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ABSTRACT ,

Ergometrics, the application of psychometric
principles and procedures to the study of human work, draws from
theories and principles of human behavior as well as from established
procedures in psychological measurement and job analysis. The project
described employs ergometrics to describe, compare, and group
occupations for educational purposes. An Occupation Analysis
- Inventory (OAI) was generated containing 622 work elements
(descriptions of activities and conditions). Ratings on the work
elements were obtained by relevance to 103 defined human attributes
(resulting in attribute-requirement weights). The OAI work elements
were then correlated and subjected to factor analysis. Five test
batteries and inventories measuring various abilities, imnterests,
needs and satisfaction were used to discover relationships between
these variables and measurable behavioral potentials. Clusters of
occupations were found to be discriminable and significaunt
cross-validated multiple correlations between OAI factor scores and
aptitude test scores were obtained. Other findings also indicate that
a meaningful and potentijally useful set of occupatlonal descriptors
has been developed and validated.  (MS)
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PREFACE

/
/ -

This'paper was originally prepared for the symposium "Directions

in Work Analysis," iL. R. Taylor, chairman, ﬁresented at the 80th Annual

Convention of the American Psychologicgl Associagio;‘heldlin Honolulu,
Hawaii, in September, 1972, )

The Center wishes to thank Dr. Cunningham for making this presen-
tation availableﬂfor publica.tion° It is a concise description of the'
Center's work in the area of ergometrics.

' /

The author and the Center a;so express appreciatlon to Mrs. Sue
King for editing the draft of this paper, toIMrs.“joyce Pollard for
typing the manuscript, and to the entipe Center technical'and clerical
staff for their contributions to the publications of this paper.

John K, Coster
Director )
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Background and Purpose

The project 1 shall describe is supported by the Center for

Occupational Education at North Carolina State University and is di-

.

Qected toward the problem of establishing structure and content in

occqpationally related education. There has existed for some time in
this field the need for a systematic_b§§is for gathering and organiz-
ing information from the wprk domain that can be used for such educa-
tional purposes as curriculum development and evaluation, occupational
guidance and pla;emenﬁ, and occupafionally related test dgvelopﬁeqtf

Some sf us at the Center felt that thé existing technology in

\

lar interest to us was the potential application of the psychoﬁétric
approach to wérk analysis, which can be traced as far back as Viteles'
job psychograph and which has seen its most recent development in such
efforts as E. J. McCormick's worker:oriented approach, the task-
inventory approach of the U. S. Air Force, and the worker—fuﬁction
approach of the U. S. Training and Employment Service. The term we
have coined to apply to the psychometric approach to work analysis is

1 The field of ergometrics, as we conceive it, draws

“ergometrics."
from theories and principles of human behavior, as well as from

established procedures in psychological measurement and job analysis.

-

IThe application of psychomeﬁric principles and procedures to the
study of human work.



The purpose of the project I am réporting is to apply the pro-
cedures and concepts of ergometrics-—-particularly those of McCormick

and his associates-~in the development of a system f%r describing, com-

paring, and grouping occupations for educational purposes.

Instrument Development

‘The first phase of our projéct involved the development of thé
Occupation Analysis Inventory, which contains 622 work elements (or
descriptions of work activities and conditions) on which jobs and occu-
pations are rated. Although the Ocqupafion Analysis Inventory {or OAIL)
empioys several rétiné\scales, a six—point significancg—to—the—job
scale is most frequently used. The OAI wor& elements were generated
within the broad framework of dn information processing paradigm;‘ The
five labeled components of this paradigm defined the major categories
of the OAI, and these major categories were subdivided aceordi;é té

selected conceptual frameworks pertaining to human behavior and work

technology. The work elements were constructed within. the subcategorieé.

WORK CONTEXT

, Information Mental Work ?Zzi gg:isto
Received 1 Activities r’b Behaviors | ¥ par
outcomes)
4+ .
\_'

Figure J. Paradigm for the Ocdupation Analysis Inventory (OAI)



Procedures and Results

-

The basic data in our project were obtained from two independent
sets of ratings on the work elements in the Occupatioﬁ Analysis Inven-~
tory.

The first set of data consisted of ratings of the relevance:of

: ey

103 defined human attributes to each of the 622 OAL work elements. The

human attributes fell into the six categories shown in Figure 2. ,Ten
|

advanced graduate students rated éach OA1 work element on its require-
ment for each of the 103 attributes; these ratings were then averaged
across~fhe judges, yielding a-profile of mean attributé—requirement
weights for éach work element. The resulting attribute-requirement

weights are presented by the entries in Matrix A (see Figure 3).

CATEGORIES OF HUMAN ATTRIBUTES
GENERAL VOCATIONAL CAPABILITIES
CoGNITIVE ABILITIES '
PsycHomoToR ABILITIES
SENSORY CAPACITIES
INTERESTS |
NEEDS " | Lo

Figure 2,

o
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1,1 21,103

ATTRIBUTE-REQUIREMENT
OAI Work

WEIGHTS FOR THE OAI
ELEMENTS

1
I MATRIX A
: WORK ELEMENTS

622 %622,1 8622,103

= Figure 3.

A ‘second set of data consisted of the ratings of 800 occupations
on the OAI by pfofessional jobranalysts and.experienced graduate students.
These are depicted by Matrix B, where éach entry represents the réting of
an occupation on‘an OAI work element (see Figure 4). The ratings were
basgd on written job analysis schedules obtained from the U. S. Training
and Employment Service,

The next step in our project involved the derivation of attribute=~
requirement estimates for occupatiéns, following McCormick's "synthetic"
(or'jgﬁ component) .procedure. _Essentially, this step consisted of the

multiplication of the two data matrices just desbrlbgd (see Figure 5).

. Matrix A in Figure 5 represents the attribute-requirement weights for

" the 622 OAI work elements, and Matrix B represents the OAI ratings of




800 occupations. Each entry in Matrix C, the product matrix, represents
an attribute-requirment estimate for an.occupation. These attribute-

requirement estimates were standardized and were found to have adequate

inter"raXer reliabilities, The median reliability, based on two, OAI

v

ratings of a sample of 215 occupations, was .88.:

OCCUPATIONS
ll 1 [] ] ] ] ] [] ] [] ] ] ] ] [] ] ] ] ] ] ] ] ] ] [N |'&D
:.l 1,1 1,800
s, — .
- 0A] Work . | ]
c o MATRIX B :
LEMENTS .
v OAl RATINGS -OF
! 800 OCCUPATIONS
622 | 622,1 : . T622,800

Figure 4.
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Figure 5,
6
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The two basic data matrices were also subjected to factor analysis.
f -
In the case of Matrix B, the OAI work elements were intercorrelated based
. A
on the occupation ratings, and the resulting correlations were used in

factor analyzing seven separate sections of the OAI {(see Figure 6).

- These seven énalyses produced 90 first-order factors which, in turn, were.

subjected to a factor analysis yielding 22 higher-order factors. The
second data base for facto; anaiysis consisted‘of the attribute-requirement
weights for the OAI elements, represented by Matrix A (see Figure 7). 1In
this insténce, the work elements were intercorrelated based on their
attribute-requirement profiles, and, with the exception of dne omitted
section of theNOAI, the previous factor analyses were repeated. These
analyses produced 77 first-order and 21 higher-order factors. For the
most part, our factors were meaningful, had adequate inter-rater relia-
biiities, and showed reasonable stability based on Tucker's coefficient
of congruence. For the first-order occupation-rating factors, thé median
reliability, based on two OAI ratings of a samﬁle of 215 occupations,

was |,82. The median.éoefficient of congruence for the first-order
occupation-rating factors was .72, and for the fiist-ordeg attribute-
rating factors,l.86.

Based on our results, we were able to describe occupations in two
ways: (1) in terms of their estimated requifements for defined human
attributes for which there are tests and (2) in terms of their scores on
factors representing different types of work activities and conditions.
In addition, we could say that whatever we Qere measuring with these

variables could be measured with reasonable precision.
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Having accomplished this, we proceeded with an attempt to ,

establish some degree of construct vélidity for our two sets of occu-
pational descriptors. Our rationale was that if 'the 0AI attribu£e

- requirements and factors are actually relevant to human beha%ior, then
it should be possible to demonétrate significant relationships between
these variables and the behavioral potentials measured by selected

’

tests. For this purpose, we chos? five test batteries and inven?ories
measuging vérious aBEIEties, interests, needs, and satisfactions ({see
Figure 8). Test data were either collected or located on incumbents or @
graduate trainees in different occupa;ions; and these occupations were
rated on the OAIL. In our validation analyses, the OAI factor scores

and attribute—requirement estimates for ocbupations served as ghe in-

dependent (or predictor) variables, and the test and inventory scores

of persons in the occupations served as the dependent variables.

TESTS AID IWVENTORIES
GENERAL VocATIONAL CAPABILITY TESTS

- GENERAL APTITUDE TEST BATTERY
OH1o VOCATIONAL INTEREST SURVEY
MINNESOTA IMPORTANCE QUESTIONNAIRE (NEEDS)
MINNESOTA SATISFACTION QUESTIONNAIRE

Figure 8. Tests and inventories used in validating the
OAI ’

!

Here is a brief summary of our results (see Table 1). Using the

.

, ‘ ; i
OAI factors as independent variables, we found that clusters of occupa-

tions with similar factor-score profiles were significantly discriminable
(by analysis of variance) in terms of the various test and inventory

10
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scores of persons in these Bccupations, For examples, ,0f the 60 anaiyses
involving clusters based on first-order occupation-rating factors, 52
significant dealues were obtained. In addition, we obtained signifi-
cant cross-validated multiple correlations between the OAI factor scores
for z sample of occupations and the average aptitude test scores of
incumbents in these occupations. The median cross-validated multiple R
for the second-order occupation-rating factors was .59. '

In validating the OAI attyibute-requirement estimates, we found
significant~corre}ations between the estimated requirements of oécupa—
tions for various aptitudes and iﬁterests and the avérage scores of job
incumbents on corresponding tests énd inventory scales. The median cor-
relation. for aptitudes ‘was .62 and, for interests, .39. We also
establishéd significant relationships (by analysis of variance) between
the estimated requirements of occupations for eight general voc;tional

1

capabilities and the general vocational capability test scores of per=
sons . trained for the ochpations:” In this instance, seven of the eight
analyses yielaed significant F values. Finally, we were able to demon-
strate (again, by analysis of.variance) some reiationships between the
VAL eéﬁ?ﬁates for occupations on 15 different need dimenéions.and the

scores of incumbents on corresponding satisfaction scales. Significant

F values were obtained for 10 of the 15 need dimensions tested.
v Conclusion

In conclusion, we feel that we have developed a meaningful and
potentially useful set of occupational descriptors, and that we have

provided some evidence for their validity.

o . : 12
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Vur immediate plans call for repeating the factor analyses of the
OAI based on a cumulative sample of 1400 occupations. We will then use
these facFors as a basis for clustering the occupations,

It'is our hope that the resulting factor aﬁd occupational clus-

3

ter structures will prove useful in the areas of curriculum analysis and

PRPOPENE

dévelopment, occupational guidance, and test development. For example,
avdf ﬁight prove feasible to develop curricula corresponding té various
occupational clusters. In this case, the curricular content would be
derived from descriptions of ;aské and conditions that occur in selected
occupations in each cluster and that are relevant to the important di-
. mensions in the cluster's work-factor profile. ‘In the occupational
guidance setting, the test-score profiles of individuals could be ccm-
pared with the attribute—requirement_gstimates of Qarious occupational
‘élusters, and indices of ﬁfof&le congruence could be'computed. More-~
over, the factqr—scors profiles and task descriptions for the occupa-
tional clusters might be translated into informétion that the counselee
could use in occupational exploration and decision-making. Finally,
it would seem feaéible to develop tests énd inventories based 6n the

systematically derived work factors and occupational clusters. Examples

Ks

might include interest scales énd general qccupational capability tests

based on the work factors (or dimensions), and occupational awareness

(information) and proficiency tests based on the cccupational clusters.
We are encouraged by our findings to date and are formulating

long-range development plans in some of the areas just mentioned.

13
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