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The instructional component will consist of
materials describing the Work Keys skills in
greater detail and illustrating workplace applica-
tions of those skills. ACT may also offer work-
shops for educators and employees to discuss
strategies for building the skills needed in the
workplace.

 Implementation of Work Keys
ACT began marketing the Work Keys system

in early 1993. A number of states have decided to
use or are considering use of the Work Keys
system in various ways. Several states intend to
use Work Keys for measuring ‘ ‘basic or more
advanced academic skills” as required in the
Perkins Act. Others may administer it as a pretest
at the beginning of 11th grade and a post-test at

the end of 12th grade to assess student gains in
workplace skills. Still others may use Work Keys
as a program completion examination at the end
of grade 14, after the final years of an integrated
secondary-postsecondary ‘‘tech-prep’ program.

VOCATIONAL-TECHNICAL EDUCATION
CONSORTIUM OF THE STATES5

 Origin and Purpose of V-TECS
V-TECS is a consortium of 23 states with the

goal of promoting competency-based vocational-
technical education. Since its inception in 1973,
V-TECS has been a unit within the Southern
Association of Colleges and Schools, the main
accrediting agency in the South. Full membership
in V-TECS is limited to state agencies responsi-
ble for administering the Perkins Act programs.
Member agencies provide proportional support
for V-TECS administrative and product develop-
ment costs. Associate membership is open to . .

the military services, federal, state and local
governmental agencies, international entities, and
other organizations. . .’ with demonstrated inter-
est in performance-based education.6

V-TECS aims to accomplish its goal of pro-
moting competency-based education through co-
operative research and development (R&D) ef-
forts in four main areas: 1 ) analyzing jobs; 2)
organizing job-related information; 3) developing
components for assessing student achievement;
and 4) designing, developing, and/or acquiring
instructional materials that link teaching with the
skills required for jobs.

These four efforts are interrelated, with the first
effort, occupational analysis, providing the foun-
dation for the other three. The founders of
V-TECS felt that the improvement of curricula
for vocational-technical education should begin
with occupational analysis––ascertaining the spe-
cific tasks and duties performed by workers in
certain jobs and building a curriculum around
them. The task of developing the occupational
analysis was divided among participating states,
with each state taking responsibility for certain
occupations and sharing their findings with other
members.

Assessment did not become a major focus of
V-TECS until 1986, when banks of test items for
states or other V-TECS members to use in
constructing their own competency-based tests
were developed to respond to the growing interest
in better assessment and credentialing for voca-
tional students.7 As with curriculum, V-TEJCS
members felt that assessment should be based on
what students would be required to do in the
occupations for which they were trained. Thus,
every test item selected for the banks is tied to a
specific task or duty in a specific job area.

5 Information in this case study is based on Brenda Hattaway, assistant director, V-TECS, OTA interview, Jan. 12, 1993.

b The technical training commands of the Army, Air Force, Navy, and Marine Corps are associate members and suppwt  V-TECS through
such means as sharing task lists with member states. Other federal agencies, such as the Bureau of Prisons and the International Labor Affairs
Divisi(m  of the U.S. Department of Labor, are associate members.

7 According to Hattaway (op. cit., footnote 5), the main purpose of the tests has been to improve instruction.
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Paralleling its four R&D efforts,
offers four main products and services:

Analytical Tools. First developed
these are called “catalogs” and
over 200 job areas. 8 For each job

V-TECS

in 1973,
exist for
area, the

catalog consists of lists of the duties and
tasks involved, along with the tools, equip-
ment, and work aids needed to perform
them, Finally, for each of the duties and
tasks there is a list of performance objec-
tives and the steps that the worker must take
in performing them.9

Instructional Tools. These, too, are organ-
ized by job area. For each job area, they
include instructional worksheets, lists of
instructional resources and activities, lists
of enabling competencies, and lists of
related academic skills. Development of
instructional tools began in 1984, and they
now exist for 66 job areas.
Assessment Tools. V-TECS has also de-
veloped or acquired banks of test items.
Each of the test items is criterion-referenced
to a specific duty and task. A test item bank
is available for 35 of V-TECSs job areas.
The banks include both written (matching
or multiple-choice) and performance-based
items.
V-TECS DIRECT. This is a software pack-
age designed for storing and retrieving the
V-TECS materials that make up the other
three components. As of fall 1992, catalogs
and instructional tools for about 70 occupa-
tions were available on disk. All test item
banks have been available on disk from
their initial release.

 Development Process for V-TECS
Catalogs and Instructional Tools

V-TECS follows a multistage process in devel-
oping all of its catalogs and instructional tools.
First, the consortium determines the priorities for
job analyses,

10 new product development, and

revisions by collecting statistical information
from such sources as the U.S. Department of
Labor and surveying the needs of member states.

Second, V-TECS identifies competency-based
curriculum materials and other materials for each
job area that it plans to analyze. These materials
help V-TECS develop task lists and lists of tools,
equipment, and work aids. V-TECS refines the
lists by identifying a target population of workers
in the particular occupational domain being
analyzed. A sample of this population is inter-
viewed and observed. The tasks are then organ-
ized under duty statements.

The task and duty lists and the tools, equip-
ment, and work aids lists are then sent to a larger
sample of the target population in survey form.
Surveyed workers are asked whether they per-
form the tasks listed on the V-TECS lists and
whether they use the tools, equipment, and aids
listed, V-TECS analyzes the survey data to
determine the percentage of incumbent workers
that performs each task and uses the various tools,
equipment, and work aids. Based on these per-
centages, final lists are developed.

V-TECS has recently taken steps to improve
the development of task lists, so that they will be
truly national in scope. In prior years the lists
were validated by surveying people in only a few
states. However, V-TECS has expanded its sur-
veys to include industry people in many states.

X V-TECS estimates that its catalogs cover at least 90 percent of the vt~ati(mal  education proglarn areas that exist in the nati(m.

‘> According to the V-TECS Technical Re]krence Handbook: “. . . each ‘task’ is a statement of measurable behavior which describes a
meaningful unit of work having a definite beginning and ending point. A ‘duty’ is a broad descriptor under which similar tasks are organ ized. ’
The perft~mlance  objectives consist of a list or description of the c(mditi(ms  under which a task is perftmned,  a descripti(m  of the task to be
Perf(mmcd,  and a Perfomlance  standard. This standard is “. . . an observable or measurable standard of perf(}mlance  deemed appropriate for
successful c(m~pleti(m of the task by incumbent workers.

It) A job are:i  nla}  Include  (me or more  Dictionary of occupati(mal  Title (DOT) job classifications.
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Third, V-TECS selects a group of workers to
serve on a writing team; the team is responsible
for specifying performance standards and identi-
fying the steps involved in performing each
individual task in a duty area. Following this
phase, subject matter experts are asked to identify
the cognitive knowledge, psychomotor skills, and
work-related behaviors that are critical to the
performance of each of the tasks. The “enabling
competencies" and “related academic skills’
that eventually appear in the instructional tools
are derived from these knowledge, skills, and
behaviors.

 The V-TECS Item Banks
All test items in the V-TECS banks are

developed by member states in accordance with
a standard V-TECS development model. Eleven
states have contributed to the development of test
item banks so far, with the V-TECS central office
monitoring quality. If a member state wishes to
have its own state-developed test item bank
labeled as a V-TECS item bank, it must document
that it has gone through the standard V-TECS
development process. V-TECS staff also review
and edit the state-developed test item banks, on
occasion sending them back to the states for
further editing. 11

The V-TECS process for developing test items
includes several steps:

. Validating Task Lists, Performance Objec-
tives, and Performance Steps. The first step
in developing test item banks is to review the
continued validity of the task lists, perform-
ance standards, and performance steps con-
tained in the catalog of the job area for which
the test is to be developed. This is accom-
plished by having five to eight workers from

●

●

●

�

different-sized companies and employers
who are experts in the job area review the
lists and make minor changes as they see
appropriate.
Writing Test Items. V-TECS selects a [earn
of test item writers. The team must include
instructors with recent work experience, the
state technical coordinator or project direc-
tor, workers from the domain area, and a
V-TECS central office representative, when
available. After receiving special training,
the writing teams develop both written and
performance items by reviewing the com-
pleted task analyses and using V-TECS
guidelines to ensure that test items match the
tasks.
Reviewing and Editing Test Items. The test
items are reviewed by four groups of experts
and revised if necessary. The four groups
include the writing team, test item construc-
tion experts, subject matter experts, and a
sample of workers. V-TECS central office
staff review the test items to make sure they
match the duties and tasks of each of the
occupations and to make sure they are
formatted correctly. V-TECS staff then edit
the test items and compile the test item blink.
Field Testing of Item Bank. All test items are
field tested in schools to check whether the
items are clear, reliable, and free of sexual or
racial bias and whether the directions are
clear. Test administrators are asked to pro-
vide feedback on any difficulties encoun-
tered during the field test. Item response data
from field testing are scored and analyzed for
item difficulty, item discrimination, and
distracter response. 12 These three forms of
analysis help ensure that test items discrimi-

I I staleS  ~]S()  hale the  ~)p[ion  of sharing their state. deve]()~d item banks without having tlle~l labc]e~  as V-TECS  item banks. ]n [his case,

V-TECS  will help make the banks available to other states, clarifying that these materials may not have been developed according to the standard
V-TECS process.

I z Multlp]e-choice ~ue$tions  me IYpical]y  constmcted  I() inc]ude  three  distract(w respmses,  which are p]ausibk? a]lUTMtiV~s I() ~h~ c(’~~~t

answer. There is (rely one correct response. Test takers’ responses to these distractfms  are analyzed in the cxmrse  of test cxmstructi(m  to check
(m the qua] ity of the questions and answers provided.
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nate between examinees who have received
instruction in the area being tested and
examinees who have received no such in-
struction.

● Editing and Completing Final Item Bank.
The item bank is revised based on the field
test results.

This process of ongoing, multistage review by
workers, V-TECS staff, and other experts helps to
ensure the content validity of the items—that they
are tied directly to real occupational tasks and
duties.

As mentioned above, the banks include both
written and performance items. The written tests
measure knowledge and skills, with the emphasis
on knowledge. There are two categories of written
items: those that measure the examinee’s ability
to recall information, and those that test the
examinees’s ability to analyze information. V-
TECS supplies the correct answer for the written
items.

The performance items also measure both
knowledge and skills but emphasize skills. Some
items focus on the process the student uses, others
focus on the product that results from the per-
formance, and some measure both process and
product.

Each performance item comes with a descrip-
tion of the task that the student must perform. An
evaluator observes student performance using the
checklist, checking off actions that the examinee
completes successfully.

V-TECS does not supply explicit guidelines on
what a successful completion of a task or piece of
a task should be like. To understand what is
expected of an examinee, the evaluators must
refer to the ‘‘performance objectives and stand-
ards’ for each task; which are contained in the
V-TECS Analytical Tools. Agencies administer-
ing the test can decide on a minimum level of
performance required in order to ‘pass. ’ Scoring
is thus performed by the user rather than a testing
organization, as in the case of Work Keys.

 Use and Availability of Test Item Banks
V-TECS test item banks are used by states for

a variety of purposes, including evaluating
schools and programs and certifying program or
course completion for individual students. Private
companies also use some of the V-TECS materi-
als, but not as extensively as schools. Entities
using a V-TECS item bank select a number of
items from it for each competency to be assessed,
and combine them into a test or assessment for use
in classrooms.

V-TECS does not maintain records on the
number of states, schools, or school districts
using its materials, nor does the organization
maintain information on which states are using
test item banks to meet Perkins Act evaluation
requirements. These types of records would be
difficult to maintain because the materials are so
easily shared.

The V-TECS materials are widely available.
Members receive two copies of all V-TECS
materials. Nonmember states can purchase the
material at a higher cost. In fact, V-TECS
materials, including the test item banks, can be
purchased by any entity. The only form of
marketing V-TECS does is through exhibiting
their materials at national conferences. For exam-
ple, they exhibit at the annual meetings of the
American Vocational Association and at the
American Society for Training and Development.

The V-TECS organization provides technical
assistance to members and other users of its
materials. Based on requests from people in
member states, V-TECS conducts workshops on
such topics as how to write and review items and
how to interpret student performances and prod-
ucts. The organization also offers workshops on
competency-based vocational education at the
request of a state agency or a group of schools.

In addition, V-TECS sponsors periodic na-
tional conferences on competency-based assess-
ment and performance standards for vocational
technical education. At least once a year, V-TECS
holds a workshop for its technical coordinators-
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the state agency employees from member states
who oversee development of V-TECS material in
their state, promote V-TECS materials, and work
with the state educators and business people.

 The Future of V-TECS
V-TECS is considering whether it should offer

a testing service that would actually construct
tests for states. In addition, the organization is
continuing its efforts to ‘‘fill in the gaps’ in its
current titles. For example, in 1991 V-TECS
began identifying related academic skills, a pro-
cess that it plans to continue for all occupations.
Another priority is developing test items for all
job areas addressed in V-TECS materials.

NATIONAL OCCUPATIONAL COMPETENCY
TESTING INSTITUTE13

 Overview of NOCTI and the
SOCAT Testing Program

NOCTI was created in the early 1970s as a
national, not-for-profit educational corporation.
All U.S. states and territories are members,
although voting privileges are reserved for states
that have purchased $100 of NOCTI goods and
services during the past year. States are repre-
sented through a consortium of vocational educa-
tion officials. These officials are appointed by
state departments of education, state-approved
teacher education institutions, and other agencies
sanctioned by the NOCTI Board of Trustees.
Member states play a role in developing and
marketing tests.

The original mission of NOCTI was to develop
examinations to assess the occupational compe-
tencies of vocational education teachers, an area
where there was a paucity of assessment instru-
ments. Today NOCTI is the nation’s primary
provider of vocational teacher competency exams,

offering 60 specific Teacher Occupational Com-
petency Testing (TOCT) examinations.

In the late 1970s, several trends converged to
convince the NOCTI board that there was a need
for competency tests for vocational students.
First, many people felt that competency-based
testing would help to improve vocational educa-
tion and demonstrate its value to employers and
the public. There was also emerging interest in
developing national standards for vocational stu-
dent certification.

Responding to these trends, NOCTI formed a
consortium of states to develop a system of
Student Occupational Competency Achievement
Testing (SOCAT) examinations. Since 1978,
NOCTI, working with its member states, has
overseen the development of 71 SOCAT tests.
Each test is tied to a specific occupation, includ-
ing many of the same occupations covered by the
teacher tests. Most of the occupations covered fall
within one of the traditional vocational education
program areas of business, agriculture, home
economics, trade and industry, technical and
communications, marketing and distribution, or
health.

Using the same methodology, NOCTI also
develops Industrial Occupational Competency
Testing (IOCT) examinations for specific compa-
nies. Industries use the IOCT to conduct preem-
ployment testing, identify in-house training needs,
design specific training programs, certify skills,
promote employees, and carry out other purposes.
Other customers of NOCTI are the U.S. Job Corps
and the military.

Somewhat over 50 percent of NOCTI’s total
revenues come from the IOCT tests for industry.
Less than 15 percent of total revenues comes from
the student tests (SOCATs), because NOCTI tries
to keep the cost of SOCAT tests affordable for
schools. The remaining 35 percent or so of
revenues comes from the teacher tests and special
projects.

13 me infomallon”  in this Ca$e study  is based (m OTA interviews with Scott whitener, presidentichief  executive officer, NOCTI, and Evelyn

Wells, assessment specialist, NOCT], January and February 1993.
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SOCAT test items are based on core competen-
cies considered to be critical for job readiness.
These cornpetencies are derived from analysis of
the specific tasks performed in a particular job for
which the test is being developed. The content of
the SOCAT and the TOCT are basically the same
for the same job, except for the level of compe-
tency. The student tests measure the skills and
knowledge expected of a‘ ‘job-ready’ entry-level
worker, whereas the TOCT tests measure the
skills and knowledge expected of an “experi-
enced’ worker. The tests are designed to be used
at both the secondary and postsecondary levels.

The SOCAT tests have two components, a
written part and a performance part. Both parts are
tied to the knowledge and competencies required
of job-ready entry-level workers in a given
occupation. NOCTI encourages states to use both
the written and performance components, be-
cause it feels that the written test alone gives an
incomplete picture of a student’s skills and
knowledge. The written tests are multiple choice
and are designed to assess whether a student
understands and can apply the information needed
to perform various tasks. The performance tests
require a student to perform various tasks that an
individual must be able to do to be considered
job-ready. The instructions for doing the perform-
ance tests call for having evaluators/administra-
tors from industry judge the quality of both the
performance process and the resulting product.

NOCTI also supplies a third test of thinking
ability, if requested by the schools. This Test of
Cognitive Skills was developed by CTB/McGraw-
Hill and is marketed by them. The test measures
capabilities of analyzing patterns or sequences of
letters, figures, and numbers; recognizing rela-
tionships and classifying objects and concepts
according to common attributes; recalling previ-
ously presented information; and reasoning logi-
cally. The items on this test are not tied directly
to the SOCAT tests, but are scored by NOCTI and

reported back to users as part of the SOCAT score
report.

A major difference from V-TECS is that the
SOCAT tests are fixed and secure. V-TECS is an
item bank. The SOCATs are fixed in that the
items are preselected by NOCTI and are the same
for all test takers. Clients return completed tests
to NOCTI for scoring and do not receive any
information about the correct answers. In this
respect, the SOCATs are similar to standardized
academic tests.

 Test Development Process
The process for developing the TOCT and

SOCAT tests begins with the analysis of occupa-
tional tasks. For each job or occupation ad-
dressed, NOCTI assembles a test development
team. The team consists of secondary and post-
secondary vocational educators from at least two
states and industry representatives who are highly
competent workers familiar with the tasks re-
quired in a given occupation. NOCTI selects
some of the industry representatives; state educa-
tional agencies select the remaining industry
representatives and all of the educators.

These teams then proceed to identify the
specific tasks involved in performing the target
job or occupation in question by following the
DACUM (Developing a Curriculum) process or
reviewing existing task lists and merging them
into one. Generally, the DACUM method is used
only when high-quality task lists do not already
exist for an occupation. After prioritizing the
tasks, the team members determine which items
are best evaluated through a performance exam
and which are best done through a written exam.
The actual test items are then written either by the
team members or subject matter specialists hired
for the task.

Once written, the items are reviewed by
NOCTI’s in-house testing experts. A bias review
is conducted and reading experts ensure that the
reading level of the exam matches the level
required for the occupation in question. This is
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accomplished by comparing the test items with
actual written materials that workers use on the
job.

The draft exam is then pilot- and field-tested in
a two-stage process. Teachers or schools first
volunteer to administer the test in a small number
of schools; NOCTI monitors the administration to
make sure the test is operationally sound and that
time limits and other administrative features are
appropriate. Then, the exam is field tested on a
larger scale in at least two states. Through this
testing, NOCTI seeks to learn whether the items
are free of colloquialisms or regional biases,
whether the test items actually match the skills
required for the job, whether the time limits are
appropriate, and whether the tasks are up to date.
This process helps to ensure the validity of the
test.

NOCTI also conducts an item analysis to
determine which items are not good discrimina-
tors among the students—that is, are too easy or
too hard for them to answer. Suspect items are
reviewed by a subject matter or test expert and
possibly revised. Once final refinements and
revisions are made, the test is ready to be sold
nationally.

SOCAT tests are reviewed annually by NOCTI.
After each annual administration, NOCTI asks for
feedback from industry representatives, teachers,
and students involved in the testing. The feedback
is cataloged, and if there is significant criticism
of a test, NOCTI reinstitutes a committee of
industry representatives and educators to review
the test and determine whether revision is neces-
sary.

The technical quality of the test is addressed at
several points in the development process. Con-
tent validity is achieved by having real workers
develop task lists and provide feedback on test
content after they are administered. (NOCTI does
not check for predictive validity, although the
organization would like to do so if more resources
were available.)

NOCTI calculates reliability statistics for the
written tests using the Kuder-Richardson method
for determining the internal consistency of test
items. Furthermore, as explained in greater detail
below, NOCTI has developed scoring guidelines
for the evaluators/administrators of the perform-
ance tests.

 Use of SOCAT Tests
SOCAT test services maybe purchased by any

educational agency, including state agencies or
individual schools. In 1992, the SOCAT test was
administered to 9,015 secondary and postsecon-
dary students in 24 states, with the number per
state ranging from 1 in Delaware to 3,435 in
Pennsylvania. It is estimated that about one-half
of the states using SOCAT tests administer all
three components: the written, performance, and
cognitive skills tests.

This number of secondary and postsecondary
students taking the SOCAT tests is not large in
relation to the size of vocational education. In
1992, there were about 720,000 high school
seniors who took four credits or more of voca-
tional education in their high school careers and
therefore can be considered to be “vocational
students." 14

14 ~15 e5tlnlate was  obtained a5 fo]]ows.” ‘T’he number of high school seniors in the 199 I -92 schtwl year was 2.4 million. 1[ is reasonable

to assume that the number of seniors was about the same in the 1992-93 school year, since the increase in o~era]l  high school enrollments
between 1991-92 and 1992-93 was less than 2 percent. It is also reasonable to assume that 30 percent of these 1992 seniors were “vocational
students. ” This is the percentage of 1987 high school seniors who took ibur credits or more of vocational educati(m  courses by the time of
graduati(m,  and this has been a fairly stable number since the high school class of 1982. A reasonable estimate of the total number of high sch(w]
seniors who might have taken vocational tests in the 1992-93 school year is therefore 720,000. U.S. Department of Education, Office of
Educational Research and Improvement, National Center for Educational Statistics, Digesr  oj”Education Statisric.~, /993 (Washingt(m,  DC: U.S.
Government  Printing Office, 1993), tables 2 and 44; and U.S. Department of Education, Office of Educati(mal Research and Improvement,
National Center for Education Statistics, Vwwional  Education in Ihe Unifed S/ales, 1969-1990 (Washington, DC: U.S. Government Frmting
office, April 1992), table 13.
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In some cases, the written SOCAT test is
administered as a pretest, and the written and
performance tests are used as post-tests to meas-
ure the occupational competency gains of stu-
dents who exit a program, as specified in the
Perkins Act. Although NOCTI has traditionally
discouraged the use of the written test alone, in
1992 the organization began making the written
test available for pretesting because of acceler-
ated interest in using it to fulfill Perkins require-
ments. NOCTI believes that when the written test
is used as a pretest and both the written and
performance tests are used as post-tests, valuable
information about competency gains can be
generated.

In other states, students who do well on the
SOCAT test receive special recognition certifi-
cates or credentials from the state. These awards
are in addition to the SOCAT certificate, regu-
larly provided by NOCTI for each test taker,
which carries a printed report of the student’s
scores on the back. Both the state-issued certifi-
cate and the SOCAT certificate are intended for
use in student portfolios for interviewing with
prospective employers.

In other cases, successful completion of a
job-ready SOCAT test may be used to receive
advanced standing in college or university pro-
grams.

In order to use the SOCAT tests, teachers must
ensure that they are teaching the skills and
knowledge that the tests measure. Since SOCAT
tests are secure, NOCTI regularly provides
schools with support materials and test specimen
sets to help facilitate test selection.15

Sometimes NOCTI helps states to determine
whether there is a fit between the SOCAT tests
and their state vocational curriculum. For exam-
ple, NOCTI is currently comparing how the
revised task lists developed by a specific state
match the SOCAT tasks. In most cases, however,
states are responsible for determining whether the

tests are compatible with their vocational pro-
grams.

 Administration of the SOCATs
Member states that use SOCAT tests receive

test booklets, test manuals, and videotapes dem-
onstrating the procedures for administering the
written and performance examinations. Users can
also contact NOCTI for additional technical
assistance; NOCTI has a test center in every state
with a knowledgeable staff person who can
answer questions about the SOCAT tests. In the
words of the NOCTI president: “When a school
or a state administers the SOCAT tests, they have
the whole organization behind them. ’

The SOCAT tests are designed to be adminis-
tered by local personnel at local school sites. Any
teacher, guidance counselor, or test administrator
can administer the written multiple-choice test
and the cognitive skills test. However, as men-
tioned above, NOCTI recommends that a ‘‘. . .
journey worker, trades person. or business repre-
sentative with technical expertise in the occupa-
tion should administer the performance test. ’

After test administration, a school sends the
test results back to NOCTI for machine-scoring.
Within 2 weeks of receipt, NOCTI ships two
types of reports to the user, individual student
reports and teacher reports.

Each test taker receives a student report printed
on the back of a certificate, which includes
separate scores for the cognitive skills, written,
and performance tests. Scores from the cognitive
skills and written tests are presented as the
percentage of questions answered correctly.
Scores from the performance test are presented as
the percentage of possible points earned. The
student receives an overall percentage score and
subscores for different duty areas or tasks. For
example, the Electronic Technology written test
contains subscores for “schematic symbols, ’
‘‘safety, ‘‘ ‘‘soldering, ’ ‘‘components, ‘ ‘power

I $ ]n tho~c Sltll:itlons ~ h~rc the SOCAT tests do not nl~tch what is being taught, the NOCTI president contends that the pr(~tkll  is ~’ith the

currIculum,  txcauw  SO CAT tests are built around the skills, Imowledge, and c(mnpetencies  identified b} indus[rj  as tmng rwccssary.
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supplies, ’ and other subjects. The student’s
written test scores are also compared, by percent,
to the scores of other students in the same class,
school, and state and with the whole nation.

For the performance tests, students receive
ratings for both their performance on individual
tasks and the product(s) they produce. The ratings
span a scale of 1 through 5, with 1 and 2
unsatisfactory, and 3 through 5 satisfactory. The
performance task report lists all of the tasks
performed with a single number rating next to
each task.

NOCTI has recently developed explicit guide-
lines and criteria that examiners can use to assign
process and product ratings to the test takers’
performances. For example, if the student is asked
to clean a car assembly, NOCTI now supplies
guidelines on how clean the rotor must be for the
student to receive a certain score. These guide-
lines, which are intended to provide inter-rater
reliability, are currently available for about one-
half of the performance tests. For the remainder of
the tests, the evaluator must use subjective
judgment to rate student performance.

Teachers receive a class report consisting of a
composite of the student reports analyzed by
class, school, state, and the nation, along with
standard deviations and standard error rates.

 Future Priorities
NOCTI is currently developing SOCAT tests

for additional occupational areas and plans to
continue such expansion. One of the biggest
challenges is keeping the existing tests up to date
in view of the tremendous changes occurring in
industry and in occupational skill requirements.

FINDINGS
The testing products of these three organiza-

tions are distinctly different from each other and
represent the range of testing practices in voca-
tional education reasonably well. Work Keys is
the newest of the three systems and is at one end
of the range. V-TECS and the SOCAT tests fit the

mold of competency-based testing for job-
specific skills, in that both written tests and
performance exercises are included, and the skills
assessed are job specific. Work Keys is focused
on generic workplace skills and is similar to a
conventional standardized academic test in the
methods of test development that are being
employed, the strict procedures of test adminis-
tration that must be followed, and the closed-
ended nature of most of the test items. The
SOCAT tests fall in the middle of the range. Like
Work Keys, each test consists of a fixed set of
items and must be administered according to
standardized procedures in order for the resulting
test scores to be comparable among test takers.
Unlike Work Keys, each test item is directly
related to specific work tasks in a particular job
area. Work Keys tests employ multiple items to
measure one competence that is generally related
to all job areas.

Both V-TECS and NOCTI utilize structured
methods of job analysis to develop their competency-
based materials. Work Keys employs a separate
system of job profiling to ascertain the relevance
of each general competence to a particular job or
group of jobs. V-TECS is different from NOCTI’s
SOCATs and Work Keys in that it is more a
system of resources for competency testing and
assessment than a test. V-TECS provides state
members of the consortium and local programs
within those states with a number of so called
“test item banks,’ from which they construct
their own tests reflecting their own local priori-
ties, rather than providing them with tests that are
secure and consist of a fixed set of items. Each test
item bank is specific to a job area or occupation.
Both the NOCTI and V-TECS products include
both short answer, written test items, and some
performance exercises; however, in both cases the
written tests and the performance items are
packaged separately and the written components
generally predominate.

V-TECS, therefore, does not sell tests but
rather models good practices of competency
testing and makes testing resources available to
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its 23 member states and local programs within
those states for them to follow and use in
constructing their own tests.

No firm conclusions can be drawn about the
validity and reliability of decisions made at the
state and local levels using the tests or testing
resources produced by these three vendor organi-
zations simply on the basis of the kinds of tests
they produce or the methods of test development
they follow. Work Keys will have the most data
of the three vendors from pilot tests showing the
reliability of their instruments. On the other hand,
research reviews have found that competency
tests of the kind produced by V-TECS and
NOCTI are significant y correlated with scores on
work sample and hands-on performance tests.16 It
is important to point out, however, that the skills
measured by Work Keys are intended to be
general across jobs, and the skills measured by
V-TECS and the SOCATs are specific.

The extent to which the testing resources
produced by these three vendor organizations are
currently being used in vocational education
differ substantially. The most concrete estimates
are for the SOCAT tests, since they must be
returned to NOCTI for scoring. The numbers of
SOCAT test takers are not large. In fact, NOCTI
reports that SOCATs were taken by 9,015 second-
ary and postsecondary students in 1992. In
comparison, the number of high school seniors
who were vocational students was about 720,000
in 1992.

The Work Keys system is much newer and no
firm estimates of the number of test takers are
available yet. At least two states have adopted
parts of the Work Keys system, and more are
considering the possibilities. Because Work Keys
is so different from the SOCAT and V-TECS

products in the skills tested and the methods of
testing, the effects of Work Keys on testing in
vocational education could be substantial, if a
significant number of states decide to adopt it.
The requirements of the 1990 amendments for
performance standards are an important source of
states’ interest in purchasing Work Keys, as
indicated in the interviews conducted by OTA in
producing this chapter.

In the state survey conducted by OTA, de-
scribed in chapter 3, state personnel frequently
reported that substantial efforts are devoted to
adapting, redeveloping, and/or expanding the
competency lists and testing resources produced
by V-TECS. The V-TECS materials are used in
various ways in these efforts, along with compe-
tency lists and competency tests (or test items)
from many other sources. The reason commonly
given as to why these efforts to adapt and revise
materials obtained from elsewhere are necessary
is that neither the V-TECS materials nor the
materials available from other sources adequately
reflect the priorities among different areas of
knowledge and skills that are most important in
the state or local program area.

How much genuine need exists for this rein-
vention and adaptation of materials developed
elsewhere and how much of it is unnecessary
duplication of effort is impossible to say from the
data available to OTA. Local priorities among
different areas of knowledge and skill undoubt-
edly differ from state and national priorities, and
processes of reinvention have frequently been
found to be essential for the thorough implemen-
tation of innovations. “To understand is to
invent’ is perhaps the clearest way of expressing
this frequent finding in studies of implementa-
tion. ]7 On the other hand, questions can be raised

lb Alexandra K. Wigd{)r and Bert F. Green, Jr. (eds. ), Per@matrce  Assessment jbr the Workp/ace, vtJ1. I (Washington, DC National

Academy press, 199 I), ch. 8, and J.E. Hunter, “Causal Analysis, Cognitive Ability, Job Knowledge, Job Perfomlance,  and Supervisor
Ratings, ” S. Lund) et al. (eds. ), Per@rmance Measure and Theory (Hillsdale, NJ: Lawrence Erlbaum, 1983); R.R. Reilly, “The Va\id~ty  and
Fairness [}f Alternatives to Cognitive Tests,”’ Po/icy /ssues in Emp/oymen?  Tes~ing (Boston, MA: Kluwer Academic Publishers, 1993).

I T Paul Bemlan and Ml]brcy #la]] in McLaughlin, Federal Progranls supporting  Edu(,atl~~/  cha~ge, VO/. ]V: 7’}Jc Frndirr~.T  in /?(?\’ltW’,

prepared for the U.S. office of Educatifm,  Department of Health, Educati(m, and Welfare, R- 1589/4-HEW (Santa M(mlca,  CA. Rand Corp.,
April 1975).
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about the consequences of this process of reinven-
tion for the comparability of assessment results
from place to place and just how necessary and
useful it is.

The main conclusion, though, is that the
influence of the products of these three vendors of
vocational tests on testing and assessment prac-
tices in vocational education is limited, at least in
relation to all states and all students enrolled in
vocational education. V-TECS appears to have
the greatest influence through its deliberate strat-
egy of modeling good competency testing and
assessment practices for states and local programs
to follow, and providing them with competency
lists and test item banks to be used as resources in
developing their own programs of testing and
assessment. However, only 23 states are members
of the V-TECS consortium and test item banks are
available for only 35 of the over 200 occupational
areas in which competency lists are available.

V-TECS sells its testing materials to any state or
anyone who wishes to buy them. While NOCTI as
an organization has many other clients and
customers for its testing products, the number of
students currently taking their SOCAT test is very
limited. Work Keys is too new to know how
extensive its impact will actually be, but at least
two states (Ohio and Tennessee) have adopted
portions of it for statewide use and many more are
considering its use.

It is also important to point out that some
individual states, such as Oklahoma, which has an
extensive program of test development and distri-
bution, also provide competency tests and re-
sources for testing to other states in various ways.
The three vendors described here are the most
visible vendors of testing resources in vocational
education but not necessarily the only such
source.



I

Broad
Technical

Skills 5

T he world of work is changing rapidly, and in ways that
are difficult to anticipate. In response to this change and
in an effort to make vocational education a method of
equipping young people for more than one occupational

future, policymakers and educators have begun to seek skill
training and preparation that applies to many jobs. The language
of the 1990 amendments to the Carl D. Perkins Vocational
Education Act refers to ‘ ‘broad technical skills, ” The Office of
Technology Assessment (OTA) was asked to determine how
much testing and assessment was aimed at measuring the
mastery of these skills. This concept is a new one, however, and
no agreement exists on what skills are truly lifetime occupational
skills, or on how those skills are best acquired.

Very few states are moving toward organizing their vocational
programs around broad technical skills. One of the principal
reasons for this is the lack of research and proven experience
showing what broad technical skills are, how they can be taught
and assessed, and what the advantages and disadvantages of such
a change would be.

The implications of organizing vocational programs around
broad technical skills are potentially far reaching. Large seg-
ments of the training enterprise in this country are oriented to
providing people with just the skills needed for particular jobs
instead of careers. By organizing more of training around the
development of broad technical skills, a greater proportion of the
total training effort might be directed to the preparation of people
for careers and learning on the job rather than for specific
entry-level positions. This lengthening of the ‘ ‘skill horizon’ of
vocational education and other training efforts would require

83
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placing greater emphasis on developing capabili-
ties for thinking, responding to the unexpected,
and taking initiative, in addition to acquiring the
skills needed for performing specific occupa-
tional tasks.

Broadening the technical and occupational
skills around which vocational education is or-
ganized could also help to facilitate the integra-
tion of academic and vocational education. By
shifting the content of vocational preparation
toward the development of capabilities that re-
quire more thinking and knowledge application,
opportunities should expand for connecting occu-
pational and academic content.

Whether the potential advantages from broad-
ening the technical skills concept can be realized
is an open question. Certain major fields of
vocational education have historically been much
more broadly oriented than others. Agriculture is
a clear example, while the trades have been more
specialized. The recent pressures on all fields,
including agriculture, have been to become more
competency based and job oriented.

The main purpose of this chapter is to suggest
some alternative ways of beginning to define
broad technical skills. Much more thought needs
to be given to this basic concept than has been
given to it so far.

Broad technical skills are different from ge-
neric workplace skills in certain key respects. The
main difference is that generic workplace skills
have been defined as essentially the same across
industries. Whether people who have these ge-
neric workplace skills in one industry or occupa-
tional area in fact demonstrate them with equal
proficiency in other occupational or industry
areas has not been shown.

The concept of broad technical skills reflects
much more directly the content of technology,
information, and methods of organization within
an industry or group of industries. It is possible
that these industry groups could be as broad as

health care, financial services, manufacturing,
hospitality, and agribusiness; or it may be neces-
sary to limit them to occupational areas within
industry groups. Both broad technical skills and
generic workplace skills may be important for
productivity in the workplace and career develop-
ment. Broad technical skills will be defined in this
report to include not only the specific technical
content of job performance but background knowl-
edge of the technological, social, and economic
development of the industry.

Five different approaches to defining broad
technical skills are described in this chapter. The
approaches are: vocational abilities and aptitudes,
occupational maps, core occupational skills, de-
sign and technology, and cognitive problem
solving. They are founded on fundamentally
different assumptions about the nature of skills,
relationships between skills and the contexts in
which they are used, and relationships between
general and specific skills. The approaches differ
greatly in the extent to which they are supported
by research; some reflect extensive analysis and
others exist primarily as practices or even ideas
for improvements in practice, These approaches ●

do not exhaust the range of possibilities.

VOCATIONAL APTITUDES
One approach to defining broad technical skills

is to think of them as vocational aptitudes. The
thesis of vocational aptitude testing is that people
perform best in the jobs or occupational fields for
which they have the most “abilities’ and that
these abilities can be identified through tests. The
instruments developed for assessing vocational
aptitudes employ the techniques of testing for
achievement and multiple abilities developed
from research in psychology on mental testing
and intelligence. 1 Aptitude tests differ from tests
of achievement mainly in the uses that are made
of the results rather than the abilities measured

] be J. Cmnbach, L“ssentiu/s  of Psychological Te.wing  (New York, NY: Harper and Row, 1990), ch. 10.
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and the nature or content of the tests employed.2

Aptitude tests are constructed to measure the
likelihood that a person will perform well in the
future in different kinds of jobs or occupational
fields, while achievement tests are primarily
intended to measure what a person has learned in
response to education, such as a training program
for computer technicians or mathematics up to a
certain grade in high schools

Most aptitude tests consist of several individ-
ual tests for different areas of knowledge or
ability. The tests are selected because of their
contribution to the accuracy with which perform-
ance in a subsequent job or occupation can be
predicted. These component tests of the overall
test ‘‘battery’ typically include measures of what
can be considered pure cognitive ability, such as
memory span, spatial reasoning ability, or percep-
tual speed; academically related achievement,
such as vocabulary, reading comprehension, or
arithmetic problem solving; perceptual-motor
skills, such as manual dexterity or eye-hand
coordination; and other areas of knowledge or
skill more specific to the occupations of interest.4

These four domains of ability are different from
a person’s vocational interests and personality
characteristics, which can also be measured
through another kind of test called an ‘‘interest
inventory, such as mechanical comprehension

or computer knowledge. Both vocational aptitude
tests and interest inventories have been shown to
be significantly related to job performance.s

Tests of vocational aptitude are developed
primarily for purposes of career counseling or
screening people for selection into jobs or occu-
pational areas. Because of their origins in mental
testing, the format of most aptitude tests is
written, except for measures of perceptual-motor
skills. Because of the written format, aptitude
tests can be group administered and are therefore
relatively inexpensive. This is essential given the
primary use of this kind of test, which is screening
large numbers of job applicants.

One view is that the knowledge and abilities
measured through vocational aptitude testing are
prerequisites for success in different kinds of jobs.
Another interpretation is that measurement of
knowledge and abilities provides an indication of
the individual’s capability for learning new tasks
that are similar to those that will be performed on
the job. This latter interpretation opens a door to
making connections among the different ap-
proaches to broad technical skills.

Vocational aptitudes differ from job compe-
tencies in that they are presumed to underlie
people’s performance of tasks on the job. Job
tasks describe specific behaviors that people
exhibit in response to certain work goals or

2 ‘‘Achievement and aptitude tests are not fundamentally different. . . .Tests at one end of the aptitude-achievement c(mtmuum can be
distinguished from tests at the other end primarily in terms of purpose. For example, a test for mechanical aptitude [c(mld] be included m a
battery of tests for selecting among appl icants for pilot training since knowledge of mechanical principles has been found to be related I(J success
in flylng. A sirmlar test [could]  be given at the end of a course in mechanics as an achievement test intended to measure what was learned in
the course.” Nati(mal  Academy of Sciences Committee on Ability, Abilily Tes(in,g:  Uses, Consequences, and Confrot’ersies: Parr 1: Repor!
oj’lhe Comm~l/ee  (Washington, DC: Nati(mal  Academy Press, 1982), p. 27.

~ Anne Anastasi, P~?chologica/ Tes~ing,  6th ed. (New York, NY: Macmillan Publishing Co., 1988), p. 412.
4 Psychologists” frequently distinguish between “fluid” intelligence, such as spatial ability, visualizati(m ability, sh(m-term  mcrmwy,  and

so f(mh, and ‘‘crystal] ized’ intelligence, which is the product of experience, such as arithmetic reasoning and word knowledge. The theory
is that people  use their fluid abilities to obtain crystallized abilities. See, for example, Richard E. Snow, “Aptitude Theory: Yesterday, Today,
and Tomorrow, fi’duca~ional  Psycho/ogi.~t,  vol. 27, No. 1, 1992, pp. 5-32. A wide range of predictor variables for vocational aptitude testing
is discussed in Nommn  G. Peters(m et al., ‘‘project A: Specification of the Predictor Domain and Development of New Selecti(m Class ificati(m
Tests, ” Personne/  Psycho/og),  vol. 43, No. 2, summer 1990, pp. 247-276.

$ Generally, the findings are [hat cognitive and perceptual-psychomotor ability tests provide the best prediction of job-spec]fic and general
task proficiency,  while  measures of temperament and Persimality are the best predictors of giving extra effort,  suppmting  peers,  and exhibiting
Pers(mal  discipline. Scores derived from interest inventories  c(wrelate  more highly with task proficiency than with dmm)nstrating  effort and
peer suppmt. Jeffrey J. McHenry et al., ‘‘project A Validity Results: The Relationship Between Predictor  and Criteri(m Il)mains,  Personnel
P\ytholog),  vOI. 43, N(). 2, summer  1990, pp. 33 S-354.
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demands of the job environment, and job compe-
tencies are tasks that people have demonstrated
that they are able to perform repeatedly. The
concept of vocational aptitudes is that the per-
formance of these specific tasks requires a certain
combination of abilities, or traits, as they are
sometimes called, and that different tasks require
different combinations of these abilities or traits.
Their mental basis is what lends these traits or
abilities their presumed generality of application
across many different kinds of specific tasks. Job
competencies, on the other hand, are not generally
presumed to be transferable across jobs or work
situations in the ways that they are usually
defined. There is no model of transfer built into
the job competency model. Aptitudes are thus at
one extreme essentially fixed (though learnable)
qualities of the mind, while job competencies (or
job tasks) describe highly specific, observable job
behaviors that vary greatly from job to job. A
“giant leap” of faith is required to translate
between the two.6

Two approaches to filling this gap are de-
scribed later in this chapter. One is occupational
mapping, which involves broadening the defini-
tion of job tasks to cover whole clusters of
occupations and revising the nature of the task
descriptions to include thinking as well as behav-
ior. The other approach is the cognitive skills
model, which provides a detailed description of
the thinking processes involved in acquiring the
knowledge required in a job domain, and becom-
ing expert at performing a range of tasks in the
domain and responding to a variety of new task
demands.

Vocational aptitudes are important to consider
in defining broad technical skills because of the
way the tests are developed. A number of
different areas of knowledge and abilities are

hypothesized to be significant predictors of per-
formance in a range of jobs or occupational areas.
Each of the abilities is then described in terms of
a “construct’ or hypothesized relationship be-
tween processes of thinking and observable
aspects of performance. Subtests for each of these
constructs are then developed and assembled into
a larger test for administration to a sample of
individuals to obtain information about how their
scores on the subtests are related to measures of
their performance. Methods of statistical infer-
ence are employed to determine which of the
subtests provide the greatest capability for distin-
guishing between high and low performers across
the range of jobs or occupations selected. Con-
structs found through this process to be highly
correlated with performance that is ‘‘technical
in nature can then be considered candidates for
broad technical skills.

One important example of a vocational apti-
tude test is the Armed Services Vocational
Aptitude Battery (ASVAB). The ASVAB is used
by the military for selecting personnel into the
armed forces and assigning them to jobs and
initial training. It consists of 10 subtests, as shown
in table 5-1.

The military also provides the ASVAB free of
charge to high schools as the main part of a
nationwide student career counseling program.
Over a million high school students take the
ASVAB every year (out of, for example, the
approximately 2.4 million seniors in 19927). The
ASVAB is administered in the schools by person-
nel from the Military Entrance Processing Com-
mand and scored by them. Each school receives
in return a report on students’ performance and
each student a complete profile of his or her
scores, a guide to military careers, and carefully

G Alexandra K. Wigdor and Bert F. Green, Jr. (eds. ) Perji)rnIanteA ssessmenf  in Ihe Workplace, Vol. I (Washington, DC: Natitmal Academy
Press, 1991 ), p. 85.

7 Sec  f(x)tnote  14 in ch. 4 of this report.
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Table 5-1-Subtest Content Areas of the Armed Services Vocational Aptitude Battery

Subtest content area Description of the subtest

General science (GS)
Arithmetic reasoning (AR)
Word knowledge (WK)

Paragraph comprehension (PC)

Numerical operations (NO)

Coding speed (CS)

Auto and shop information (AS)

Mathematics knowledge (MK)
Mechanical comprehension (MC)
Electronics information (El)

Knowledge of the physical and biological sciences
Word problems emphasizing mathematical reasoning rather than mathematical knowledge
Understanding the meaning of words, i.e., vocabulary
Presentation of short paragraphs followed by multiple-choice items
Speeded test of four arithmetic operations
Speeded tests of matching words and four-digit numbers
Knowledge of auto mechanics, shop practices, and tool functions in verbal and pictorial

terms
Knowledge of algebra, geometry, and fractions
Understanding of mechanical principles, such as gears, levers, and pulleys
Knowledge of electronics and radio principles in verbal and pictorial terms

SOURCE: John R Welsh and Susan K. Kuclnkas, Armed Serwces VocatJona/  Battery: /rrtegratlve Review of Va/dlty Stud/es,  AFHRL-TR-90-22

(Brooks Air Force Base, TX: Human Resources Laboratory, July 1990), table 2.

prepared instructions explaining how they can use
the information to decide which military occupa-
tions they are best qualified to pursue.8

Scores on the ASVAB have been shown to
predict job performance reasonably well using a
number of different criteria: grades in training
school; scores on job-specific, hands-on perform-
ance assessments; scores on job knowledge tests;9

supervisor ratings; field proficiency ratings; and
many other variables. 10 The multiple correlation
between ASVAB scores and normalized scores

on the job performance assessments is typically in
the neighborhood of 0.6, which the National
Academy of Sciences has concluded is a “useful
amoun t .11 This correlation of 0.6, with some
variation higher and lower, has held across many
different kinds of military jobsl2 and to some
extent equivalent civil i an jobs. 13 The total amount
of variance in the criterion variable explained by
this correlation of 0.6, whether it is grades in
training school or hands-on job performance, is

~ [1 ,S, ~.p:i~lllent  of ~. fcn~e, ~.fcnse  ManpJ~,~r  Data Center, C~l{nSe/~r.~ ~anU41/~~~r (he Armed Ser),i(,es  Vo(’ational  Apt[[udc  ~allcr>t,

DOD 1304. 12-L-ASTP-CM (Ntmh Chicago, IL CJ.S. Military Entrance Pn)cessing  C(mm~and, July 1992).

‘) Jtjb Anew ledge  tests  at-e essentially the same type of test as the job competency test discussed in ch. 3.

I [j ch:~r]()[t~  C:imphell et al., ‘‘Devel(qment of Multiple Job Performance  Measures in a Representative Sample of Jobs,’”  Personnel
pl).<./lo/oq)”, ~01, ~~, N(}. ~, ~ulllnler 1990,  pp. 277-300. See also Paul W. May ber-ry and Neil B. Carey, Rc/ati(~n.T~llp  ~ef~icen  J’~L~~fl~ and4.
Mc(han/(a/  ,W(~irl[en(~n(c  J(Jh  Pcrjimnance,  CRM 92-1929 (Alexandria, VA: Center for Naval Analysis, March 1993). An cxtcnslvc set (}f
hands-on  I(Ib performance measures was dcvcl(pxi  for the joint service Ji~b Perfomlance  Measurement project (~~crseen  by the Nati(mal
Academy  of Science\, v.hlch are utilized in these and many of the other studies reported in this chapter.

I I Wlgdor ~n~  ~rccn (cds.  ), op. cit., fotm)te  6, p. 163.

I ~ [bl~,  p 15 ] Ml]t{)n Maler,  ,~f[/llar}, Apf//f44je  7k,Yfing:  The PUS( Fifil  Years, DMDC Technical Report 93-007 (MonI~r~y, CA ~’f~ns~

Manp)wcr Data Center, June 1993), p. 6; and Paul W. May berry, Validation of ASWAB Against Irrtantrj’ Job Perjurrnance,  CRM 90-182
(Alcxandr]a,  L’A Center for Natal Analysis, December 1990). The predictive validity ranges from 0.2 or higher to over 0.70, but in most  jobs
IS abou[ ().6. lbld., p. 1263, These c(u-rclati(ms  are all c(wrected  for ‘ ‘restriction of range, ’ according to the prx)ecdures recommended in Stephan
Dunbar and R[Jbmt  Llnn, ‘ ‘Range Restricti(m Adjustments in the Prediction of Military Job Perfom~ance,” Pet-jl)rrnance  As.ve.ssrmnt  in the
Wi)rLp/a(c,  ki)/. //, Alcxamlra K. Wlgdor and Bert F. Green, Jr. (eds.  ) (Washingt(m, DC: National Academy Press, 1991), pp. 127-157. The
c(m-ectl(~n f~ )r rcstrlctltm of range ln~ ol~es  adjusting the computed  c(melati(m  between ASVAB scores and the criteri(m variable for the fact
that pcr[(~rmancc sc~mx  :ire  ai ailable  (rely for Individuals who have been selected fm the military. Without c(wrecting for the restrictltm of range,
the pruficti~ c \ alidtty of [he AS\’AB  ]s in [he neighbt)rh(x)d  t)f 0.4. corrections”  are also sometimes made for unrcllabillt~  of the crlttn-i(m
mezisure In s(~nw anal~  ws of prcdictik  e validity.

i 1 R 1 ~{, )lrllgren ~ind MR. Dal]do~, A v~/id~[lor?  ~jt [/le A,WAIJ Againsf  $’uperl’isors’  Rafings in Cl\’1/lan  0~’~’11/MtI’On.$  (palo ‘]to,  CA.  .
Amcrlcan  ]nstltutcs f{}r Research. 1993),
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generally about 25 percent.14 The predictive
validities of the ASVAB are somewhat higher for
grades in training school than for hands-on
performance assessments (0.1 to 0.2 higher), and
somewhat lower but much more variable for field
proficiency ratings and supervisor ratings. ’s

Research in the Marines shows that the predic-
tive value of the ASVAB continues after the first
term of enlistment for both infantry and leader-
ship personnel. The main finding is that over 3
years of experience are required for personnel
with low tested aptitude on the ASVAB to reach
the same level of proficiency on the job perform-
ance assessments as high aptitude personnel
demonstrate in their first year.l6

The critical question for the purposes of this
chapter is the contribution of the three technically
oriented aptitudes to job performance in compari-
son to the academically and cognitively oriented
aptitudes, and the extent to which these technical
aptitudes are more critical for performance in
some occupations than others.

Factor analysis shows that scores on the 10
different tests of the ASVAB can be reduced to
four intercorrelated factors: verbal aptitude (gen-
eral science, word knowledge, and paragraph
comprehension), mathematical aptitude (arithme-
tic reasoning and mathematics knowledge), cog-

nitive speed (numerical operations and coding
speed), and technical aptitude (auto and shop
information, mechanical comprehension, and elec-
tronics information). ’7 The issue for this report is
how much ability in this fourth domain of
technical knowledge and skills contributes to the
predictive validity of the ASVAB beyond what is
contributed by the more academically and cogni-
tively oriented domains.ls

The actual content of the tests for technically
oriented aptitudes is illustrated in box 5-A. The
test questions shown indicate the nature of the
knowledge and skills tested in these areas.

Hunter et al. have asserted that the 10 aptitude
domains of the ASVAB can be reduced to only 1
factor of general ability, because they do not
contribute separately to the predictive power of
the ASVAB across different military occupa-
tions.19 Their research shows that statistical

differences in the numbers of individuals sampled
and other such ‘artifacts’ of the research designs
account for all of the differences previously found
in the ability of subtests of the ASVAB to predict
performance among occupations. By correcting
for all of these statistical artifacts, no more
variance in performance scores could be ex-
plained using separate scores on the 10 different
subtests than could can be explained by a single

I Ll D. R. Divgl  and pau]  w. May berry, 7’he R~le of Aptitude Fa~,(~rs in predictin~  Hands-on Job Perjbrmance,  CRM 69-215 (Alexandria,

VA: Center for Naval Analysis, March 1990), p. 5; and Lauress Wise. “The Validity of Test Scores for Selecting and Classifying Enlisted
Recruits, ” Test Policy in Defense: Lessons From the Military for Education, Trainin~,  and Employment, Bernard Gifford  and Linda C. Wing
(eds.),  National Commission on Testing and Public Policy (Boston, MA: Kluwer  Academic Publishers, 1994), table 15, pp. 221-260.

IS John E. Hunter, “A Causal Analysis of Cognitive Ability, Job Knowledge, Job Performance, and Superior Ratings,” Perjimnance
Measurement and 7’heory,  F. Landy et al. (eds.  ) (Hillsdale,  NJ: Erlbaum, 1993). See also WigdOr and Green (eds.  ), op. cit., footnote 6, table
8- 10; and May berry, op. cit., footnote 12, table 3.

16 pau] w. May~q, Ana/y~is  ad Predit,tion  of Infantry Unit Leaders’ Performance, CRM 91-99 (Alexandria,  VA: Center  for Naval

Analysis, June 1991 ), figure I; and May bemy, op. cit., footnote 12, figure 1.

17 peter  H.  Sto]off,”  Fa(.t~r  Analysis of  A~AB Form &I In the 19&l DOD Reference  p~pulotiun,  CNA Memorandum 83-3135 (Alexandria,

VA: Center for Naval Analysis, August 1983).
IH The ASVAB Cumen[ly  has n{)  test  for ~rceptual-psychon~()[()r  or ~patial  abilities, as do other aptitude tests like the General Aptitude Test

Battery. Consideration is being given to adding “assembling objects ‘‘ as a spatial reasoning test to the ASVAB.

1~ John E. Hunteret  al., ‘‘The Validity of the Armed Services Vocational Aptitude Battery (ASVAB) for Civilian and Military Occupations, ’
U.S. Air Force Contract NW F416689-83-C-0025,  August 1985. See also Lee J. Cronbach, “Five Perspectives on Validity Argument, ” Test
Va/idity, Howard Wainerand Henry J. Braun (eds. ) (Hillsdale, NJ: Lawrence Erlbaum Associates, 1988), pp. 1- 18; Cronbach, op. cit., footnote
1, pp. 293-398; and Malcolm Jones and James A. Eacles, “Predicting Training Success: Not Much More Than g,” Personnel P.s>chology,  vol.
44, 1991, pp. 321-332.
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Box 5-A-Examples of the Content of Test Items on Subtest of the ASVAB
for Broad Technical Skills

Auto and Shop lnformation-
. A car uses too much oil when which parts are worn?

(a) pistons (b) piston rings (c) main bearings (d) connecting rods
. The saw shown above is used mainly to cut:

(a) plywood (b) odd-shaped holes in wood (c) along the grain of the wood
(d) across the grain of the wood

Mechanical Comprehension-
. In this arrangement of pulleys (a system of pulleys with different diameters is shown), which pulley turns

faster?
(a) pulley A (b) pulley B (c) pulley C (d) pulley D

. Which post holds up the greater load? (a load atone end of a beam supported by two posts is shown)
(a) post A (b) post B (c) both equal (d) not clear

E/ectronics /nformation-
. Which of the following has the least resistance?

(a) wood (b) iron (c) rubber (d) silver
. In the circuit shown (a battery connected to a resistor) the resistance is 100 ohms and the current is 0.1

amperes. What is the voltage?
(a) 5 (b) 10 (c) 100 (d) 1,000 Volts

SOURCE: U.S. Department of Defense, Defense Manpower Data Center, Counselor Manua/ for ttre Armed Services Vocationa/Aptitude
6attery, DOD 1304.12-L-ASTP-CM (North Chicago, IL: U.S. Military Entrance Processirrg Command, July 1992), pp. 131-135.

factor of general ability. This is called the validity the total variation in performance explained by
generalization hypothesis.

More recent research using new hands-on
measures of job performance contradicts this
hypothesis with regard to technical aptitudes.
This newer research shows that the contribution
of technical aptitude to the predictive validity of
the overall test battery is significant. This implies
that the technical aptitude measured by the
ASVAB is different from the more purely cogni-
tive and academically oriented areas of the test.
Using new testing methodologies developed for
the Marine Corps Job Performance Measurement
Project, which was overseen by a committee of
the National Academy of Sciences, Divgi and
May berry have recently found in a study of
Marine personnel that the technical aptitude
composite of the ASVAB explains 10 percent of

the whole test.20 The statistical model they used
first accounts for all of the variation in perform-
ance that can be accounted for by one general
factor of ability and then, secondarily, for all of
the additional variation that can be accounted for
by a composite of the three technical domains
considered together (auto and shop information,
mechanical comprehension, and electronics in-
formation). This is a conservative estimate of the
separate effects of the technical aptitude compos-
ite on performance. They conclude that one of
main reasons why Hunter et al. found that general
ability accounts for all of the variance in perform-
ance scores is that they used grades in training
school as their criterion variable rather than
hands-on performance tests. When grades in
training school are used as the criterion variable,

10 Di\,gl  and May b~my,  op. cit., footnote 14, tab]e  z.
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Divigi and May berry find that the technical
composite adds little to the predictive validity of
the ASVAB.21

Similar results were found in another study of
Marine infantry by the National Academy of
Sciences. When job knowledge tests were used as
the criterion variable, the three major, “non-
speeded’ factors of the ASVAB have about the
same predictive validities of about 0.73 (the three
non-speeded composites are mathematical, ver-
bal, and technical aptitude) .22 When hands-on
performance tests are used, the predictive validi-
ties of the same three factors varied significantly.
The correlation of technical aptitude with the
hands-on performance test results was the highest
among the three composites at 0.65, while the
other two were about 0.57.

The validity of the ASVAB for predicting
performance in mechanical occupations in the
Marines has been studied by Mayberry and Carey.
They find that, for hands-on performance tests,
the predictive validity of the mechanical mainte-
nance composite of the ASVAB used by the
Marines 23 averaged 0.068 higher than the next
best composite, which is General Technical
(GT),24 and over 0.15 higher than the Armed
Forces Qualification Test (AFQT), which is a
measure of general ability used by the military .25
These translate to an average of 11 percent above
GT and 30.6 percent above the AFQT. The other
composites were clerical and electronics.26 No
such differences were found in predicting job
knowledge test scores or grade point averages in

training school. In other words, the technical
aptitude measured through performance tests is
different from general intelligence, while the
technical aptitude measured through written job
competency tests or grades in training school is
not.

Another source of evidence for the differential
validity of the ASVAB can be obtained by
comparing the predictive validity of the subtests
across occupations, as shown in figure 5-1. The
validities of the different subtests are higher in
occupations where the nature of the job tasks
corresponds with the nature of the subtest. Evi-
dence like this does not prove the differential
validity of the ASVAB but strongly suggests that
it exists.27 For infantryman, there are few differ-
ences in predicted hands-on performance among
the 10 individual subtests, except for mechanical
comprehension, which is noticeably higher than
the rest. This agrees with the findings of May-
berry and Carey. For administrative occupations,
the validities of arithmetic reasoning and mathe-
matical knowledge are substantially higher than
for all of the other subtests and the other
occupations. For mechanical jobs, the technical
composite is by far the highest and all of the other
validities are lower than for all other occupations.

These results from psychometric studies have
been confirmed using wage data for civilian
occupations. Using the National Longitudinal
Study, one researcher found that both wages and
earnings in civilian occupations are significantly
correlated with scores on the mechanical, elec-

ZI Ibid., p. 9.

~z Wigdor and Green (eds.),  op. cit., footnote 6, figure 8-4. The study was based on P.W. May berry, /nterim Result.rjor Mmne  L“orps Job
Perjimnance Measurement Project, Research Memorandum 88-37 (Alexandria, VA: Center for Naval Analysis, 1988).

zl me mechanical nlalntenance  conlP)sitc consists of the total AS VAB sc(wes  for arithmetic reasoning, auto and shop  infomlatitm,

mechanical comprehension, and electronics infornlation.
2 4  me General  Technical  Conlp)slte  consists  of arlthn~etic  reasoning, word knowledge, p a r a g r a p h  C(mpretwnskm, a n d  mech,lnical

comprehension.

25 May berry and Carey, op. cit., footnote 10, table 13. The predictive validities of the mechanical composite were 0.64 or greakr  ft~r f(mr
of the five mechanical (~cupations  studied and one validity was 0.70.

lb Clerical consists of the mathematics knowledge, word km~wledge,  paragraph c(mlprehension, and code speeding subtests,  and clectr(mics
is arithmetic reasoning, general science, mathematics knowledge, and elt:ctronics infomlation.

27 Wigdor and  Green  (eds. ), op. cit., f(xxm)te 6, p. 171.



Figure 5-l-Correlations of ASVAB Tests With
Hands-On Performance Test Scores
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tronics, and shop information subtests of the
ASVAB.28 No effects were found for scores on
the academic and cognitive subtests, but they are
highly correlated with years of schooling, which
were included in the analysis as a control variable.
The independent correlation of the technical
aptitude with wages provides strong indication of
its independence of the academic and cognitive
aptitudes of the ASVAB.

Considered altogether, these studies provide
substantial evidence that the technical aptitude
measured by the ASVAB, whose content is
represented by the test questions in box 5-A, is
significantly related to job performance and
substantially different from academic and purely
cognitive aptitudes.
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OCCUPATIONAL MAPS
A second concept of broad occupational skills

is being developed by the American Electronics
Association (AEA) with support from the U.S.
Department of Labor. The effort is one of several
pilot projects being supported by the Departments
of Labor and Education to develop and demon-
strate the feasibility of industry skill standards. In
these projects, grantees are urged to organize their
standard-setting efforts around what the govern-
ment has called ‘‘broad occupational areas. For
the purposes of this report, the approach will be
called “occupational mapping. ’

AEA’s approach to skill standards involves
reconstructing the job competency model around
generically defined job tasks that cut across a
range of occupations, and including categories of
related knowledge and technical skills. The new
model is intended to provide the industry with the
means to ‘‘speak with one voice’ on the skills
needed for careers within industry and yet reflect
the major differences in specific contexts of
employment and jobs. Under the approach, it
must be possible to demonstrate the technical
accuracy of the resulting skill standards—that the
standards are related to high performance in the
workplace. The skill standards are also expected
to be useful for a wide variety of human resource
planning and development needs within the
industry other than certification of the compe-
tence of individuals.

The orientation of the AEA approach to defin-
ing job tasks is borrowed from the job compe-
tency model. However, the tasks are identified
from the top down within broad clusters of
industry jobs rather than the bottom up within
narrow categories as in the job competency
model. For the AEA project, three broad clusters
of occupations have been chosen: manufacturing
specialist, pre- and post-sales analyst, and ad-
ministrative/information services support ana-
lyst. AEA estimates that employment in these

lx Jt~hn  Bishop, Center  for Advanced Human Resource Studies, c(~rne]i university, “Educati(mal Refornl and Technical Educati(m, ”
wt)rklng  papr N().  93-04, 1993.
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Box 5-B--Broad Occupationai Tasks for Manufacturing Specialists
Key Purpose

Develop, manufacture, deliver, and improve electronics-related products and processes that meet or exceed
customer needs.

Critical Functions
Ensure production process meets business requirements.
Initiate and sustain communication processes and procedures.
Establish customer needs.
Determine design workability and manufacturability.
Use human resources to manage work flow.
Select, obtain, and optimize available machines and equipment to meet product process requirements.
Make products that meet customer specifications.

Includes Jobs Such as
Production associate, operator, production technician, and assembler.

Scenario
Manufacturing specialists are on the front line of the manufacturing operation. They work as individuals, or

increasingly, as members of “self-managed” teams. They often play a key role in work scheduling and resource
management within their work group.

They use a variety of quality, cost-reduction, and cycle-time productivity tools and processes. Their direct
communication with internal and external customers and other specialist staff is increasing.
SOURCE: American Electronics Association, draft internal memorandum, November 1993.

three occupational areas covers about 60 percent particular jobs within the three broad industry
of all jobs at skill levels not requiring a baccalau-
reate degree in the computer, software, semicon-
ductor, consumer electronics, and telecommuni-
cations industries.

This “mapping” of the broad occupational
clusters into tasks is done by industry representa-
tives. The process involves first identifying the
major purpose of work in each area and a limited
number of ‘‘critical functions’ defining the
content of work output. An example of the major
purpose and the critical functions for manufactur-
ing specialists is shown in box 5-B.

The next step in the mapping process is to
identify a limited number of activities that must
be performed in order to achieve each of the
critical functions in the cluster area and explicit
criteria for knowing when the activities are being
performed well. These criteria will provide the
basis for setting performance-level standards for

clusters. The specific standards adopted will
differ among job areas and segments of the
industry, but will remain consistent within the
task-oriented framework. In the end, the mapping
process will result in skill definitions similar to
the job competency model, but guided by a
framework of critical functions and performance
criteria. Each critical function, together with the
associated set of activities and performance
criteria, is called a competency module. These
competency modules will be the basic unit of skill
certification. An example of the competency
module for the second critical function of manu-
facturing specialists is shown in box 5-C.

The criteria defining when critical functions
are performed well are one of the major ways in
which the occupational mapping strategy of AEA
differs from the job competency approach. In the
job competency model, the criteria are frequently
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Box 5-C--Activities and Performance Criteria for Manufacturing Specialists:
Ensure Production Process Meets Business Requirements Competency Module

Integrate Improvement Process Into Each Critical Function
● Quality monitoring and improvement processes are performed and are documented according to company

procedures.
. Deviation and root cause of deviation are identified from ongoing analyses of processes.
. Recommendations for process improvement are documented, approved, and implemented.

Meet Health, Safety, and Legal Requirements With Regard to Process, Product, and People
. Health and safety requirements and procedures are implemented and followed at all times.
● Potential health and safety hazards are identified through continuous safety review.
. Confidentiality of proprietary information is protected according to company policy.
. Company standards of business conduct are followed.

Select Setup and Perform Diagnostic Tests
. The selected test method meets product specifications and customer requirements.
. The test method is safe, cost-effective, and meets time needs.
. Equipment setup conforms to required test and space specifications.
● Test equipment is calibrated correctly and functions according to specifications.
. Proper handling procedures are followed.
. Tests and test documentation are completed according to prescribed sequence, time, and quality

requirements.
. Test results and serialization of tested products are accurately documented.

Analyze and Interpret Test Data for Problems That Require Corrective Actions and for Compliance With
Specifications

● Products or process deviations and root causes of deviations are accurately identified and documented,
and corrective action is initiated.

. Systems for evaluating remedial action are established.

. Corrective action and appropriate recommendations are documented.

. Products forwarded to customer on a “conditional accept” basis are accompanied by accurate
documentation completed to customer specifications.

. Tests are in compliance with legal requirements, company policy, and customer specifications.
SOURCE: American Electronics Association, draft internal memorandum, November 1993.

only restatements of the tasks,29 or a set of simple reflect the basic concepts of high-performance
terms such as “skilled,’ ‘‘moderately skilled, ’
or “unskilled,’* as was discussed in chapter 3.
This aspect of the occupational mapping ap-
proach provides a clearer methodology for setting
performance-level standards than does the job
competency method.

As indicated by the manufacturing specialist
example, the broad task structures being identi-
fied by AEA are also different from the job
competency model in the extent to which they

work systems. The overall structure of the critical
functions for manufacturing specialists clearly
reflects, for example, the responsibilities being
given to front-line workers for monitoring qual-
ity, continuous improvement, and dealing with
customers.

The next phase of the AEA project will be to
identify the categories of technical skills, knowl-
edge, and understanding that underlie perform-
ance of the critical functions. In these areas, AEA

~~ For exarllp]e,  if [he task is ‘‘prepares check]  ists, the criteria is ‘‘prepared checklists. ’
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will incorporate methodologies for measuring
skills and abilities, as discussed in other sections
of this chapter. These could include ways to
measure the technical knowledge or aptitudes of
individuals, or their cognitive skills. This knowl-
edge and underlying capabilities aspect of occu-
pational mapping indicates how the technique
may provide a framework for integrating different
approaches to broad occupational skills. It also is
where AEA is considering how the skills structure
can relate to the K-12 system of education.
Similar approaches to the definition of broad
occupational skills have been followed in Great
Britain and Australia.

CORE OCCUPATIONAL SKILLS
As shown in figure 3-9 in chapter 3, five states

are planning to adopt or have adopted some
strategy for organizing their programs of voca-
tional education around broad technical skills. In
most of these cases, the strategy adopted by the
state is to divide vocational education into broad
clusters of occupations and, in the early years of
preparation, organize students’ programs around
the development of some set of core occupational
skills. Each core area of knowledge and skills
then branches at the next step into sequences of
clusters of courses that become increasingly more
specialized. Some examples of these broad clus-
ter areas are the traditional areas of business,
agriculture, and health. States typically have 6 to
10 cluster areas covering all industries.

New York was the first state to adopt such a
statewide policy, starting in 1983.30 Through a
long process of planning and development, a
‘‘continuum’ of occupational education was
adopted. A key aspect of the continuum is that,
starting in the earliest grades and continuing
throughout high school, the occupational curricu-

lum is guided by learning objectives in five broad
areas:

1.

2.

3.

4.

5.

personal development (e.g., the develop-
ment of a positive self-concept, learning to
work in groups, and learning how to find a
job);
social systems (e.g., understanding the eco-
nomics of business and the legal system);
information skills (e.g., communicating orally
and using computers to present informa-
tion);
resource management (e.g., managing money
and time); and
technology (e.g., understanding systems in
manufacturing, construction, communica-
tions, and agriculture).

Occupational education starts in the elementary
grades with courses in the use of computers. By
the end of the 8th grade, all students must have
taken required courses in keyboarding and com-
puter literacy, home and career skills, and Intro-
duction to Technology.3l

All students who decide to major in vocational
education are then required to take a 1-year course
in the Introduction to Occupations. This course is
organized around the five core occupational
competencies, with an emphasis on employability
and other generic workplace skills in the first half
of the course and more occupationally specific
knowledge and skills in seven occupational
cluster areas in the second half. In the first half of
the Introduction to Occupations course, students
take units in the economics of business and
personal finances, human relations, decision mak-
ing and problem solving, energy systems, and
other topics. The seven cluster areas that start in
the second half are agricultural education, business/
marketing education, health occupations educa-
tion, home economics education, technical educa-

w This description of the New York Progranl  is based on Richard .lones,  former Director of the Division of occupational Education

instruction, personal communication, Aug. 24, 1993.

3 I ~c Intr(~uc[ion t. Technology” course  is similar to the curriculum described in the next section on Design and Technology, but the f(~us

is (m learning about [hc systems of technology.”
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tion, technology education, and trade and indus-
trial education. In agricultural education, for
example, there is a module in the second half of
the Introduction to Occupations course on plant
science that covers the basic biology and agron-
omy of plants (seeds, roots, leaves, stems, and
flowers), life supporting processes and reproduc-
tion, environmental factors, soil and fertilizers,
plant pests, and so forth. Following the Introduc-
tion to Occupations course, students take a
subject area core course and sequences of three or
more increasingly more specialized courses in
one of these seven cluster areas. Instruction at
these more advanced levels is still guided by the
same core occupational skills but at more ad-
vanced levels of learning.

An assessment program has been implemented
to sustain the teaching of the core occupational
competencies throughout the curriculum. The test
for the Introduction to Occupations course con-
sists of a locally administered but state-developed
competency test. The state requires that all
students who complete the course take the test.
The state also has competency tests in four of the
seven occupational cluster areas, which are taken
on completion of required coursework in those
areas.

California is in the process of developing and
implementing a similar approach to organizing
vocational education around core skills and occu-
pational clusters. For example, in business educa-
tion, which is serving as a model for the other
cluster areas, a framework of curriculum stand-
ards will soon be adopted for the first year course
of the program. This course is called the business
technology core. After completing the business
technology core, students will choose one of four
‘‘career path clusters’ in computer science and
information systems, business administration,
accounting and finance, or marketing. Three
sequential levels of learning outcomes are
planned within each cluster; these will be adopted
as a series of standards. There will be career path
cluster standards, career path specialization stand-
ards, and an entrepreneurship standard. The

business technology core will also be linked to
instructional units or courses in business explora-
tion planned in the upper elementary grades.

Cutting across all of these cluster areas in the
business program will be the career performance
standards in communication skills, employment
literacy, interpersonal skills, occupational safety,
personal skills, technological literacy, and think-
ing and problem-solving skills that are described
in box 3-A in chapter 3. The assessment of these
career performance standards will be part of the
new statewide system of assessment for voca-
tional education that will consist of student
portfolios and on-demand assessment (also de-
scribed in box 3-A).

This core occupational skills model of New
York and California is similar to the reorganiza-
tion of the German apprenticeship system that has
occurred over the past 10 years or so to broaden
the skill content of the training. A similar
branching structure of broad occupational areas
that divide into specialties over the 3-year course
of an apprenticeship program has been adopted.

DESIGN AND TECHNOLOGY
The fourth approach to defining broad techni-

cal skills is to view technology itself as something
that is worthwhile for all students to learn about,
and not just students who are headed for work or
2-year programs. From this viewpoint, learning
about technology as a product of human civiliza-
tion as well as developing the capability for
actually using it to accomplish practical purposes
should be part of the education of all students.
starting in the early grades. Involving all students
in learning about technology and how to use it
could help to erase some of the distinctions often
made in schools between students headed for
college and working with their minds, and those
destined for working with their hands. Increas-
ingly, technology itself is blurring this distinc-
tion. Teaching technology to all students in this
way frames the issue of who needs what technical
skills in the broadest possible terms; capabilities
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for design and technology are needed to some
extent by everyone. At the same time, if started
early enough, technology education could help to
motivate students toward pursuing technical ca-
reers and provide them with foundations of
knowledge and capabilities for converting
thought into action.32

A variety of different forms of technology
education exist in the United States and abroad.
One version may offer considerable potential for
helping all students develop broad technical
skills. In Great Britain, this new form of technol-
ogy education is known as design and technology.
It has developed over the past 20 years and is now
1 of the 10 major subjects of the new national
curriculum of the British schools.

The significant term is ‘‘design. ’ In design and
technology, students learn as much or more about
becoming a designer as they do about the
workings of the technology itself. Becoming a
designer involves acquiring three kinds of knowl-
edge and capabilities:

1.
2.

3.

The

procedural knowledge of how to design;
capability of communicating complex ideas
with clarity, confidence, and skill; and
conceptual knowledge and understanding
of the use of materials, energy systems, and
aesthetics in designing and building techno-
logical systems—along with knowledge
and awareness of people and their needs.

procedural knowledge of design involves
learning how to discern needs and thoroughly
investigate them as an architect or engineer
would, prepare a design brief or plan for meeting
those needs, generate ideas and develop them into
a design, build the design, reflect on the quality of
the result in meeting the original needs, and then
act on the reflection to produce a better design.
The subject is taken by both boys and girls, and
both high and low ability students, beginning in
the first grade. It is conducted to appeal to all

students—those oriented mainly to the humani-
ties, and those more scientifically or technically
inclined.

Learning how to design involves learning how
to think concretely in complex situations. It
involves using knowledge and logical thinking to
produce better designs. It also involves making
choices and weighing the desirability of alterna-
tive designs from social, economic, aesthetic, and
human points of view, as well as from the
perspective of producibility.

A thoroughly developed performance assess-
ment in England has shown the effectiveness of
the design and technology curriculum for teach-
ing students how to become designers. Normally,
girls perform better than boys on the design tasks
of investigation and reflection, while the boys
excel at developing designs and building them
into final products. Lower ability students tend to
be better at design tasks that are tightly structured,
and higher ability students tend to be better on
more openly structured tasks. However, a clear
finding of the assessment is that the more students
have been exposed to design and technology, the
smaller these differences become.

The assessment also showed the interdepen-
dence of thinking and doing in technology.
Students given the same set of five assessment
tasks but in different order were much better able
to identify the strengths and weaknesses of an
original design when they had previously been
given a task of actually designing an improved
product. Providing students with a brief period of
discussion midway in the development of a
design, where the students described their plans
and received peer comments, immensely im-
proved the quality of their final products. The
assessments showed no simple relationships be-
tween sequences of design steps and thought
processes that lead to quality results, and those
that do not. In other words, the process of design

sz This section draws on Richard Kimbell, University of bmdon,  Goldsmith’s College, “Technology in the School Curriculum, ” OTA
contractor report, October 1993. This contractor report is available from OTA’S Education and Human Resources Program.
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cannot be reduced to a checklist or a methodical
series of steps.

COGNITIVE SKILLS
Finally, a fifth approach to defining broad

technical skills is the concept of cognitive skills.
This concept comes from cognitive science re-
search on problem solving and trouble shooting in
a range of occupations, apprenticeship learning,
and learning in academic subjects. Much of the
research has been generated by efforts to explain
the differences between the cognitive skills of
experts and novices,

This research shows that experts draw on
tightly integrated structures of procedural and
conceptual knowledge. This knowledge is also
highly contextualized; it is specific to the particu-
lar organization and technological environment
of the expert. Over time, this knowledge becomes
schematically organized, according to specific
problems and situations—it is not abstract. This
schematic knowledge enables experts to under-
stand the complex relationships necessary for
skilled performance. Experts differ profoundly
from novices in the speed with which they can
access this knowledge; a novice must try to solve
each problem de novo.33

Substantial proportions of the knowledge of
experts are procedural and tacit; experts know
what to do and when, but they cannot always
express what they do exactly. Their procedural
knowledge, together with the conceptual and
contextual knowledge underlies what scientists
call metacognition—the ability for goal setting,
planning, adaptation, and learning that allow for
expert problem solving.34

Cognitive skills are acquired in stages. Ini-
tially, a skill is heavily dependent on declarative
(verbal) knowledge. In the declarative stage, the
learner either encounters or is instructed in the
facts and procedures relevant to the execution of
a particular skill.3s These facts are stored in
memory as statements, which can be verbalized
and recalled one-by-one as required. The novice
uses this knowledge interpretively-that is, the
novice might say: “The situation is ‘a,’ therefore
I should do ‘b. ’ “ The novice then would be able
to do “b.’ ‘ In this declarative stage, general
problem-solving strategies are employed by the
novice to organize these steps and bring each one
into play until the problem is solved or the goal is
reached. An example of such a general, or ‘‘weak
method, ’ strategy is solving problems by anal-
ogy, or mimicking the steps that were followed in
successfully solving an apparently similar prob-
lem. The strategy is general because it does not
depend on knowledge of the area in which it is
being applied. “Strong methods” are specific to
a domain and are heavily dependent on knowl-
edge of it.

The second stage is “skill automation” or
compilation of the cognitive skill. In skill automa-
tion, weak methods of problem solving are
transformed into strong methods.36 This occurs
through gradual transformation of the factual and
conceptual knowledge acquired in the declarative
stage into a procedural form that is highly
organized so that it can be accessed and used with
minimal conscious reasoning activity.37 The skill
becomes “automatic” and the load on working
memory of recalling the specific steps involved
becomes much less. The skill can be performed

33 Robefi  Glaser  et al., b’lrnplications  of Cognitive Psychology for Measuring Job Perfomlance,  ” in Wigdor and Green (eds.  ) op. cit.,
footnote I 2, pp. I -2.

34 Ibid.
ls James M. Royer et al. T ‘ ‘Techniques and Procedures for Assessing Cognitive Skills, Re\’iw  oj” Ed/(cational  Reseor(h, vol.  63, N(). 2,

summer 1993, p. 204.

36 J.R. Anderson, ‘‘Skill Acquisition:  Compilation of Weak-MethO&  Problem Solutmns,” P.r?(}rolo~i[o/Retie)is,”  w)]. 94, N(). 2, 1987, pp.
192-210.

37 Royer  et  al.,  op. cit., footnote 35, p. 2@5.
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without consciously thinking about it and the
speed increases. Studies of apprenticeship have
shown that this compilation process is aided by:
a) situated learning, where students execute tasks
and solve problems in a real environment where
the purposes of the knowledge are clear; b)
external support, or “scaffolding,’ available
from a tutor or master to model the ideal
performance, support learning, and supply miss-
ing pieces of knowledge; c) fading, or withdrawal
of support, as the skill is acquired; and d) learning
activities that are carefully sequenced to be both
sensitive to student needs and robust enough to
foster integration and generalization of the skill.38

The third stage is skill refinement, or procedu-
ralization, which is a continuation of the compila-
tion process of the second stage. In this stage,
performance of the skills is speeded up by
weeding out nonessential steps and strengthening
associations between events that may occur in
performing the skill and effective actions in

39 As a result, performance ‘f

response to them. 
the skill becomes much more sensitive to small
but critical situational differences and the flexi-
bility of response to unexpected situations or new
data greatly increases.

This model of skill acquisition has been shown
to account for many of the differences in the
cognitive skills of novices and experts, and to
accurately describe the learning processes
through which the skills are acquired.40 The
model has been applied in a wide range of
domains from electronics troubleshooting, power
plant control, and financial planning to tennis.

The knowledge of experts is thus highly
procedural and integrated in nature rather than
conceptual and detached from contexts of use, as
is so much of the learning process and the
knowledge acquired in school. Facts, routines,

and concepts are bound together with rules for
their application and to conditions under which
the knowledge is useful.41 The knowledge is
highly goal oriented and conditional. It includes
knowledge of specific goals and interrelated
subgoals, methods that are employed in pursuing
those subgoals, selection rules for choosing
subgoals, evaluating methods based on experi-
ence, and prerequisite cognitive skills. For exam-
ple, the goal of the relatively simple cognitive
skill in word processing of moving text from one
point in a document to another point can be
broken down into a conditional series of subgoals
and procedural steps. (To move a block of text
from A to B, first block the text to be moved, then
choose the ‘‘move’ operation from the menu, and
so forth). Experts have been shown to be much
better at identifying the hierarchy of subgoals, or
intermediate steps, for accomplishing such tasks
than novices. In the language of cognitive sci-
ence, experts are much better than novices at
mapping the ‘‘problem space’ of procedures to
employ in solving a problem or generating an idea
and deciding on the order. Novices, for example,
may not be able to identify the problem space or
structure of goals, and simply try the few proce-
dures they know one by one to see which one may
work. Selection rules refer to the knowledge
acquired by the expert of the particular conditions
under which specific procedures should be em-
ployed. Prerequisite skills could be, for example,
capabilities for performing all of the measure-
ments needed in executing a procedure.

Cognitive research has shown that the organi-
zation of the knowledge structures of experts is
what explains the flexibility and speed with
which they are able to access knowledge and use
it. One of the profound aspects of the knowledge
organization of experts is their ‘depth of problem

‘x Sher-r-k  P. Gtm, “Apprenticeship Instruction for Real-Wodd  Tasks: The C()(wdinati(m of Pr(mdures,  Mental Models, and Strategies, ”
Re\fIeH oj’Re.rearch  In Education, v(d. 15, 1988, p. 99.

1{} Rt~yer ct al., op. cit., footnote 35, p. 206.

~) G]aser et a],, op.  cit., f(x)tno(t? ~~.

‘1 Ibid., p. 7.
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representation. ● ‘ Using their stored knowledge,
experts are able to rapidly induce principles from
the given features of problems and then represent
the problems in terms of these principles. This
gives them quick access to patterns of events and
associated sequences of preferred moves and
procedures. They are able to do this because they
do not have to first load this knowledge into their
working memory before they are able to access it
and use it. The problem representations of nov-
ices, on the other hand, tend to be expressed in
terms of literal objects, the surface features of
problems, or the events given explicitly in a
problem statement.42

One example of the depth of problem represen-
tation of experts is ‘‘chinking. ’ For example,
expert electronics technicians have been shown to
be much better at reproducing circuit diagrams
flashed before them for a brief period of time than
novices, but only when the circuits are correct.
When the circuits are wrong, there is no differ-
ence between experts and novices in their ability
to reproduce the diagrams.43 Skilled electronics
technicians also tend to reconstruct symbolic
drawings of circuit diagrams they are working
with according to the functional nature of the
elements in the circuit, while novices tend to
reproduce the circuits based on the spatial prox-
imity of the elements. The “chunks’ of knowl-
edge they draw on to produce these diagrams tend
not to reflect knowledge of function.44

In addition to the contextual and procedural
knowledge in the knowledge structures of experts
is a third component, the capability for visualiz-
ing or mentally modeling the features or operation
of the technological devices or systems, or

representing the problem space of interpretations
and conceivable actions. These mental models
provide essential connections between the proce-
dural and contextual knowledge, enabling the
expert to relate knowledge of one form to the
other and build representations of the situations at
hand. 45 These visual representations help to
overcome the limiting serial nature of language
and procedural knowledge to provide more ade-
quate means of explaining or interpreting com-
plex and/or dynamic phenomena encountered.%

An important finding in studies of the diagnosis
of x-rays by physicians, for example, shows that
experts have a reservoir of preexisting schemata
in their heads of normal and abnormal configura-
tions of the organs or tissues that are triggered
early in a diagnosis.47 The diagnosis i nvo lves

fitting the schemata to the present case until the
most consistent explanation is found.

Mental models are essential for effective causal
reasoning about the sources of problems and
potential solutions. Studies of experts have shown
how much better they are than novices at visualiz-
ing the systems with which they are working at
different levels of abstraction and working back
and forth across these levels of abstraction to
invoke the level of analysis most appropriate for
the diagnosis or task at hand.48 For example, in
diagnosing a broken piece of equipment, experts
may employ their schematic knowledge of the
functions of the equipment and its components,
factual knowledge about the operational charac-
teristics of the individual components, and order-
ings of how observed symptoms of one kind are
conditionally related to others. Much of this
reasoning about problems tends to be qualitative

42 Royer  ~t  ~],, f)p,  Cl[., footnok 35, pp. 2 17 “ 2 2 2 .

43 Ibid., p. 2 I 8.

U R[)bu-t Glascr,  ‘Expertise and Assessnwn(, s Cognition and Tesfing, M.C. Wittrock and E.L. Baker (eds.  ) (Englcw(Md Cl]ffs, NJ Prentice
Hall, 1~~] ), pp. ] 7-30.

~~ Glaser et a],, op. cit., footnote ~~, p. ~.

M Gott, op. cit., footnote 38, p. 123.

JT G]aser et al,, op. c[t,, fo{)tn(}tc  ~~, p. 9.

+ Gott, op. cit., f(}(~tnotc  38, p. I 24.
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in nature rather than quantitative (e.g., “if the
signal is present there, then it should be present
here’ ‘). Overemphasis on quantitative reasoning
in the early stages of acquiring skills has consist-
ently been shown to inhibit understanding of the
causal principles involved.49 For example, stu-
dents in the physical sciences who have mainly
studied in the traditional modes of highly quanti-
tatively oriented instruction have consistently
shown deficiencies and mistakes in their under-
standing of the underlying causal principles in a
domain. 50

A number of experimental efforts have been
undertaken to build computer-based tutors for
training experts based on these concepts of the
nature and acquisition of cognitive skills. Evalua-
tion of the effectiveness of these tutors has shown
the strongest results for systems that coordinate
the teaching of contextual and procedural knowl-
edge so that the uses of visualization and model-
ing in problem solving are made explicit.51 Tutors
that mainly support the acquisition of procedural
knowledge yield trainees who are less able to deal
with complexities and uncertainty. Such training
has usually been found to be even less effective
and efficient than methods of informal observa-
tion on the job. A related finding is that the
presentation of “. . . abstract representations of
device interdependencies for learners to inspect
and manipulate seems central to the development
of envisioning capabilities. ’ ’52

This model of the acquisition of cognitive
skills has important implications for broad techni-
cal skills. The cognitive model supports the job
task and procedural orientation of job compe-
tency approaches over attempting to teach or
assess general abilities directly, as implied by the
vocational aptitude and core occupational skills
approaches. At the same time, the model implies

that the limitation of learning to the rote memori-
zation of procedures within a fixed and narrow
task environment without the simultaneous intro-
duction of concepts and support for modeling and
visualization will inhibit the development of
expertise and result in trainees who are not
capable of responding flexibly to new problems.
The model therefore suggests that the teaching
and assessment of broad technical skills should
include methods of eliciting respondents’ capa-
bilities for visualizing and conceptualizing prob-
lems in context, and not just recalling facts from
memory even if the facts are closely related to
those contexts and demonstrate mastery of proce-
dures. The model does not support decontextual-
ized approaches to the assessment of broad
technical skills, like those employed in traditional
testing for vocational aptitudes or multiple abili-
ties, and especially not at expert levels of
performance. The decision orientation of the
model strongly suggests that the assessment of
broad technical skills should include strategies
for assessing metacognition—the capability to
choose among goals and methods and alternative
interpretations of evidence in different contexts.

The cognitive model also strongly suggests
that assessment should focus on both the proce-
dural and conceptual aspects of broad technical
skills in authentic contexts, rather than the recall
of isolated bits of knowledge on demand. Reli-
ance should be placed on using multiple methods
of assessment rather than written testing, al-
though both may be needed. The highly inte-
grated and contextualized nature of the process of
knowledge compilation lying at the heart of the
cognitive model implies that learning broad
technical skills must also be active, so that
students are constructing knowledge for them-

49 Ibid., p. 127.

M Ibid Also see Howard Gardner,  The uns(.h~~]ed  Mind: l!ow Children  Think, and I{ow’ Schools Sh~l~ld  Teach (New York, NY: Basic

Books, 1991 ).
s I Gott, ~)p$ cit., footnote 38t P. 16]”

52 Ibid.



Chapter 5: Broad Technical Skills  101

selves, gaining facility in integrating it from
different sources, and using it for practical ends.

Finally, the cognitive model raises a caution
flag against the possibilities of broadening skill
definitions and methods of assessing and certify-
ing them simply through expanding indefinitely
the job and task environments in which they
apply. The reason for this skepticism is the
prominent role of contextual knowledge in the
development of expertise, and the highly organ-
ized and tightly coupled ways in which the
knowledge of experts is structured.

A different model of how to achieve breadth of
skill is suggested by the cognitive model in which
breadth is achieved through depth. The view is
that the best way to achieve breadth of skill in the
long run is through deepening knowledge devel-
opment within a limited number of areas of
specialization, rather than attempting to take on
ever wider circles of problems. The concept is
achieving “breadth through depth” rather than
breadth alone. The problem with the breadth
through depth approach is that expertise devel-
oped through specialization and depth of pursuit
can be ‘ ‘brittle; it does not transfer well to new
situations and new kinds of problem environ-
ments. When confronted with new problems in
unfamiliar areas, the narrowly trained learner can
be immobilized and incapable of responding
productively. In order to achieve breadth, the
strategy of developing and assessing depth must
be coupled with considerable experience in deal-
ing with new problems and novel situations.

Cognitive theory is not very helpful so far in
prescribing exactly how transfer occurs and
beyond that how learning should occur in order to
maximize capacity for transfer, except to say that
the knowledge and skills acquired will be brittle
if learners are not confronted with novel problems
to solve within their domains of expertise and in
related domains. In this light, breadth of skill
becomes the individual’s capability for using
knowledge from domains in which one is expert
in new domains. Whether knowledge and skills

from domains in which one is expert are applied
in the new domains as ‘‘finite elements’ or
instead facilitate the acquisition of knowledge
and skills in the new areas is an unresolved issue.

FINAL NOTE
The aptitude model suggests that the ability to

transfer expertise in novel situations and to new
domains needs to be defined in terms of both
demonstrated capacity for responding cognitive] y
to new situations and evidence of broader general
aptitudes that strongly relate to the ability to
transfer and learn in new situations. This melding
of two approaches is also evident in the addition
of categories of knowledge and skill to the broad
occupational tasks that are identified in the
approach of occupational mapping.

In the occupational mapping approach, breadth
of technical skill is described through identifying
tasks presumed to define competencies that cut
across a range of occupations and form the core of
expertise. Their manifestations may be somewhat
different in different job contexts and industry
segments but in outline they are similar. The
critical role of contextual knowledge in expertise,
as described in the section on the cognitive model,
indicates that it remains an open question whether
individuals who are found to be competent in one
job context according to the occupational map-
ping approach would be able to demonstrate equal
levels of the same competencies in other job
contexts.

These five approaches to defining broad tech-
nical skills provide starting points for moving to
concepts that are at once deeper, more unifying,
and more specific than the concepts underlying
the various approaches. Another need is to
become clearer about the content of technical
skills and how they differ from other capabilities,
such as interpersonal and communications skills,
motivation, and academically oriented compe-
tence.



Implementation
of Performance
Standards and

Measures 6

u rider the 1990 Perkins Act Amendments, Public Law
101-392, the primary responsibility for planning and
implementing vocational education standards and meas-
ures rested with the states. Federal law established only

minimum content and process requirements for statewide
systems, leaving key decisions to the discretion of state boards. ]
This decentralization of authority allowed for variation in state
systems, consistent with the reality that states differed greatly in
their structures for vocational education and in their expertise in
performance-based accountability.2 Further, it reflected the
absence of national consensus about standards for evaluating
vocational education.

In keeping with this decentralization, federal administrative
responsibilities regarding performance standards are limited but
still quite important. The amended Perkins Act charged the U.S.
Department of Education (ED) with providing technical assist-
ance to states for the development of accountability systems
(section 115) and with conducting or overseeing research on
standards and measures (sections 402, 403, 404, and 422). Fur-
nishing guidance on performance standards was also an implicit
part of ED’s obligation to issue regulations for the Perkins

1 An]tm: [he dcc]s]tms Icft to states were which standards and measures would bc
used,  how local  prt~granl  quality  W(NIM be judged, and what type of assistance W<(mid  be
pr~)i  Idcd  tt) progr:ims  makln: Insufficient progress  t(nvard  s[andards.

~ A natit~n;il sum cy cxmductcd in 1991, prit)r m the Perkins Act deadline for
dc~ cloplng pv-f(mnancc  ~ystcrns, f(mnd that about one-half of the states had used svcific
pcrfl~rn]ance  st;indarcls [Jr measures for v{~cati(mal  education in the past, E. Garcth
Htnchlandtr  and Mikala L. Rahn, Per/ormancc  Measures and Sk?ndmdsjor  Vo(atlonal
li(lu< (IIion:  1991 .5ur~e>  Result$ ( B e r k e l e y . CA Nati(mal  Center for Research In
Lroc:itlt)nal Educat]on. I 992).  p, 4.

\
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Act and to conduct regular oversight and monitor-
ing of federal vocational education programs.
Administering a federal competitive grant pro-
gram to develop national skill standards for
particular industries and trades (section 416) is
another related component of ED’s role.

Some of these responsibilities are being carried
out directly by ED’s Office of Vocational and
Adult Education (OVAE); some are being con-
ducted through other entities, particularly the
federally supported National Center for Research
in Vocational Education (NCRVE).

TECHNICAL ASSISTANCE EFFORTS
Providing technical assistance is one of ED’s

most critical duties concerning performance stan-
dards. The move toward performance-based ac-
countability is a pivotal change for vocational
education. In developing their systems, states—
especially those with little prior experience in
performance-based evaluation—were likely to
encounter several difficult and highly technical
issues for which additional guidance would be
helpful. Recognizing the complexity of the task,
the law gave states 2 years, until September 25,
1992, to put in place their new systems and
charged ED with furnishing technical assistance.

ED has delegated much of the responsibility for
providing technical assistance to NCRVE. For
several reasons, NCRVE was a logical choice for
this assignment. Research, dissemination, and
training on issues of performance standards were
already part of the center’s mission under the
revised Perkins Act. In addition, ED concluded
that the center was more likely than OVAE to

offer the necessary expertise in technical issues of
evaluation, testing, and measurement, especially
given OVAE’s current staffing levels.3

Under the present arrangement, OVAE handles
clay-to-day communications with states and over-
sees implementation of state accountability plans.
For additional guidance on performance and
evaluation issues, OVAE often refers states to
NCRVE. 4 In providing technical assistance, NCRVE
has undertaken five special efforts to help states
implement the new accountability requirements:

●

●

●

●

●

three regional workshops held in February
and March of 1992, and one national techni-
cal assistance session held in July 1992, all
jointly sponsored with OVAE;5

operation of a clearinghouse;
publication of a practitioner’s guide on
accountability; 6

research studies on the implementation of
state standards and measures; and
a national conference on performance stan-
dards in vocational education in the summer
of 1993.

NCRVE has received some special funding to
help carry out these activities. From an additional
$2 million appropriated by Congress to NCRVE,
ED earmarked approximately $200,000 for tech-
nical assistance on performance standards.

The core of NCRVE’s initial technical assist-
ance efforts was the 1992 workshop series; about
two-thirds of the $200,000 supported this activ-
ity. During the workshops, state officials respon-
sible for developing the new accountability sys-
tems had the opportunity to share practices and
receive expert advice on issues related to stan-

~ Joseph Casello, branch chief, Program Analysis Branch, Office of Vocational and Adult Education, U.S. Department of Education,
personal c(mlmunication,  June 2, 1993; E. Gareth Hoachlander, director, Plaming and Evaluation, National Center for Research in Vocational
Educati(m, personal communication, June 1, 1993; and Debra Nolan, project director, Business and Education Standards Program, Division
of National Programs, Office of Vocational and Adult Education, U.S. Department of Education, Personiil communication,” June 9, 1993.

4 Casello, op. cit., footnote 3.

~ Regional workshops of 2+ days each were held in Washington, DC, St. Lmis, and San Francisco; the national workshop was held in
Minneapolis.

6 E. Gareth Hoachlander  et al., Accounrabi/i(y  jtir  Vocalionul Educa(ion: A Pracfitloner’s  Guide (Berkeley, CA: National Center for
Research in Vocational Education, 1992).
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dards, measures, and assessments. OVAE staff
participated in all the workshops and were
members of the NCRVE advisory group charged
with planning the workshops and reviewing
NCRVE materials regarding performance stan-
dards.

The remainder of the $200,000 has helped
support a clearinghouse, which gathers current
information about state accountability plans and
provides telephone technical assistance.

Through its Practitioner’s Guide and other
materials, NCRVE has amplified the limited
guidance contained in the law and regulations
with detailed suggestions, examples, and recom-
mendations. Among them are concrete examples
of standards, learning measures, labor market
outcomes, assessment methods, and strategies for
evaluating access of special populations.

NCRVE also identified six basic features that
should be incorporated into a well-designed
accountability system and offered expert opinions
on several key issues. For example, NCRVE
recommends that state accountability systems go
beyond the 2 minimum measures required by law
and include from 6 to 12 measures.7 The center
also suggests that student performance be as-
sessed both in terms of gains over time and
absolute attainment, so that growth by students
who began at a low level is not overlooked.8

NCRVE has further encouraged states to phase in
elements of a more ambitious system over time
and to continue monitoring and modifying their
accountability systems as they gain experience.9

To meet the need for more sophisticated
guidance on technical issues, both NCRVE and
OVAE plan to continue offering technical assist-
ance, maintaining the clearinghouse, and con-
ducting workshops and training session. A follow-

up conference jointly sponsored by NCRVE and
OVAE was conducted in July 1993. The purpose
of the meeting was to provide state administrators
with a forum to share experiences and help ED
determine what additional technical assistance is
needed .

Participants in the meeting identified the main
issues where further technical assistance is needed
by the states in implementing performance stand-
ards. Discussion focused on: 1 ) using the informa-
tion that will be generated in local program
reviews for purposes of improvement, and 2)
what program improvement plans should be like
in order to be really helpful. Many states are also
looking for assistance in how to set standards
using rigorous methods. Concerns were expressed
that not enough is known about the reliability and
validity of the skill standards and methods of
assessment that are being used. Issues of reliabil-
ity and validity will grow in importance as
performance standards are implemented.

As yet, no technical assistance efforts have
been directed specifically toward testing and
assessment for the implementation of perform-
ance standards.

ED REGULATIONS AND MONITORING
Issuing regulations and monitoring state com-

pliance for federal vocational programs are among
the major administrative responsibilities of ED,
and both affect state implementation of perform-
ance standards.

Evaluation and accountability requirements
became a highly controversial issue during the
development of regulations for the Perkins Act. 11

In October and November of 1990, ED held
regional meetings, as required by section 504 of
the Perkins Act, to obtain public input prior to

7 lbld., p. 7.
X Ibid., p. 13.

‘} Ibid., p. 1 I 2.

1~1 cas~]lt), op. ci[., footnote 3.

I I II is no[ewofihv”  tha[ evaluation, standards, and measures were not particularly controversial during congressional consideration,
t)vershad(}wcd by other heated Issues,  such as allocation fommlas and the distribution of funds between secondary and postsecondaxy  programs.
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drafting regulations.
12 Following these meetings,

the Secretary, as further required by law, selected
three major issues to undergo the process of
negotiated rulemaking, which provides state and
local representatives with a forum to discuss and
make recommendations to the Department on
issues of complexity, contentiousness, or sub-
stantial consequence. One of the issues chosen
was whether state and local vocational agencies
should apply program evaluations to all of their
vocational education programs or only to the
federally funded components or projects.13

On October 11, 1991, ED published proposed
regulations that took the position that local
entities receiving Perkins basic grant funding had
to evaluate the effectiveness of all their voca-
tional education programs, not just those receiv-
ing Federal funding.

14 
A surge of public comment

opposed this interpretation, many arguing that it
was unduly costly and burdensome, that it was
inconsistent with the language in the law, or that
it represented unwarranted federal intrusion. 15

Final regulations were not issued until August
14, 1992—less than 6 weeks before the state
standards and measures were due, and well past
the deadline for ED regulations specified in the
General Education Provisions Act. 16 Debate within
the administration over the evaluation issue
seems to have been the main reason behind the
delay .17 Thus, states were compelled to proceed
with development of standards and measures in

the absence of a definitive interpretation about
their scope.

The final regulations narrowed the evaluation
to encompass only “. . . the particular projects,
services, and activities . . .’ receiving Perkins
Act basic or special funding, unless the state
determined that a broader evaluation was needed. 18

The final rules also contained other important
clarifications. When conducting evaluations, local
vocational agencies could rely on representative
sampling techniques. In addition, grantees could
use Perkins funds to pay for mandated evalua-
tions, without regard for the 5 percent ceiling on
local administrative costs.19

Mirroring the legislation, the regulations avoided
further specificity on such issues as what “com-
petency gains” mean and how they should be
measured, whether separate standards for second-
ary and postsecondary programs are encouraged
or desirable, how special populations should be
addressed, and how basic and advanced academic
skills should be measured. These and other
specialized issues were left for states to decide,
with advice from NCRVE and other sources.

According to OVAE officials, every state
appears to have met the minimal requirements for
a statewide performance system; many states plan
to phase in or expand the components of the
system over time. As a next step, OVAE; is
currently conducting onsite reviews of state
implementation .20

i 1 Meetings were he]d in Philadelphia, Atlanta, Kansas City, and San Fmncisct).

I T paul M, ]Wln and Richard N, Ap\]ng vO(.~l~O~/ h’dwotiim:  Major Provisions oj’ Ihe 1990 Amendments (P.L. 10I -392) (Wmhinglm,
DC: congressional”  Research Service, 1991 ), p. 18.

I ~ 56 F-Fdera/ Regis/er  51448 (Oct.  ] i, 1991 ).

] ~ 57 Federal  Register 36841 (Aug. 14, 1992).

I (> SectIon  43 ] (g) of the General  Education ~ovisions”  Act (20 U.S.C. ] 232) r’equ]res  final regulatlms  for Department of Education pN)gHMllS

to be promulgated within 240 days of enactment of the applicable authorizing statute, unless a revised schedule is approved by the cong~ssional
auth(wizing  committees. It is not uncommon, however, for the Department to have missed this deadline.

17 John F, Jcnnlngs,  ~ounse],  House  Conln}i[[ee  on Education and Labor, persona]  cornrmmlcatk)n,  Feb.  23, 1993;  and ‘ ‘ED Set to ]SSLK  VOC

Ed Rules After Ford Increases Heat,’ Education Daily, Aug. 12, 1992, p. 3.

IX 45 CFR 403.191 and 403.201.

l’) 45 cm 403.191.
l“ Casclh},  op. cit., footnote 3.
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RESEARCH AND DEMONSTRATION
Several federally sponsored studies are under

way that address the issues of performance
standards, skill standards, and accountability.

As required by law, NCRVE is conducting
research on performance standards and accounta-
bility systems. Findings of a baseline survey of
prior state experience with vocational education
measures and standards were published in March
1992 .21 A second study describes and analyzes
the state accountability systems to date.22 A third
study, conducted jointly with the Rand Corp. and
scheduled for completion in 1994, is examining
the effects of performance accountability y systems
on state and local policy.

OVAE has also awarded a contract to study the
performance standards adopted by the states, as
called for in Section 1 15(f) of the 1990 amend-
ments. The purpose of the study is to evaluate and
review the systems developed by the states.
Through a mail survey and case studies in nine
states, the study will:

●

●

●

The

describe, in some detail, the status of each
state’s system of performance standards and
measures,
assess the reasonableness and appropriate-
ness of performance standards and measures
for specific populations, and
examine the comparability of the perform-
ance standards across states to determine the
feasibility of establishing a common core of
indicators.

study is being performed by the Battelle
Human Affairs Research Centers.23

BUSINESS AND EDUCATION
Another federal activity with

Measures I 107

STANDARDS
relevance to the

new Perkins accountability requirements is the
joint Department of Education-Department of
Labor (DOL) initiative to develop voluntary,
national skill standards in various industries and
trades. The ED component, called the Business
and Education Standards Program, is authorized
by section 416 of the Perkins Act. The DOL
component, called the Voluntary Skill Standards
and Certification Program, is being supported
with departmental discretionary funds.24 Both
Departments have made competitive grants to
projects to organize and operate business-labor-
education partnerships, which will in turn de-
velop national skill standards and certifications
for competencies in industries and trades.

Eligible grantees under the ED program in-
clude industrial trade associations, labor organi-
zations, national joint apprenticeship committees,
and comparable national organizations. The stan-
dards developed through ED grants must address
at least:

1. major divisions or specialty areas within
occupations;

2. minimum
tent;

3. minimum
4. minimum

staff; and
5. minimum

study.25

hours of study to become compe-

tools and equipment required;
qualifications for instructional

tasks to be included in a course of

The ED program was funded with appropria-
tions of $3.5 million annually from fiscal years
1991 and 1992. DOL reserved $1.2 million from

2 I Hoachlan&r and Rahn,  op. cit., foolno(c  ~.

~J Mihala Rahn et al., .Srate .Sys[em.$,/Ur  Accourr(abi/i[y  in Vocational E“ducalion,  MDS-491 (Berkeley, CA N:itit)niil Center t(~r Research

in V(~ati(mal Educati(m,  December 1992).
23 Bat[e]I~ Hun~an  Affairs Research c~nters, “‘Performance Standards and Measures: Evaluati(m  Stud}, “‘ repmt t-wing  prepared f(w (he U.S.

Department of Educati(m,  Office of Vocati(mal  and Adult Educati(m, in progress.

~d Michacla Meehan, p)licy analyst, U.S. Dcpartrmmt of Labor, pers(mal  communicati(m,  June 15, 1993.

2557  F“ederoI  Rc,gt  ~!er 45] 46 (Sepl.  3~, 1992).
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fiscal year 1992 discretionary funds. Grantees
must match federal funds dollar for dollar.26

In the first round of grants, awarded in Septem-
ber 1992, ED supported seven projects and DOL
six. In the second competition, ED awarded nine
new projects.27 The grant  per iod for the ‘D

projects is 18 months, with one continuation, and
the grant period for DOL projects is 1 year.28

Both ED and DOL recommend that standards
be benchmarked to world-class levels of industry
performance and “. . . tied to measurable, per-
formance-based outcomes that can be readily
assessed. ’29 The ultimate aim is for the projects
to yield standards that could be adopted and used
by education and training institutions, labor
organizations, business and industry, employers,
individuals, and government.

From DOL’s perspective, it is particularly
critical that the standards developed have support
from business and industry; if this occurs, then
education institutions and other communities are
likely to follow suit.3o

How the skill standards might mesh with state
accountability systems required by the Perkins
Act or with Job Training Partnership Act (JTPA)
performance standards is a critical issue. Accord-
ing to the ED Business and Education program
director, she and the OVAE administrators of the
state vocational programs consult regularly, and
ED is taking several steps to ensure that the two
efforts are coordinated. Regulations and guidance

for the Business and Education program empha-
size the importance of dissemination and adop-
tion of standards by state officials and other
entities. In addition, ED has encouraged grantees
to examine existing standards, including those
developed by the state technical committees
authorized in the original Perkins Act, when
developing national standards. Further, almost
every partnership includes involvement of state
vocational education directors.31

The DOL program administrator, however,
emphasized that the ultimate goal of the DOL
standards program is to produce national stand-
ards and overcome the fragmentation that could
occur if each state proceeds with its own stand-
ards. Over the long term, DOL also hopes to be
able to use national skill standards to evaluate
outcomes for JTPA and other Department pro-
grams. 32

GOALS 2000: EDUCATE AMERICA ACT
Progress toward national skill standards may

be further stimulated if the Goals 2000: Educate
America Act—a primary education initiative of
the Clinton Administration-is enacted.33 E D
and DOL have consistently stressed the relevance
of their respective skill standards programs to
National Education Goal No. 5 (adult literacy,
citizenship, and ability to compete in the
workplace). This link would be solidified by Title
IV of Goals 2000, which is currently being

XI ~bra  Nt)]an, U.S. Department of Education, ‘‘Project Abstracts for the Business and Education Standards Program, ’ unpublished repmt,
1992.

27 First. r(~und  pro@tS Will develop standards in the following fields: health sciences and technology; electronics; computer-aided drafting;
air conditioning and refrigeration; biotechnical sciences; printing; automotive technicians; industrial laundering; tourism, travel, and
hospital ity; metalworking; electrical construction; and retail trade. Second-round projects focus on human services occupations, heavy highway
construction and demolition, chemical process industries, hazardous materials management, photonics, agriscience,  welding, forest and wood
production and manufacturing, and food marketing.

2s A decision is pending  on whether additional  D(IL discretionary  money will be provided to Continue the existing ProJ@s for  another Year

and to make a new round of grants,

2957 Federal  Register 9490 (Mar.

M Meehan, Op. cit., footnote 24.

I I Nolan,  Op. Cit.,  footnote  3.

lz Meehan,  op. Cit., f(~)tnote 24-

33 HR. 1804 and S. 846.

18, 1992),
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considered by Congress. The bill would establish
a national skill standards board, charged with
identifying broad occupational clusters and en-
couraging the development of voluntary, national
skill standards for each cluster. The legislation
authorizes $15 million annually for this purpose.

CONCLUSION
The Department of Education took seriously its

mandate to help states implement new accounta-
bility systems for vocational education and, with
the help of NCRVE and other entities, has
provided a reasonable level of technical support

on this issue, especially considering the limited
staffing capacity of OVAE and the complexity of
the issues involved. It is likely that in the future
more attention will be required to establish
validity and reliability of the methods of testing
and assessment being employed in vocational
education.

The relationship among state performance
standards, the ED and DOL skill standards
programs, and new legislation affecting national
skill standards raises important issues warranting
continued attention.



Appendix A:
Legislative Milestones

Influencing Accountability
in Federal Vocational
Education Programs A

1917: Smith-Hughes Act
Required states to adopt minimum standards for
teacher qualifications, plant and equipment, and
hours of instruction in federally supported voca-
tional programs.
Required states to develop plans with approval of
a Federal Board for Vocational Education.
Identified the outcome of vocational education
programs as preparing students to be fit for useful
employment.

1963: Vocational Education Act
●

●

●

●

Required states to conduct and use periodic
evaluations of state and local vocational educa-
tion programs in light of current and projected
‘‘manpower’ needs and job opportunities.
Reserved 3 percent of state grants for ancillary
services, including program evaluation.
Established an ad hoc federal advisory council to
review and recommend improvements in voca-
tional education programs.
Revised state plan provisions to require more
detailed assurances and descriptions.

1968: Vocational Education Amendments
. Continued requirements for evaluations based on

labor market needs.
. Authorized funds for evaluation and other activi-

ties related to state administration.

111

Limited federal funding only to vocational pro-
grams that could be “. . . demonstrated to prepare
students for employment or for successful com-
pletion of such a program or be of significant
assistance to participants in making an informed
and meaningful occupational choice. ’
Created a standing national advisory council to
evaluate program effectiveness.
Established state advisory councils with program
evaluation duties.
Required states to develop both long-range and
annual plans.
Mandated local plans.

1976: Vocational Education Amendments
●

●

●

●

●

Directed states to evaluate the effectiveness of
each local program within the 5-year duration of
the state plan.
Required programs that sought to impart entry-
level job skills to be evaluated according to the
extent to which program completers and leavers
found employment in occupations related to their
training (or pursued additional education) and
were considered by employers to be well trained.
Expanded the evaluation duties and enhanced the
independence of state advisory councils.
Created local advisory councils.
Authorized technical assistance and siudies from
a national advisory council and a new national
research center, and authorized a national data
and occupational information system.
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●

●

●
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Clarified and strengthened the evaluation and
monitoring responsibilities of the Department of
Health, Education, and Welfare.
Expanded state planning duties.
Required states to summarize evaluation findings
in an annual accountability report and to assess
current and future job needs within the state.

1982: Job Training Partnership Act
. Pioneered use of performance standards to select

service providers, encourage quality and effi-
ciency, and target programs for rewards or
sanctions.

1984: Carl D. Perkins Vocational
Education Act

Charged states with developing measures of
program effectiveness in such areas as occu-
pational skills and basic employment competencies,
with separate measures for disabled individuals.
Required states to evaluate not less than 20
percent of local recipients in each fiscal year.
Continued requirements for advisory council
evaluations, national data on completers and
leavers, state needs assessments, and a national
assessment of vocational education.
Deleted requirement for states to evaluate job
placement and employer satisfaction for program
completers and leavers.
Simplified state planning and reporting requirements.
Established state technical committees to develop
skill inventories for specific occupations.

1988: Hawkins-Stafford Elementary
and Secondary School
Improvement Amendments

. Amended the Chapter 1 program for disad-
vantaged students to require schools that did not
meet standards for increased achievement among
participating children to develop and implement
“program improvement” plans.

1988: Family Support Act
● Created the Job Opportunities and Basic Skills

(JOBS) program for welfare recipients, which

required the Secretary of Health and Human
Services to develop outcome standards for judg-
ing individual progress by October 1, 1993.

1988: Hunger Prevention Act
. Amended the Food Stamp Employment and

Training Program to require the Secretary of
Agriculture to establish performance standards
for measuring the employment outcomes of
participants.

1990: Carl D. Perkins Vocational and Applied
Technology Education Amendments

Required states to develop standards and meas-
ures of performance for vocational education
programs, reflecting attainment of job or aca-
demic skills, school retention and completion, or
placement.
Required local recipients to: conduct an annual
evaluation of vocational programs based on state
standards and measures; review the progress of
special populations; and assess student knowl-
edge about the industry they are preparing to
enter.
Required local recipients that did not show
substantial progress to develop and implement
program improvement plans.
Directed states to develop measurable goals and
accountability measures for special populations
and required local recipients to describe how
access to programs of high quality will be
provided for special populations.
Required states to conduct an initial assessment of
program quality and needs using measurable
objective criteria.
Authorized technical assistance, advice, and data
collection on performance standards and evalua-
tion by the Department of Education, the National
Center for Research on Vocational Education, the
National Occupational Information Coordinating
Committee, and state advisory councils.
Authorized grants to business-education com-
mittees to develop skill standards in trades and
industries.



ACT — American College Testing
AEA — American Electronics Association
ASVAB — Armed Services Vocational Aptitude

Battery
ATIB — Academic Test Item Bank (Arizona)
C-TAP —Career-Technical Assessment project

(California)
DOL — U.S. Department of Labor
ED — U.S. Department of Education
FBVE — Federal Board for Vocational Education
IOCT — Industrial Occupational Competency

Testing
JOBS — Job Opportunities and Basic Skills
JTPA — Job Training Partnership Act
NCRVE — National Center for Research in

Vocational Education
NIE — National Institute of Education
NOCTI — National Occupational Competency

Testing Institute

Appendix B:
List

of
Acronyms B

OOTC — Oklahoma Occupational Testing Center
O V A E  — Office of Vocational and Adult

Education (U.S. Department of
Education)

OVCAP — Ohio Vocational Competency
Assessment Program

R&D — research and development
SCANS — Secretary’s Commission on Achieving

Necessary Skills
SOCAT — Student Occupational Competency

Achievement Testing
T A B E  — Test of Adult Basic Skills
T IERS — Title I Evaluation of Reporting System
T O C T  — Teacher Occupational Competency

Testing
V-TECS — Vocational-Technical Education

Consortium of the States
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Academic skills
changes in skills assessed, 16, 61-62
definition, 2, 3, 46
norm-referenced assessment, 7, 9, 16, 39, 42
sources of skill information, 13-14, 48
state assessment policies, 12, 46, 63-64
statewide academic testing programs, 39, 42, 63
strategies for obtaining assessment information, 13-14, 64

Academic Test Item Bank, 49-50
Accountability y

changing themes, 4-6, 32-34
current regulations, 22-26
legislative history, 4-6, 26-32
mechanisms, 32-33
performance-based, 4-5, 21-34
requirements, 2, 33-34
special populations, 3, 24

Acronym list, 114
ACT. See American College Testing
AEA. See American Electronics Association
AFQT. See Armed Forces Qualification 
American College Testing, 10, 67

assessment development process, 70
job profiling, 71 -72

American Electronics Association, 18, 9

Test

-94
American Society for Training and Development, 75
American Vocational Association, 75
Annual review requirement, 5
Applied mathematics test, 69
Applied technology test, 69
Aptitude tests, 84-85
Arizona, 49, 53
Armed Forces Qualification Test, 90
Armed Services Vocational Aptitude Battery, 17,86-91
Assessment. See also specific skills assessed

definition, 7, 36-37, 39
differences in state policies, 11 -12, 41-42

methods, 7, 39
origins of assessment practices, 7, 38-41
resources, 2, 9-11, 42-44
state policies, 2, 11 -12, 24-25, 41-42
use of results, 13, 51-52

ASVAB. See Armed Services Vocational Aptitude Battery
ATIB. See Academic Test Item Bank

Broad technical skills, 44, 65
changes in skills assessed, 15-16, 65
cognitive skills, 19-20, 97-101
core occupational skills, 18, 94-95
definition, 2, 3, 16, 44, 46, 84
design and technology, 18-19,95-97
lengthening the skill horizon, 36, 83
occupational maps, 18, 91-94
state assessment policies, 13, 65
vocational aptitudes, 17, 84-91

Business and education standards, 107-108. See a/so Industry
skill standards

C-TAP. See California Career-Technical Assessment Project
California, 53, 59,95
California Career-Technical Assessment Project, 59, 60-61
Cad D. Perkins Act. See Perkins Act of 1984
Certification of student competence for employers, 2, 5, 13,

51
CETA. See Comprehensive Employment Training Act
Cognitive skills, 19-20,97-101
Competency assessment

definition, 8
methods, 39-41
shift away from, 15, 57-58

Competency testing
definition, 8, 39
item banks, 43, 74-75, 75-76
shift toward, 14-15, 57-58
written, 39
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Competitive events, 8, 39
Comprehensive Employment Training Act, 34
Computer-based tutors for training experts, 100
Core occupational skills, 18, 94-95
Criterion-referenced assessment, 7, 16, 43,49, 63

definition, 9, 39
NOCTI, 77
VTECS, 73
Work Keys, 69-70

Curriculum
materials, 11-12, 43-44, 72, 73
where skills are assessed, 48-51, 54

DACUM process, 77
Delaware, 78
Design and technology, 18-19, 95-97
Disabled students, 24
DOL. See U.S. Department of Labor

ED. See U.S. Department of Education
Effectiveness of vocational programs

local reviews of, 1, 13, 21, 24, 27, 32
levels of skills to be achieved, 4
need for improvement, 4-5, 6
occupations to be trained for, 4
outcome measures, 5

Elementary and Secondary Education Act of 1965, 31
Exit exams, 13-14, 48-50, 63
Expansion of testing and assessment programs, 14-17,55-65

Family Support Act of 1988, 112
FBVE. See Federal Board for Vocational Education
Federal Board for Vocational Education, 27
Food Stamp Education and Training program, 34

General Education Provisions Act, 106
Generic workplace skills, 45

changes in skills assessed, 16, 64-65
detinition, 2, 3, 46, 84
state assessment policies, 13, 46

Glossary of testing terms, 8
Goals 2000: Educate America Act, 45-46, 108-109
Grade levels of academic and vocational testing, 16,42,48,

50
Great Britain, 96
GT. See General Technical

Hawkins-Stafford Elementary and Secondary School
Improvement Act

Amendments, I I 2
Hunger Prevention Act of 1988, 112

Industrial Occupational Competency Testing, 76
Industry skill standards projects, 17, 23

demonstration projects, 18, 25, 91

purposes of federal demonstrations, 107
state directors’ study, 3, 38
skill standards board, 45, 109
technical committees and, 4, 30

Instructional diagnosis, 2, 8, 11, 13, 30

IOCT See Industrial Occupational Competency Testing
Iowa, 56
Item banks, 43

Arizona Test Item Bank, 49
state resource, 1 I- I 2, 37, 43, 44
use and availability, 38, 55, 82
VTECS, 18, 74-76, 81

Job Opportunities and Basic Skills training program for
welfare recipients, 22-23, 34

Job placement
and performance standards, 5, 24, 25, 42
evidence of, 23, 28-29
JTPA, Title II, 30-31
evolution of legislation, 32

Job profiling, 71-72
Job Training Partnership Act of 1982, 22-23, 25, 30-31, 34
JOBS. See Job Opportunities and Basic Skills training

program for welfare recipients
JTPA. See Job Training Partnership Act

Kansas, 56

Learning or competency gains
and performance standards, 5, 24, 35, 105, 106
difficulty of measuring, 16-17, 50, 63
Chapter I, 32
NOCTI, 79
Oklahoma testing program, 42
Work Keys, 72

Learning test, 70
Legislation. See specific laws
Listening and writing test, 69
Location of information test, 69

Marine Corps Job Performance Measurement Project, 89
Math. See Applied mathematics test
Methodology

state survey, 2-4, 37-38
Military Entrance Processing Command, 86
Mississippi State University, 3, 38
Motivation tests, 70, 102
MPR Associates, 3

National Academy of Sciences, 87, 89
National Assessment of Vocational Education, 22
National Association of State Directors of Vocational

Education, 3
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National Center for Research in Vocational Education,
35-36, 104

National Governors’ Association, 23
National Occupational Competency Testing Institute, 9-11,

43, 67, 76
National Skills Standards Board. 45-46. See also Industry

skills standards
National system of performance standards. See Performance

standards
NCRVE. See National Center for Research in Vocational

Education
New Jersey, 5
New York, 41, 94, 95
NOCTI. See National Occupational Competency Testing

Institute

Observation test, 70
Occupational assessment, 3, 16

form of measurement, 53-55
shift to written testing, 14, 58

skills assessed, 44-47, 59-6 I
state assessment policies, I 2, 41

state resources, 42-44
why skills are assessed, 5 I -53

Occupational maps, 18, 91-94
Occupational skills. See Core occupational skills

changes in skills assessed, 55-59
definition, 2, 46
differences compared to academic skills, 13
shift to written testing, 15
sources of skill information, 13-14, 16, 48-49
state assessment policies, 12- 13, 35, 41
state testing resources for, 43
why skills arc assessed, 13-14, 5 I -53

Office of Technology Assessment, 1-2, 7, 11, 17, 36, 83
Office of Vocational and Adult Education, 104, 107
Ohio, 14, 56, 82
Ohio Vocational Competency Assessment Program, 14, 56
Oklahoma, 42, 49, 82
Oklahoma Occupational Testing Center, 42-43
OOTC. See Oklahoma Occupational Testing Center
Outcome-oriented assessment, 4

measures, 5
national activities, 25

OVAE. See Office of Vocational and Adult Education
OVCAP. See Ohio Vocational Competency Assessment

Program

Pennsylvania, 5, 78
Performance assessment

and written testing, 58-59, 85

critical issues, 9, 39
definition, 7,9
effects on instruction, 15, 58-59

hands-on performance tests, 7, 10, 73, 75, 77-79, 90
statewide systems of, 53, 64

Performance-based accountability
changing themes, 32-34
current requirements, 22-23
evolution of legislation, 4-6
federal regulations, 105-106
legislative history, 26-32
overview of 1990 amendments, 23-26

Performance standards, 2
link to federal funding, 5, 25
national system, 5-6, 25-26
purpose, 5, 51
special populations, 5
technical assistance to states, 104-105

Perkins Act of 1984, 4, 29-30, 51, 112
1990 amendments, 1-2, 46-47, 83, 103, 112

effects, 16
overview, 23-24

effectiveness, 22
evolution, 29-30
special populations, 30
state responses, 13-17

Program improvement. See Program effectiveness

Reading for information test, 69
Research and demonstration, 107
Resource management test, 70
Reviews of local program effectiveness. See Effectiveness of

vocational programs

Smith-Hughes Act of 1917,4, 26-27, 111
instructional hours per week, 4, 26

SOCAT. See Student Occupational Competency
Achievement Testing

South Carolina, 56
Speaking test, 70
Special populations

and performance standards, 3, 5, 105
balanced approach, 30, 34
federal priority, 22, 24, 25

Standardized testing, 16, 39. See also Academic skills
definition, 9
effectiveness, 59

State survey
design and methodology, 37-38

State-local program reviews. See Effectiveness of vocational
education

Student Occupational Competency Achievement Testing, 67
administration, 79-80
future, 80
overview, 76
use, 78

Student Occupational Competency Testing Institute, 10-1 I
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Student profiles and portfolios, 7, 43-44

Teacher Occupational Competency Testing, 76, 77,78
Teacher qualifications, 4
Teamwork test, 69
Technical skills. See Broad technical skills
Tennessee, 11.82
Test administration and reporting, 70-71
Test of Adult Basic Skills, 37, 49
Testing. See also .speci]c tests by name

differences in state policies, 41
glossary of terms, 8
mandatory. 41-42
policies. 2, 38-41
resources, 2, 6-7, 10- I 1, 42-44
state policies, 35-65

Texas, 56
TIERS. See Title I Evaluation and Reporting System
Title 1 Evaluation and Reporting System, 31-32
TOCT. See Teacher Occupational Competency Testing
Types of skills, 2, 3

changes in skills assessed, 15-16
mix of skills assessed, 59-61

U.S. Department of Education, 2
industry skill standards projects, 18
initiative to develop standards, 107-108, 109
regulations and monitoring, 105-106
role, 103-104
technical assistance efforts, 104-105

U.S. Department of Labor, 31
industry skill standards projects, 18, 91
initiative to develop standards, 107-108

V-TECS. See Vocational-Technical Education Consortium
of the States

Vocational-acadcmic integration, 16-17,44,50, 63-64
Vocational aptitudes, 84-91, 85

aptitude versus achievement, 85
types of vocational aptitude tests, 17

Vocational Education Act of 1963, 4, 27-28, 111
1968 amendments, 4, 28, 111
1976 amendments, 4, 28, 111

Vocational skills, 63
changes in skills assessed, 15, 63
definition, 2, 3, 46
grade levels of, 48
integrating with academic skills, 63
sources of skill information, 49
state assessment policies, I 1-12, 17, 38

Vocational-Technical Education Consortium of the States,
10-11, 41-42, 67

development process for catalogs and instructional tools,
73-74

future, 76
item banks, 74-76
origin and purpose, 72-73

Voluntary Skill Standards and Certification Program. See
Industry skill standards

Wages
effects of technical skills on, 90

West Virginia, 56
Work Keys, 10, 14, 56

assessment development process, 70
assessments, 69-70
design, 68-69
implementation, 72
job profiling, 71-72
origin, 67-68

Written testing, 7, 53
components, 58
critical issues, 9
definition, 36
effects on instruction, 85
listening and writing tests, 69
state assessment policies, 12, I 5


