population sampled showed Ns combined for pay grades 2
and 3 for ET and YN ratings, and combined for pay grades 2 through 4 for TM rating.
Thus, the sample Ns for these pay grades are similarly combined.

8For pay grade 9, only ADs (N = 28), not AMs (N = 12), were analyzed.

b

processed data for 87 personnel.

Ns exclude nuclear plant operators and supervisors.

B-1

Total sample included late
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Table B-2

Types of Activities Represented in the AD and ET
Rating Samples

Number of Number of
Activity Type Activities Personnel

AD Rating Sample

Attack Aircraft Carrier (CVA) 1 4
FAU COMNAVAIRPAC 1 1
NAVAIREWORKFAC 2 9
Naval Air Facility, Washington, DC 1 26
Naval Air Reserve Units (NARU) 6 29
Naval Air Stations (NAS) 10 564
Naval Air Training Center (NATC) 1 62
NAV Missile Center Point Mugu 1 35
Pacific Missile Range 1 5
COMNAVAIRPAC NALCO COMP 1 2
PATWING II 1 2
LATWINGPAC 1 1
Helicopter Combat Support Squadron (HC) 8 76
Helicopter Anti-Submarine Squadron (HS) 8 61
Helicopter Mine Countermeasures Squadron (HM) l 23
Helicopter Anti-Submarine Squadron, Light (HSL) 7 70
Reconnaissance Squadron (RVAH) 2 33
Attack Squadron (VA) 19 271
Land Based Weather Reconnaissance Squadron (VW) 1 26
Patrol Squadron (VP) 17 239
Fighter Squadron (VF) 16 181
Fleet Composite Squadron (VC) 6 58
Air Anti-Submarine Squadron (VS) 10 128
Photographic Squadron (VFP) 2 17
Carrier Airborne Early Warning Squadron (VAW/RVAW) 6 89
Fleet Air Reconnaissance Squadron (VQ) l 13
Fleet Tactical Support Squadron (VR) 4 82
Tactical Electronic Warfare Squadron (VAQ) 5 62
Fleet Tactical Support Squadron (VRC) 1 9
Aircraft Ferry Squadron (VRF) 2 10

Note. Data for AD rating sample from Halnon, T. D. and Gongloff, R. P.
Occupational Analysis of the Aviation Machinist's Mate (AD) and Master Chief Aircraft
Maintenanceman (AFCM) Ratings (Tech. Rep. NOTAP 76-3), Washington, DC:
Occupational Task Analysis Program, December 1975. Data for ET sample from NOTAP
unpublished report, Occupational Analyses of the ET ratings.

aEighteen cases were dropped due to data deficiencies; total analyzed: 2550.

bSix cases were dropped due to data deficiencies; total analyzed: 2459 plus late
processed data for 87 personnel for total N = 2546.
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Table B-2 (Continued)

Number of Number of

Activity Type Activities Personnel
Air Test and Evaluation Squadron (VX) 2 23
Antarctic Development Squadron (VXE) 1 22
HELTRARON 2 73
TRARON 8 213
TRAWING 1 |
NAVFITWEPSCOL l 8
Total 158 25682
C
ET Rating Sample '
Auxiliary Ships (AD/AG/AGDE(AGFF)/AGDS/AGSS/ 1
ARS/AS/ASR/ATF/ATS/AVM) 34 403 !
Underway Replenishment Group (AE/AFS/AO/AOR) 8 29 |
Cruisers (CG/CGN) 11 105 1
Aircraft Carriers (CVA/CVAN) 8 228 ;
Destroyers (DD/DDG) 40 214 !
Escort Ships (DE(FF)/DEG(FFG)) 21 95 |
Amphibious Warfare Ships (LKA/LPA/LPD/LPH/ 1
LSD/LST) 21 119
Mine Warfare Ships (MSC/MSO) 4 13
Patrol Ships (PG) 2 3
Submarines (SS/SSN) 25 97 i
Submarines--Ballistic Missile (SSBN) 26 120 ]
Communications Stations 19 420 l
Naval Air Stations 15 267 '
Small Craft/Shore Duty Elements 8 (33) 1
DATC 3 33 |
Training Centers 7 34 ]
Squadrons/Staffs/Commands 6 19 |
MOTU 5 75 |
Naval Stations 7 58
Miscellaneous 19 100
Total 289 2465°

Note. Data for AD rating sample from Halnon, T. D. and Gongloff, R. P.
Occupational Analysis of the Aviation Machinist's Mate (AD) and Master Chief Aircraft
Maintenanceman (AFCM) Ratings (Tech. Rep. NOTAP 76-3).  Washington, DC:
Occupational Task Analysis Program, December 1975. Data for ET sample from NOTAP
unpublished report, Occupational Analyses of the ET ratings.

aEighteen cases were dropped due to data deficiencies; total analyzed: 2550.

bSix cases were dropped due to data deficiencies; total analyzed: 2459 plus late
processed data for 87 personnel for total N = 2546.




!
‘s
t
APPENDIX C

RATIONALE AND PROCEDURES FOR DETERMINING CLUSTER
SOLUTION STABILITY




. i L TR o ]

RATIONALE AND PROCEDURES FOR DETERMINING CLUSTER
SOLUTION STABILITY

Rational for Matching Clusters

To determine cluster solution stability, the study executed a design analogous to that
used or recommended for evaluating stability of factor analysis solutions {Aleamoni, 1973;
Armstrong & Soelberg, 1968; Harman, 1967; Tucker, 1951). Essentially, this study's design
consisted of two steps:

I.  Matching clusters (factors are operated on in the analogue) across independent
solutions on the basis of similarity to the total sample solutions (a description of the
matching procedure appears in the next section of this appendix).

2. Determining the degree of similarity between total sample clusters and matched
clusters from reduced samples, as well as between matched clusters. (The similarity
between clusters was measured by the indices described on pages 7 and 8 in the text.)

Measures of similarity between total and reduced sample clusters will yield spuriously
high results, since reduced sample data are also contained in the total sample data (i.e.,
samples are not independent). This spuriousness, however, is not present in the measure
of similarity between matched clusters, High similarity between matched clusters for
two independent samples demonstrates that a stable, recurrent pattern (i.e., cluster
solution) exists across the data from samples as well as, of course, in the combined-

sample data.

Cluster Matching Procedure (in 5 Steps)

Step |

For each rating and each pair of independent samples, an intercorrelation matrix of
product moment coefficients (rs) was calculated. The selected clusters derived from one
of the total samples analyzed (i.e., AD2000, ET2000, YN2000, or TM735) marked the row
dimension of the matrix, and the selected clusters derived from the independent samples
marked the column dimension (see the criteria for selecting clusters on page 6, and the
sample matrix below).

Independent Sample Clusters

Total Sample Clusters Sample A Sample B
I 2 3 4 1 2 3 4
{ 9 85 60 (45) 40 80 (70) 35
2 8 90 35 40 0 85 30 71
3 95 70 55 40 72 98 60 75
4 70 60 90 50 75 70 76 97

The correlations were performed on the Percent of Members Performing (MP) job
description profile between clusters. In the calculation of the coefficients, tasks were
treated as cases, and the percentages of members performing tasks were treated as
scores. Scores of zero on corresponding tasks for any two cluster profiles were deleted
from the calculation. With this correlational model, complete independence of scores did

C-1
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not exist. That is, the same individuals provided responses for calculation of a perce.tage
(i.e., score) for more than one task. Cragun and McCormick (1967) report, however, only
minor inflation for coefficients derived with this same model. This correlational model is
identical to that used to derive ry, and rpp values for matched clusters. In fact, the ry

and L2 values were generated by this matching procedure.

Step 2

A cluster in each independent sample was identified for matching if it obtained an r
{ that was both the largest r for a row (i.e., for a total sample cluster) and the largest r for
! that cluster column. In"the above matrix, three clusters from each sample meet this

criterion, as indicated by the underlined coeifficients (with decimals omitted), correspond-

ing to Sample A clusters, Al, A2, A3, and Sample B clusters, Bl, B2, and B4. Clusters
! from each sample with underlined coefficients in the same row were matched, as is the
| case for clusters Al and B2, A2 and Bl, and A3 and B4. Thus, each cluster in each of
these pairs is a "counterpart" of the corresponding total sample cluster. The columns and
rows (i.e., clusters) that contained an underlined coefficient were deleted from the
respective Sample A or B matrix half, as can be illustrated by drawing lines through these
rows and columns for both samples. Thus, the only remaining entries in the above matrix !
are the coefficients in parenthesis, 45 and 70, under clusters A% and B3 respectively.

Step 3 |

Step 2 was reiterated for the remaining cluster entries in the matrix. A cluster was
not identified, however, as matching if it obtained an r which was more than 10
correlation points smaller (an arbitrary criterion) than the largest r for a row in the
complete matrix. Thus, in the above matrix, cluster B3 is identified for matching since it 1
obtained a coefficient of 70. Cluster A4, which obtained a coefficient of 45, is not l
identified for matching since 45 is more than 10 points smaller than 90, the largest
coefficient in that row. This criterion was used to avoid matching clusters that were not 1
closely related to a total sample cluster.

Step &

i
If steps 2 and 3 did not result in a unique pair of matched clusters identified for a : 4

particular total sample cluster, an independent sample cluster was allowed to be matched
a second time if both of the following criteria were met:

l. The sample cluster obtained the largest (or within 10 points of the largest) row r
for a particular total sample cluster.

2. There was a large correlation between the MP profiles of the two total sample
clusters (demonstrated by an r equal to or greater than an arbitrarily selected value of
.80--the correlational model used to calculate this r was the same model used to calculate
the matrix coefficients as described in Step 1 above).

T O~ ST L

Step 5

If steps | through & did not result in a pair of matched clsuters for every total sample
cluster, then additional clusters were selected by a second search of the independent
sample cluster hierarchies according to the following criteria:

——— g

] 1. Substantial common membership with total sample clusters for which there was
no corresponding matched pair (determined by examining case IDs).

—
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2. Overlap Between index value no lower than 35 percent.

These additionally selected clusters were thus matched by their correspondence to the
same total sample cluster. Pearson correlation coefficients were obtained between these
matched clusters for the AD1000, ET1000, YN1000, and TM368 paired samples with
corresponding total sample clusters according to the model described in Step 1; that is,
ITA and rp values were calculated. Extensive programming requirements prohibited the

calculation of the ra and 8 values for additionally selected clusters for all samples,

although such Additional Clusters (ACs) were identified for each sample when necessary.
Also, a count was made, for each sample, of the number of matched pairs of clusters that
consisted of one or two Additional Clusters (labeled as N of Cluster Pairs--2nd search).

Common Membership in Matched Clusters

Rationale

The derivation of the Percent of Common Membership index was based on a design
idea by Orr (1960). This index specifies the degree to which the same personnel from a
holdout sample were assigned to each cluster in a matched pair of clusters. When Percent
of Common Membership values (i.e., percentages) are averaged over all matched clusters
for any two paired samples (i.e., sample A and sample B), the result indicates the degree
to which a similar pattern or cluster solution was obtained across samples--the higher the
average percentage value, the higher the cluster solution stability.

Assignment of Holdout Group of Individuals

Any set of matched clusters consists of a set of sample A clusters and a set of sample
B clusters (see the Cluster Matching Procedure section of this appendix). In the
derivation of the Percent of Common Membership index, individuals from a holdout group
were assigned, separately, to sample A clusters and to sample B clusters. The following
two methods of assignment were used, each based on a different measure of profile
similarity:

1. Percent of Common Membership--Time-Spent Method. Assignment of in-
dividuals was determined by the value of the sum of absolute difference (i.e., distance)
between percentages on corresponding tasks of the Average Percent Time-Spent by All
Members (TSM) profile for clusters with the individual's Relative Time-Spent percentages.
Assignment was made to the cluster with the smallest distance value.

2. Percent of Tommon Membership--Task-Performed Method. Cluster assignment
was determined by the largest point-biserial correlation between the individual's Task-
Performed scores (i.e., 0 for task not performed, and | for task performed) and the
Percent of Members Performing (MP) profile for clusters. This correlational model
treated tasks as cases, and scores of zero on corresponding tasks were included.

Calculation of Index

The Percent of Common Membership, based on either assignment method, equaled
twice the number of personnel assigned in common to each pair of matched clusters,
divided by the total number of personnel assigned to each pair, and multiplied by 100. For
example, the sample A and sample B cluster for one matched pair are




T

assigned 65 and 85 personrel respectively, and 65 are assigned in common, Thus, the
Percent of Common Membership = 2 x 65 = .866 x 100 = 86.6%. A maximum stability
65 + 85
value for this index occurs if both clusters are assigned only the same personnel (e.g., if
both clusters are assigned the same 65 personnel, then index = 2 x 65= 1.0 x 100 = 100%).
65 + 65

Finally, it should be noted that this index was subject to two sources of attenuation
that the correlational indices were not—error due to individual data (versus mean data)
being analyzed, and attenuation due to dependence between matching clusters within each
paired sample. In regard to the latter, the higher the dependence (i.e., correlation
between within-sample cluster profiles), the more probable it was that low index values
would be obtained. To illustrate this point, consider that one sample A cluster in a pair of
matched clusters is highly correlated with another sample A cluster. Therefore, holdout
personnel with similar job description profiles will tend to be split (in assignment) between
these two highly correlated sample A clusters, but assigned as a group to only one sample

B cluster. Thus, in this case, the percentage of common membership between the
matched clusters would be attenuated.
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APPENDIX D

CORRELATIONS OF JOB DESCRIPTION PROFILES
ACROSS AD RATING SAMPLES
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APPENDIX E

JOB DESCRIPTION PROFILES SORTED BY AVERAGE PERCENT
TIME SPENT BY ALL MEMBERS (TSM) SCORES
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APPENDIX F

STABILITY RESULTS OF AVERAGE TASK-PERFORMED
SCALE RESPONSES FOR PAY GRADES
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APPENDIX G

CLUSTER STABIL'TY RESULTS FOR RATING SAMPLE
SIZE OF 1000




Table 6-1

Stablticy and Comman “tembership nf Matched Clusters
Actons ADIOOD Samptes (50% af Total Sample)

e T arretatiunal todex at Stabllity for Samples® tercent Commia Membershilp
‘ T TR va, Tetal Ave. ® Index by
l 1A i 18 “an Auu‘t‘;::;::m::(hud iA::“-l :\:";::ud
Cluster L4, 1 1 4
l tndex .99 .99 .97 88t 82
N Tasks 351 1% 335
|4 Hembers 6 e i o _we/m3  100/120
Cluster W, H 1t A
i Index .83 .9 10 Nt nx
N Tasks 3 04 292
N Memhers M 1 17 826w
Cluster 14, ) k] 4
[ Index 97 a1 .92 842 891
N Tasks 293 293 280
‘Z'xen\mn o8 3 13 s sue
Clustee 1d. 3 H 5
Index .98 .8% L 322 9
N Tasks 392 397 199
,\_; Semhers t8s 92 »” 8/25 “lah
Cluster 1. |7 % 7 s
tadex .86 .91 73 282 29%
N Tasks n7 352 353
§ Sembers 2 a 29 8/29 16755
Cluster 1d. 6 3 1
lndex .98 .99 .96 Nz 913 !
B Tasks 320 330 3
N ‘tenbers i n 97 1367150 1607156
Cluster Ud. ? 6 3
Index .9 .95 .96 9 92% !
8§ Tasks N6 31 %7 |
N Vemhers 63 45 51 075 86/93
Cluster Id. 8 8 ]
tndex .93 .99 .93 851 2
N Tasks 264 m 248
R 1 20 69 90/106 56/78
Cluster Id. Iy 9 acs acr’
Tndex .97 N1 .85 .65 .76 70t 902
N Tasks trz 175 17 1% 158
|8 Mesbers | 15 5 ) 16/2) 18/20
Cluster 4. 10 10 9
tadex 1.00 .99 .99 931 922
[N Tesis 33 237 240
[N Meabers N 109 15 1401150 woe
Ciamear 14 no 1
tnden % .94 .93 [T 134
SN Tasks 13} 118 186
t N Mewners . 2 20 36741 W4
; Cluseer U4 i 12 13
! Indes LT an 9 LERE L34
‘ ¥ Tasks 133} 256 259
N Members L1} 2 3% 287 34 42/ a8
Cluster 1d. 3] " ’
‘ 1ndex .94 .75 .59 8% 8t
N Tasks 105 108 306
¥ Vembera 2 28 12 3287 16797
Cluster Id, 1% 16 N
tndex .89 B2 .82 93t a6t
§ Tasks 159 158 132
N Hembers i) 22 1" 62767 /e
Cluster td. 15 15 H
tndex .99 .97 9 2t 313
N Tasks 178 2 02
N Members L13 i a7 LRl RLYAYY
Cluster 1d. 14 17 15
Tndex .99 .97 KT L1} L1313
4 Tasks 291 2 25
N Yemters [} 9 29 52787 36759
Index Aver .95 R} s T
Aver ¥ Tanke m2 mn 768
Tot ’! ‘emhers ARCYS m LY
T o sample iy e a6
Tt ot o ome
{men pmhprahip A a1

A
W AW are deartibed on page 7

h
Prrcent Lommon “lemherahip values equal tuive the aumber of perasonnel aselgned in common 1o each luster o1 a palr
ot wmatched clusters (aumeratot), divided by rhe fatal numbet ol pereonnel aswigned to the pair Glenominatord, muittplied

by 100, The

index}.

<
AC 19 an additional cluster seiected (rom a second search of the sample solution.

G-1

numerator

snd JenoMInAtaT IPPraT under e3rh percentams.
cluster in the calculation of the Fercent Lommon Membership values,

tlamrers labeled AUY and AU L were treated as one
(Se® pages 7 and €-3 for turther desctiption of

{See aleo pages C-2 ang C-3),
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Table G-2

Stability and Common “embership of Matched Clusters
Across YN10OO Samples (50X of Total Sample)

-~

X Correlational Index of Stability for Snnpln. Percent Common Membership
{ Total A vs. Total B vs. Total Avs., B Index by:®
(A+B) [ Trp L Time-Spent Task~Performed
— ! Assignment Method Assignment Method

Cluater 14, 1 u 9

Index .HY .98 .86 682° s82°
N Tasks 265 186 265
N Members . 2% 23 18 118/174 64/111
Cluster Id, 2 1 1

Index .98 .99 97 812 851
N Tasks 499 501 503
N Members 318 173 154 100/124 1967231
Cluster 1d. 3 6 €

Index .93 .99 .90 r02° 682°
N Tasks 433 428 429
N Hembers 129 43 70 114/164 162/237
Cluster Id. 4 3 2

Index .98 .96 94 89 912
N Tasks 412 417 423
N Members 79 34 63 208/233 1%0/208
Cluster Id. 5 AC!d 3

Index .91 .75 .82 _t _f
N Tasks 339 430 405
N Members 24 12 21
Cluster Id. 6 [ 8

Index .93 .97 .89 382¢ 41%®
N Tasks 351 345 310
N Members 57 23 28 64/169 74/157
Cluster 1d. 7 ACZd ]

Index .82 .90 .63 252 192
N Tasks 307 308 288
X Members 27 9 11 34/137 22/116
Cluster Id. 8 5 7

index .89 .88 .75 732 652
N Tasks 302 30% 263
N Members 26 11 1 216/297 148/229
Cluater Id. 9 4 ¢

Index .88 ) .85 .83 i 203°
N Tasks 330 399 414
N Members 34 24 70 8/235 66/336
Cluster 1d. 10 9 1n T

Index .98 .98 94 942 922
N Tasks 373 384 390
N Members 61 30 32 76/81 72/78
Index Aver .92 .93 .85
Aver N Tasks 361 370 369
Tot N Members 79 182 478
2 of Sample 39% 38z 482
Tot X of Com~
mon Membership 58% 582

®procedures for calculations of LIA, -E-TB. and YAB are described on page 7,

bTechnt Common Membership values equal twice the number of personnel assigned in common to each cluster of a pair
of matched clusters (numerator), divided by the totsl number of personnel assigned to the pair (demoninator), sultiplied
by 100. The numerator sand dencaminator sppear under each percentage, {See pages 7 and C-) for further description
of index).

“The same cluster vas alloved to be matched twice if certain criteris were met (See step 4, page C-2).
9xC 1 an additional cluster selected from a second sesrch of the sample solution. (Ses siso page C-3),

®Values are spuriously low due to the same cluster being included in more than one pair of matched clusters (See
page C-4).

fnm calculated due to clerical error.




Table G-3

Stability of Matched Clusters
Across ET1000 Samples (502 of Total Samwple)

Correlational Index of Scabflity for Sllpl!l.
Total [ A vs, Total B vs, Total Avs. B
s : Erp I Iap
Cluster Id. 1 1 1
index .96 .98 .96
N Tasks 566 472 563
N Members 255 154 138
Cluster 1d. 2 8 6
Index N .89 .85
N Tasks 412 411 2465
N Members 75 16 12
Cluster Id, 3 AClb 3
Index .98 .97 .94
N Tasks 428 389 427
N Menbers 61 43 27
Cluster Id. 4 5 2
Index .99 .99 .97
N Tasks 432 430 444
i Members 173 103 9% =
Cluster 14. 5 ac?® acs®
Index 94 .90 .18
N Tasks 422 422 392
N Members 33 13 9
Cluster Id. 6 6 5
Index .69 .85 .69
N Tasks 398 324 37
N Meabers 21 49 12
Cluster Id. 7 3 8¢
Index .88 .84 .87
N Tasks 362 504 507
N Members ral 22 106
Cluster Id. 8 4 7
Index .97 .99 .95
N Tasks 578 572 580
N Members 418 131 198
Cluster Id. 9 2 Bc
Index .99 .99 97
N Tasks 518 516 528 i
N Members 202 83 106
Cluster Id. 1 9 10 ‘
Index 94 .98 .88 i
N Tasks 501 89 512 |
N Members a8 22 [3) .4'
Cluster Id. 1 7 4
Tndex 91 .87 .79
N Tasks . 355 334 168
N Members ; 1 22 33
—— et e —
Cluster Id. 12 1) 12
Index .89 .95 .19
N Tasks 215 206 171
N Members 3 12 15
Cluster 1d. 11 T 15 13
Index | 1.1 .98 .0
N Taaks { 2 120 305
N Members . 57 2 ”
Index Aver ‘I .92 <9 .87
Aver ¥ Taske I 426 o135 415
Tot % ‘tembers l 147y 690 R24
v of Sample . 747 699 34

al‘rm:eduru for calculatlons of [TI\. E'I'B. and DAB are described on page 7,

h
AC 18 an additinnal cluster selected from a second aearch of the sample unlution,
(See slso page C-2 and C-3).

che same sample cluster was allowed to be matched twice {f certsin criteris were

met (See step 4, page (-2},

G-3

e




Table -4

Stability of Matched Clusters

i Across TM368 Samples (S0X of Total Sample)
{ e .
Correlational Index of Stabilley for S-'A-plesa N
Total A vs. Total B vs, Total Avs, B
(A+B) .
Sa Zra s
Cluster Id. 1 1 1
P
Index .94 99 .96
| N Tasks 119 283 288
N Members 144 42 74
3
Cluster Id. 2 3 7
: ’ i Index .90 .72 .51
. ¥ { ¥ Tasks 160 161 146
i: N Members 16 7 S
'
3 Cluster Id. 3 b 2
Index .95 b
N Tasks 191
N Members 11 8
Cluster 1d. 4 ac:” acz®
Index .96 .81 .70
N Tasks 337 302 269
N Mewbers 39 25 6
Cluster Id. 5 5 10
b
i Index .99 .99 .97
% N Tasks 305 305 298
N Members 142 57 70
Cluster Id. 6 [} 11
Index .99 .97 94
N Tasks 237 245 252
N Members 53 31 25
Cluster 1d. 7 Bd 8
Index .97 .96 .89
N Tasks 196 189 192
N Members 34 21 14
d
Cluster 1d. 8 8 9
Index . .19 .88 .64
N Tasks 202 186 199
N Members 1 21 8 :
Cluster 1d. 9 4 3 t
Index .97 .95 .86 §
N Tasks 169 173 166 3
N Members 27 15 11 &
Cluster 1d. 10 2 6 §2
Index .75 .69 .63 .
N Tasks 234 135 223
N Members 12 32 5
Cluster Id. 11 9 16
Index .93 94 .80
N Tasks 150 146 140 ¥
N Members 15 8 8
Cluster 1d. 12 10 13 ¥
q
Index .98 .94 14 ;
i
1 Tasks 246 286 337 ;
N Members 34 20 16 i
Index Aver .92 .90 .79
Aver N Taska 232 217 228
Tot N Members 538 279 250
2 of Sample 732 762 682
®Procedures for calculations of “TA, “rB, and TAB are described on page 7.,
hNo qample B cludtee could he found that met selection criteria, (See page 6 and

page C-2 for selection criteria),

“A In an additlonal cludter velected trom a mecand search af the aample solution,
(See almo page C-)).

l’l'hr aame sample cluster was allowed to be matched twice (f certain criteria vere met

G-4

(See step 4, page C-1}).
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