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NOTICE

The American Institutes for Research, Washington, D.C, and its subcontractors
Personnel Decisions Research Institutes, Inc., Management Research Institute, Inc,
Jeanneret & Associates, Inc., Westat, Inc., and Policy Studies Associates, Inc., were awarded
a contract by the Utah Department of Employment Security, on behalf of the UsS.
Department of Labor (DOL), to develop an operational prototype for an occupational data
collection, analysis, and dissemination system that will demonstrate the feasibility of and
provide the foundation for creating an automated replacement for DOL’s current Dictionary

of Occupational Titles (DOT).

This report, submitted by The American Institutes for Research as a major
deliverable under this contract, describes the types of occupational information that will be
included in the prototype as well as the procedures used in their development. This "content
model" will provide the framework for continued development of the DOT replacement
system — O*NET, The Occupational Information Network. i

Because of the developmental nature of O*NET, the information presented in this
report should be considered as "work in progress” and subject to revision and refinement as
O*NET development continues. :



Acknowledgements

A large number of able people assisted us by providing valuable, insightful comments on
earlier drafts of this report; most notably:

Mike Campion, Purdue University, Technical Review Committee

Donna Dye, Department of Labor, Project Officer

Marilyn Gowing, Office of Personnel Management, Technical Review Committee
Anita Lancaster, Defense Manpower Data Center, Technical Review Committee
Kenneth Pearlman, AT&T, Technical Review Committee

Marilyn Silver, Aguirre International, Inc., Aguirre Project Director

Barbara Smith, State of Utah Occupational Analysis Field Center, Contract Monitor

Occupational Analysis field center staff also provided helpful feedback, both directly and
indirectly, during development of the content for this report. George Wheaton, Ruth Childs,
Neal Thurman, and Jean King, at American Institutes for Research, very capably conducted
the final editorial and production effort. '

’Finally, we wish to thank all the chaptér authors for their diligerice and patience in carefully
considering the comments from all quarters. B

Norman G. Peterson, American Institutes Jor Research, Project Director




Development of Prototype
Occupational Information System:
Content Model
Table of Contents

VOLUME I: REPORT

Eage

Execut'ive Summary . ..... .......... e .... ES-
Chapter 1: Introduction .................. e I-1

Michael D. Mumford

Nomman G. Peterson

American Institutes for Research
Chapter 2: Content Model ................. ... ... 2-1

Michael D. Mumford

Norman G. Peterson

American Institutes for Research
SECTION I: WORKER REQUIREMENTS
Introduction ............... e e e e I-i
Chapter 3: Skills . . . .. .. B 3-1

Michael D. Mumford
Norman G. Peterson
American Institutes for Research




Table of Contents

Eage

Chapter 4: Knowledges ......................... 4-1

Edwin A. Fleishman

Dav:d P. Costanza

Leon 1. Wetrogan,

Charles E. Uhlman

Joarne C. Marshall-Mies

Management Research Institute, Inc.
Chapter 5: Education ............... ... ... ... 5-1

Lance Anderson
American Institutes for Research

SECTION II: OCCUPATIONAL REQUIREMENTS

Introduction . . ... ... . II-i

Chapter 6: Generalized Work Activities .............. 6-1
P. Richard Jeanneret
Jeanneret & Associates, Inc.
Walter C. Borman
Personnel Decisions Research Institute, Inc.

Chapter 7: Work Context . .......... e 7-1
S. Morton McPhail
Barry R. Blakley
Mark H. Strong
Tonya J. Collings
P. Richard Jeanneret
Laura Galarza
Jeanneret & Associates, Inc.

it



Table of Contents

Page

Chapter 8: Organizational Context . .. ............... 8-1
Sharon Arad
Rob Schneider
Mary Ann Hanson
Personnel Decisions Research Institute, Inc.

SECTION III: EXPERIENCE REQUIREMENTS

Introduction . . ...................... ... e III-i

Chapter 9: Training, Experience, and Licensure . ........ 9-1
Lance Anderson
American Institutes for Research

SECTION IV: WORKER CHARA CTERISTICS
Introduction . . ................ e IV-i

Chapter 10: Abilities . ......................... 10-1
Edwin A. Fleishman
Leor: L Wctrogah-
Charles E. Uhlman
~ Joanne C. Marshall-Mies
Management Research Institute, Inc.

Chapter 11: Occupatioﬁal Values.and Interests ........ 11-1
- Christopher E. Sager
American Institutes for Research

i



Table of Contents

Page

Chapter 12: Work Styles ................. .. .. .. 12-1
Walter C. Borman
Amy Schwartz McKee
Robert J. Schneider
Personnel Decisions Research Institute, Inc.

SECTION V: OCCUPATION CHARACTERISTICS

Introduction .. ........ ... ... . V-i

Chapter 13: Occupation Characteristics ............ . 13-1
Lloyd Feldman
Frank Bennici
Regina Yudd
Westat, Inc.

SECTION VI: OCCUPATION-SPECIFIC REQUIREMENTS
Introduction . .. ...... ... ... ... ... ... ... .. .. VI
Chapter 14: Procedures for Colleciing Occupation-spec_ific

Information . ... .. .. e e 14-1

Michael D. Mumford
American Institutes for Research

iv

i0




Table of Contents

Page
SECTION VII: CONCLUSIONS
Introduction . . ... ... ... ... ... ... ... ..., VII-i
Chapter 15: Conclusions . ...................... 15-1

Michael D. Mumford
American Institutes for Research

11




Table of Contents

VOLUME II: APPENDICES

Appendix A:
Appendix B:

Appendix C:

Appendix D:
Appendix E:
Appendix F:
Appendix G:

Appendix H:

Page
Skills Questionnaire ............ .. . . A-i
Knowledges Questionnaire ... ... . . . . B-i

Training, Education, Licensure, and Expen’enée

Questionnaire . .. ... .. e e C-i
Generalized Work ActiVi'tiés:‘Queé‘t'ionnaire .. DA
Work Context Questionnaire . . ....... . ... E-i
Organizational Context Questionnaire . . . . .. F-i
Abilities Questionnaire ........ . . . . . G-i
Occupational Values Questionnaire ........ H-i
Work Styles Questionnaire . .......... ... . I

vi

12



Executive Summary

The world of work is changing. These changes in the nature of work have created a host of
problems for government, industry, and workers. Government wonders what skills should be -
developed to ensure citizens access to the high wage jobs of the future. Employers need to
know what skills must be developed to maintain a competitive edge. Workers wonder how
they can find jobs in an ever more dynamic economy.

To address these and a number of other concemns, the U.S. Department of Labor (DOL)
recently initiated a project intended to provide a comprehensive occupational information
system that would help government, industry, and workers cope with these new challenges.
The Secretary of Labor's Advisory Panel on the Dictionary of Occupational Titles (DOT;
DOL, 1993) described its vision of the new, comprehensive occupational information system
that would

promote the effective education, training, counseling, and employment of the
American work force . . . [provide] a database System that identifies, defines,
classxﬁes and descnb&s occupatlons in the economy in an accessxble and
flexible manner . . . [and] serve as a national benchmark that provides a
common lariguage for all users of occupatnonal information. (p. 6)

Development of any occupational information system must begin with identification of the
types of occupational information that will be collected to provide the framework of the
system. In this report, we describe the development of such a content model, specifying the
variables that will be considered in this new occupational information system. While the
current DOT (DOL, 1991) is based on descriptions of the tasks workers perform, the new

ES-i
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Executive Summary

occupational information system will incorporate a comprehensive description of worker and
job attributes. The new system will describe jobs at both cross-job and job-specific levels.
At the cross-job level, jobs will be described in terms of (a) person requirements (e.g., skills
and knowledges), (b) person characteristics (e.g., abilities and interests), (c) experience
requirements (e.g., training and licensure), (d) job requirements (e.g., generalized work
activities and organizational context), and (e) labor market characteristics (e.g., pay and
openings). At the job-specific level, these cross-job variables can be used to organize job-
specific d’escripﬁve data (e.g., tasks, occupation-specific skills) to create a common language
framework. :

In Chapters 3 to 13 of this report, the specific variables that might be used to describe jobs
are presented. These variables are systematically taxonomized, based on the available _
psychological and job analytic literature. Nine questionnaires, developed to systematically
measure the variables in these taxonomies, are presented in the appendices. These
questionnaires will be used to accurately and cost-effectively collect occupational information
from job incumbents and representatives for the organizations in which they work. After the.
system is created, the questionnaires will continue providing the necessary occupational data
to allow the system to dynamically expand as new jobs are created.

In addition to describing the key components of the content model, the report addresses a
number of other issues bearing on application of the content model. For example, procedures
are presented which show how the cross-job variables have been used to organize job-specific
descriptive data. ' '

In the final chapter of this report, some general issues related to the form and substance of the
content model are considered and the next steps needed to develop a working prototype of
O*Net are indicated. V

ES-ii
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Chapter 1

Introduction

Michael D. Mumford
Norman G. Peterson
American Institutes for Research

The world of work is changing. These changes in the nature of work have been described by
a number of commentators. Some scholars, Drucker (1994) and Reich (1992) for example,
argue that the kind of jobs found in tomorrow’s economy will be different from those that

- characterized American industry over the last half century. Other scholars note the changes
occurring in employment patterns and wonder how people will adapt to the changing nature
of employment opportunities. Still other scholars take the position that jobs as we know them
may represent a dated view of work in the dynamic labor market of the twenty-first century.

These kinds of fundamental changes in the nature and conditions of employment pose a host
of new questions. Workers wonder how they can find jobs that will capitalize on their prior
training and experience. Employers wonder what skills they should seek to develop in their
work force to maintain a competitive edge. Policymakers wonder what kinds of capacitiés
must be developed in our children to promote access to high wage, high skill, and self-
fulfilling jobs. ' '

To answer these questions, one must be able to describe occupations. The intent of this report
is to provide a framework for describing jobs as we move into the twenty-first century. The
report begins by examining the forces which gave‘rise’ to the need for a new descriptive
system. In Chapter 2, we provide an overview of the proposed system and a justification for
the general types of descriptors being employed.” In the later chapters we examine in some
‘detail the specific variables being in_cluded-in each part of the descriptive model, drawing
from prior research and extant theory to justify inclusion of these variables in a

' comprehensi\}e Occupational Information Network (O*NET).

1-1
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Chapter 1: Introduction

Background Considerations

The Dictionary of Occupational Titles. The present effort does not represent the first attempt
to create a comprehensive system for describing occupations. Beginning in the 1930s, the
United States Department of Labor initiated an ongoing effort intended to provide a
comprehensive description of all occupations in the labor force. The result of this work is the
current version of the Dictionary of Occupational Titles (DOT; U.S. Department of Labor,
1991) which provides descriptive information for more than 10,000 distinct occupations.

A variety of procedures has been used over the last fifty years to obtain the occupation
descriptions needed for the DOT. Although procedures have changed with time, the most
common approach relies on the skills of job analysts. Essentially, one or two job analysts
will interview and observe incumbents at one or more sites. This information, primarily
qualitative in nature, is then used by the analysts to identify the tasks and duties performed on
the job. The task data and other available qualitative information are then used to draw
inferences about the levels of job demands and required vocational preparation.

In providing a comprehensive description of the tasks performed in multiple occupations, the
DOT provides the kind of basic descriptive data needed to answer a number of questions
about occupations. For example, the Social Security Administration uses information
contained in the DOT to help case workers assess disabilities. The Immigration and
Naturalization Service uses DOT information to make decisions about visas and immigration.

Use of the DOT, however, has not been limited to'the kind of policy questions mentioned
above. One of the more important uses of the DOT is person-job matching. More
specifically, counselors use the descriptive information contained in the DOT and available
information about an individual's work history to draw conclusions about the kinds of
occupations for which that individual will be particularly well suited. Industry, on the other
hand, uses the descriptive data provided by the DOT when developing position descriptions,
making transfer decisions, and establishing wage and salary rates.

The APDOT Report. The Advisory Panel for the Dictionary of Occupational T itles
(APDOT), commissioned by the Secretary of Labor, was specifically tasked with identifying

18




Chaptér 1: Introduction

the limitations of the Dictionary of Occupational Titles and specifying the requirements for a
new, comprehensive occupational information system. Although the APDOT report (U.S.
Department of Labor, 1993) acknowledges the value of the information contained in the
current version of the DOT, it concludes that a number of issues not dealt with by the current
DOT need to be addressed in a truly comprehensive occupational information system.

The report notes that the framework underlying the current version of the DOT was more
appropriate for describing occupations in mass production industries than in the emerging
labor force of the twenty-first century. More specifically, occupations are described in terms
of the tasks being performed by people employed in a given occupation. Typically, these
tasks, and the information derived from them, are identified through job analysts' observations
of incumbents. No one would debate the need to describe the tasks performed in Speciﬂc
occupations. However, this focus on job tasks, and the procedures used to collect this
descriptive information, lead to a number of problems. : '

One problem is that the DOT is based on analysts' descriptions of job tasks. These tasks

have been defined in different ways, at different levels of generélity. Because description is
primarily based on occupation-specific information, it becomes difficult to organize the
resulting information and make cross-job comparisons. Furthermore, because of differences in "
the nature and level of available task data, it becomes difficult to demonstrate the
comparability of inferences being drawn from the data conceming other attributes, such as the
level of job demands or required vocational preparation. As Campbell (1993) points out, it is
open to question whether this kind of occupation-specific descriptive information can be used
to classify jobs and- draw conclusions about similarities and differences in performance
requirements. S

A second problem is related to the first by virtue of the fact that the DOT is fundamentally
based on one kind of descriptive information — the tasks workers perform on their jobs.

. Although task information is an essential component of any truly comprehensive occupational
information system, many other types of information that might be used to describe
occupations are not currently included in the DOT. For example, information bearing on the

interests, knowledges, skills, and abilities needed to perform job tasks is not directly collected.
Such information may be crucial to answer questions inherent in person-job matching,
training, skill transfer, and wage and salary administration (Harvey, 1990; McCormick, 1976,

1-3
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Chapter 1: Introduction

1979). Not only does the current DOT fail to capture crucial information about person
requirements, but it also largely fails to generate information about the nature and conditions
of task performance. The DOT does provide information about work conditions, including
noise, temperature, and work schedule. However, it does not contain more complex types of
descriptive information, such as level of job stress, exposure to hazards, organizational
influences, or the conditions of task performance.

A third problem is the time and expense involved in updating descriptive information. An
adequate analysis of tasks requires a substantial investment of time. It is difficult to obtain
information about occupations quickly and to update this information when changes are
introduced in technology and patterns of employment. One consequence of the difficulties
inherent in collecting occupation-specific information using the current procedurés is that a
substantial portion of the information contained in the DOT at any given time is dated. This
problem will become even more pronounced if rapid changes occur in the labor force.

These deficiencies in the available descriptive information make it difficult to apply the DOT
to answer a number of questions about occupations. The problem is compounded by another

 characteristic of the DOT: information is presented as a set of discrete, qualitative

descriptions. While such a format is useful for a dictionary, it makes it difficult to link the
DOT with other databases, and limits the kinds of analyses that might be conducted. For
example, the current DOT would not permit rapid assessment of the skills required within a
job family, nor would it permit an analysis of how skill levels are related to pay rates in
different job families. Those questions can only be answered by linking information
contained in the DOT to other occupational databases.

The preceding observations give rise to a set of general conclusions echoed in the APDOT

- report. Based on the many varied applications of the current DOT, there is compelling need
- for a comprehensive occupational information system. It is open to question whether the

DOT, in its present form, provides the kind of integrated framework and comprehensive
descriptive system needed to address the current needs of government, ihdustry, and workers.
Like most first-generation systems, it suffers from a number of problems. Additional
problems occur because the procedures used to format and report data limit the value of the
DOT's descriptive information. Other problems arise from deficiencies in the particular kind

1-4
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Chapter 1: Introduction

of descriptive information being collected. Still others stem from the procedures used to
collect information for the DOT.

APDOT Recommendations. The APDOT not only considered the limitations of the DOT but
also formulated a set of recommendations for a new, more comprehensive, occupational
information system. Those recommendations began with a Statement of Purpose. According
to the APDOT report, a viable new occupational information system should

promote the effective education, training, counseling, and
employment of the American work force. The DOT should be
restructured to accomplish its purpose by providing a database
system that identifies, defines, classifies, and describes
occupations in the economy in an accessible and flexible
manner. Moreover, the DOT should serve as a national
benchmark that provides a common language for all users of
occupational information. (p. 6)

This general Statement of Purpose is noteworthy because it implies a number of requirements
for a viable new occupational information system. Broadly speaking, these requirements may
be subsumed under three general rubrics: content, structure, and data collection. In the
ensuing discussion, we will attempt to sketch out the central requirements in these three areas
with specific reference to their implications for a truly comprehensive occupational

_information system.

Content of the O*NET. Earlier we noted that the current DOT focuses on describing the
spgciﬁc' tasks perfom‘_ied in an occupation. As a consequence, the DOT represents an
OCcupétion-speciﬁé descriptive sy'stem'wh'ere each occupatibn is treated as a unique,
qualitatively different entity. The‘oécupaﬁon-speciﬁc focus makes it difficult to conduct
‘cross-occupation ‘comparisons and formulate general classifications of occupation. Because of
its focus on occupation-specific information, the current DOT cannot provide a common A

framework for describing occupations.

One major implication of these observations is that any new occupational information system
cannot be limited to occupation-specific information. Instead, information must be collected

1-5
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Chapter 1: Introduction

that allows occupation to be described in terms of more general, cross-job descriptors. Use
of these cross-occupation descriptors will permit information about specific occupations to be
organized in ways that facilitate communication and enhance integration of descriptive
information into broader structures.

‘A second implication has to do with the kinds of. cross-occupation descriptive information that
should be collected. As noted above, the new O*NET is intended to promote person-job
matching, training, and counseling. These applications require two different kinds of cross-
occupation descriptors. First, descriptors detailing the kind of work being done and the
conditions under which this work is being performed are needed to describe the nature of
requisite work activities. Second, it is necessary to consider the requirements these activities
impose on the people doing the work. Thus a complex, multivariate, descriptive system is
required that considers a variety of attributes of both the occupation and the worker. .

A third implication for the content of the new system stems from the intended applications of
the information. Many of the intended applications focus on the capacities the individual has
developed as a function of experience. Therefore, cross-occupation descriptors should
consider both attributes arising from experience, such as skills and expertise (Chi & Glaser,
1988; Halpern, 1994), and more basic attributes of the individual, such as abilities, interests,
and personality characteristics (Dawis, 1990; Snow & Lohman, 1984; Tyler, 1965), that
influence the development of more general performance capacities.

Structure of the O*NET. Recommendations made in the APDOT report have important
implications for the structure of the new system. Clearly, a comprehensive occupational

- information system should be able to answer a wide variety of queries, ranging from person-
job matching to the assessment of disabilities. The capacity to respond to the needs of many
different users imposes a number of structural requirements on the descriptive system.

First, different kinds of applications will require analyses at different levels of specificity.
Thus, for some purposes, the concern at hand may be the specific skills involved in a single
occupation. Other purposes, however, such as job matching and retraining, may require the
examination of skills at a broader cross-occupation level. This need for analyses at different
levels of specificity implies that descriptors should be hierarchically arranged.

- S 29




Chapter 1: Introduction

A second requisite structural characteristic is that the occupational information system be
accessible to people who have different backgrounds and who want to address different kinds
of issues. Further, a truly useful system would help integrate these different uses. For
example, person-job matching might be explicitly linked to training recommendations bearing
on the training or development of requisite skills. If the occupational information system is to
integrate responses to diverse queries, two requirements must be met. First, descriptors must
be phrased so that they are readily understandable by users with different backgrounds and
different concems. Second, the descriptors must provide a common language that will permit
users with different backgrounds and concems to integrate and interrelate their efforts.

Procedures used to collect requisite descriptive information. This is the third set of
recommendations found in the APDOT report. If the O*NET is to be of real lasting value,

the resulting descriptive information must provide for accurate and valid descriptions of work
characteristics and worker attributes. Accordingly, procedures must be developed that permit
effective measurement of a variety of different variables in a number of different work
environments.

Of course, any given attribute of occupations or the workers employed in those jobs might be
. measured in a number of different ways. For example, skills might be measured through self-
assessments, observations of performance on relevant tasks, or through direct measures of the
relevant skills. It is highly likely that different kinds of measures may be required to obtain
valid and reliable assessments of different kinds of attributes.

However, in selecting a measurement format, the reliability and validity of'the resulting
descriptive information are not the only concems. A viable occupational information system _

must also remain current. There is a clear-cut irﬁplicatidn here when one expects rapid '
chang_es in both oc;uphtions and the nature of work. A measurement system is required that

allows for rapid, cost-effective data collection.

To complicate matters further, in a rapidly changing workforce, a truly viable occupational
information system cannot rigidly focus on only well known, existing occupations. Instead, it
must be capable of identifying real occupations as they emerge in the workforce. The need
for a system capable of identifying new, emerging occupations implies that descriptions of
work and worker characteristics cannot be rigidly referenced to existing occupation titles.

1-7




Chapter 1: Introduction

Rather, descriptive information must be collected at a position level in such a way that
aggregation across positions will identify emerging occupations and occupational families.

Taxonomic Issues. The APDOT report establishes a set of criteria for evaluating any new
occupational information system. Ideally, a new occupational information system would
provide meaningful information about occupation in such a way that it permits users to
address the many questions posed by the APDOT report. How might one go about
developing a system that will allow users to address these many issues? The answer, as
mentioned earlier, lies in developing a common descriptive language.

The call for a common descriptive language, however, has a major implication. A viable
common language must provide for accurate, comprehensive descriptions of relevant variables
in a variety of domains, such as generalized work activities, work context, and characteristics
of workers. Thus, a taxonomic system of descriptors must be devised that provxdes for valid
and comprehensive description of both work and the worker.

A meaningful taxonomy essentially is a classification system. The purpose of classification is
to provide a set of categories or constructs that allows us to summarize information about a
set of objects by assigning objects to a smaller number of categories (Fleishman &
Quaintance, 1984). Because people work in a variety of different positions and these
positions might be described in a number of different ways, the development of a taxonomy is
an essential step in the development of an occupanonal information system based on a
common descriptive language.

Development of any taxonomy involves three major steps (Fleishman & Mumford 1991;
Owens & Schoenfeldt, 1979). First, the domain of objects to be described must be defined.
Second, a set of descriptors must be developed that allows us to assess the similarities and

- differences among all objects lying in this domain. Third, a set of rules must be developed

that allows us to group objects together on the basis of this descriptive information.

But a number of different classification systems are possible differing in the domains of

~ objects they examine, in the descriptors used to assess those objects, and in the decision used

to group objects. Such competing classification systems pose another problem. Specifically,
how does one determine whether one classification is superior to another? Traditionally, the

1-8
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Chapter 1: Introduction

answer has been that the most useful is chosen. Recently however, Fleishman and Mumford
(1991) proposed & broader set of criteria (based on construct validity) for evaluating different
classification systems (Cronbach, 1971; Landy, 1986; Messick, 1989, 1994 ).

Within this construct validation framework, the question at hand is whether the classification
will lead to more meaningful inferences about the likely behavior or characteristics of objects
than the inferences provided by competing classification methods. Evidence for the
meaningfulness of the inferences being derived from a classification might be obtained from
many sources. However, Fleishman and Mumford (1991) make a distinction between two
basic types of validity evidence — internal and external validity.

Internal validity. One kind of validity evidence, internal validity, pertains to the procedures
used in the dev'elopment-of the classification system. Essentially, this kind of evidence
examines whether the operational steps used in development of the taxonomy would lead one
to expect that the system would result in meaningful inferences. For example, one might ask
whether the descriptors in use represent variables likely to reliably differentiate objects within
the domain. A more important issue, of course, is whether the descriptors appear to provide a
comprehensive description of key differences among objects or provide meaningful
information 2bout characteristics of these objects — in the case at hand, occupations.

External validity. 'Extemal validation strategies represent a distinct set of inferential tests.
Explicit hypotheses are drawn about the implications of assignment to a category and, as the
. number, breadth, and depth of the confirmed inferences increase; evidence accrues for the
meaningfulness of the classification (Cronbach, 1971; James, Muliak & Brett, 1984; Landy,
1986). This evidence is most compelling when it is possible to construct and establish
‘meaningful theoretical relationships. '

The external validity of a classification represents the strongest evidence for the
meaningfulness of 2 taxonomic system. However, 2s Fleishman & Mumford (1991) point out,
one is unlikely to obtain adequate external validity evidence, and develop a classification that
allows one to draw the practical inferences of interest, unless one has first constructed a
system that displays adequate internal validity. Thus, the procedures used in developing the
content mode!, or the descriptors used to summarize information about occupations, lay the
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groundwork for subsequent assessment of the external validity of the occupational information
system.

Content Model Requirements

As discussed above, recommendations contained in the APDOT report have a number of
important implications for the procedures used to develop the new, comprehensive, O*NET.
Some of the more important ones will shape the substance and structure of the content model
that lies at the heart of the descriptive system. Below, we state some of the general
requirements for the content model. We discuss its formal development in Chapters 2
through 14.

Identifying the Domain of Interest. As we indicated earlier, the first step is to define the
domain of objects to be described by this system. At a superficial level, one might say the
domain is obvious — our concem is describing occupations. This definition of the domain,
however, becomes inadequate when it is recognized that occupations themselves represent a
classification we impose on work to summarize the activities of people at work. Further,
occupations might be defined at many different levels. For example, the job family, nursing,
might subsume a variety of oceupations such as nurse anesthesiologist. Thus, we arrive at a
fundamental question. Will the classification system be used to describe individual posmons
occupations, the activities of individual persons at work, the activities of groups of persons at
work, or the activities occurring in groups of occupations? Selection of positions as the
domain of objects to be described and classified best promotes flexibility in the occupational
information system and insures that the system is robust with respect to changes in labor
market characteristics. In our usage, positions refer to the work actlvmes performed by an
mdmdual as a function of his/her role in the orgamzanon

- Choosing Sets of Descriptors. If the domain of objects to be described and classified is
occupations, or activities performed by individuals at work, then the next question is how to
describe the activities occurring in these occupations. This question is important because the
descriptors selected will, to a large extent, determine the kind of classification that can be
constructed and the kind of inferences that can be drawn.
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_There is no one set of descriptors that provides an absolute, fully comprehensive description
of people's activities in an occupation. Occupations have been described in terms of several
different types of variables including: ability requirements (Fleishman, 1982; Fleishman &
Reilly, 1994), tasks (McCormick, 1979), and work characteristics (Harvey, 1990). Different
types of descriptors, of course, result in differences in the kind of questions the classification
system can be used to answer. For example, information about ability requirements is useful
when addressing selection issues; task information is particularly useful for performance
appraisal. Given the variety of questions the occupational information system will be asked
to address, it seems clear that multiple types of descriptive information must be collected.

The APDOT report and consideration of likely uses to which the information system would
be put suggest certain requisite characteristics for the descriptors. First, they must be cross-
occupation descriptors in the sense that they must be capable of being applied to people
working in a variety of occupations. Second, they must be capable of organizing and
integrating more occupatlon-specxﬁc types of information applying to limited subsets of
positions. Third, the descriptors must consider both the characteristics of the work and the
characteristics of the persons doing the work. Fourth, and finally, because many of the
questions likely to be addressed through the occupational information system bear on the
characteristics a person must develop to perform the work required by an occupation, some
attention must be given to descriptor domains such as skills, knowledges, and training,
reflecting developed performance capacities of the worker.

It is clear that multiple types of descriptors must be developed to ensure a comprehensive
description of occupation and to enable the resulting occupational information system to
address a vanety of questions. However, the quality of the descriptive information obtained

- from each type of descriptor w111 exert an equa.lly important influence on the kinds of
inferences that can be drawn concerning people s work and the kinds of questlons that can be
answered by the O*NET. Therefore, the procedures used to develop each type of descriptor
become of paramount concern. '

When selecting potentia.l”descriptors our ultimate concern is whether these variables will
provide a meaningful descnpnon of the similarities and differences among occupations. Thus,
the first step in developing a set of descriptors within a given area (e.g., work context, worker
skills) is to provide evidence that the key vanables have been identified. Specification of
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Chapter 1: Introduction

these variables might occur in one of two ways. Either available theory might be used to
specify relevant variables, or, alternatively, prior empirical findings might be used. Both
approaches provide some initial evidence that the right variables have been identified within
an area. Which approach is taken, however, will necessarily vary by area as a function of the
available research literature.

Although prior theoretical and empirical research provides the best basis for identifying
relevant descriptors within an area, a viable set of descriptors must meet a number of other
criteria. First, to promote flexible application of the system and ensure comprehensive
coverage of the relevant area, the variables should be placed in a broader theoretical
framework that enables them to be hierarchically organized. Second, each of the proposed
variables should be measurable using one or more measurement techniques (e.g., incumbent
ratings, analyst observations, interviews, or formal assessments). -Third, these variables should
be of demonstrated relevance in addressing the kinds of questions asked of, or inferences
likely to be drawn from, the occupational information system.

These criteria for selection of descriptors may seem surprising. Parsimony is not explicitly
stated as a criterion, although parsimony has been built into the system by arranging variables
in a hierarchical fashion. Similarly, issues bearing on the relationship of variables. across
descriptor types are not addressed, although it is recognized that the empirical reiationships
observed among variables in different areas might provide evidence of construct validity. For
example, one would expect skills to display strong relationships with both knowledges and
requirements for certain kinds of generalized work activities (Anderson, 1993; Kanfer &
Ackerman, 1989). Finally, although potential inferences must be considered, selection of
variables is not explicitly linked to any single potential application of the information system.

The reason for selecting descriptors in the manner described above is that such an approach is
- consistent with the broader construct validation framework being applied in developing the
~ content model. Essentially, the key issue in developing a content model within this construct
© validation fraxhewo_rk is that the descriptors can be justified on the basis of available theory
and research. Analysis of the available literature within a descriptor domain helps ensure '
comprehensiveness and identification of crucial influences on individuals' work activities and
performance. This literature-based, theoretical framework provides requisite internal validity
evidence. Also, the hypotheses implied by the theoretical framework, particularly cross-
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Chapter 1: Introduction

domain relationships, provide a basis for subsequent efforts to obtain further internal validity
evidence and to establish the external validity of the classification system. Finally, by
developing independent taxonomies for each domain specified in the content model, it
becomes pcssible for different users to apply different parts of the content model to address
different kinds of questions. Thus, the development of intenally consistent models within
domains should allow users to apply different windows in studying the world of work,
looking at skills as a unique set of variables, apart from abilities

In the following chapters we describe the particular variables examined in each descriptor area
and justify their selection within the construct validation framework sketched above. In each
chapter either an empirical or a theoretical justification will be provided for the descriptors
included in the taxonomy. Additionally, an approach to measuring these descriptors will be
proposed, which will provide reliable and valid descriptive information that can be obtained
using relatively low-cost information gathering techniques. Finally, some potential uses of
each taxonomy will be discussed. '

Before proceeding to the descriptor sets formulated in each area, however, we examine the
major areas for which descriptor sets were developed. This overview, presented in Chapter 2,
considers structural characteristics of the content model, including its use in organizing '
occupation-specific information, along with the kinds of questions that might be addressed by
an occupational information system based on such a content model. In the final chapter of
this report we consider the implications of a field test where this model was applied in
describing a set of occupations and discuss the implications of these field test results for
application of the measures derjved from the content model. -
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Content Model
Michael D. Mumford

Norman G. Peterson
American Institutes for Research

In this second chapter of the report, we propose a general structural model that is intended to
capture the major kinds of attributes that might be of interest to people when using the O*NET.
The model builds upon and extends the sound foundation provided by the APDOT content
model (U.S. Department of Labor, 1993). This extension of the APDOT model was developed
with two other considerations in mind. First, it was intended to provide a reasonably
comprehensive model capturing the major kinds of cross-occupation descriptors. Second, it was
developed with the express intent of providing a general descriptive system that might be used to
organize more specific information pertaining to particular sets of positions.

In the first major section of this chapter we examine the major types of variables needed in the
model. In the second major section we consider the model's key structural characteristics in
terms of potential applications of the model in organizing more speciﬁc types of descriptive
information. In the final main section of this chapter we consider certain general issues bearing
on assessment of the dxﬁerent kinds of variables included in the content model.

Content Model

Any attempt to develop a viable occupational information system must begin by identifying
cross-occupation descriptors. The APDOT report provides one model that might be used to
identify the kinds of variables that should be included in the content model. Figure 2-1 presents
the APDOT variables as they relate to the occupational information system.
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Chapter 2: Content Model

The APDOT model represents a relatively parsirhonious system for describing the kinds of
variables that might be included in a comprehensive occupational information system. In this
model (see Figure 2-1), four basic types of variables are proposed: 1) worker attributes, 2)
work context, 3) labor market context, and 4) work content and outcomes. Within each of
these four broad categories, more specific kinds of variables are specified. For example, the
work content category includes tasks and duties, as well as generalized work activities, while
worker attributes include both cross-functional and occupation-specific skills.

The APDOT model incorporates a number of variables. Broadly speaking, two typés of
variables are proposed — one set bearing on attributes of the work to be done, and one set
bearing on attributes people must possess to do this work. This is an important distinction,
AND one that must be retained in any model.

The APDOT model does not consider two other distinctions. One of these, noted by
Campbell (1993), concemns the difference between occupation-specific and cross-occupation
deécn'ptors. The APDOT model does not make this distinction, combining, for exaxﬁple,
cross-functional and occupation-specific skills into one category, worker attributes.
Occupation-specific variables, however, represent a distinct category of attributes which, due
to their specificity, do not permit comparison of jobs or, for that matter, the development of
more general, cross-occupation descriptive systems.

A second distinction that might be made among these variables concerns their manipulability.
Some variables, abilities and work styles, for example, cannot be readily changed. Other
variables, such as skills, knowledges, generalized work activities, and work context, can be
changed as a result of worker or organizational actions. Because n‘iany interventions and
policies (e.g., training and certification; the skills boards) expressly focus on these more
malleable aspects of people's work, it seems .important to include this distinction in a more,

' comprehensive content model. The term requirements is used to refer to attributes amenable
to directed change, while the term characteristics refers to attributes that cannot readily be
changed by the individual or the organization. '

These two additional distinctions gave rise to the extended content mode! presented in Figure
2-2. This model covers virtually all of the various types of variables included in the initial
APDOT model. However, it differs from that model because it considers, in addition to the
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Chapter 2: Content Model

distinction between worker attributes and job attributes, the distinction between cross-
occupation and occupation-specific descriptors, as well as the distinction between malleable
requirements and less malleable characteristics of the work and the worker.

The broad types of variables included in this model clearly display some systematic
relationships to each other. People's work activities and tasks are influenced by industry on
broader characteristics of the occupation. Worker requirements, such as skills, and occupation
requirements, such as generalized work activities, will influence experience requirements,
such as training, work experience, and licensure. Figure 2-3 illustrates how the various
variables included in the content model might relate to each other. It should be noted,
however, that these relationships only represent an initial, hypothesized structure, one likely to
" change, which only specifies a few major relationships.

In the following sections of this chapter, we examine the major types of variables included in
this extended content model. We begin by examining worker characteristics and worker
requirements. Next we consider experience requirements, occupation requirements, and
occupation characteristics. Throughout, we will focus on the major types of cross-occupation -
descriptors included in the content model. Occupation-specific descriptors, such as tasks and
tools, will be considered in a separate chapter, where procedures for collecting these more
specific descriptors are discussed within the broader, cross-occupation taxonomic structure.

Worker Characteristics

Enduring characteristics of a person influence the capacities that they can develop as a
function of experience, as well as their willingness to engage in certain types of activities
(Fleishman, 1982; Snow, 1986). This point has long been recognized by counselors, who
commonly use information about a person's characteristics as a basis for placing people in
jobs (Dawis, 1990; Holland, 1973). Along similar lines, information about worker
characteristics is commonly used to select people for jobs (Guion, 1966; Schmidt, Hunter &
Pearlman, 1981). As might be expected based on these observations, information about
requisite worker characteristics often provides a basis for describing and comparing
‘occupations.
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Chapter 2: Content Model

~ Since the 1920s, one of the most common techniques for describing and comparing jobs in
terms of relatively enduring characteristics of the person has involved comparing jobs in terms
of requisite abilities. Initially, these ability comparisons involved little more than
comparisons of incumbents' mean scores on ability tests (Thorndike & Hagen, 1959). More
recent efforts, however, have focused on describing occupations in terms of their ability
requirements per se (Fleishman & Quaintance, 1984; Lopez, 1988).

Perhaps the best developed system along these lines may be found in Fleishman's ability
requirements approach (Fleishman & Mumford, 1988, 1991). Within this approach,
occupations are described in terms of the basic abilities required for successful task
performance. Initially, factor analytic techniques were used to identify the abilities that could
account for task performance within certain broad, cross-occupation performance domains,
such as cognitive, psychomotor, physical, and sensory perfoimance. 'Subsequently, |
behaviorally anchored rating scales were develdped that would allow incumbents, supervisors,
or job analysts to identify requisite abilities. These evaluations of performance requirements
in terms of abilities have, in fact, provided a valid system for identifying requisite abilities
and classifying occupations in terms of their ability requirements.

Although few people would dispute the need to describe occupations in terms of their ability
requirements, abilities represent only one type of enduring attribute of the individual that
would influence the capacity or motivation to perform various work activities. Recent studies
by Sackett, Zedeck, and Folgi (1988) draw a distinction between typical and maximal
performance, noting that the attributes conditioning maximal performance may not be
identical to the attributes conditioning typical day-to-day performance. Usually, abilities are
viewed as the enduring characteristics of individuals that determine maximal performance,
while personality or work style variables, including motivation, integrity, and other
charactensncs such as openness or mastery motives, are held to influence typical task
performance. The evidence compiled by Dweck (1986), Hogan (1990), and Schmeck (1988)
indicates that these kinds of characteristics can have a marked influence on how people adapt.
to new tasks, while also influencing the development and maintenance of skilled performance

in various domains.

Although there is reason to suspect that these stylistic variables may represent an important
influence on people's day-to-day work performance, these variables have not traditionally been
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Chapter 2: Content Model

used for describing jobs in terms of requisite person characteristics. In part, this viewpoint
derives from the position that non-normative, clinical syndromes do not provide an
appropriate basis for describing occupations. This point is difficult to dispute. However, it
may well prove possible to describe occupations in terms of more general, non-clinical
attributes, such as achievement motives, self-discipline, and integrity, that influence how
people typically approach work related tasks. In fact, Guion and his colleagues (Guion, 1994,
personal communication) have shown that job activities can be described using these kinds of
non-clinical personality attributes when attributes have been selected expressly to capture key
aspects of typical, day-to-day, performance. Given this evidence, and the need for a truly
comprehensive descriptive system that considers influences on both maximal and typical
performance, it seems necessary to consider mformation about personahty, partxcularly
personality constructs bearing on work style, in the content model.

In addition to abilities and work styles, a third issue relevant to worker characteristics should
be considered in the development of the content model. It is not enough for people to be able
to do the work, they must also be willing to do the work. Worker characteristics bearing on
the willingness to invest in a certain type of work are commonly subsumed under the rubric
of interests. As might be expected, based on these observations, interests are commonly used
as a basis for considering any person-job matching.

A variety of taxonomies for describing interests has been proposed over the years (Campbell,
1971; Holland, 1973; Strong, 1943). Further, interests have shown some value as a basis for
describing the similarities and differences among occupations (Borgen, 1988). On the other
hand, the unique value of interests as a basis for describing occupations is often limited
because they focus primarily on personality patterns. This kind of system for describing
_mterests is nicely illustrated in the work of Holland (1973). An alternative approach for
describing the occupations involved in various jobs may be found in the work of Dawis
(1990). Dawis' (1990) approach attempts to describe interests in terms of preferences for
certain types of occupational reinforcers. This kind of occupation-based approach to the
deﬁnmon of interests is particularly attractive, in part because it clearly distinguishes interests
from personality and in part because it references the definition of interests against occupation
relevant attributes. However, a truly comprehensxve system might consider both approaches.
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Worker Requirements

Worker characteristics, such as abilities, work styles, and interests are important not only
because they influence how people approach work tasks, but also because of evidence which
indicates that these variables influence the development of work relevant skills (Ackerman,
1987; Fleishman & Hempel, 1955; Snow, 1986).

Worker requirements, broadly speaking, refer to developed attributes of the individual that
might influence performance across a range of work activities. People acquire a variety of
attributes that influence performance as a function of education and experience (Anderson,
1993). One effect of education and experience is that people acquire knowledge or an
organized set of facts and principles pertaining to the characteristics of objects lymg in some
domain. Prior studies of expert-novice differences (Chi, Bassock, Lewis, Reimann, & Glaser,
1989; Chi & Glaser, 1985; Feltovich, Spiro, & Coulson, 1993) indicate that expert performers
in domains ranging from medicine to foreign affairs typically differ from novices in that they
have a more extensive set of concepts available, organized on the basis of underlying
principles, which facilitate recall, recognition, and problem 'solving Although knowledge
appears to develop as a functxon of domain specific, episodic experiences (Medin, 1984), the
organization of experience in terms of the principles applying in a domain suggests that a
general, cross-occupation framework for descnbmg requisite knowledge might be developed
by identifying interrelated bodies of principles.

In addition to knowledge, experience in working within a domair also provides people with a
set of procedures for working with knowledge (Anderson, 1993; Campbell, McCloy, Oppler, "
& Sager, 1992). These procedures for working with available knowledge are commonly what
_is being referred to when people apply the term skills. Skills, however, might be conceived
of in two different ways. Fnrst, when people use the term baszc skills, they are commonly-
referring to procedures, such as reading, which would facilitate the acquisition of new
knowledge. ‘In contrast to basic skills, cross-functional skills refer to procedures that extend
across general domains of work activities. Thus, one might speak of problem solving and
social skills. These cross-funcuonal skills, of course, develop as a function of experience,
'although their development may also be influenced by more basic skills and by relevant -
worker characteristics, such as abilities (Snow & Lohman, 1984).
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Although requisite knowledge and skills have been used to describe occupations (Mitchell,
Ruck, & Driskell, 1988), the description of requisite knowledge and skills is commonly
phrased in terms of a specific occupation or set of positions. As a result, the kind of
descriptive information provided by these procedures is of limited value in formulating a
general cross-occupation descriptive system. Recent work by Mumford, Fleishman, and their
colleagues (Mumford & Baughman, in press; Mumford, Mobley, Uhlman, Reiter-Palmon, &
Doares, 1991), however, suggésts that it might be possible to identify cross-occupation
knowledges and skills by identifying general bodies of principles and the procedures which
influence performance across domains of activities that extend across occupations.

Worker requirements, such as knowledge, basic skills, and cross-functional skills develop in
part as a function of experience in performing a certain set of tasks. However,'educational
background also seems to represent.a significant influence on the development of these
general knowledges and skilis (Snow & Swanson, 1992; Ward, Bymes, & Oventon, 1990).
Recagnition of the relationship between education and the acquisition of general knowledge
and relevant basic skills (Halpern, 1994) has led many investigators to use educational
experience as a proxy for information bearing on general knowledges and skills. Because
educational experiences represent a developed capacity of the individual influencing the
acquisition of knowledge and basic skills, requisite educational background may also represent
another characteristic of the person that must be used to describe cross-occupation dxfferenc&s
in terms of relevant worker requirements. '

Experience Requirements

Like education, training' and licensure represent experiences that are a property of an
individual. In contrast to education, however, which is expressly intended to provide general
knowledge and basic or cross-functional skills, training and licensure are variables that are
explxgltly linked to the nature of certain kinds of work activities. Training and licensure, of
course, may be specific to the tasks being performed in a particular position (Goldstein,
1990). However, training and licensure may also apply to tasks occurring in a number of
positions. For example; a training program may seek to develop general leadership or
problem solving skills. When training and licensure are intended to extend across a specific
set of position activities, these kinds of experiences may provide still another potentially
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useful type of cross-occupation descriptor. In fact, prior training and licensure are often used
as a basis for personnel selection, counseling, and job matching.

Training and licensure requirements have been used to describe occupation requirements using
a number of different approaches. For example, people have been asked which specific types
of training they have completed or what licenses they possess. However, Ash (1988) notes
that many of these variables lack sufficient generality to be useful as cross-occupation
descriptors. One common approach used to address this issue is to ask when and where
training or a license was acquired. Another approach suggested by Peterson (1992) is to
examine the amount of training required or when this capacity was acquired. This latter
approach, in fact, might prove particularly useful in assessing training and licensure
requirements if it is linked to a broader taxonomy of requisite knowledges and skills that
might potentially be developed in training.

Occupational Requirements

As noted above, person requirements, such as knowledges and skills, as well as training and
licensure, are in part a function of a person's experiences. In the description of people's work
activities, these experiences are commonly framed in terms of the requirements of the job or
the set of positions under consideration. Although these work requirements might be assessed
in terms of a number of different descriptors — for example, tools used, products and

services provided, or functional duties — the most common procedure used to describe work
requirements is through definition of the tasks performed in the occupation (McCormick,
1976, 1979). A task is commonly defined as a specific activity performed on some object to
meet some functional occupation requirement. '

With regard to development of a comprehensive occupation description, the identification of
requisite tasks represents an essential step. On the other hand, however, well-developed task
statements are usually specific to a particular -occupation or set of occupations (Harvey, .
1990). As a re_sult; task statemnents may be of limited value in describing the kind of cross-
occupation similarities and differences that must be captured by the envisioned occupational
information system. Thus, a viable system may require a somewhat broader approach to
describing occupation activities.
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One approach that might be used to address this specificity problem is suggested by the work
of McCormick (McCormick 1976, 1979), Cunningham (Cunningham, Boese, Neeb, & Pass.
1983) and Harvey (1990). Essentially, this approach attempts to identify generalized work
activities or dimensions that summarize the specific kinds of tasks occurring in multiple
occupations. For example, one might speak of the descriptor controlling machines or
processes, which might subsume a number of tasks occurring in specific occupations, such as
driving heavy machinery, or working on a manufacturing production line.

In fact, prior factor analyses of task inventories suggest that it is indeed possible to identify
general dimensions of work activities that summarize more specific tasks occurring in a
variety of occupations (McCormick, Jeanneret, & Mecham, 1972; Campbell, McHenry, &
Wise, 1990). Thus, it might be possible to formulate a taxonomy of generalized work
activities by examining the results obtained in these factor analytic efforts in relation to a
general theory of work performance. This taxonomy of generalized work activities might not
only provide a viable cross-occupation framework for the description of differences in
requisite work tasks, but the resulting dimensional structure might also provide a basis for
generating more specific descriptive information concerning the tasks, tools, and duties which
apply in a particular occupation or set of occupations.

In describing work activities, however, it may not be sufficient to describe the general kinds
of activities occurring in an occupation. The rating of a task and its implications for task
performance are not simply a function of the kinds of activities that must be performed but
also of the conditions under which these activities must be performed (Fleishman &
Quaintance, 1984). For example, performance of a task in a noisy environment may impose
-rather different requirements on the worker than performing the same task in a quiet
environment. This, in turn, implies that a comprehensive description of people's work
activities- may require attending to the conditions under. which various generalized work
actxvmes must be performed (Howell, 1990).

Jeanneret, in his work on the Position Analysis Questionnaire, has begun to develop a
taxonomy of the kind of work context, or environmental influences, that might affect the
execution of various work activities (Jeanneret, McCormick, & Mecham, 1977). As an
“example, this system examines variables such as noise, temperature, shift, and physical risk,
all clearly environmental variables that might influence the nature of and requirements for
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. effective performance of certain work activities. Although most initial efforts examining work
context influences on performance have primarily focused on the physical variables that
influence certain kinds of work activities, it should prove possible to extend this approach to
capture attributes of the social environment that also influence the nature and conditions under
which people perform requisite work activities. A comprehensive taxonomy examining both
the physical and social variables that shape the context in which various kinds of tasks are
performed will provide essential information needed to describe both the nature of people's
work activities and the conditions under which they are employed. Thus, this kind of work
context information may well constitute an essential component of a truly comprehensive
occupational information system.

The physical and social variables that influence how people go about performing certain kinds -
of work activities are not the only kinds of contextual variables that influence people's work -
activities. Work activities occur within a broader organizational structure, and there is
substantial reason to suspect that attributes of the organizational context or structure, such as
leadership, structure, role requirements, and the autonomy that is granted employees, also
influence how people go about doing their work (Ilgen & Hollenbeck, 1990; Ulrich, &
Wieland, 1981). Accordingly, there would seem to be a need to consider the effects of
organizational structure and context in a truly comprehensive occupational information

system.

A variety of conceptual models has been used to identify relevant organizational variables and
how these variables act to influence performance across different positions in an organization.
Although a variety of models might be used to identify relevant organizational variables,
perhaps the most widely accepted theoretical framework may be found in the various models

. of organizational behavior that view organizations as complex _syétems (Katz & Kahn, 1978).
Within a systems framework the organization is viewed as an adapﬁvé entity composed of
multiple sub-systems trying to maintain an efficient, successful production process within a
dynamic internal and external environment. This kind of framework for understanding
organizations is pérticularly attractive, in part because it explicitly seeks to understand how _
‘organizations maintain high performance in the face of a dynamic competitive environment.
More directly, however, organizational systems theory has prbven useful in identifying the
kinds of variables that influence people's work activities and motivation, including
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organizational goals and values, role requirements, task characteristics, and leadership styles
(Bass, 1994; Campion & Thayer, 1985; Hackman & Lawler, 1971; Katz & Kahn, 1978).

Occupation Characteristics

One important point stressed by organizational systems theory is that organizations operate
within, and must adapt to, a broader economic and social system. Thus, a comprehensive
occupational information system must go beyond the description of work activities, work
context, and organizational context to consider the broader economic environment in which
this work occurs. These economic descriptors, from the point of view of an occupational
information system, might be subsumed under the rubric of labor market characteristics. The
general category of labor market conditions would consider broader economic variables, such
as industry, employment opportunities, job scarcity, and pay. 4

Information bearing on these and a number of other economic variables that might be used to
describe occupations is collected through the ongoing efforts of various federal agencies,
including the Department of Commerce, the Department of Education, and the Bureau of
Labor Statistics. These existing databases might, therefore, be reviewed to identify the kinds
of information that should be considered in a comprehensive occupational information system.
These aggregate economic variables might then be systematically related to the various kinds
of variables subsumed under the rubrics of occupation requirements and worker requirements
to provide a truly comprehensive description of the world of work.

Model Structure

_ The foregoing discussion has primarily focused on the general types of cross-occupation
descriptors that would be included in a new occupational information systeni. This discussion
- of the major types of cross-occupation descriptors, however, has not considered a variety of
issues bearing on how these variables would be structured to promote different kinds of
a}ppli»catio'ns, such as the acquisition and organization of job-specific descriptors.: Thus, in the
following discussion, we will consider these structural issues within the context of the general
structural model presented above.
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To begin, it is important to recognize that the foregoing description of the content model has
only focused on general categories or types of variables. Thus, we have provided relatively'
little information bearing on the specific nature of the variables included in each of these
general domains. This information will be the primary focus of many of the following
chapters. At this point, however, there is a need to consider certain general issues bearing on
" the structure of these variables.

Within a given domain — skills and interests, for example — a variety of theories has been
proposed to account for the key descriptors in the domain. Thus, in identifying the particular
variables or the taxonomy to be applied within a domain, it is necessary to begin with a
review of the pertinent theoretical work and empirical findings (Fleishman, & Mumford,
1991). This review is intended to identify those specific variables that have the strongest

- basis in the literature and might provide the most useful information for a comprehensive
occupational information system. |

Although it is necessary to arrive at a final taxonomy describing the key variables needed in
each general domain specified by the content model, this effort is likely to be complicated by
e characteristic of nearly all taxonomic systems. More specifically, definition of relevant
variables might occur at many levels. For example, in the area of abilities, some investigators
apply a broad one-factor or general intelligence model (Spearman, 1931), while other
investigators propose more narrow taxonomic systems encompassing a number of discrete
abilities (Guilford & Hoepfner, 1967; Thurstone, 1938). These differences in the level of
description bring to the fore a new question. Exactly what level of description should be
applied in an occupational information system?

A potential solution to this problem is suggested by the work of Vernon (1950). More

specifically, there are studies of abilities that indicate that these different levels of description
do not necessarily represent competing taxonomic systems. Instead, broad general taxonomies
often subsume more narrow taxonomies in a hiera,rchidal structure of the sort illustrated in
Figure 2-4. Accordingly, in developing taxonomies within each area specified in the content
model, an attempt was made to specify higher and lower level organizations of the relevant
variables.
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This hierarchical arrangement of variables within a given domain of the content model might
prove useful in addressing four issues. First, this organization permits the integration of
multiple taxonomic systems employing different levels of descriptioh, thereby reéulting ina
more comprehensive descriptive system. Second, because relationships among variables at
different levels of description are specified, a stronger foundation is available for drawing
inferences about the construct validity of the resulting descriptive information. Third,
arrangement of the variables in a hierarchical fashion permits users to apply a taxonomy at
the level of description most appropriate for the questions they are asking. Fourth, and
finally, it becomes possible to extend the initial taxonomies to capture more detailed
descriptive information for certain variables of special interest in addressing certain more
limited questions. This flexibility in the level of description should, in tum, provide an
occupational information system that can readily be extended to address new types of
questions.

The hierarchical organization of the cross-occupation descriptors included in the taxonomy
also is of some importance in extending this descriptive system to capture occupation-specific
information. Although cross-occupation descriptors provide a necessary foundation for the
development of a general occupational information system, occupation-specific descriptions

- will still be required to address certain questions such as training program design and the

certification of requisite occupation-specific skills (McCage, 1993).

Within the kind of hierarchical structure described above, occupation-specific descriptors
might be identified and organized in terms of the broader, cross-occupation descriptors. Thus,
occupation-specific skills might be organized within the framework of a broader set of cross-
functional skills, while tasks might be organized in terms of generalized work activities. Not

- only would this approach provide a systematic framework for the organization of occupatwn-
'spec1ﬁc descriptors such as tasks, tools, duties, occupahon-specnﬂc skills, and occupation-
specific knowledges, but it also might provxde a more eﬁ'lcxent set of procedures for the
‘identification of occupat:on-specxﬂc descriptors. '

Traditionally, job description primarily consists of inductive rating beginning with specific
descriptors applied to a particular occupation or set of occupations. More general cross-
occupation descriptors are empirically identified by determining the commonalities that occur
across occupations. Like other inductive procedures, this approach is slow, requiring the

4
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" progressive accumulation of data, and suffers from problems associated with the comparability
of the data being collected. Further, the lack of an a priori framework for collecting data

- makes it substantially more difficult to obtain the requisite descriptive information in a timely,
low cost fashion.

In contrast, one might attempt to identify occupation-specific information deductively, using a
valid set of cross-occupation descriptors as a basis for generating more specific descriptive
information. In fact, this approach has been applied in a recent series of studies by Mumford
and his colleagues (e.g., Clifton, Connelly, Reiter-Palmon, & Mumford, 1991). In these
studies, an attempt was made to identify the tasks performed by sales personnel, senior
managers, and stockbrokers through a series of subject matter expert meetings. In contrast to
the procedures commonly used in the identification of job tasks, panel members were asked to
generate task statements for certain generalized work activities drawn from prior factoring of
the Position Analysis Questionnaire. It was found that, given this a priori framework, panel
members could generate task statements far more rapidly than is typically the case, with
higher agreement among panels conceming the tasks involved in their occupations. Further,
this task information could be used to identify tools and equipment needed, as well as
functional duties involving multiple tasks performed to provide some product or service.

If this kind of hierarchically-based, deductive procedure could be extended to the definition of
occupation-specific skills and knowledges, it might provide a more cost efficient procedure
for the identification of requisite occupation-specific information. When the efficiencies
inherent in this deductive procedure are considered in light of the ability of this kind of
procedure to organize occupational information in terms of a broader cross-occupation

- framework, they provide a compelling argument for application of this approach in the
development of a comprehensive occupational information system.

Measurement

Assuming one can develop a set of taxonomies describing the descriptors included in the
‘various domains being examined by this content model, a new question arises. How might
we go about measuring jobs in terms of their status on these descriptors? A variety of
techniques might be used to describe occupations or sets of occupations with respect to their
status on the variables included in the content model. One might, for example, develop

2-18

33



Chapter 2: Content Model

objective formal tests intended to assess incumbents' expression of certain -characteristics.
Alternatively, one might ask job analysts to observe performance in an occupation or set of
occupations and then rate the extent to which each variable appears to be required for
effective job performance. '

The selection of a technique for measuﬁng these variables is necessarily conditional upon a
host of considerations. However; certain structural issues bearing on implementation of the
content model provide some guidelines conceming the measurement of pertinent variables.
To begin, standardized tests intended to assess performance or generalized work activities,
knowledges, and skills are simply too expensive to develop, and too time consuming for
participating organizations, to be feasible at this juncture. Accordingly, some variation on the
information gathering procedures commonly used in job analysis studies must be applied in.
assessing the variables included in the content model.

Developing and administering paper-and-pencil questionnaires is relatively inexpensive. This -
is especially true when the questionnaires administered to subject matter experts examine the -
same general set of cross-occupation descriptors regardless of the occupation at hand. More
specifically, only one questionnaire needs to be developed to describe a variety of
occupations. If more detailed occupation-specific information needs to be collected, this may
be done over time and for select occupations, thereby further reducing the costs of occupation

analysis efforts.

Alternatively, data might be collected using a number of more advanced techniques, such as a
computer-assisted telephone interview, computer administration of the questionnaire using a
diskette mail-out or INTERNET, and fax back.” Clearly, many of these altematives to the
tradltxona] paper-and-pencil questionnaire depend on access to certain technologies. Thus, it
appears that a traditional paper-an d-pencnl approach, perhaps coupled ‘with follow-up
telephone calls, would provxde the most general approach for collecting requisite descriptive
information. Nonetheless as recommended by the APDOT report, there still is a need to.
investigate the relative merits of these and other potential alternatives to the traditional paper-

~ and-pencil questionnaire. -

For the time being, initial data collection is likely to depend on paper-and-pencil
questionnaires, supplemented by alternative techniques, and there is a need to consider who

2-19

(&) ]



Chapter 2: Content Model

will be asked to complete these questionnaires. Three types of respondents are available who
have an adequate background to complete job analysis questionnaires: incumbents,
supervisors, and job analysts.

Often the information obtained from job analysts is given somewhat greater weight in job
analysis efforts. This preference for analysts' judgments is, in part, based on two
considerations. First, analysts are commonly held to be more objective about occupation
requirements. Second, analysts are held to have a broader background for evaluating
occupation requirements. Third, one might argue that analysts are better able to cope with the
language involved in most paper-and-pencil job analysis questionnaires.

On the other hand, however, 1t should be recognized that analysts cannot make ratings on:
many descriptors without a substannal amount of observation and a number of incumbent
interviews. Further, for some potentially useful descriptors, work styles or organizational
context, it may not be possible for analysts to respond to these questions without prolonged
observation. Thus, analyst-based measures may be too expensive for rating use.

Further, it should be recognized that the bulk of the available empirical evidence does not
support the proposition that analysts provide uniquely accurate information. In one study
along these lines, Fleishman and Mumford (1988) .examined the degree of agreement among
ability requirement ratings obtained from incumbents, supervisors, and job analysts. They
found that, at least in these relatively high ability populations, all three types of raters yielded
vxrtually identical descriptions of ability requirements. .

These results are by no means unique. In another study, Peterson, Owens-Kuntz, Hoffman,
Arabian, and Whetzel (1990), had soldiers, their supervxsors and job analysts assess
knowledge skill, ability and work style requirements of a sample of Army jobs. They found
that these judges displayed substantial agreement with respect to occupation requirements. '

When one considers these findings with respect to the expense entailed in gathering analysts'
judgments, they clearly argue for the use of an alternative approach. More specifically,
because comparable descriptive data can be obtained from incumbents and supervisors, and
these data can be gathered without incurring the costs associated with analyst observation, it
appears that incumbents and supervisors should be used in lieu of analysts. However, to
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~ make this approach feasible, it is essential that simple, easily understood operational
definitions be formulated for each descriptor which can be responded to by incumbents or
supervisors with a sixth grade reading level.

With regard to the choice between incumbents and supervisors as potential raters, one further
comment seems in order. Eventually, a viable occupational inforn_lation system must be able
to identify new occupations as they emerge. Thus, it is desirable to minimize the amount of a
priori structure imposed on the data collection. As a result, it seems that incumbents rather
than supervisors should be preferred as a source of descriptive information. It is of note,
however, that a relatively large number of incumbents, 20 or more, may be required to obtain
adequate job descriptions at the occupation level. Further, in some cases, such as the
organizational context variables where incumbents lack adequate exposure, it may be
necessary to obtain information from relevant managerial personnel.

If it is granted that incumbents, people who actually are working in an occupation, provide an
appropriate population for providing descriptive information, then a new question arises.
What scales or response formats will be used to provide this descriptive information? Any
answer to this question is necessarily dependent on the particular type of variable under
consideration. Thus, the specific measurement scales under consideration can only be
addressed in the context of the taxonomy developed for a particular set of cross-occupation

descriptors.

Bearing this necessary caveat in mind, it still is possible to draw some general conclusions
about requisite scales, at least in certain areas. When one is considering attributes of the
worker, including abilities, interests, and work styles as well as knowledges and skllls a

" number of different scale formats may be applied. Fleishman's (1982) ability requirement
 ratings, for example, are based on behaviorally anchored scales exammmg the level of the
ability required for task performance. Other mvestxgators ask incumbents to rate the
importance of a characteristic to overall task performance. Beyond level and importance, a
number of other scales might be proposed, such as the importance of the characteristic in
accounting for perfofmance differences or the application of this characteristic under
emergency or stressful conditions (Sackett, 1993, personal communication).
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Typically, these different scales for acquiring information about worker characteristics display
sizable correlations, indicating some redundancy in the information being provided. However,
as McCormick (1964) points out, the use of multiple scales appears to result in more reliable
evaluations, perhaps because they induce somewhat more careful evaluations on the part of
incumbents. Further, different scales may provide somewhat different types of descriptive
information. In the case of office clerks, for example, writing may be an important
determinant of performance, but a high level of writing skill may not be required in
comparison to other occupations. Thus, there would seem to be some merit in describing
variables in terms of muitiple scales.

Broadly speaking, two types of scales appear to provide the kinds of information needed in an
occupational information system. These scales are a level scale reflecting the complexity of
the demands made on an attribute, and an importance scale reflecting the impact of this
variable on performance. With regard to this general conclusion, however, two further
comments are necessary. First, depending on the type of variable at hand, different kinds of
anchors may be required for different level scales. For example, general anchors may be
appropriate for abilities, while occupation-relevant level anchors may be more appropriate for
cross-functional skills, which are referenced against the work domain. Second, additional
scales may be required for certain types of variables. In the case of knowledges and skills,
which represent developed attributes, it would be useful to have information bearing on when
or where a given knowledge or skill was acquired.

It is somewhat more difficult to draw general conclusions about the kinds of scales that
should be applied when describing occupation requirements, such as generalized work
activities, work context, and organizational context, because specific types of variables imply
rather different questions and rating scales. A similar situation exists for training, lxcensure

h and education, where different vanables dictate different types of questlons

" In most cases, however, information pertinent to these va.n'ablés comes in two basic forms.
- First, one might ask people to describe the occurrence of an activity or an event. Second,

one might formulate questions examining the frequency with which an event occurs. Third,
questions might be formulated examining reactions to an event or the outcomes of an action.
In the case of generalized work activities and work context, frequency and occurrence
questions provide an especially appropriate descriptive strategy — one commonly used in
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describing work requirements (McCormick, 1976, 1979). However, a broader range of scale
types is likely to be required in the training, licensure, and education areas, as well as the

organizational context area.

Conclusions

In the following chapters of this report we will examine the variables identified for each of
the cross-occupation descriptors included in the content model. We will also consider the
specific types of questions and measures that will be used to describe people's positions using
- these variables. Before turning to the specific variables and measures proposed for each area
of the content model, however, it would seem appropriate to consider a broader issue. Will
the kind of content model described above provide the kind of occupational information
system called for in the APDOT report?

The content model sketched out above clearly considers virtually all of the areas held to be of
some importance in the APDOT report. Moreover, it provides a way of organizing and
interrelating these variables by distinguishing between cross-occupation and occupation-
specific descriptors, as well as characteristics of the worker and characteristics of the work
being done. This general structural framework allows us to organize the types of variables
included in the APDOT report in such a way that the resulting occupational information
system should be capable of answering a variety of questions posed by many different users.

For example, by establishing .the relationship between generalized work activities and skills,
this model would allow users to identify the kinds of skills they must acquire to be qualified
for certain positions. Further, these skill requirements might be associated with
;eco_hxmehda.tions aboutvre'quisite training and education. Aloxig somewhat different lines, the
rélationship b'etwegn organizational context and generalized work activities might allow
researchers to examine how organizational structure and culture influence the way people go
about doing their work. Other exmples of the kinds of questions that might be addressed
through this conteni mode] couid, of course, be cited. These illustrations, however, seem
sufficient to make a more basic point. By establishing the relationships among these various
categories of variables, the proposed content model will permit the development of an O*NET

capable of addressing a variety of questions.
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The content model, moreover, provides a basis for organizing occupation-specific information
and organizing more specific descriptive information within a broader cross-job framework.
Accordingly, this content model may well provide the kind of common language framework
needed for a truly comprehensive occupational information system. In the following chapters
we describe the kinds of variables that provide the basis for this common language.
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Section I
Worker Requirements

The content model presented in the preceding chapter indicates that jobs might be described
in terms of a number of different kinds of cross-job descriptors. One might, for ethple,
describe jobs in terms of worker characteristics or, aitematively, one might use the kind of
variables subsumed under the general rubric of job requirements. In this section, however, we
will focus on those descriptors subsumed under the rubric of worker requirements.

The term worker requirements is not merely a label for a hodgepodge of variables. Instead,
the labe! refers to a specific set of worker-related variables that might be used to describe
peoples' jobs. More specifically, worker requirements refer to developed attributes of the
individual that might in some way contribute to performance across a variety of positions.
Worker characteristics, in contrast to worker requirements, refer to more enduring attributes of

the worker.

Worker requirements as a category might subsume a number of variables describing an
individual. For example, knowledge, or expertise, clearly develops as a function of

) experience. Furthef, schooling, often intended to provide a certain body of knowledge, might
also be viewed as a worker requirerﬁent. In addition to knowledge and eduéation, people's
experiences also provide them with a set of skills. Some skills, such as basic skills, might

" facilitate learning and the acquisition of knowledge in a variety of contexts. Other skills,
such as certain cross-functional skills, rﬁay be more closely tied to the kind of work people
do.

We will begin this section on worker requirements with a chapter (Chapter 3) that examines
the various skills that might be used in a cross-job descriptive system. This chapter will

I-i

63



Section I: Worker Require)nents

begin by considering basic skills and then proceed to cross-functional skills. The second
chapter in this section (Chapter 4) will examine knowledges and propose an initial taxonomy
of occupational knowledges which includes both basic and cross-functional knowledges. In
our third and final chapter in this section (Chapter 5) we will briefly consider educational
requirements with specific reference to their implications for requisite knowledges and skills. -
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Chapter 3

Skills

Michael D. Mumford
Norman G. Peterson
American Institutes for Research

Identification and assessment of the skills held to underlie job performance are of current
interest in a variety of circles. One example of this interest in skill identification and
development can be found in the work of the Secretary’s Commission on Achieving Necessary
Skills (SCANS). The skill boards established by the Departments of Education and Labor
represent another recent example of concerns about the issues involved in skill identification

and assessment.

In the scientific literature, this interest in work force skills represents a radical departure from
earlier work in the areas of measurement and assessment. Classic texts in the field, such as
Tyler's (1965) work on individual differences, or Cronbach's (1960) review of psychological
testing, devote little if any attention to the topic of skills. In fact, to the extent that skills are
considered, they are treated as special abilities.

In this chapter, we provide an initial framework for the systematic assessment of work place
skills. We begin by considering the forces that underlie this new concern with skill _
identification and assessment. ‘We then consider available evidence concemning the nature of
skills. Fmally, we consider the broader implications of the proposed taxonomxes fora
comprehensive occupational information system. ‘

General Background
When one sees the emergence of a new interest in a certain kind of variable, such as skills,

one must ask what social forces are giving rise to this concem with a particular aspect of
individua! performance. The current interest in skills can be traced to three general trends
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that confront industrial societies as we move into the next century. These trends include the
rate of technological change, global competition, and worker mobility.

It is clear that the rate of technological change has been accelerating over the course of the
last fifty years. This trend has become even more pronounced with the development of new
information processing and communications technologies. For good or ill, this rapid
explosion of information has placed a number of new pressures on society. One place where
the effects of this rapid change is most apparent is in the area of education.

When things changed more slowly, it was possible for people to go to school for twelve to
sixteen years and acquire a body of knowledge that would last them for the rest of their lives.
Now, however, the knowledge acquired one year might be outdated the next year. This rapid
dating poses a fundamental problem for educators and trainers. What can we provide to
students or trainees that will make a lasting contribution? One answer to this question is that
we might redesign our current approaches to education and fraining to facilitate the
development of general skills that extend beyond domain-specific knowledge.

The need for a new educational framework is not the only outcome of changing technology.

* Technology is inherently democratic and the democracy of technology has created a new

world of global industrial competition. This global competition has placed a premium on the
availability of a skilled work force. More specifically, there is needed a work force that can
rapidly ‘master emerging new technologies. In fact, there is some reason to believe that in the
future a competitive position in world markets will to a la.rge extent primarily depend on these
kinds of work force skills.

These changes in technology and the nature of industrial competition have, of course, placed a
number of new pressures on industries. Orgamzatlons and jobs come and go more rapidly in

. a dynamic technologlca]ly-onented environment. As a result, the employment patterns of the
last century, when a person went to work for a large corporation and slowly ascended a well-

structured career ladder, are fast disappearing. In its place what we find is a far more

- dynamic career pattern where people during their lifetimes will hold many different jobs with

many different organizations. How are we to provide workers with a basis for adapting to
such a dynamic environment? Again, the answer involves skills. In other words, we must
provide workers with skills that will allow them to rapidly master a variety of new tasks.
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Skills

When one considers these fundamental changes in society it is hardly surprising that many of
our major institutions are trying to gfapple with the problems involved in the identification,
assessment, and development of skills. As-is the case in many emergent areas, the skills

- literature is, at best, confused. At its worst, it has the feeling of a giant shell game. This
point is nicely illustrated by considering the various definitions of skills commonly found in
the literature. Some scholars define skills as task performance. Others define skills in terms
of basic educational variables: the old "three Rs" of reading, writing, and 'rithmetic. Still
others see skills as a set of rather broad new capacities, as illustrated in the literature on

critical thinking skills (Halpern, 1994).

_ This definitional debate represents perhaps the most important problem in the skills literature.
If we cannot define requisite skills, how are we to go about developing and assessing these
skills? To solve this problem, one must begin by considering what we know about the nature
of skilled performance. ' -

Psychological and educational research has not traditionally spent much time examining the
nature of skilled performance. Nonetheless, the few studies that have been conducted provide
us with important clues concerning the nature of skills and skilled performance. These
studies provide one potential framework for resolving the skill definition issue. Further, they
provide some important clues as to how we might go about measuring and developing these
skills.

Initial research into the nature of skilled performance was primarily empirical in nature. This .
research was, broadly speaking, concerned with identifying the variables that influenced the
acquisition of skilled performance in narrowly defined task domains. For example, initial
studies by'Fleishmah and his colleagues (Fleishman, 1982; Fleishman and Hempel, 1955)
showed that abilities, such as verbal reasoning, represent important influences on the
development of skilled performance. More recent worlk by Kanfer and Ackerman (1989) and
Ackerman (1994) has shown that motivational and dispositional variables also influence the
‘acquisition of skilled performance.
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In contrast to this work on the differential variables influencing the acquisition of skilled
performance, studies in the cognitive tradition have sought to use techniques such as protocol
-analysis and comparison of expert-novice differences to identify the characteristics of skilled
performance (Anderson, 1993; Chi and Glaser, 1985; Ward, Bymes, and Overton, 1990).
Essentially, these studies indicate that skilled performance requires expertise, or a principle-
based organization of relevant facts. In addition to, knowledge or expertise, skilled
performance also appears to require a set of procedures, processes, and strategies for acquiring
and working with relevant knowledge (Anderson, 1993; Campbell, McCloy, Oppler, and
Sager, 1992; Greeno and Simon, 1988; Stemberg, 1986; Sweller, 1989). Because these
procedures for working with knowledge appear to generalize across domains, unlike
knowledge per se which is somewhat domain specific, they may represent the key
generalizable aspect of performance needed to define skills.

This observation is of some importance because it allows us to propose an initial, tentative
definition of skills. Skills in this sense represent a set of general procedures that underlie the
effective acquisition and application of knowledge in various domains of endeavor. This
definition of skills has a number of noteworthy implications. First, skills are inherently tied
to knowledge, practice, and expertise. One cannot apply skills, or for that matter acquire
skills, without reference to some task or content domain. Second, skills can be viewed as
general procedures required to perform multiple tasks lying in some broad domain such as
problem solving or social interaction. Third, skills in this sense are not necessarily stable
attribute§ of the individual. Instead, they are attributes of the'individual that develop as a
function of experience within a certain domain.

Given these observations, one cannot reasonably propose a single absolute taxonomy of skills.
Instead, different skills will be called for and will develop in part as a function of experience
in different kinds of task domains. Thus, skill definition must be domain referenced. This
observation in turn poses a new question. How can one go about defining the domains of .
skilled performance? |

The term performance is the key to answer this question and to define requisite skills. To
identify skills within this framework, one must begin by specifying the major performance
domains of interest. With regard to most current discussions of skills, three general
performance domains are of concern (Kane & Meltzer, 1990).
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First, one might speak of skills as developed capacities that facilitate leaming or the more
rapid acquisition of new knowledge. These leaming-relevant skills are referred to as basic
skills. Although basic skills are commonly held to facilitate leamning, it is important to
recognize that leaming is not solely a property of the classroom. This observation was the
basis for Jones' (1994) argument that many of the basic skills commonly examined in the
educational literature may also be relevant to understanding leaming and performance in the

work force.

A second way one might conceive of skills is as developed capacities that facilitate

. performance in a variety of job settings. This definition of skills is what is commonly meant
by the term cross-functional skills. The question that invariably arises, however, when one
uses the term cross-functional skills is, exactly what are the kinds of developed cap'jacities
likely to contribute to performancé and performance acquisition in a vaﬁety of job settings?

One potential answer to this question is suggested by the work of Fine (1988). Fine defines
skills, such as synthesis, in terms of developed capacities that might facilitate performance in
broad domains of activities that might occur on virtually any job. Thus, Fine (1988) proposes .
a taxonomy of the skills involved in working with data, people, and things. This broad

_ definition of the likely types of cross-functional skills is consistent with observations about

the nature of work.

Although many models of work place behavior are available, socio-technical systems' theory
represents the most widely accepted model (Katz & Kahn, 1978). Within this model, work is
viewed as z process by which technology and people interact to transform raw materials into
useful products. This transformation process not only requires ongoing problem solving, it
. also suggests that in solving significant problems in the drganizatioh's transformation process,
virtually all jobs will require mdmduals to work with people, technology, and a broader
orgammnonal system, using available resources to complete the work. Thus, socio-technical
- systems theory suggests that there will be five general domains of cross-funcnon_al skills, -
specificaliy: 1) sblving problems (problem solving skills), 2) working with technology
(technical skills), 3) working with people (social skills), 4) working with resources (resource
management skills), and 5) working with complex socio-technical systems (systems skills).
Thus, in addition to data, people, and things, the socio-technical systems theory points to the
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need to-attend to system and resource management skills. In fact, the literature on leadership
performance provides some compelling evidence for the inclusion of these skills in an attempt
to understand performance in the work place (Bass, 1994; Carrol & Gillen, 1987).

Of course, these cross-functional skills refer to broad domains of work activities. They do
not, however, specifically address the specific kinds of procedures needed to perform the tasks
occurring on a certain job. Thus, there is a need to consider a third type of skills,
occupation-specific skills.

This third type of skill, occupation-specific skills, represents the procedures needed to acquire
and perform vanous job tasks. Thus, occupation-specific skills are inherently tied to the
specific activities being performed on a job or within a job family. Taken at face value, this
statement might be held to imply that there is no systematic structure to occupation-specific
skills. It should be recognized, however, that these skills might be wewed as instances of
basic and cross-functional skills within the context of a particular job. Figure 3-1 depicts an
example of this hierarchical arrangement of skills.

This figure describing the relationship between the basic and cross-functional skills and
occupation-specific skills makes another noteworthy point. In formulating a system for
identlfymg these skills, one cannot begin with the occupation-specific skills, in part because
definition of these skills depends on broader skill structures and, in part because these skills
must be defined with respect to occupation-specific tasks. Thus, in this chapter we focus on
the definition of broader taxonomies of basic and cross-functional skills. We describe an
approach to the identiﬁcation of occupation-speciﬁc skills in Chapter 14.

| Havmg identified these genera] domains or broad kinds of skills, the next question one must
address concems identification of the speciﬁc kinds of skills or procedures, processes, and
activities that contribute to perfonnance in each of those domains. In the case of basic skills,
the educational studies examining ‘the kind of procedures or activities involved in the
acquisition of new knowledge might provide a basis for skill definition.

Although the educational research literature can be used to define basic skills, definition of
the cross-functional skills underlying performance in general domains or job activities
represents a somewhat more complex undertaking. In some cases — for example, problem
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solving and social skills — prior research examining the determinants of performance in these
domains might provide a basis for identifying these skills. In other cases, however, such as
technological skills, empirical evidence bearing on general procedural activities might provide
a more appropriate basis for definition of the relevant skills.

In the following sections of this chapter, we focus on those skills that provide a general set of
cross-job descriptors. We begin by presenting the taxonomy developed for basic skills. We
then go on to consider the taxonomies developed for each of the five types of cross-functional
skills. Finally, we consider some general issues bearing on the proposed skill taxonomies.

Basic Skills

Basic skills have been defined in a variety of ways. Perhaps the most common approach is to
define basic skills with respeét to the fundamentals that should be provided by any sound
‘educational system (Cureton, 1951; Schmidt, Porter, Schwille, Floden, and Freeman, 1983).
This view of basic skills is reflected in the classic definition of these skills as simply the old
three Rs — reading, writing, and "rithmetic."

Basic skills, however, need not and perhaps should no, be defined solely in terms of classic

- educational content. Educational theory and educatienal practices are changing as a result of
the pressures being placed on educational institutions to prepare students for a more complex
work place (Linn, 1982; Snow and Swanson, 1992). Further, this content-based approach
assumes that learning is simply a classroom activity. In the future, however, a substantial
amount of learning may well occur outside the classroom. Thus, there is a need to approach ‘
the notion of basic skills from a broader substantive perspective (Jaeger 1989; Jones, 1994).

~ Although a van'ety of approaches might be used to undérstand basic skills from a substantive B
. perspective, a careful examination of discussions bearing on the nature of basic skills (Daly,

- 1994) suggests a somewhat different definition. More specifically, basic skills can be viewed -

as capacities developed over a relatively long period of time that promote or provide a

~ foundation for learning other types of material. In this sense, basic skills, although often
educationally-based, represent a key infrastructure needed for the ongoing development of

'.,cross-functional and occupation-specific skills as well as requisite knowledges.
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 When one looks at basic skills in light of these observations, it becomes apparent that they
can be split into two broad categories. The first category really refers to content domains and
represents background structures needed to work with and acquire more specific skills in a
variety cf different domains. This general category includes skills such as reading and
speaking used to acquire and convey a variety of types of information.

The second category of basic skills is less concerned with content and more concemned with
process. These process skills represent learning-to-leam skills, or procedures that contribute
to the more rapid acquisition of knowledge and skills across a variety of domains. Self-
monitoring represents one of the skills included in this category (Brown and Camponie,
1986), as would critical thinking (Chaffee 1994; Halpemn, 1994).

" Content skills. We will begin our effort to develop a basic skills taxonemy by first
considering the types of skills subsumed under the general content rubric. Clearly, a great
deal of the information and leaming material we are presented with in the course of our lives
are provided by texts, reports, and other written materials. Accordingly, reading
comprehension can be viewed as a basic skill. A variety of studies has examined the nature
of reading (Beck and Carpenter, 1986: Friedricksen, 1982; Friedricksen, Warren, and
Rosenberg, 1985; Just and Carpenter, 19805 Van Meter and Pressley, 1994). The findings of
these studies indicate that reading comprehension is a complex process involving word
recognition, vocabulary, comprehension monitoring, discourse analysis, and inference. Skilled
readers seem to differ from poor readers in that they execute these processes more rapidly.

Not all information we acquire is necessarily in written form. In fact, much of the new
information coxiveyed to us is in the form of oral communication. The importance of oral
commumcatxon 1nd1cates that listening and quesuonmg may represent another significant basic -
skill. In fact, Danneman and Carpenter (1986) have shown that good readers also tend to be
good listeners, because listening, like reading, involves vocabulary, comprehension

monitoring, and discourse analysis, as well as linguistic decoding skills. It is not, of course,
sufficient just to listen; this information must be actively processed and feedback must be
requested to clarify points of ambiguity. Thus, questioning, as a comprehension monitoring
check, may be closely linked to listening. In fact, the available evidence indicates that
questioning activities may represent an important influence on leamning.
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Reading and listening represent the two major ways information is conveyed to us. What is
important to recognize here, however, is that this information will not be understood or
grasped unless it can be framed within a broader set of concepts (Alexander and Judy, 1988;
Stahl, Jacobson, David, & Davis, 1989). Thus, one set of basic skills involves the acquisition
of procedural and declarative knowledge (Anderson, 1993) in those broad domains commonly
used to structure our understanding of the physical and social world around us (Carey, 1986;
Mayer, 1985; Resnick and Omanson, 1987). These observations point to the relationship
between knowledge and basic skills. Knowledge of a domain, however, cannot be viewed as
a basic skill, distinct from knowledge, unless the procedures being acquired in a domain
promote learning in other domains. Because mathematics and science provide a set of unique
procedures, such as hypothesis testing, that promote further leamning, it appears that a grasp of
the procedures involved in applying mathematical and scientific principles can also be vxewed
as basic skills.

Our foregoing observations bring us to our final set of content-oriented basic skills. In the
learning process it is not enough simply to acquire and comprehend information. This
information must be used for some practical purpose and conveyed to others. One way we
convey learning to others is through written communications, involving the planning,
generation, and revision of written material (Hayes and Flower, 1986; Needles and Knapp,
1994). The other way we convey our leamning to others is through speaking which serves a
variety of purposes, guided by both overall linguistic structure and the demands made by the
context at hand (Daly, 1994; Knapp and Vangelisti, 1992; Rubin, 1985). |

Process skills. Having identified the basic content skills, we will now consider those skills
which facilitate the acquisition of content across'domains. The acquisition and organization
of mformatlon permeate the leamning process. It is also true, however, that not all information
- we are provxded with is equally valuable. Thus, to facilitate leammg, people must learn to
separate the wheat from the chaff. The capacity to identify important relevant information
com'mdnly is subsumed under the rubric of critical thinkvihg skills, which includes argument
analysis, hypothesis tesﬁng, and the application of logic in evaluating information (Chaffee,
1994; Halper, 1994; Paul, 1990; Perkins, Jay, and Tishman, 1994). ~

Critical thinking is closely related to a second kind of general learning skill, referred to as
active learning. A variety of studies has been conducted in recent years concerning the

3-10
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characteristics of good and poor students. Chi, Bassock, Lewis, Reimann, and Glaser (1989)
contrasted good and poor learners with respect to knowledge structure development and found
that good learners were more likely to try to actively work with information, searching for
organizing principles and their implications. Along similar lines, Schmeck (1988) and Schmeck
and Grove (1979) have provided evidence indicating that students who actively work with
information, personally elaborating principles and applications, appear more likely to show gains
in knowledge. Other work by Dweck (1986), and Snow and Swanson (1992) also points to the
importance of these elaborative activities in learning,

Active learning might be viewed as a particular kind of learning strategy (Snow and Swanson,
1992). The term strategies, however, is more commonly used to refer to heliristic_s used to
acquire and apply procedural and declarative knowledge. Means-ends analysis, therefore,
represents one kind of learning strategy. Studies by Sweller (1989) and Van Meter, Yoki, and
Pressley (1994a, 1994b) clearly indicate that some strategies provide a far more efficient base for
the acquisition of knowledge than others. For example, role modeling examples appear to
accelerate learning, as does the appropriate use of notes. Thus, an understanding of the learning
strategies available, and practice in applying more effective strategies, may contribute to long-
term continued skill acquisition in multiple domains.

The fourth process-oriented basic skill that has been shown to influence learning is monitoring

* (Brown and Camponie, 1986; Camponie and Brown, 1990). Monitoring represents an ongoing
appraisal of the success of one's efforts, resulting in revisions in strategy or approach to the
learning task when the desired results are not obtained. The evidence compiled by Brown and
Camponie (1986) and Sternberg (1986) indicates that effective monitoring not only contributes
- to learning and performance on the task at hand, but may also promote transfer.

‘Taxonomy. Wxth respect to performance in leammg situations, these observatlons suggest that
 basic skills may be understood usmg the general structural model presented in Figure 3-2.

o Imtlally, in lea.rmng, people acquire information primarily using Reading Comprehension or

Active Listening skills. This information may then be manipulated using certain general
procedures such as those involved in Mathematics and Science. Finally, peoplé must do
something with this information. The Writing and Speaking activities involved in applying
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information therefore represent our next set of basic skills.

The application of all these skills in the learning process will be influenced by four other
kinds of basic skills which reflec: leamning-to-learn activities. These skills include Critical
Thinking, Active Learning, use of Learning Strategies, and Monitoring. All of these leaming-
to-learn skills will affect application of the various content skills described above. Thus,
critical thinking may contribute to listening and questioning as well as writing and the
acquisition of scientific concepts. Figure 3-2 also illustrates how these learning process skills
influence development and application of the content skills.

The question that arises at this point, of course, is whether these basic skills are indeed
related to subsequent performance. The evidence compiled in a variety of test development
studies (Guion, 1966; Jensen, 1980) indicates that measures of the various content skills will
indeed predict performance. With regard to the learning-to-leam or leaming process skills,
the evidence is really not available to draw strong conclusions about whether they will bredict
job performance and skill acquisition on the job. A variety of studies, however, indicates that
these skills will indeed contribute to learning in educational settings (Brown and Camponie,
1986; Greeno and Simon, 1988; Schmeck and Grove, 1979). Further, at least some evidence
is available indicating that these learning-to-learn skills, like the various content skills, can be
developed (Sweller, 1989; Van Meter, Yoki and Pressley, 1994a, 1994b). Thus, there is some
reason to suspect that these attributes represent meaningful skill constructs.

Appendix 3-A provides a theoretical and operationa] definition for each of these basic skills.
Appendix 3-A also provides some supporting citations for the skill definitions, a potential '
level scale, and the mapping of these skills onto the SCANS scales. Based on the results

" obtained in earlier studies (Flelshman and Mumford, 1991; Peterson, 1992), it can be expected
that measures of these skills will yield interrater agreement coefficients in the .70s or 805
when ten to twenty incumbents are available.

It should be recognized, of course, that the number of variables included in this taxonomy is
relatively large. Thus the question arises as to whether it might be possible to formulate a
more parsimonious second-order taxonomy. Because most research in the basic skills area is
primarily focussed on discrete variables rather than systems of variables, it is difficult to find
relevant examples in the literature pertaining to the nature of the variables that would be
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@ Construct Label Technical Definition - Operational Citations SCANS Scales Level Scale Anchors
Definition '
Math and Science | Understands mathematical | Uses mathematics | Greeno (1985) Mathematics High:  Develops hardware for a new computer
& scientific procedures & | & scientific Feltovich, Spiro, : . system.
how these procedures procedures to solve | & Coulson Science Medium: Conducts & analyzes product tests to insure
might be applied in problems (1993) that safety standards are met using a design
problem solving Carlson (1993) Arithmetic provided by someone else.
Low:  Sets up & uses a test station to identify
. defects.
Gritical Thinking | Recognizes & can analyze | Uses logic & Halpemn (1994) | None High:  Writes a legal brief challenging a federal law.
the strengths & weaknesses | analyses to identify | Perkins, Jay, & Mediwan: dentifies the unstated assumptions in a
of arguments & - the strengths & Tishman (1994) report.
propositions using logic to | weaknesses in : Low:  Recognizes the pitch being made in a
establish the validity of | people’s arguments commercial.
these propositions _
Kwowing How To | Can identify & use Is actively involved | Greeno & Simon | Knowing How | High: = Identifies the activities needed to leam a new
Leam strategies likely to facilitate | in leaming, (1988) to Leam area of a profession,
leaming including active identifying & Brown & Mediwn: 1dentifies an altemnative teaching style that
elaboration & monitoring; | applying different | Camponie (1986) might help trainees who are having problems.
can change strategies as strategies that will | Snow & Low:  Watches co-workers to find a quicker way of
indicated by performance | accelerate leaming | Swanson (1992) completing a task.
& current status ] o
Whitten Can decode & comprehend | Can understand Hayes & Flower | Reading Higl:  Reads & revises the manuscript for a new
Commumications | written material & plan, | written documents | (1986) book.
generate, & revise written | & communicates Friedricksen Writing Mediwmn: Prepares a draft technical report.
documents with others in (1982) Low:  Prepares & edits routine correspondence.
- writing Needles &
Knapp (1994)
Oml Reviews, interprets, attends | Can effectively talk | Daly (1994) Speaking High:  Prepares speeches & presentations to be
Commmmications | to verbal information & with others & Beck & _ delivered to a number of different groups.
communicates with others | quickly grasps what | Carpenter (1986) | Listening - Medium: Conducts a discussion with a work group to
in an appropriate fashion | others are saying identify significant problems on their jobs.
given the context at hand Low:  Listens to instructions & adjusts activities as

necessary.

It
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Chapter 3: Skills

included in this kind of taxonomy. On the other hand, the nature of the constructs at hand,
and the structure of the first-order taxonomy, does suggest a potential higher order taxonomy.

As an example, reading and writing might be aggregated into a Written Communications
dimension, while speaking and listening and questioning might be aggregated into an Oral
Communications dimension. Math and science, because they involve related procedures,
might be collapsed into a general Math and Science dimension. In the case of the learning
process dimensions, Critical Thinking should probably be treated as a unique dimension.
However, active learning, leamning strategies, and monitoring might be combined into a
general Learning-To-Learn dimension. Figure 3-3 illustrates the relationships among these

second-order variables.

Table 3-1 provides the definitions and scales needed to assess these constructs. There is good
reason to suspect that application of these higher order constructs will result in ratings of
comparable reliability to those obtained from the first-order skills. Further, these higher order
* scales might prove equally useful in describing job requirements. By the same token,
however, use of this second-order taxonomy will result in a significant departure from the
literature in what is a rather sensitive area. Based on this consideration, it would seem that

the first-order taxonomy should be applied.
Problem Solving Skills

The preceding section considered basic skills, or skills that facilitate learning. Skills
contributing to learning, however, are not the only kinds of skills that might be used to
describe the similarities and differences among jobs. Earlier, we noted that the general kinds
of activities occurring on all jobs might also provide a basis for defining skills. In this
section, we will consider these cross-functional skills, including problem solving skills, social
skills, technological skills, systems skills, and resource management skills.

One kind of activity that occurs on virtually all jobs is problem solving. Problem solving is,
of course, influenced by a host of variables. However, recent research indicates that certain
general kinds of skills may play a role in virtually all problem solving efforts. We begin our
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discussion of cross-functional skills by examining the kinds of problem solving skills that
might contribute to performance across a range of positions.

In recent years we have seen the emergence of a new interest in cognition generally. More
specifically, however, a number of investigations have focussed on complex problem solving
as a topic of interest in its own right (Carlson and Gorman, 1992; Wagner, 1991). Research
on complex problem solving is, essentially, concemned with the cognitive capacities people
apply as they attempt to solve novel, ill-defined problems in complex real-world settings
(Fredericksen, 1984; Stemberg and Lubart, 1991).

Background. Broadly speaking, two general approaches have been used in studies of
complex problem solving. The first approach derives from the literature on expertise and
mental models (Anderson 1993; Chi, Bassock, Lewis, Reimann, and Glaser, 1989; Siegler and
Richards, 1982; Snow and Lohman, 1989). These studies share in common an attempt to
understand the nature of problem solving through identification of the kind of knowledge
structures people bring to bear on the problem. Identification of differences in knowledge
structures is typically accomplished through the comparison of experts and novices within a
given domain. The findings obtained in these studies indicate that experts differ from novices
in that they have a larger set of knowledge structures available, organized on the basis of
underlying principles rather than superficial content similarities, that facilitate recognition and
recall of relevant information. It appears, furthermore, that these principle-based knowledge
structures emerge rather slowly. and that as people move through different stages in the
acquisition of expertise they are likely to make specific kinds of performance errors (Reshick,
1984). . ' '

This research on expert/novice differences has provided compelling evidence for the
foundation of real-world problem solving in cognition. On the other hand, it should be clear
that this research focuses more on knowledge per se than on the procedures by which this
knowledge is applied in problem solving. It is, of course, these general procedures for
working with information that are most relevant to the definition of cross-domain skills.

A variety of efforts has examined the kinds of procedures people typically apply in their
attempts to solve complex problems. Typically, these studies fall under the rubric of process-
based studies of problem solving. The intent of these studies is to identify the general kinds
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Chapter 3: Skills

of procedures people apply as they work through complex problems (Davidson and Sternberg,
1984; Mumford, Mobley, Uhlman, Reiter-Palmon, and Doares, 1991; Sternberg and Lubart,

1991).

Although many of these studies examine the processes involved in problem solving within a
particular domain (Pelligrino and Goldman, 1989), a number of more recent efforts have
attempted to identify the kinds of procedures applied in solving problems in a variety of
domains (Chaffee, 1994; Isaksen and Parnes, 1985, Merrifield, Guilford, Christensen, and
Frick, 1962; Mumford, Mobley, Uhlman, Reiter-Palmon, and Doares, 1991; Sternberg, 1986).
Sternberg (1986), for example, identified three basic processes that appear to be involved in
most forms of problem solving: 1) information encoding, 2) specifics comparison, and 3)
specifics combination. This taxonomy bears some similarity to the taxonomy identified by
Bejar, Chaffin, and Embretson (1991), which also stresses the need for encoding, feature
search, and feature mapping.

The taxonomies of Sternberg (1986) and Bejar, Chaffin, and Embretson (1991) really focus on
how people go about solving well-defined reasoning problems. Other taxonomic efforts have -
addressed more complex, ill-defined problems of the sort encountered in the real world. -
Mumford, Mobley, Uhlman, Reiter-Palmon, and Doares (1991), for example, reviewed the
process models used to account for creative problem solving. This review extended back to
1900 and included process models proposed by Dewey (1910), Wallas (1926), and Spearman
(1927), as well as more recent models, such as those proposed by Isaksen and Pamnes (1985),
Sternberg (1986), and Silverman (1985).

Eight core processes appeared in most of these.taxonomies. These processes included:

1) problem construction or problem identification, 2) information encoding, 3) category or
feature search, 4) category or feature selection, 5) category combination and reorganization or
synthesis, 6) idea evaluation, 7) implementation planning, and 8) solution monitoring. Runco
(1991) proposed a similar taxonomy which calls for: 1) definition of the problem, 2)
generation of alternative solutions, and 3) solution evaluation. Chaffee's (1994) taxonomy
stresses the need for problem definition, alternative generation, and solution evaluation, but

also calls for an implementation planning component.
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Taxonomy. Based on these observations, one can define a relatively straightforward
taxonomy describing the major types of procedures involved in solving complex "reasoned"
problems. First, one must identify the nature of the problem and determine the basic
approach that will be used in problem solving (Getzels & Csikszentmihalyi, 1976; Redmond,
Mumford, and Teach, 1993; Runco, 1994). Following this initial hypothesis generation or
Problem Identification effort (Hoover and Feldhusen, 1990), one must then gather information
about the problem. This Information Gathering may involve the application of different
strategies for identifying or tracking down relevant information (Perkins, 1992) and is similar
to the information encoding construct proposed by Stemberg (1986). The next major
category, Information Organization, represents the need to place information in context and
use this reorganized synthesis as a basis for understanding the problem situation at hand.
This process clearly subsumes Sternberg's (1986) selective comparison process. Synthesis or
Reorganization represents the rearrangement of the information at hand to arrive at a new
understanding of the problem situation (Finke, Ward and Smith, 1992; Mobley, Doares, and
Mumford, 1992). Idea Generation, or the exploration of alternative approaches, is commonly
held to flow from synthesis (Finke, Ward, and Smith, 1992). As Runco and Vega (1990)
point out, however, idea generation is followed by Idea Evaluation. Once a workable idea
has been identified, this will form the basis for Implementation Planning (Covington, 1987).
This planning, however, may often be opportunistic, being guided by a broader vision of the
end state desired in an evolving system (Hayes-Roth and Hayes-Roth, 1979; Krietler and
Krietler, 1987). Finally, most models of problem solving assume that Solution Appraisal of
the process and outcomes will follow, with individuals cycling back as needed to adjust or
extend initial solutions. Figure 3-4 illustrates how these processing skills would operate in an

integrated problem solving effort.

At this point, the question comes up as to whether evidence is available for the validity of
these constructs. Studies by Hoover and Feldhusen (1990), Krietler and Krietler (1987),
Okuda, Runco, and Berger (1991), and Smilansky (1984) indicate that measures can be
developed to assess all of these skills and that measures of these skills do make a unique
contribution to problem solving above and beyond the variance attributable to general
intelligence: Moreover; at'least some evidence: has been obtained (Baer, 1988;. Swanson,. '
1990; Ward, Bymnes and Overton, 1990) indicating that effective application of these skills is
influenced by appropriate developmental experience and that such developmental experience
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extends to performance on transfer tasks. Thus, there is indeed some reason to suspect that
these problem solving processes represent a unique and potentially developable set of skills.

Other evidence indicates that measures of these skills are effective predictors of performance
on relevant problem solving tasks and on jobs that require problem solving. Owens (1969),

- for example, constructed a measure of synthesis or reorganizational skills by asking engineers
to combine certain parts and principles to generate a workable new machine. It was found
that scores from this test correlated (r=.40) with patent awards and supervisory ratings
obtained more than five years later. Along similar lines, studies by Getzels &
Csikszentmihalyi (1976) and Redmond, Mumford, and Teach (1993) indicate that problem
identification or problem construction skills tend to be effective predictors of creativity in the
arts and advertising, yielding correlations in the .30s and .40s with subsequent performance.

Aside from the traditional test validation paradigm, a number of other procedures have been
used to establish the relationship between these skills and problem solving performance.
Studies by Simon and his colleagues (Kilkarni and Simon 1990; Qin and Simon, 1990) have
shown that information search or information gathering strategies may play an important role
in scientific discoveries. Other studies by Carroll and Gillen (1987) indicate that careful
evaluation of ideas and effective planning contribute to leader performance and overall

organizational effectiveness.

Taken as a whole, there is reason to believe that this taxonomy of problem solving skills may
capture a key aspect of skilled performance. Further, these skills may prove of great
importance in a rapidly changing world that stresses the need for innovation and the analysis .
of information. Appendix 3-B, therefore, presents a proposed set of scales and scale
definitions that might be used to measure these problem solving skills. That appendix also
presents some supporting citations, and maps these problem solving skills onto the SCANS

scales.

Prior research by Mumford and his colleagues (Reiter-Palmon, Uhlman, Clifton, Connelly,
DeFlippo, and Mumford, 1990; Mumford, Threlfall, Costanza, Baughman, and Smart, 1992)
indicates that importance scales intended to assess these and other related constructs yield
interrater agreement coefficients in the .70s or .80s using the Shrout and Fleiss (1979)
procedures with 20 to 30 judges. Other findings obtained in these studies indicate that the
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percetved importance of these attributes may be related to performance in sales positions.
Thus, there is some reason to suspect that incumbents can provide viable ratings of those
skills at a relatively low cost.

Although the theoretical and job analysis literature has, for the most part, focused on rather
narrowly defined sets of problem solving skills, the work of Chaffee (1994) and Runco (1991)
provides a framework for constructing a somewhat more parsimonious taxonomy of problem
solving skills. This taxonomy would include four basic skills: Problem Identification,
Knowledge Acquisition, Solution Generation, and Solution Evaluation. Problem Identification
would be defined in much the same way as earlier, representing initial definition of a problem
to be solved. Knowledge Acquisition represents the second step in an integrated problem
solving effort where information is both acquired and structured to form an understanding of
the key elements of the problem situation. Idea Generation, our hext major componeht in this
second-order taxonomy, could subsume synthesis or reorganization as well as alternative
generation. Thus, this construct would involve creating an understanding of the problem
situation and generating solution alternatives based on this understanding. The final construct
in this second-order taxonomy would be Solution Evaluation, which would involve evaluating
ideas, planning implementation, and monitoring the implementation. Figure 3-5 illustrates
how those higher order skills would operate together in an integrated problem solving effort. -

Table 3-2 provides a technical and operational definition for each of these second order
constructs. Table 3-2 also- provxdes anchors for each construct and supporting citations, and a
mapping of the constructs onto the SCANS skills.

The advantages of this higher order taxonomy are, in a sense, obvious. If this taxonomy were
used, it would take less time to collect the requisite descriptive information. On the other
hand, these second order constructs do not have as strong a foundation in the literature.

Based on these observations, and the importance of problem solving skills in the emerging.
work place, the lower order taxonomy should be usgd in O*NET.

3-22



Problem Identification

'

Knowledge Acquisition

'

Solution Generation

—_

'

Solution Evaluation

Figure 3-5
Model of Higher Order Problem Solving Skills

3-23

97




913 4a popiosd L ins |

EI

)

pT-¢

98

Table 3-2
Description and Definition of Higher Order Problem Solving Skills
Construct Label Technical Definition Operational Definition Citations SCANS Scales Level Scale Anchors

Problem Identification |Reflects the restructuring |Identifying the nature | Getzels & Problem solving |High: Generates new hypothesis about
of an ill-defined situation [of problems Csikszentmihalyi chemical reactions
such that the basic nature (1976) Creative Medium: Suggests why two groups are in
of the problem & Redmone, conflict '
requisite problem solving Mumford, & Teach [Reasoning Low: Asks questions about why a
strategies are identified (1993) procedure should be used

Hoover & Decision making
. Feldhusen (1990)

Knowledge Acquisition |Searches for key Knows how to find & |Davidson & Problem solving |High: Identifies & categorizes
diagnostic information organize information | Sternberg (1984) : resources nceded for retooling a
needed to address a Perkins (1992) Creative manufacturing plant
problem & organizes this Qin & Simon Medium: Prepares annotated outline for a
information using (1990) Reasoning major technical report
appropriate concepts Low: Makes a personal filing system

Idea Generation Uses available Generates a number of |Finke, Wand, & Creative High:  Restructures a corporation to
information to create an  |potential problem Smith (1992) meet changing markets
understanding of the solutions Guilford (1950) Problem solving |Medium: Identifies two or three potential
problem & identify Runco (1991) solutions to a construction
potential approaches & Mobley, Doares, & problem
features of viable Mumford (1992) Low: Rearranges filing system to
solutions make it easier to get needed

material

Idea Evaluation Evaluates whether a Evaluates whether Mumford, Zaccaro, |Problem solving |High: Determines whether a bill
proposed solution will ideas will work & Harding, & should be brought to Congress
work within the setling at |creates plans for Fleishman (in press) | Decision making |Medium: Determines what kind of
hand & formulates & implementing an idea  |Carroll & Gillen computer equipment should be
implements plans to bring (1987) Reasoning purchased
about a solution Covington (1987) Low: Determines whether a task can

Creative be completely by the end of the

day
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Social Skills

Virtually all jobs require people to work with others. In fact, some investigators (Hackman
and Morris, 1975; Steiner, 1972) would define work in terms of requisite patterns of social
interaction. Although social interchange has always been a significant component of work
(Katz and Kahn, 1978), it is likely that these interactive components of work will become
ever more important as organizations stress teamwork and customer service in an attempt to

enhance productivity and improve customer satisfaction.

Given these observations, there is indeed some reason to believe that social skills will
represent an important, if not crucial, component of cross functional skills. Relatively few
taxonomies of social skills have appeared in the general literature. In part, the dearth of
relevant taxonomies may be traced to the continuing debate over the distinction between
social intelligence and general intelligence (Cronbach, 1960; Keating, 1978; Thomdike and
Stein, 1937). More specifically, some argue, there is no effective distinction between
intelligence as it is manifest in social behavior and general intelligence.

Background. There is reason to believe that social skills are indeed related to, and perhaps
dependent on, general intelligence. However, there also is reason to believe that social skills
might represent a distinct set of constructs. Social skills are influenced by general
intelligence. On the other hand, experience in various social situations may also contribute to
the development of these skills (Cantor and Kihlstrom, 1984, 1987; Ford and Tisek, 1983).

Over the years, the few available attempts to construct taxonomies of social skills have tended -
to focus on aspects of social intelligence. Moss, Hunt, Omwake, and Woodward (1955), for
example, have proposed a six-variable taxonomy which includes: 1) judgment in social
situations, 2) memory for names and faces, 3) recognition of facial expressions, 4) observation
of human behavior, 5) knowledge of social information, and 6) recognition of the mental state
of the speaker. Other work by Marlowe (1986) has examined the factors emerging from
social intelligence tests. In this study, five factors were identified, including; 1) pro-social
attitude, 2) social skills, 3) émpathy skills, 4) emotional, and 5) social anxiety. In still
another effort concerned with defining the key aspects of social intelligence, Zaccaro, Gilbert,
Thor, and Mumford (1991) proposed two key variables. One, social perceptiveness, was
concerned with the acquisition and interpretation of social information. The other was
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behavioral flexibility or the capacity to adjust social behavior in relation to the demands

imposed by the situation.

In contrast to these studies, all focusing on social intelligence, other researchers have
employed a more pragmatic approach. In this performance-based approach to identification of
social skills, an attempt is made to identify variables that influence how well people perform
tasks that call for social interaction. ‘One illustration of this approach may be found in the
recent work of Gilbert and Fleishman (1992). In this study, the available literature bearing on
performance in social situations was used to construct a taxonomy of social skills. This
review led to the identification of 16 social skill variables, including: 1) agreeableness, 2)
behavior flexibility, 3) coordination, 4) dependability, 5) assertiveness, 6) negotiation, 7)
persuasion, 8) sociability, 9) social conformity, 10) social sensitivity, 11) self-control, 12)
social confidence, 13) achievement striving, 14) openness to experience, 15) self-sufficiency,
and 16) coaching. This study also provided evidence indicating that these constructs can be
reliably evaluated by incumbents using importance and level scales. The resulting interrater
agreement coefficients are in the .80s, while it was found that judges could identify job
behaviors that reflected manifestations of these skills. Further, the resulting descriptive
information apparently evidences some construct validity in the sense that it captures expected
differences among different types of jobs.

On the other hand, it should be recognized that the Gilbert and Fleishman (1992) taxonomy is
an unusual one in the sense that personality variables likely to facilitate interpersonal
interactions were expressly included in the development of the taxonomy. When one focusses
on the components of this taxonomy directly relevant to social skills, a somewhat simpler
taxonomic system emerges which includes: 1) behavioral flexibility, 2) coordination, 3)
negotiation, 4) persuasion, 5) social sensitivity, 6) coaching, and 7) assertiveness.

This reduced taxonomy is noteworthy in part because it displays substantial similarity to a
taxonomy of social skills proposed by Peterson (1992). Peterson's (1992) taxonomy includes
six variables: 1) participates as a member of a team, 2) teaches others, 3) serves
clients/customers, 4) exercises leadership, 5) negotiates to arrive at a decision, and 6) works
with cultural diversity. Of course, the teaches, negotiates, participates as a member of a team,
and exercises leadership dimensions of Peterson's (1992) taxonomy are similar to the
coaching, negotiation, coordination, and assertiveness dimensions of Gilbert and Fleishman
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(1992). It should also be noted that Peterson's (1992) cultural diversity construct could
effectively be subsumed by Gilbert and Fleishman's dimensions of social sensitivity and
behavioral flexibility. Service orientation, however, is a distinct construct not captured in the

Fleishman and Gilbert (1992) taxonomy.

Taxonony. When one considers the work of Peterson (1992) and Gilbert and Fleishman
(1992), it becomes apparent that eight lower order variables might account for the major
social performance skills found in the literature. This taxonomy of lower order dimensions
would include: 1) Behavioral Flexibility, 2) Coordination, 3) Negotiation, 4) Persuasion, 5)
Social Sensitivity or Social Perceptiveness, 6) Instructing, 7) Assertiveness, and 8) Service
Orientation. 1t is of note here that Assertiveness or Social Engagement may be viewed as the
inverse of 'shyne.ss, a variable which has been shown to lead to poor performance in many
social situations (Caspi, Bem and Elder, 1989), just as dominance, a syrionyfn for
assertiveness, has been shown to contribute to leader emergence and performance (Lord,
Devader, and Alliger, 1986). |

With regard to this taxonomy, it should be recognized that certain variables might be viewed
as dispositional constructs which influence how people interact with others. " Behavioral
flexibility and assertiveness, for example, are often viewed as dispositional or personality
constructs (Borman, 1991). If these variables are more appropriately viewed as dispositional
constructs, then a somewhat simpler taxonomy of social skills might be proposed which

- includes: 1) coordination, 2) negotiation, 3) persuasion, 4) coaching, 5) service orientation,

and 6) social perceptiveness.

This taxonomy is attractive, at least in the sense that it seems to summarize the work of prior
efforts using a performance-based approach. Three other pieces of evidence, however, point
to the meaningfulness of this taxonomy. First, because this taxonomy includes dimensions
concerned with response coordination and social perceptiveness, it is consistent with the
available work on social intelligence (Ford and Tisak, 1983; Marlowe, 1986; Zaccaro,
Gilbert, Thor, and Mumford, 1991). Second, this taxonomy displays some convergence with
team performance requirements. For example, Fleishman and Zaccaro (1992) note that team
performance involves five higher order variables, including orientation functions (for example,
information exchange), resource distribution, and time and response coordination. Clearly,
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Skl]]S such as coordination, negotiation, persuasion, and social perceptiveness would contnibute
to the effective execution of all these functions. Along similar lines, recent work by Cannon-
Bowers, Tannenbaum, Salas, and Volpe (1995) points to the importance of skills such as
coordination, social perceptiveness, and cooperation or service orientation. All represent key
skills contributing to effective team performance. Third, and finally, these social skill
variables appear capable of being organized in terms of a stimulus, dperations, response
model. Thus they can be conceived of as operating as an integrated set of performance
relevant skills within the social domain.

Figure 3-6 illustrates the relationships among these social skill variables. The available
evidence (Ford and Tisak, 1983; Gilbert, 1994) indicates that it may be possible to construct
behaviorally based, typical performance measures of those skills. However, it remains open
to question whether maximal performance measures can be developed that are distinct from
intelligence. Further, the results obtained by Bray, Campbell, and Grant (1974), as well as
Howard and Bray's (1988) findings, indicate that these skills may indeed develop as a -
function of experience. These findings, and the evidence obtained for the reliability and .
validity of measures of these skills, in various job analysis efforts, provide some justification
for measuring these skills in the occupational classification prototype. Table 3-3, therefore,
provides technical and operational definitions for each of these skills. This table also presents
the mapping of these skills onto the SCANS scale, and provides potential level anchors for
each social skills scale.

The number of skills included in this taxonomy, although small given the complex nature of
the domain, is still sufficient to bring into question the feasibility of applying this taxonomy.
Thus, the question arises as to whether a simpler higher order taxonomy might be
developed using these constructs. Some rules about how one might develop this kind of
higher order taxonomy may be found in the structure of the first-order taxonomy and the
earlier work of Zaccaro, Gilbert, Thor, and Mumford (1991). '

Zaccaro, Gilbert, Thor, and Mumford (1991) note that social perceptiveness or the capacity to
acquire and understand social information provides a basis for all forms of complex social
interaction. Thus, in keeping with the lower order taxonomy described above, Social
Perceptiveness can be viewed as our first higher order skill. Zaccaro, Gilbert, Thor, and
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Description of Relationships among Social Skill Constructs
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Level Scale Anchors

| Construct Name Technical Definition Operational Gitations SCANS Scales
Definition
Social Can accurately diagnose Being aware of Gilbert & Participates as High:  Counseling depressive patients during a crisis -
Perceptiveness and appraise social others' reaction§ Fleishman (1992) membgr ofa period.
situations attending to and understanding . team Mediwm: Being aware how a co-worker's promotion
others' reactions within the | why they react the | Zaccaro, Gilbert, would affect a work group.
broader context of ongoing | way they do Thor, & Leadershi Low:  Noticing that customers are angry because
social interchange Mumford (1991) P they have been waiting too long.
Coordination Is able to structure and Adjusting actions Gilbert & High:  Working as director of a consulting project
adjust activities in in relation to Fleishman (1992) Participates as calling for interaction with multiple
accordance with the needs | others' actions subcontractors.
of others anticipating their Peterson (1992) . Tez:nnber ofa Mediwom: Working with others to put a new roof on a
actions and the demands house.
placed on them Low: Scheduling appointments for a medical clinic.
Persunsion Can present information in ‘| Persuading others Gilbert & Higl:  Changing the opinion of the jury in a
such a way as to influence to approach things | Fleishman (1992) comp!ex. legal case. .
others attitudes and differently None Medium: Convincing a supervisor to purchase a new
behavior copy machine.
Low: Soliciting donations for a charity.
Negotiation Can bargain as a Bringing others Peterson (1992) High:  Working as an ambassador in negotiating a
representa.tive of otl.lers or | together qnd trying _ Negotiates to - new treaty. .
can bargain for one's self | to reconcile Gilbert & arrive at a Medium: Contracting with a wholesaler to sell items at
in situat.ions calling for a differences - Fleishman (1992) decision L ;lgiven. costustlf . 4 ;
transaction W senting jushfication to manager for
altering work schedule.
Instructing Can develop the skills of | Teaching others Peterson (1992) High:  Demonstrating surgical procedures to intems
' others attending to their how to do _ in a teaching hospital.
needs and current level of | something Gilbert & Teaches others Mediwn: Instructing a co-worker in how to operate a
mastery Fleishman (1992) software program.
j 5 Low: Instructing a new employee in the use of
time clock.
Service Attempts to provide others | Actively looking Peterson (1992) High:  Directing relief agency operations in a
Orientation with needed services for ways to help disaster area.
anticipating their needs and | people Serves clients/ | Mediwn: Making flight reservations for customers
responding to their customers using airline reservation system.
concems Low: Asking customers if they would like cups of
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Mumford (1991), however, go on to point out that, based on these cues and one's understanding
of the social situation, one must adjust one's pattern of interactions. These adjustments in
interaction patterns, of course, require response coordination. As a result, Response
Coordination can be viewed as our second higher order social skill. These adjustments in
behavior might in turn serve two general purposes in an exchange theory model. First, the
behavioral change might be intended to induce 2 change in others, as is the case in persuasion
and negotiation. Second, this change might be intended to facilitate others' actions through
coaching or service-related activities. Accordingly, our final two higher order constructs are
labeled Persuasion/Negotiation and Instructing/Service Orientation. Figure 3-7 illustrates the
nature of this higher order taxonomy.

Table 3-4 describes the technical and operational definitions formulated for each of these higher
order constructs. Table 3-4 also presents a mapping of these skills onto the SCANS scales along
with potential scale anchors. Of course, because the literature has for the most part focussed on
lower order constructs, direct evidence bearing on the reliability and validity of these scales is
not available. It should be noted, however, that the findings obtained for the response
coordination and the perceptiveness or sensitivity scales do argue for the potential reliability and
validity of these measures. However, in general it would seem that the lower order taxonomy
provides a more appropriate description of the relevant domain.

Technical Skills

Technology in its varied forms represents a key component of many jobs. Some jobs, for
example, involve working with telecommunications equipment. Other jobs involve designing
new computer software and maintaining computer operating systems. Still other jobs, in
production operations, require workers to monitor and control the operations of a process
production plant. '

Because so many jobs involve the development and application of various tools and
technologies, there is reason to suspect that the skills involved in working with different pieces
of technology might represent a set of cross-functional skills contributing to performance on a
variety of different jobs. In fact, a number of studies have been conducted examining the impact
of various technical skills on job performance. In two recent studies along these lines, Smith
(1995) and Finke (1995) examined skill in product design. They found that engineers indeed
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Negotiation/Persuasion - > Instructing/Services

Figure 3-7
Description of Relationships among Higher Order Social Skill Constructs
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Table 3-4
Higher Order Social Skills

Construct Label Technical Definition Operational Citations SCANS Scales Level Scale Anchors
Definition
Social Can accurately diagnose  |Is aware of others’ Gilbert & Participates as |High: Counsels depressive patients during a
Perceptiveness and appraise social reactions and can Fleshman (1992) |member of a crisis period
situations attending to understand why they Zaccaro, Gilbert, |team Medium; s aware how someone’s promotion
others’ reactions within  |react the way they do | Thor, & will affect a work group
the broader context of Mumford (1991) |Leadership Low: Notices that a customer is angry with a
ongoing social waitress/waiter
interchanges
Response [s able to structure and Can adjust actions in Gilbert & Participatcs as |High: Works as director of a consulting
Coordination adjust activities in relation to others’ Fleishman (1992) [member of a project calling for interactions with
accordance with the actions Peterson (1992) |team multiple subcontractors
needs of others Medium:  Serves as a nurse in an emcrgency
anticipating their actions room
and the demands implied Low: Works with others to put a new roof on
a house
Persuasion/ Can persuade others to Can get others to agree |Gilbert & Negotiates with |High: Works as an ambassador to get
Negotiation accept other views and to an approach through |Fleishman (1992) |others to arrive multiple parties to agree to a treaty
negotiate with them to persuasion and Peterson (1992) [at a decision  |Medium:  Convinces a distributor to start selling
arrive at an agreement negotiation : anew product line
Low: Justifies a salary increase to a
supervisor
Instructing/Service |Tries to attend to the [s aware of others’ Gilbert & Teachers others | High: Serves as faculty in a school of
needs and expectations of [needs and tries to help  |Fleishman (1992) education
others helping them them or provide Peterson (1992) |Serves clients/ |Medium: Conducts orientation courses for new
develop new skills as requisite knowledge customers employees
necessary Low: Instructs a co-worker on how to

operate a software program
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differ in their ability to produce designs and that effective application of these design skills is
influenced by the kind of information available. Other research by Barsalow (1989) has
examined the heuristics or procedures used in isolating problems and has-shown that error
identification strategies can be taught, yielding improvement in machine repair. Along similar
lines, Ward, Byrnes, and Overton (1990) have provided evidence that there are distinct
measurable programming skills and that appropriate developmental interventions can lead to
gains in performance on a transfer task.

Although these studies have demonstrated the existence and importance of various technical
skills, these skills have for the most part been treated as discrete entities. Thus, these studies
typically have not made any attempt to determine how technical skills are related to other types
of skills, such as basic skills and problem solving skills. Further, no attempt has been made to
formulate a systematic taxonomy of technical skills. Thus, it would be difficult, if not
impossible to use the existing research literature to propose a systematic taxonomy of technical
skills.

Background. On the other hand, it should be recognized that a variety of studies has examined
the nature of technologically-oriented jobs (Bosshardt and Bowans, 1979). Many of these job
analysis efforts have specifically sought to identify the kinds of activities performed on these
jobs. Thus, one approach to constructing an initial taxonomy of cross-functionai technological
skills would be to review of a broad sample of job analyses examining different kinds of jobs to
identify the recurring themes that appear in descriptions of the activities involved.

Accordingly, we began our effort to develop a taxonomy of cross-functional technological skills
with a review of prior job analysis efforts. The job analysis studies included in this review were
expressly selected based on three criteria. First, the job under consideration had to explicitly and
directly call for the use of machines, tools, and technologies as a crucial component of job
performance. Second, the kinds of activities performed on this job had to be described either as
a separate component of the job analysis or, alternatively, in task statements. Third, the reports
describing these activities had to describe explicitly the relevant job analysis procedures and
provide information bearing on the frequency and importance of these activities.
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Appendix 3-C summarizes the kinds of activities identified in these reports. More
specifically, this appendix lists the title of the job under consideration and the kinds of
technological activities listed in the job analysis report, and provides an evaluation of the
importance of these activities and the frequency with which these activities occurred on the

job.

Higher order taxonomy. When one considers the information summarized in Appendix 3-C,
an argument can be made that technologically-oriented jobs appear to involve four basic kinds
of activities: 1) design, 2) set-up, 3) operations, and 4) correcting malfunctions. The first
major kind of activity might be referred to as Design. Design involves the initial
development of technology, as well as laying out this technology so it operates within the
context of other equipment and requisite human factors. Once a piece of technology has been
developed and selected for application, it must be set up or put in place for operational use.
Those kinds of Set up activities, of course, involve installation. They may also entail the
development of programs or procedures for the on-site application of a given piece of
technology. Once the technology has been Set up, it will be used for one purpose or another.
Thus the next major category of activities pertains to routine Operation of the technology.
The kinds of activities subsumed under Operations would, therefore, include: monitors
operations, adjusts controls, performs routine maintenance, etc. In the final analysis, no
matter how well machines or technology are used and applied, they will eventually break
down. This observation leads to our fourth major type of technological activity, which is
Correcting Malfunctions. Corrections is again a rather broad category of technological
activities but would clearly include activities such as diagnosis and troubleshooting. These
activities involve identifying the nature of the malfunction and the actions needed to correct

it, such as repairing, replacing, or adjusting certain components.

Figure 3-8 describes the relationship among these four general or higher order categories of
technological skills. Essentiaily, this model assumes that technology begins with initial
design and then proceeds to set-up and operation of the technology. Once technology has
been used, corrective actions must be taken to maintain these functions. Table 3-5 provides a
technical and operational definition for each of these higher order technological skills, along
with potential level anchors and a mapping of these skills onto the SCANS scales.
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