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Procedure as a Means or inteing
All Evidences of Ability to e 1eet
Educational or Job Requirements

APCA Convention - April 8, 196a

Ernest S. Primoff
Personnel Measurement Research and Dcvelopmnnt Cen er

United States Civil Service Commission
Washington, D. C.

My early work with the J-Coefficient and Job-Element procedure is described
in the enclosed paper by Dr. Maslow, "Summary of Paper on Job Analysis
Techniques Presented at the Personnel Selection Institute, Public Personnel
Association, Chicago, Illinois, October 1956." You will find additional
information in Lawshe and lialma, Principles of Personneljestin2. (second ed.)
McGraw Hill 1966, pages 255-257, 271, 292-293, and in additional references
given there.

One feature of the Job-Element procedure is the J-Coefficient. This co-
efficient, as explained in the above citations, is a means of determining
the validity of a test for a position on the basis of (1) the Beta wht3
for predicting test scores from F4 set of elements and (2) estimates of
importance of each element in the particular job.

015 Another feature in the Job-Element procedure is the J-Scale, in which elements
of ability, knowledge, skill or personal characteristics are selected for a
particular job, on the basis of their amenability to valid tating when exam-
iners evaluate experience, training, education, etc., as well as tests.
An early application of the J-Scale method is shown in "Application of job
Element J-Scale Method to Job Analysis and Selection of Inspectors',"' a coPY
of which is enclosed. (The present J-Scale formula represents an improvement
over the one shown in this paper.) The rativg scale for Element 2, Ability
to Learn to Make Acceptable Inspection Reports, on page 8 of bhi5 enclosure,

(r) shows how test and other evidences are used to evaluate an element.
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The purpose or my presentation at the A2GA Convention was to show some of

the latest work I have been doing in the Job--Llement procedure which is

especially appropriate when dealing with deprived groups. Although my first

studies in this work had been with jobs, for this presentation I used high

school data in order to show the application for scholastic counselinz.

In the J-Coefficient procedure, Beta weights are deterrdned for each of a

set of elements to predict a test score. The sum of products of these Beta
weights times correlations of elements with job (by definition proPortional

to importance of element in job) i equal to the validity coefficiEnt when
here are enough elements to completely determine test (that is, when multiple

of test score on elements is unity)..

In.the J-Scale procedure, when only a small number of elementE, are used,
there are not enough elements to completely determine a test score. In this

case, Betas may be divided by R, assuming that the part of the variance that
is in a test, but not in the elements, is similar to the part of the variance

that is in the elements.

Table 1 in the handout shows the test weights (Beta/R) for each of five
elements to predict certain tests. For example, the Paper Zorc, ooare is
made up of about .25 x Knowledge of mechanic's tools and machines, .20 x interest

in reading written material, .06 x Understanding mechanical devices, .24 x

Education, and .66 x Trades Interest. In examining practice, several evidences
are used to measure each element; however, for the purpose of this presentation,
only one evidence was used for each element, as shown in Table 1.

This type of analysis is more meaningful than the usual factor analysis because

it is in terms of real elements that are defined in advance in terms of the

specific evidences that are most appropriate for the domain, and can actually

bemeasured for each subject. In orthogonal factor analysis, the factors are
not defined in advance of the study, and the scores of each subject on each

factor can be estimated only roughly. The basic difference between elements
in the Job-Element procedure and factors in orthogonal factor analysis is that

the elements are expected to be related (i.e., not independent). This is

an advantage, since real abilities tend to have fairly high 1:-.;,ercorrelations.
Because elements are not independent, Beta weights have to be used instead of

simple correlations. Intercorrelations are SUMS of products of Beta weights
times correlations, rather than correlations times correlations as in orthog-

onal factor analysis.

Since J-Coefficients are sums of produ ts of Betas and r's, the geometric
form for an element involves two axes, with Betas to predict tests on one
axis and correlations with tests on the other axis. Chart 1 shows the geometric
form for one elementKnowledge of mechanic's tools and machines. (The J-Co-
efficient formula is the generalized formula for elements or factors, regard-
less of whether the elements are independent or not. In orthogonal factor



analysis, r's and Betas are equal because fc-cters have zero intercorrelations,

and so there is no distinction between r's and Betas.

J-Coefficients can be calculated hetee t.'7o tests by summing t.he products

of ,eta times r on the elements. These J-Coefficients represent that p;krt
of the test intercorrelations that is related to the elerrents. (Actually

those are two J-Coefficients, c,reF. for Beta of Tet A tires r of Test B,
and one for Beta of Test B times r of Test A. A si.rele coefficiet can tn
be achieved by takinz the geometric mean of the two.)

Table 2 shows the .7-Coefficient (covuted from the Beta wcights shown in

TabIe 1 and the correlations of the tests with the elements). ?ne correlation

between JeCoets and actual intercorrelations of the tests

The greatest discrepancy is for intercorrelation of Stenquist 1 and Stonquist
2, because these tests include a com;-eon factor that is not in the elements

and therefore would not affect the J-Coefficient. The comrlon factor probably

hns to do with the fact th-t t e same author produced both tear.s for a.very

similar purpose, so that tiese two tests have in common some very specific

test variance.

Snee the element weights are Betas, and since pupils have been given actual
ri_:tings in each element, "synthetic" test scores can be obtained by applying

the 5eta/li weight to standardized element ratings. Table 3 shows the synthetic
test scores and the actual test scores on the Otis. The formula for this

synthetic test score is given in Table 4. For some pupils, the synthetic
test score and the actual Otis score are quite close; for example, the synthetic

score for pupil No. 1 is 33 and the actual score is 32. (See note on page 4.)

On the other hand, for some pupils the synthetic score is higher. For example,

pupil No. 19 gets a synthetic score of 40, and an actual score of 29. Since

the synthetic score is based on abilities, it is likely to be more representa-

tive of academic g.ade than the Otis score if the pupil has difficulty taking

tests. In the case of this particular pupil, where the synthetic sr,:ore was
40, while the actual Otis score was only 29, the academic high school grade

was 4.0, very high. ,There were a number of pupilS, en the o:her hand, like

pupil No. 21, who have higher Otis Scores than synthetic scores. These pupils

were usually a year or more younger than the class and probably had not had
an opportunity to demonstrate ability. on elements such as in Table 1, but were
able to demonstrate potential in the actual Otis test. Thus, pupil No. 21
who got 45 on the actual Otis and only 28 on the synthetic test, also got
4.0 in academic grade.

In civil service practice, it would probably be necessary to count the higher
of the two scores--the synthetic score or the actual score. Fer dounseling
purposes information available to the counselor could be used to indicate to

him which score is more meaningful in an individual case.

*when all intercorrelations are included: r12 r13 .... and r21 r31 etc.
In the tablem, r's that would be under the diagonal of a matrix are not
given.



A final aspect mentioned in the presentation was the use of a J-Coefe7le:'.0
analysis in determining elements present in a test but not in a job sivaticin.
Often, such an element may discriminate against certain racial or social
eroups, and it is useful to be able to put the statistical microscope over
a test to eliminate certain unnecessary elements. One exaple cited was an
arithmetic test where the Lest included content obviously requiring memory,
but where memory as measured in the test had no Beta wciht on 71mory required
by jobs. By decreasing the content of memory from the arithmetic test, a
test was developed which can "pass" applicants from depr::_ved groups who can
take an apprentice training course but who coulo not pass the orir,inal
arithmetic test.

It is emphasized that the data used for the presentation were selected
because they were available to illustrate a procedure. In practice, it would
be necessary to use the most appropriate elements for any particular situation.

Note: Before calculating synthetic scores, elements with neg, weights
for an ability test are eliminated for that test, and beta weights
are recomputed, since logically abilities should be additive positively
in any test. Thus, Element I was eliminated before synthetic scores
were computed for the Otis st.

7.
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Table 1

Tet dcichts (F.:;et/11)

(Based on data for Jol-.ian junior
High School pupils r,rted in
ftter4on, IL 0"
Andersonl, 1, D., Toops, H, A.v and
Heidbz.eder, Edna, (19M Minneapolis
mechanical ability tes Univ, of
Minn Preaz,)

LL tt:fl T.: 4

Knouledgre of iter.hanicls
tools and, machines (Evidence--
Quality >f shop work)

in.sfest in '.reMing written
material (EvideTi,ce-Literar
interest blank)

Understanding metthanical
devices (EvidenoeReported
experience in mechanical
operations)

Education (L. .:1.nce--Academ1c 24142 0399
grades)

Trades Interest (Evidence--
Trades interest blank) 65.,71 1-93

Paper Minn,; Sten uist Minn,
Fcrm Spati Pic, I IpT6, 2 Assem.
Bi,ard

2h67 4930 1 3538 6461 1 7309 -2h18

0ti5 Asthan,
Ment,A. Tut' Test

J389

-1040 2264 2,606

4011 1196

-1656 7486 6566

2034 5069 3080

1955 n".:; -4059

0586 0483 5427

070

3021

1191 4716

3491 -2062
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Table 2

Testa

J-C fficients Compared With Actual Test

-Coef

Intercorrelations

Actual Correlatio

Pa. Fm. Bd.

Mech. Inf, 58 57
Minn Sp 63 63

Stenq 1 33 37
Stenq 2 36 30

Minn Assem 48 49
otis 54 56

Mech. Inf,

48 40Minn Sp
Stenq 1
Stenq 2

33
43

35
314

Minn Assem 41 35
otis

nnSa
58 68

Stenq 1 36 42
Stenq 2 33 39
Minn Assem 54 56
Otis 40 23

Stenctl

Stenq 2 23 54
Minn Ase 42 46
Otis 20 11

Stenq 2

Minn Assem 35 40
Otis 32 21

Minn Assem

22 13

Correlation between J-Coefficien s and actual correlation coefficients .9914
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