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Seven association measures were compared for
their effectiveness in relating and clustering data
profiles confounded with interrater differences.
Among these association indices were three distance
measures, two measures of angular separation, and
two measures of profile overlap. The objects of
analysis were 50 jobs that had been rated by differ-
ent analysts on the items comprising the Occupa-
tion Analysis Inventory (OAI). Factor scores based
on the OAI job ratings provided the profile data.
Each of the seven association measures was applied
to all pairwise combinations of factor-score profiles
in the job sample, and the seven resultant 50 x 50
job proximity matrices were each subjected to hier-
archical cluster analysis. The job proximity ma-
trices and cluster structures based on the different
association measures were then compared, re-
spectively, with a criterion proximity matrix and a
criterion cluster structure. In relation to these two
criteria, the angular measures (product-moment
correlation and cosine) performed better than the
distance and overlap measures. The results demon-
strate the importance of the choice of a profile as-
sociation measure in cluster analysis. The research-
er should be especially cautious when clustering en-
tities that have been rated by different judges. Un-
der such circumstances, it might be advisable to
cluster analyze a data set using more than one as-
sociation measure and then to compare the alterna-
tive solutions for clarity and stability.
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Cluster Analyzing Profile Data Confounded
with Interrater Differences: A Comparison
of Profile Association Measures

Many taxonomic studies in psychology involve
clustering objects of analysis (e.g., individuals or
stimuli) according to their data profiles on selec-
ted variables. The general objective of such re-
search is to derive meaningful cluster structures
that tend to minimize within-group profile dif-
ferences or maximize within-group similarities.

In undertaking an effort of this kind, the
investigator must make decisions related to such
basic issues as (1) the selection of relevant profile
variables; (2) the appropriate transformation of
profile data; (3) the appropriate measure of pro-
file association; (4) the appropriate clustering
criterion; and (S) the choice of an implementing
algorithm and computer program (Anderberg,
1973, chap. 2). At each decision point the re-
searcher is confronted with a variety of compet-
ing alternatives, from which the choice to be
made should be based upon the characteristics
and requirements of his/her particular problem.
Unfortunately, sufficient bases for these deci-
sions often cannot be found in the research lit-
erature. Thus Borgen and Weiss (1971) have
noted ‘‘when cluster analysis is appraised as a
methodology, the number of unanswered ques-
tions surpasses the number of present answers
. .. insufficient comparative data are available
to say with certainty that this method is best for
this kind of grouping problem” (p. 590). Almost
10 years later, this observation still accurately
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describes a troublesome situation in classifica-
tory research.

The study reported here stemmed from a need
to resolve one of the above-mentioned clustering
issues within a particular research setting. Prior
to this study Riccobono, Cunningham, and
Boese (1975) had applied cluster analysis to the
data profiles of 814 jobs. The profile variables in
this analysis were 22 second-order factors de-
rived from the Occupation Analysis Inventory,
an instrument containing 615 “work elements”
(items) on which the jobs were rated (Cunning-
ham, Tuttle, Floyd, & Bates, 1974; Riccobono &
Cunningham, 1974). Squared Euclidean dis-
tances (D?) were computed for all pairwise com-
binations of factor score profiles, and the resul-
tant job proximity matrix was subjected to a
hierarchical cluster analysis (Ward, 1961, 1963).
This analysis, however, failed to produce a
meaningful job cluster structure.

In a postmortem of their study Riccobono et
al. (1975) identified several factors that might
have attenuated the results, foremost of which
was the D* measure of profile association. The
D? index and its square root are often used in
cluster analysis because they are mathematically
tractable and are sensitive to the three major in-
formation components in a score profile: level,
dispersion, and shape (Cronbach & Gleser,
1953; Nunnally, 1978; Osgood & Suci, 1952). In
retrospect, however, the investigators reasoned
that the level and dispersion components in their
profile data may have been contaminated by the
individual judgment tendencies of the 18 differ-
ent analysts who rated the jobs. Since each job
was rated by only one of those analysts, any
individual differences in the analysts’ adapta-
tion levels and rating dispersions (as well as
other interrater differences) would have been
confounded with legitimate profile differences.
Large interrater differences could therefore be
expected to distort the D* measure and, hence,
the job cluster structure. Under such circum-
stances a job proximity measure that disre-
garded profile level and dispersion might have
been appropriate.

Another potential difficulty with the D* mea-

sure lay in the skewness of some of the factor-
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numbers of jobs had low scores. In this con-
nection, it was argued that a shared irrelevance
of such factors between jobs (i.e., paired low
scores), compared to shared relevance on other
factors, might have contributed inordinately to
some of the job proximities. If this were, in fact,
the case, a profile association measure that at-
tached more weight to paired high scores thar
paired low scores would have been preferable to
Dz,

Based on the foregoing considerations, it was
decided that an evaluative analysis of several
proximity measures should be performed prepa-
ratory to any further job-clustering efforts in-
volving the Occupation Analysis Inventory
(OAI). The present study was designed for that

purpose.
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Method

The approach to this problem involved (1) ap-
plying several selected proximity measures to all
pairwise combinations of OAI factor-score pro-
files in a job sample, (2) evaluating the resultant
job proximity matrices against a criterion prox-
imity matrix, (3) cluster analyzing each of the
job proximity matrices, and (4) evaluating the
resultant job cluster structures against a crite-
rion cluster structure.

Criteria and Job Sample

Criterion cluster structure. The criterion
cluster structure consisted of six sets of jobs rep-
resenting six Worker Trait Groups (WTGs) se-
lected from the Worker Traits Arrangement of
the Dictionary of Occupational Titles (DOT);
U. S. Department of Labor, 1965). The six
WTGs were chosen to represent a range of oc-
cupations, while at the same time providing a
test of the OAI’s power of resolution. Thus, two
pairs of selected WTGs contained groups that
were somewhat similar to each other but dis-
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similar to those in the other pair, and the two re-
maining WTGs were dissimilar to each other
and to all other groups in the set. The titles of
the selected WTGs appear in Table 1.

Job sample. Fifty jobs were selected to repre-
sent the six WTIGs in the present study. Over
several years of previous research, a cumulative
sample of 1,414 jobs had been rated on the OAI
by various analysts. In most cases only one an-
alyst rated each job, though in some instances a
job was rated by two analysts whose ratings were
averaged. The SO jobs included in this study
were chosen from the total sample based on
comparisons of their titles and DOT codes to
those of the WTGs’ constituent occupations as
listed in the DOT. The jobs’ OAI ratings were
used to generate profile data for the study. Table
1 identifies the jobs selected for each WTG.

Criterion proximity matrix. The criterion
proximity matrix contained job similarity esti-
mates obtained from judges’ ratings. Each of
nine judges, all psychology graduate students,
was given written descriptions (U. S. Employ-
ment Service job schedules) of the 50 selected
jobs, which he/she used in making pairwise job
similarity ratings. These ratings were performed
on a 9-point scale ranging from ‘‘1—extremely
similar’ to **9—extremely dissimilar.” A 50 x 50
job proximity matrix was obtained for each
judge with the aid of Baker and Young’s (1974)
Interactive Scaling with Individual Subjects
(ISIS) system. This computerized procedure
samples a judge’s pairwise similarity ratings
and, using those ratings as a model, estimates
the remaining rating values needed to produce a
complete, symmetric judgment matrix.

An interrater agreement analysis was carried
out to determine if any judge’s similarity ratings
deviated excessively from those of the other
judges. This analysis involved correlating each
judge’s pairwise job similarity ratings with the
mean pairwise ratings of the remaining judges.
The two judges with the lowest correlation co-
efficients (— .12 and .14) were eliminated from
subsequent analyses, leaving seven judges whose
coefficients ranged from .38 to .93. Of these, six

judges’ coefficients exceeded .67 and four ex-
ceeded .88.

The reliability of the remaining seven judges’
combined ratings was then estimated through
an analysis-of-variance procedure in which
judges were categories of the ‘‘treatment’’ vari-
able, job pairs were cases on which repeated
measures were taken, and pairwise similarity
ratings were the measures (cell entries; Winer,
1971, chap. 4). From this procedure the reliabil-
ity coefficient for the mean pairwise similarity
ratings of the seven judges was .84 (unadjusted
for differences in the judges’ anchor points).
These pairwise means comprised the entries in a
50 x 50 criterion proximity matrix.

Profile Variables

The profile variables were factors derived from
the OAIL. In a preceding study (Boese &
Cunningham, 1976) eight separate a priori sec-
tions of OAI work elements (items) had each
been subjected to a principal axis factor analysis
based on the OAI ratings of 1,414 jobs. The
eight separate analyses produced a total of 132
first-order factors representing basic types of
work activities and conditions. (Although the
factors were rotated orthogonally within each of
the eight OAI sections, orthogonality was not
maintained among factors across the different
sections.) Of those factors, 102 were selected for
use in the present study.

The factor scores for the 50 jobs in this study
were incomplete estimates based on salient load-
ings (cf. Horn, 1965). Specifically, a factor score
consisted of the mean cross-product between the
factor’s salient loadings (transformed to Fisher’s
z's) and the job’s corresponding work-element
ratings. Since incomplete estimates violate the
orthogonality of an original factor structure,
there were correlations among the estimated fac-
tor scores within, as well as across, the eight OAI
sections.

Job Proximity Measures

Based on previously mentioned considera-
tions, seven proximity measures were selected
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Jobs Selected to Represent Six Worker Trait Groups {(WIG's)
WIG no. Job title WTG no. Job title
WTG I. Information gathering, WTG IV. Tending
dispensing, verifying, 1. Punch press operator
and related work 2. Four slide operator
1. Hotel clerk 3. Corner cutter
2. Receptionist 4, Sealing machine
3. Hotel clerk operator
4. Information desk 5. Machine operator b
clerk 6. Box machine operator
5. Clerk aide 7. Printer bagging
6. Clerk typist machine operator
7. Reservations 8. Rewinder operator
supervisor WTG V. Managerial work
8. Assistant reserva- 1. Communications elec-
tions manager trician foreman
9. -Customer service 2. Avionics foreman
clerk 3. Chief inspector
WIG II. Computing and related 4 Steam plant economy
recording control supervisor
1. Accounts payable 5. Manager, loss
clerk prevention
2. Account Clerk I & II 6. Superintendent,
3. Labor analysis clerk maintenance
4. Power load records 7. Director, general
clerk aviation
5. Monthly report clerk 8. General plant manager
6. Accounting clerk b WTG VI. Nursing, x-ray, and related
7. Accounting clerk a services
8. Billing clerk I - 1. Director of nurses
source document 2. Bio-instrumentation
verifier technician
WTG III. Set up and/or all-round Dental hygienist

machine operation

1. Machine operator a

2. Tool and die maker

3. Turret lathe operator

4. Boring-mill machinist

5. Fabricator, cutting
department

6. Machinist

7. Pipe making welder

8. Production mechanic,
tin cans

9. Screw machine, set-up
operator, jobbing

3.

4. X-ray technologist

5. Inhalation therapy
technician, thera-
pist, supervisor

6. Desk aide (medical
service)

7. Industrial nurse

8. E.E.G. technician
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for comparative analysis. The selection included
three distance measures, two angular measures,
and two measures of profile “‘overlap.” Table 2
identifies these seven measures and presents
their formulas.

Distance measures. As noted, the Euclidean
distance (D) and its square are sensitive to pro-
file level, dispersion, and shape. For that reason
and because D* had been used by Riccobono et
al. (1975), both measures were included in the
present study. In addition, a third distance mea-
sure, average nonzero distance (AND), was de-
vised especially for this study. It was hoped that
the AND index, by disregarding paired zero
scores between two profiles, would reduce the in-
fluence of mutually irrelevant variables upon
measured job proximity. However, AND as well
as D and D? may be susceptible to considerable
distortion from interrater differences.

Angular measures. The two angular
measures of job proximity were the cosine and
the product-moment correlation. The cosine of
the angle between two score vectors assumes ra-
tio scaling. Though sensitive primarily to sim-
ilarities and differences in profile shape, this in-
dex is affected to some extent by the level and
dispersion components. The product-moment
correlation (the cosine of the angle between two
centered score vectors) assumes interval scaling
and is sensitive only to profile shape (cf. Ander-
berg, 1973, chap. 4; Nunnally, 1978, chap. 12).
Thus, differences in two job analysts’ adaptation
levels and rating dispersions should not affect
the correlation between their job-rating (factor-
score) profiles, provided such differences do not
influence the proportionality of the intraprofile
score intervals. The cosine, on the other hand,
would be affected not only by rater distortions of
intraprofile intervals but also by rater differ-
ences in the intraprofile proportionality of
scores. However, since both angular measures
reflect primarily the rank-order correspondence
between two score profiles, neither measure
should be distorted greatly by individual rating
tendencies that do not disturb the ordinal char-
acteristics of the profiles (Nunnally, 1978, chap.

1). Accordingly, it was predicted that the angu-
lar measures would prove more effective than
the distance measures in the present study.

Measures of overlap. The U. S. Air Force
and other military services use a job proximity
measure called percent time overlap (PO), an in-
dex based on jobs’ time-spent ratings on com-
mon tasks (Archer, 1966; Morsh, 1965). In the
computation of this index, each job's individual
task ratings are converted to percentages of that
job’s total time-spent rating on all tasks. The PO
between two jobs is the sum of the smaller values
in their paired converted task ratings, i.e., their
total PO on tasks. This procedure standardizes
profile level.

Although the OAI factor scores are based on
significance and extent rather than time-spent
ratings, PO was selected as a potentially effec-
tive measure of job proximity in this study. Like
the cosine, PO assumes ratio scaling, that is, it
is invariant only to multiplicative changes in
score profiles. Although PO is more sensitive
than the cosine and correlation to other mono-
tonic changes in score profiles, this index is less
sensitive than the distance measures to such
transformations. Hence, PO should be more sus-
ceptible than the angular measures to distortion
by interrater differences but less susceptible
than the distance measures.

A variation of the PO index, absolute overlap
(AO), was the final job proximity measure se-
lected for this study. The AO between two jobs is
the sum of the smaller values in their paired fac-
tor scores, i.e., the total overlap in their factor
scores. Since AO does not standardize profile
level, this index should be more susceptible than
PO to distortion by interrater differences.

Analyses

The analyses were designed to evaluate the
seven job proximity measures against two pre-
viously described standards: the criterion prox-
imity matrix and the criterion cluster structure.

Proximity matrices. Each of the selected
proximity measures was applied to all pairwise
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Formulas for the Seven Selected Proximity Measures

Proximity Measure Formula
n 2]V
EUCLIDEAN DISTANCE D = Z(Xi )
i1
2 . 2
SQUARED EUCLIDEAN DISTANCE D = Z("i")
i=1
n 2] e
E(Xi-Y')
AVERAGE NON-ZERO DISTANCE AND = |i=1
n-k
n
Z xi vl
COSINE Cos = i1
1
2 2 2
() (=) ?
n -
P (xi—i)(vi -v)
PRODUCT-MOMENT CORRELATION r = &l
n _\2 n _\2 1/2
eI
i i1
n
PERCENT OVERLAP PO = Z; Minimum (x,,v;’)
is
n
ABSOLUTE OVERLAP AO = ) Minimum (xi,vi>
izl
Note: The symbols in the above formulas are defined as follows:

X,‘ and Yj represent the ith elements in the data vectors of Jobs X and Y, respectively.

X and V represent the means of the elements
n = the number of elements in the data vector

k = the number of element pairs in which Xi B

n n
xi“ = X,/Z X; and Yi' = Yi/z
i=1 iz

in the data vectors of Jobs X and Y, respectively.
of Job X or Job Y.

Y.

1

0.
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combinations of factor-score profiles in the job
sample. The seven resultant 50 x S0 job
proximity matrices were then intercorrelated
elementwise with each other and with the crite-
rion (judgment) proximity matrix. Although the
independence assumption is violated with this
procedure, the obtained correlations provide
useful comparative indices of matrix correspon-
dence.

Cluster solutions. Each of the job proximity
matrices was next subjected to a cluster analysis,
and the resultant cluster solutions were com-
pared with the previously described criterion
cluster structure (i.e., the six WTGs). A hier-
archical cluster analysis procedure originally de-
scribed by Ward was employed (Ward, 1961,
1963; Ward & Hook, 1963). This procedure is
included in the Comprehensive Set of Occupa-
tional Data Analysis Programs (CODAP) soft-
ware package developed by the U. S. Air Force
(Computer Sciences Corp., 1969; Phalen &
Christal, 1973) and modified for use with the
IBM 360 computer system by the U. S. Navy and
Marine Corps (Oats-Hill, 1970). The cluster
analyses reported here were carried out with a
CODAP package that had been further adapted
to the IBM 370/16S computer system employed
in this study. With appropriate transformations,
the CODAP cluster program will accommodate
either similarity or dissimilarity measures.

A comparison of a particular cluster analytic
solution with the criterion WTG structure in-
volved (1) matching each cluster in the solution
with one of the six WT'Gs and (2) counting the
number of misplaced jobs in all clusters vis-a-vis
their matched WTGs (i.e., the number of jobs in
all clusters that did not belong in their clusters’
matched WTGs). Under this procedure, a
cluster was matched with the WTG that ac-
counted for the largest number of its constituent
jobs. In instances where two clusters in a solu-
tion were assigned to the same WTG, the cluster
with the fewest jobs from that WTG was left un-
matched, and all of its jobs were counted as mis-
placed. Any isolates in a solution were also
counted as misplaced. The total number of mis-

placed jobs in a cluster solution served as an in-
dex of disparity between that solution and the
criterion WTG structure.

Results

Table 3 presents the correlations among the
eight job proximity matrices. As shown in the
last column of this table, the matrices based on
cosine, correlation, and PO correlated con-
siderably higher with the criterion () matrix
than did the matrices based on the remaining
profile association measures. The correlations of
these three measures with the criterion fell with-
in a narrow range of .700 to .717, and their cor-
relations with each other ranged from .900 to
979. The correlations of the remaining mea-
sures with the criterion ranged from .235 to .368.

Table 4 presents the results of the compari-
sons of eight cluster analytic solutions with the
criterion WTG structure. As shown, the judg-
ment matrix yielded a solution containing only
two misplaced jobs vis-a-vis the WTG structure,
whereas the cosine and correlation matrices pro-
duced solutions containing seven and eight mis-
placements, respectively. The number of mis-
placements in the remaining solutions ranged
from 13 with PO to 25 with AO.

Discussion

Of the seven proximity measures compared in
this study, correlation, cosine, and PO clearly
produced the best results in relation to the crite-
rion @) proximity matrix. The proximity ma-
trices based on these three measures correlated
most highly and about equally with the pairwise
similarity judgment matrix. Moreover, these
three measures correlated more highly with each
other than with the remaining four indices. In-
terestingly, the D? index, used in the previously
cited study by Riccobono et al. (1975), correlated
lowest with the criterion matrix.

The same three indices—correlation, cosine,
and PO—also outperformed the remaining
proximity measures vis-d-vis the criterion

Downloaded from the Digital Conservancy at the University of Minnesota,
May be reproduced with no cost by students and faculty for academic use. Non-academic reproductlon
requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/



70 APPLIED PSYCHOLOGICAL MEASUREMENT

Table 3
Correlations Among Eight Matrices Containing
Different Job Proximity Measures

Proximity 5 —a

Measure D AND Cos r PO AO Jd
D2 .973 .613 .534 .633 452 -.276 .329
D .566 .435 .531 .639 ~.294 .235
AND .398 .389 .365 .124 .343
Cos .979 .954 .397 717
r .900 .248 . 702
PO .520 .700
AO .368
Note: The column and row designations, with the exception of J, are

defined in Table 2.

J represents the mean pairwise job similarity Jjudgment.

(WTG) cluster structure. Against this criterion,
however, PO misplaced more jobs than either
cosine or correlation, which performed about
equally well (with seven and eight misplace-
ments, respectively). AO misplaced the largest
number of jobs in this analysis, and the three
distance measures were tied for the next largest
number of misplacements.

That the pairwise judgment ) matrix pro-
duced the best cluster solution, with only two
misplacements in relation to the WTG struc-
ture, offers some ex post facto support for its use
as a criterion in the first comparative analysis.
This result suggests that overall similarity judg-
ments of jobs may be more valid than job simi-
larities determined from profile associations.
There is the possibility, however, that the judges’
pairwise similarity ratings were influenced by
some common (though not necessarily valid)
conception of job similarity, which also in-
fluenced the formation of the WTGs. This
shared implicit consensus of job similarity, if it
exists, would tend to produce a cluster structure
more closely correspondent to the WTGs than
would be the case with cluster structures based
on profile associations. It should also be noted
that the relatively small sample of jobs in this
study probably approaches a practical limit for

pairwise similarity judgments. In comparison,
the numerical profile offers large-sample clus-
tering capability and provides a basis for inter-
preting a cluster structure after it has been de-
rived.

The results of this study are in general confor-
mance with the predictions. As anticipated, cor-
relation and cosine, the measures least affected
by monotonic transformations of score profiles,
performed best in relation to the two criteria,
whereas the measures most sensitive to such
transformations, the distance and AO indices,
performed worst. PO, a measure whose sensi-
tivity to monotonic profile changes falls some-
where between the above-mentioned extremes,
also fell between the extremes in performance.
Contrary to expectations, removing the in-
fluence of paired zero scores from Euclidean dis-
tance (with the AND index) did not improve that
measure’s performance.

It seems likely that interrater differences in
the profile data reduced the effectiveness of the
distance measures to a considerably greater ex-
tent than that of the angular measures. Since
different jobs were rated by different analysts,
any individual differences in adaptation level
and rating dispersion would have been
confounded with the true level and scatter com-
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Table 4
Numbers of Misplaced Jobs in Eight Cluster Analytic Solutions
Vis-a-vis the Criterion Worker-Trait-Group Structure

Proximity measure employed

Number misplaced

Euclidean distance 15
Squared Euclidean distance 15
Average non-zero distance 15
Cosine 7
Product-moment correlation 8
Percent overlap 13
Absolute overlap 25
Mean pairwise job similarity judgment 2

ponents in the profile data. To the extent that
this effect occurred, it could be expected to dis-
tort profile association indices that are sensitive
to the level and scatter parameters. In such
cases, it might prove desirable to exclude these
two components from the measure of job prox-
imity.

This study clearly demonstrates the impor-
tance of the choice of a profile association mea-
sure in cluster analysis. The researcher should
be especially cautious when clustering entities
that have been rated by different judges. Such
situations occur with some frequency and in-
volve a variety of rated stimuli (e.g., jobs, ob-
jects, people, and oneself). Under these circum-
stances, it might be advisable to try out more
than one alternative association measure in clus-
ter analyzing a set of profile data. Apropos this
suggestion, Skinner (1978) presents a model for
differentiating the contributions of elevation,
scatter, and shape in profile similarity. Skinner’s
procedure allows the investigator to *...run
several analyses on the same entities, highlight-
ing alternative aspects of profile resemblance”’
(p. 307). The results of these analyses can then
be compared for clarity and stability.
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