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further support the validity of the ASVAB as a predictor of labor market performance. A
small increase in all four of the nonclerical vocational subtests is correlated with an
increase in job performance in skilled technical jobs, skilled electronics jobs, general
maintenance jobs, mechanical maintenance jobs, missile battery operations, food
services, combat occupations, and field artillery. Because many of these jobs have
civilian counterparts, the analysis suggests that technica competencies measured by the

ASVAB are valid determinants of worker productivity in many civilian jobs.

Program Evaluation: Caveats

OTA's analyses show that the ASVAB, and by extension similar paper-and-pencil
tests of technical aptitude, can provide early indications of future labor market
performance. For the purposes of this Background Paper, however, a central question is

whether the ASVAB can provide sufficient information about how measured vocational

abilities are acquired. For if such tests are to be useful in program evaluation, it must

be possible to trace test performance to participation in specific school programs. OTA
finds that the ASVAB does not meet this criterion, and that it could not become the sole

or primary instrument of performance measurement, for the following reasons:

ASVAB vocational subtests (in auto and shop information, mechanical
comprehension, and electronics information) consist of a total of 70
guestions, to be answered in 39 minutes. They do not provide

sufficient information to judge an individual’s technical proficiency in
the tested skill areas 42 In addition, the Asvas does not cover many

Research Institute for the Behaviora and Social Sciences, “Aptitude Composites for the
ASVAB 8, 9, 10,” Research Report 1308, unpublished manuscript, May 1981.

42.  An analogy with academic testing is illustrative. A general science test that
consists of 40 questions, 10 each on physics, chemistry, geology, and biology could
provide a measure  of general scientific knowledge without indicating anything about
knowledge in any of the specific subjects.
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skills that are taught in American secondary school programs. For
example, there would be no way to measure an individual’s competency

in cosmetology, a field that attracts many women students.

Participation in high school vocational education programs is only
weakly correlated with the ASVAB scores.43 Given the brevity of the
vocational subtests this result is not terribly surprising. It suggests
that using ASVAB scores to evaluate programs would require extensive
additional data to control for student background, socioeconomic
status, and other correlates of test performance. These data are
costly to obtain, and the requisite statistical techniques are highly

sophisticated.

For measurement of program performance, then, the ASVAB is an inadequate
instrument. However, because it does predict future labor market performance quite
powerfully for some students, it can be useful as part of a broad package of evauation
and program improvement. In particular, OTA considers the following potential uses of

the ASVAB worthy of additional research:

The ASVAB can be used to diagnose students' weaknesses in skills that
are known to be important for certain occupations. For example,

composite scores in word knowledge, paragraph comprehension,

43. Taken together with findings of strong correlations between the Armed Services
Vocational Aptitude Battery (ASVAB) performance and earnings, on the one hand, and
with other studies demonstrating strong correlation between vocational program
participation and earnings in training-related jobs, OTA concludes that ASVAB cannot
capture all the correlates of participation in vocational programs. Simply put, additional
vocational education contributes to labor market success in ways that cannot be
measured by ASVAB. For example, participation in certain vocational programs may be
attractive to employers regardless of an individua% specific competencies, or students
might learn skills in school that are not included in the test i terns.
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arithmetic reasoning, and mechanical comprehension are used by the
military to fill a wide range of jobs in the “health, social, and
technological” fields. The extent to which a school uses the ASVAB to
diagnose individual learning needs could be an indicator of that school’s
responsiveness to broad labor market demand. Note that this use of
the ASVAB would include reliance on its academic subtests, which
would signal the potential value of raising the academic abilities of

vocational students.

Because ASVAB scores correlate strongly with “trainability,” and
because a large number of firms provide ongoing education and
training to their employees, test results could be useful in industry. To
be effective, however, this use of the ASVAB would require employers
to make greater use of test results and other student information than
they currently do. It would be particularly important for employers to

look at grades in specific courses as well as composite test scores.

Finally, the ASVAB could provide information to be used in conjunction
with other measures of performance. Early ASVAB scores, eg., of
incoming 10th graders, could establish baseline differences in schools
in terms of their students’ prior abilities and knowledge. Such
information could become very vauable in making later comparisons
of earnings and employment of graduates of various schools. In
addition, comparing early scores with scores after several years in a
vocational curriculum could provide information on net gains in
knowledge and skills attributable mainly to program characteristics.

The validity of this use of the ASVAB has not been explored by OTA.
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OCCUPATIONAL COMPETENCY TESTING: STATE ACTIVITY

According to a recent survey, 13 States are engaged in testing the occupational
competencies of vocational and technical students and 7 States are in the process of
developing competency tests for vocational students. An additional 11 States are
considering development, and 20 have indicated that they have no plans to initiate
statewide vocational competency testing (see figure 3-2).*

Many States have formed consortia to pursue the development of competency-
based curricula and tests in a cost-effective manner45 (see box 4, page 61). Although
several of these consortia only produce occupational tests, some aso produce materials
that list the duties, tasks, and tools needed for a broad range of jobs. Often these
materials are based on detailed job analyses conducted by small groups that include
vocational educators, experts currently working in the job, and/or by representatives of
associations that represent the profession with which the job is identified. In some cases,
tests are then developed to reflect the duties, tasks, and skills identified through these
job analyses ‘and packaged into tests or made available to States, schools, or districts in
the form of banks of items. Educational agencies “buy into” these item banks, and can
then select those items that match their vocational programs. Often, States purchase
the test banks and make them available to local education agencies, who can then

customize the tests to match their local curricula

44. Rebecca Love-Wilkes, “1988 State of the Art Report on Statewide Student
Competency Testing in Vocational and Technical Education, ” prepared for National
Network for Curriculum Coordination in Vocational-Technical Education and the
Southeast Curriculum Coordination Center, 1988.

45.  Competency-based education systems develop curricula relevant to requirements
for working in modern society, and attempt to certify student progress on the basis of
demonstrated performance in some or all aspects of those requirements. Theoretically,
such demonstrations of competence are independent of time served in forma education
settings. See G. Grant et a. (eds.), Competence: A Critical Analysis of Competence-
based Reforms in Higher Education (San Francisco, CA: Jossey-Bass Publishers, 1979), p.
b.
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While these types of tests can provide more accurate information about program
qguality than tests of generic abilities, they are more time-consuming to develop; it is
possible that by the time a test is administered, the skill it measures is obsolete. In
addition, because they emphasize proficiency at highly specific occupationa skills, these
tests could discourage educators from exploring ways to teach broadly applicable skills
that could benefit students in the long run. It is important to keep in mind the tradeoffs
inherent in the application of various types of tests.

Occupational competency tests assess skills (tasks) and knowledge found unspecific
jobs (e.g., changing fuel filters or preparing schematic drawings), and are different from
tests of academic competency (e.g., solving algebra problems or writing essays), and
tests of employability skills (e.g., knowing how to conduct a job search, completing a job
application, or exhibiting acceptable work habits.)

Tests can take several forms: paper and pencil objective tests (e.g., multiple
choice, truefalse), paper and pencil subjective tests (e.g., writing sample), performance
tests (e.g., observations of student performance of a task), portfolio assessment (e.g.,
judging a body of work, such as photographs of hair styles completed over a semester’s
work). Each of these assessment modes has strengths and weaknesses, depending on how
they are applied. While performance testing is generally more faithful to the actual task
as performed in a job situation, it is costly to administer.

The level of cognitive complexity is an important characteristic of competency
testing. Some skills or concepts are more complex than others and therefore more
difficult to measure. At one extreme are measures of simple recall skills, such as “list
the types of fuses and breakers. ” More complex measures are needed to assess an
individual’s ability to orchestrate and apply various configurations of simpler skills, as in
the following item from a widely used test: “Redesign entrance service requirements for
building expansion, renovation or instalation of heavy powered equipment not accounted

1 46

for under original construction.
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HOW GOOD ARE OCCUPATIONAL COMPETENCY TESTS?

If occupational competency tests are used to assess the effectiveness of a
secondary school vocational program, it should be able to gauge the competence of
students who are in that program. The test should also be a valid indicator of the skills
and knowledge used in the job for which the vocational program is training students.
Obtaining estimates of ‘job validity requires input from those working in the jobs in
guestion. Those who determine the composition of the test should be familiar with the
jobs as currently practiced in that region, and should be active enough in the profession
to be aware of trends and directions the profession is likely to take, particularly with
respect to technological advances.

In some instances, the composition of the committees that determine what will be
measured on these tests may be too dependent on vocationa teachers who may not be as
aware of the current job tasks and responsibilities or projected changes as someone
currently working in the profession. A test developed with the exclusive input of
teachers may neglect modern techniques and technology, which would undermine its
validity for predicting job placement or performance.

One approach to determining a test’s job validity is to compare the performance of
experts — who have been performing the job successfully for several years— with that of
novices — students beginning their training in a field or workers in a different
occupation. Examining the ways in which experts answer specific test items gives
important information about the validity of inferences from the responses of novices:
for example, if an individual who is an expert automobile mechanic errs on a question

about brakes or transmissions, that could signa the need to revise the question before

46. From Vocational Technical Education Consortium of States (V-TECS), Vocational
Education Program Courses Standards, Industrial Education (Atlanta, GA: 1988).
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including it on a test administered to recent graduates. But expert-novice validity
checks are seldom conducted by the agencies engaged in occupational testing at the
secondary level.

A longer-term approach to evaluating validity would involve administering the test
to vocational completers and then comparing job placement, productivity, performance,
and wages of those who scored well on the test with those who scored poorly, in both the
short term and the long term. OTA finds some evidence that specific occupational
competency tests correlate quite strongly with job performance. An analysis that

47 concluded that

synthesized the results of 262 studies of occupational competency tests
the average correlation between test scores and supervisors ratings of job performance
was .51 (very high). In fact, this correlation was higher than that of any other predictor
variable (such as ability tests, psychomotor tests, interviews, and biographical
inventories). Other studies have found similar results”suggesting that occupational
competency examinations appear to be valid predictors of job performance and
promotion probabilities.

There are a number of risks inherent in any testing effort. One cited frequently is
the incentive to “teach to the test”: if teachers prepare students by teaching them to
answer the items on a specific test, then the test provides a measure of how well
students have learned answers to those test items but remains ambiguous with respect to
students' learning of the more general skills and knowledge. However, this tendency
should be distinguished from the case in which the use of a test is intended to influence
instruction. For example, the New York State Department of Education has specified
that al students must be proficient in certain occupational skills and knowledge, and has

developed tests to measure. those skills. Educators are responsible for tailoring their

47.  M.D. Dunnette, American Petroleum Institute, “Validity Study Results for Jobs
Relevant to Petroleum Refining Industry, unpublished manuscript, 1972.

48. See, for example, J.E. Hunter, “Causal Analysis, Cognitive Ability, Job Knowledge,
Job Performance, and Supervisor Ratings, ” Performance Measure and Theory, S. Lundy et
al. (eds.) (Hillsdale, NJ Lawrence Eribaum, 1983).
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instruction so that it coincides with what is tested. In this case, poor test performance
by students could reflect the failure of their teachers to meet defined curricular
objectives. In general, tests used to evaluate the effectiveness of an instructional
program should only measure what is taught. If there is a mismatch, then either the test
or the instructional program should be revised.

One way to overcome the problem of teaching to the test (or what is aso referred
to as “measurement driven instruction”) is to specify the domains of knowledge, skills,
and concepts that are to be measured. The merits of these specifications are
noteworthy: they allow test developers to produce a bank of consistent items that all
measure a given skill in the same way. More important, these specifications can be given
to teachers and curriculum developers so that they know what will be on the test without
seeing specific test questions. However, very few test developers prepare such domain
or item specifications, which are costly and intellectually demanding. It is not possible
to ascertain the extent of teaching to the test that occurs in vocational programs
without intensive case studies, and OTA was not able to determine whether the testing
efforts reviewed for this Background Paper used item or domain specifications.

The subtleties of testing can be easily blurred in the rush to evaluate and improve
programs. And because tests can create such powerful incentives for change — on the
part of students, teachers, and schools — their application warrants close attention. The
process of developing competency tests involves substantial input from those working in
the field. [f developed properly these tests can guide vocational instruction so that it
meets the needs of employers and students. When linked to data reflecting labor market
needs, the tests are useful for evaluating the relevance of vocational curricula to current
and anticipated conditions. However, OTA finds that there are too many different
occupations in which schools are training students for there to be a viable national

competency test. The Federal Government could effectively work together with the
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States in developing test guidelines and exploring new test methodologies. There is much
to be gained from continued Federal support for research into the theory and practice of

competency testing.
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BOX 4

State Activity in Development of Competency Tests

Several States and organizations are involved in

developing and/or marketing occupational competency testing

systems available for use in vocational education:

National Occupational Competency Testing Institute (NOCTI")

NOCTI develops and provides occupational testing
services for teachers, students, and industry. At the present
time, 47 States and the District of Columbia participate in
NOCTI, and 23 States use NOCTI tests for certifying
vocational teachers. Both written and performance tests are
used to assess each occupation with tests covering factual
knowledge, technical information, understanding of
principles, and problem-solving abilities. The performance
tests are administered in laboratory, industrial, or clinical
settings and consist of work assignments that require 2 to 5
hours to complete. NOCTI test are only available for use at
the end of a program, not for ongoing assessment during an
instructional program.

Costs of assessment vary, ranging from $1 per student
in architectural design to $45 per student in construction
masonry. At the present time, 34 Student Occupational
Competency Achievement Tests have been developed and
validated. An additional 23 have been validated through field

testing and are being prepared for distribution, and 11 are in

(continued)
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the process of validation. NOCTI provides scoring and report

services.

Ohio Vocational Education Achievement Test Program

The Ohio Vocational Assessment program is a joint
venture between the Ohio Department of Education% Division
of Vocational and Career Education and the Instructional
Materials Laboratory at Ohio State University. As with the
other testing efforts, the Instructional Materials Laboratory
(IML) derives test items. from an analysis of the duties and
tasks involved in each occupation. These duty and task lists
are developed by committees comprised of vocational
teachers, State education staff, and a nonteacher member of
the occupation. In addition, industry representatives
throughout the State are surveyed for their comments on the
task lists. Mathematics, science, and communications
competencies relevant to the occupational competencies are
included in the task analyses published by IML. Tests are
comprised of two parts with approximately 175 questions for
each part, averaging about one item for each task level.
Performance tests are not a part of the IML testing effort.
Each March approximately 60,000 vocational students are
tested in the State of Ohio with scoring and report services
provided to schools by IML.

The tests are designed for use by teachers, supervisors,
and administrators for evaluation and diagnosis of vocational

achievement for the improvement of instruction. Although

(continued)

62




participation in the testing program is voluntary, almost all
eligible secondary schools in Ohio are involved.

Within the State of Ohio, the cost of testing per student
is $1.50, and for schools outside of the State the cost is $2.50
if testing is done in March (the time scheduled for testing in
Ohio) and $3.50 if done at some other time. No scoring

services are provided outside of Ohio.

New York State Department of Education (NY SDE)

NYSDE is in the process of developing occupational
competency tests that are given to students to assess their
mastery of selected vocational coursework. At this point in
the development process, these tests are primarily used for
entry level courses, such as “Introduction to Occupations.”
Students must pass the tests as one of severd
requirements for high school graduation. New York% tests
contain only multiple choice, primarily knowledge-based
items, and do not measure students abilities to perform job-
related tasks. New York participates in virtualy all of the
testing consortia and makes these services available to
schools and districts within the State who wish to test
students in areas beyond those offered by the State
competency tests. No studies of job-test validity have been
conducted other than review of test items by those working in
the field. At the present time, the tests developed by NY SDE

are not available outside of New York.

(cotitinued)
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Vocational Technical Consortium of States (V-TECS)

V-TECS is a consortium of 25 State education agencies
formed to promote the systematic development and
implementation of competency-based vocational-technical
education. Although most of the materials and test items are
developed by State agencies, the process is guided by
specifications provided by the V-TECS staff to help ensure
quality control and consistency of products.

The V-TECS materials derive from thorough analyses of
job tasks, skills, and knowledge. These analyses are
conducted by actual observations of approximately 12 to 15
individuals as they perform a job. Based on these job
analyses, task-skill lists are developed, and reviewed by 100
to 200 individuals who represent various aspects of the job or
profession. The catalogs, which contain task descriptions for
each job are then used by States or districts to develop test
items, instructional materials, and curriculum guides.

The test items developed by the States are contributed
to the V-TECS item banks from which States or schools can
draw to comprise a test that matches the local curriculum.
V-TECS does not currently provide intact tests or scoring
services, but is considering moving to centralized test
development, in part to ensure more quality control. V-TECS
currently has catalogs (job descriptions) for 180 job titles,
with one-third of those titles being updated at any one time.
In addition, 12 to 15 test item banks have been completed and

another 10 are nearing completion. Each item bank contains

( continued)
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approximately 500 to 1,500 items for a job area, with 3 to 20
items for each skill. Many of these are tests of actual
performance. Having this breadth in the number of test
items offers some degree of test security and permits
flexibility in generating multiple forms of a test. V-TECS is
also in the process of identifying basic academic skills for
infusion into their occupational materials, but have not yet
addressed higher-order thinking or problem-solving skills.

The costs of participation in V-TECS is $20,000 per
State per year. As part of their agreement, each State
agrees to produce one (small States) or two (larger States)

V-TECS products.

Oklahoma State Department of Vocational and Technical
Education

Oklahoma offers one of the most advanced competency-
based curriculum and testing systems in the country. They
have been leaders in a competency-based curriculum for over
25 years and in 1983, began a systematic and comprehensive
effort in occupational testing. At the present time, they
have completed development of test batteries for 168
occupations, each of which consists of three types of tests.
The first is the traditional multiple choice (cognitive) test,
the second is a scenario that is designed to assess students
decisionmaking skills within the occupation, and the third is a
performance test. In addition, 600 to 1,000 multiple choice
test items have been developed for each occupational test

battery.  This permits the composition of a variety of

(continued)
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randomly generated tests drawn from the larger battery of
test items that measure a single domain.

All test items are keyed to duties and tasks that have
been identified by committees of industry and educational
representatives. Approximately four to six individuals
representing each group sit on a committee. There is a great
deal of concern with ensuring that the duties, tasks, and test
items represent the most recent state of the industry.

Oklahoma does not require use of these tests, but makes
them available to local programs for use in evaluating
students mastery of competencies and for identifying
strengths and weaknesses in curriculum and instruction. At
present, approximately 60 percent of the schools in Oklahoma
have used the tests in some way. Apparently there is some
concern on the part of teachers that they will be evaluated on
the basis of their students' performance, although it is the
teacher who requests the test from the State and who
receives the test results.

The cost of the duty-task lists are $2 to $4 for in-state
teachers and for out-of state, the cost is $6 per occupation
contained in a book, which may range from 3 to 14
occupations per book. The cost of a test for out-of-state
purchasers is $50 and contains 20 student packages, and
includes all three types of tests mentioned above. Oklahoma

does not provide scoring or reporting services for those

(continued)
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outside of the State. Approximately 95 percent of the
occupations taught in secondary vocational programs are

cove ed by the Oklahoma system.
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Chapter 4

Other Performance M easures

Vocational education at the secondary level has many objectives in addition to job
preparation and job placement.49 Three  particularly important areas  not
OTA are discussed in this section: academic skills, higher-order thinking skills, and

postsecondary educational attainment.

ACADEMIC SKILLS

Many recent reports have called for elevating the basic academic skills of all
students. The National Governors Association, for example, argued that the task of
vocational education is to prepare “. . . workers who are both well educated with the
ability to reason and adapt, and well trained to perform specific work tasks.“ (See box
5, page 75.)

Forty-two States responding to OTA’s telephone survey reported efforts to
introduce academic material into the vocational curriculum. As shown in figure 4-1, 32
States are in a consortium that is developing special courses in applied mathematics,
science, and communications. 1 Two States currently require the assessment of
vocational students' academic abilities, and a consortium of southern States has been
formed to advance the development of basic competencies of students enrolled in

vocational programs (see box 6, page 77).

49. For a discussion of noneconomic effects of vocational education, see Lawrence
Hotchkiss and Linda Dorsten, “Effects of Tracking on Post-High School Outcomes, ”
Sociology of Education and Socialization, vol. 6, Ronald Corwin (cd. ) (Greenwich, CT:
JAl Press, 1987), pp. 191-2109.

50. National Governors' Association, “Draft Policy Statement on Vocational
Education, ” unpublished manuscript, 1988.

51. This development work is being conducted through a consortium of State agencies
called the Center for Occupational Research and Development (CORD), in Waco, TX.
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Many analyses point to a long-term shift toward higher-skill jobs.52 It is important

to note that while the rate of growth in jobs that require more advanced skills is quite

high, the majority of the total number of jobs will continue to require relatively low
skills. Compared coworkers who have good academic skills, workers who are deficient in
basic skills will experience longer durations of unemployment and will have greater
difficulty finding new jobs at their previous wage levels. 53

Another factor contributing to the demand for a better educated work force is the
restructuring of jobs. Many jobs that were once quite simple have become more
complex. 54 In the insurance industry, for example, a single claims adjuster now does the
work of five. The computer has eliminated many jobs, and the customer assistance clerk,
clams adjuster, file clerk, messenger, and policy writer have been collapsed into a single
position that demands advanced levels of communication and thought. The adjuster must
be able to analyze a customer’s needs and interpret and use the multiple arrays of
information now available through computerized databases. Insurance companies that
formerly hired high school dropouts or graduates to fill the jobs of messenger and file
clerk now hire individuals with at least 2 years of college.

As technology has changed, so has the management philosophy of some

organizations. For example, team work has become one strategy to handle greater

52. See, for example, Sue E. Berryman, “The Economy and American High Schools:
What Should We Teach? When? How? To Whom?" presented at the Tenth Annual
Research Conference, Association for Public Policy Analysis and Management, Seattle,
WA, Oct. 27-29, 1988.

53. M. Podgursky, “Job Displacement and Labor Market Adjustment: Evidence From
the Displaced Worker Survey,” prepared for National Academy of Sciences, Panel on
Technology and Employment, 1987; P.O.Flaim and E. Sehgal, “Displaced Workers of
1979-83: How Well Have They Fared? Monthly Labor Review, vol. 108, No. 6, pp. 3-16.
54, Thomas Bailey, National Center on Education and Employment, Teachers College,
Columbia University, “Education and the Transformation of Markets and Technology in
the Textile Industry,” Technical Paper No. 2, 1988; Thomas Bailey and Thierry Noyelle,
National Center on Education and Employment, Teachers College, Columbia University,
“New Technology and Skill Formation: Issues and Hypotheses, ” Technical Paper No.1,
1988; Thierry Noyelle, Beyond Industrial Dualism (Boulder, CO: Westview Press, 1987);
and Thierry Noyelle, Nationa Center on Education and Employment, Teachers College,
Columbia University, “Services and the New Economy: Toward a New Labor Market
segmentation, ” Occasional Paper No. 5, 1988.
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workplace complexity; but team work requires skills in problem identification, conflict
resolution, and project evaluation that many workers may need to acquire. 55

For these reasons, many people advocate the inclusion of basic academic
competencies in performance measurement. However, there are aso many people who
believe that the primary goal of vocational education should be mastery of _occupational
skills. Clearly there is some overlap. The problem is how to fine-tune the blend of job-
specific and generic skills in a curriculum that may aready be quite dense. While some
educators and administrators believe that schools can accommodate both, there is also
some evidence that too much emphasis on academic content could undermine the
vocational curriculum and leave vocational students worse off than before, 20

There are other reasons why OTA urges caution in the implementation of stringent
academic requirements. First, many of the students enrolled in vocational education
programs are there precisely because they were not successful in more academically-
oriented classrooms. Adding more rigorous academic material to the vocational
curriculum could frighten off the very students for whom vocational education is
successful. Second, proponents of a more occupationally-oriented vocational curriculum
point out that vocational graduates can support themselves through college thanks to the
skills they acquired in high school. Since college-going is increasingly seen as an

objective for many students who complete vocational programs in high school, it would

be a mistake to weaken these students technical occupational credentials. Third, there

55. In fact, when management agrees to fundamental changes in the decisionmaking
role of employees, productivity can improve even among a work force whose skill level
was originally considered inadequate. See, for example, Murnane, op. cit., footnote 1, p.
218; Richard M. Cyert and David C. Mowery (eds.), Technology and Employment:
Innovation and Growth in the U.S. Economy (Washington, DC: National Academy Press,
1987); and Berryman, op. cit., footnote 53.

56. See, for example, William Clune et a., Center for Policy Research in Education
Eagleton Institute of Politics, Rutgers University, "The [implementation and Effects of
High School Graduation Requirements: First Steps Toward Curricular Reform,”
unpublished manuscript, 1989. In an article in Education Week (Feb. 15, 1989, p. 5),
Clune is quoted as saying that "... vocational courses were the major casualty of the
increased academic coursetaking.... We saw evidence that the new requirements made
it difficult to complete logical, and even required, sequences of vocational courses.”
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are reasons to be skeptical about some projections of skill requirements, as well as about

statistical correlations between performance on tests of cognitive ability and job

performance. 57

HIGHER-ORDER THINKING

Many educators have come to believe that knowing how to learn has become as

important as what is learned. 58 As one researcher has argued: "We are mgving into an

era in which the traditional separation between working and learning is disappearing,
with learning becoming increasingly integrated into a person’s work life. ” Our aim,
claims another researcher, should be to develop “expert novices’ who, “. . . athough they

may not possess sufficient background knowledge in a new field, know how to go about

n59

gaining that knowledge. The term most commonly associated with reasoning and

problem solving is ~higher-order thinking skill.”  This js an abstract term, difficult to

60

define and even more difficult to observe. But it is relevant to performance

57. For a more thorough treatment of these issues see Murnane, op. cit.,, footnote 1,
pp. 219-225. Murnane points out that while certain cognitive skills are important for all
students, it is not entirely clear how high their skill levels must be: “. . . the best
available information indicates that enhancing productivity growth will require that all
students be provided with threshold levels of literacy and problem-solving skills, as
measured on paper-and-pencil tests. Extremely high scores on the types of standardized
tests typically used in schools to measure cognitive skills may not be necessary for
productive performance in the labor force.” (p. 224)
58. This attitude, too, is controversial. See E.D. Hirsch, “The Primal Scene of
Education,” New York Review of Books, Mar. 2, 1989, pp. 29-34.
59. See Noyelle, Beyond Industrial Dualism, op. cit., footnote 55; Robert Glaser,
“Teaching Expert Novices,” Educational Researcher (Washington, DC:  American
Educational Research Association, December 1987); and Berryman, op. cit.,, footnote 53,
who lists the follow ing components of knowing how to learn: ". . . knowing how to
identify the 1i m its of one’s own knowledge, how to ask germane questions, how to
penetrate poor documentation, and how to identify sources of information.”
60. One researcher suggests that higher-order cognitive skills are those that involve
the orchestration and practical use of the simpler skills — like computation in school
arithmetic. See Susan F. Chipman, What is Meant by “Higher-Order Cognitive Sk” ls"
(Arlington, VA: Office of Naval Research, 1987).

Another definition. uses the following characterizations of higher-order thinking:
nonalgorithmie, meaning that the path of action is not fully specified in advance;
complex, meaning that the total path is not mentally “visible” from any single vantage
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measurement in vocational education because of the interest in moving beyond simple
measures of short-run job placement and toward providing students with “. . . a job with a
future — ajob that provides persona growth, the chance to master new skills, and the
opportunity to earn promotions.”61 To the extent that these higher skills can be
diagnosed and measured, they could become elements in a comprehensive system of
performance measurement. At present, however, testing methods have not reached that
level of sophistication, which suggests that the Federal role should be restricted to

support for basic research, 52
EDUCATIONAL ATTAINMENT

Apart from what students learn in school, how far they go in school has important
63 Finishing high school has significant advantages. between

conseguences of its own.

1961 and 1981, the average earnings of full-time working men (aged 25 to 64) with 1 to 3
years of high school fell from 87 to 75 percent of the average earnings of a comparable
group with 4 years of high school. Thus, it is understandable why reducing the high

school dropout rate is frequently mentioned as an important objective of vocational

point; often yielding multiple solutions, each with costs and benefits, rather than unique
solutions; involving nuanced judgment and interpretation; requiring the application of
multiple, sometimes conflicting, criteria; involving uncertainty — not everything bearing
on the task is known; involving self-regulation of the thinking process, not regulation by
others; involving imposing meaning, finding structure in apparent disorder; and being
ef f ortful." See Lauren Resnick, Education and Learning to Think (Washington, DC:
National Academy Press, 1987), p. 3.

The limited current base of knowledge about higher-order cognition is discussed in
a recent OTA Technical Memorandum on elementary and secondary schooling for future
scientists and engineers. See U.S. Congress, Office of Technology Assessment,
Elementary and Secondary Education for Science and Engineering, OTA-TM-SET-41
(Washington, DC: U.S. Government Printing Office, December 1988), pp. 77-81.
61. The William T. Grant Commission on Work, Family and Citizenship, The Forgotten
Half: Pathways to Success for America’s Youth and Young Families (Washington, DC:
1988).
62. Four States are aready either planning or implementing the assessment of higher-
order thinking and problem-solving skills.
63. This discussion draws on Stern, op. cit., footnote 5, pp. 10-12.
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education. Indeed, the fact that so many students elect to take vocational courses in
high school means that some students would have less reason to come to school if those
courses were not available. While statistical studies of the effect of vocational
coursework on dropout rates have been ambiguous, continued research in this area could
be fruitful--and might yield new quantitative measures of program performance.
Similarly, the propensity for vocational students to attend college — again, independently

of their long-run labor market outcomes — warrants further study.
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Box 5

The Need for Basic Skills Mounting Pressure™

Future jobs will be restructured about every seven years
and work and learning will be inseparable.
-David Kearns, Chief
Executive Officer of
Xerox Corp.

More than half of all new jobs created between 1984 —
2000 will require some education beyond high school, and
amost a third will be filled by college graduates. Today, only
22 percent of all occupations require a college degree.
-Bureau of Labor
Statistics, U.S.
Department of Labor

The pace of technology development now is so great
that life cycles for electronics products and processes already
have collapsed to three to five years, and rarely will exceed
five to ten years in most other industries. As a result, any
set of skills also can be obsolescent in five to ten years.
Continuous re-skilling must be a top national priority.

-U.S. Department of
Commerce

Tektronix, an Oregon based manufacturer of electronic
equipment, tried to shift its traditional assembly line
workforce to a flexible manufacturing system four years
ago. The company discovered that 20 percent of its
production workers lacked rudimentary skills needed for the
transition. Tektronix is solving its problem by contracting
with nearby Portland Community College to run a remedial
on-site program in basic math and English for its many non-
English speaking assemblers. Along the way, Tektronix added
courses to enhance such skills as team building, negotiating,
and effective time management.

-Fortune Magazine,
Apr. 11, 1988

64. The following text is quoted from U.S. Department of
Education, ‘U.S. Department of Commerce, and U.S.
Department of Labor, Building a Quality Workforce
(Washington, DC: U.S. Department of Labor, July 1988).

( continued)
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Research done at Indiana University has found that
some 70 percent of the reading material in a cross section of
jobs nationally is now between 9th grade and 12th grade
difficulty (some 15 percent is even higher) — and it is likely
that the job and social requirements for literacy will increase
even more in the years ahead.

-Business Council for
Effective Literacy
Newsletter, April 1988

Experts both in and out of government agree that the
competitive global marketplace, increased domestic
competition due to deregulation, the pace of technology
development, shorter product life cycles, and new flexible
production processes all require more adaptable, more highly
educated entry workers in order for our country to remain
competitive.

-Building a Quality
Workforce, U.S.
Department of
Education, U.S.
Department of
Commerce, and U.S.
Department of Labor,
1988
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Box 6

Academic Material in the Vocational Curriculum:
State Efforts

The Southern Regional Education Board (SREB) is a
consortium of 13 States working toward introducing academic
mathematics and science material into the vocational
education curriculum. 82 Th.stated purpose of SREB's to:
"... advance, apply, and evaluate approaches that will
strengthen the development of the basic competencies —
communication, science, mathematics, critical thinking, and
problem solving — of students enrolled in vocational
programs. 66

Educators at 33 sites in consortium States are

implementing a variety of strategies including:

having vocational students take higher-
level communications, mathematics, and

science courses;

increasing the amount of emphasis and

instructional time in vocational courses

65. The participating States are:  Alabama, Arkansas,
Florida, Georgia, Kentucky, Maryland, Mississippi, North
Carolina, Oklahoma, South Carolina, Tennessee, Virginia, and
West Virginia.

66. James E. Bottoms, "The Relationship Between
Vocational and Academic Education,” prepared for Policy
Studies Associates, Inc., Washington, DC, November 1988.

(continued)
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devoted to basic competencies that

underlie the occupational field of study;

providing remediation to students in need;

providing staff development to vocational
teachers on how to incorporate instruction

in basic academic subjects.

An evaluation plan draws information from multiple
indicators of program effects, including results from the
National Assessment of Educational Progress (NAEP) tests in
mathematics, science, and reading; transcript analysis;
student opinions; completer and employer follow up
information; and classroom observations designed to measure
the emphasis being placed on academic competencies.
Correlations will be conducted to determine the relationships
among vocational education experience (e.g., curriculum,
instruction, counseling), NAEP scores, and students’ post-high
school employment. Student test scores will be compared
both with other students of similar background (e.g., sex,
race, type of vocational program, parent education), and also
with the national NAEP sample. An added feature is that this
system provides the ability to analyze changes over time.
NAEP was administered to a group of students in May 1988

and analysis of the results is under way.

(conti nued)
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Preliminary analyses conducted by the Ohio State
University and reported in an memorandum to SREB

members, revea that:

. . . completing a general mathematics course
added about three points to a student% NAEP
mathematics score. On the other hand,
completing a pre-algebra course resulted in a 9-
point increase; Algebra 1, a 12-point increase;
and geometry, a 14 point increase. Further, the
average NAEP mathematics score for students
who said that their vocational teachers often
stressed mathematics was 9 points higher than
the average score of students who said that their
vocational teachers seldom or never stressed
mathematics.

The NAEP results also provide some insight
for improving the science achievement of
vocational completers. For example, students in
pilot sites that provided vocational completers
with  lab-based  science courses  scored

approximately 20 points higher than those
students from pilot sites where science courses

ﬂergenri)éreggmi nantly textbook — and information

The director of SREB recommends that NAEP be used
nationwide to assess the academic competence of vocational
students. However, he does not see the need to use the
results of NAEP to determine funding at the Federal level,
since he believes that the impact of publicizing the test

results at the State and local levels will provide the needed

incentives for improvement.

67. James E. Bottoms, memorandum to State and Local
Pilot Site Coordinators of the Southern Regional Education
Board, Jan. 10, 1989. .
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RECENT OTA REPORTS ON RELATED SUBJECTS

Available from the Science, Education, and Transportation
Program, Office of Technology Assessment, U.S. Congress,
Washington, DC 20510-8025 (202/228-6920)

Demographic Trends and the Scientific and Engineering Work Force
(Technical Memorandum), December 1985

Available from the Superintendent of Documents,

Government Printing Office, Washington, DC 20402-9325
202/783-3238

Power On! New Tools for Teaching and Learning, September 1988
GPO stock number 052-003-01125-5; price $11.00

Educating Scientists and Engineers: Grade School to Grad School, June 1988
GPO stock number 052-003-011 10-7; price $6.00

Elementary and Secondary Education for Science and Engineering
(Technical Memorandum), December 1988
GPO stock number 052-003-01141-7; price $7.00

Higher Education for Science and Engineering (Background Paper), March 1989
GPO stock number 052-003-01148-4; price $12.00

80



