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INTRODUCTION

! co,

Bacleound and Rationale

One major purpose of our research is to identify clusters of knowledge
and competencies most likely to maximize the career-long occupational
opportunity, competence, and choice on non-college bound youth in an
evolving technological society.

Our research is rooted in the philosophic premise that occupational
freedom involves both informed choice of alternatives and competence to
work effectively. The economy needs constantly larger numbers of workers
possessing new capabilities. But youth are free to ponder only the
occupational choices they perceive. They are free to perform only the
kinds of work for which they acquire competence.

Choice and acquisition of competence may be needlessly impaired by
limited outlooks and motivations. For those reasons, studies of occupation-
al perceptions, aspirations constitute interrelated dimensions of our
research.

The objective of our clusters research is to obtain facts about what
major types of tasks are actually performed in occupations most likely to
provide employment opportunity for substantial percentages of non-college
bound youth and to identify major types of knowledge most likely to pre-
pare them for such work. On the basis of Bureau of Labor Statistics pro-
jections, the following occupational areas were selected for study: office,
general merchandise retailing, building trades, electronics, food service,
and child care.

To obtain task and knowledge data for clustering, the staff, in con-
sultation with employers, employees, and vocational teachers, prepared
questionnaire check lists designed to identify specific major tasks actually
performed by workers in each of the occupational areas listed above.

Questionnaires were designed to obtain from employees data on age, sex,
major types of tasks presently performed, length of time on present job,
and other types of work done in the past five years.

Those questionnaires have been administered to representative samples
of workers in each occupational area. To maximize the predictive value
of data questionnaires were administered to employees in modern firms in
which the tasks performed are most likely to represent those prevailing
in the foreseeable future.

Results provide data on (1) combinations of major tasks groups of
workers on a construction job or in a firm or agency presently perform,
(2) combinations of major tasks performed on entry jobs, and (3) combina-
tions of tasks generally performed by workers with various degrees of
experience, and (4) some data on 5-year combinations of worker experience.
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From analysis of the above data, we have obtained up to-date facts
about combinAt;nme of major tasks performed by major cat:tgories of
workers.

Knowledges associated with performance of each task are being identi-
fied by juries of employees, supervisors, and vocational teachers.

Both task and knowledge items are being coded so various patterns of
relationships can be identified rapidly by computer.

From analysis of the above data, we are obtaining definitions of both
tasks ano knowledges involved in entry jobs and in positions into which
workers can move as they get experience. We are identifying (1) some
clusters of knowledge useful within each occupational area and (2) some
clusters that are commonly useful in two or more areas.

Facts about currently useful tasks and knowledge are being supple-
mented by studies of ways they will be affected by equipment, processes,
and materials now being developed by leading-edge industries.

Objective and Hypothesis

The objective of this phase of the project is to conceptualize and
identify mathematical knowledges commonly useful for work in occupations
most likely to provide employment for substantial numbers of non-college
bound youth. On the basis of U. S. Bureau of Labor Statistics projections,
occupations selected for study include office, retail sales, building trades,
electronics, food service, and child care.

It is hypothesized that some clusters of mathematical knowledge can
be identified as essential for entry and later-career work within and
among those occupations. It is assumed that if such is the case, instruc-
tion that helps youth acquire such knowledge will increase their capabilities
to begin work and to pursue further training essential for adaptability
and upward mobility.

Related Research

A survey conducted by the President's Committee on Scientists and
Engineers (4) revealed that the scope of mathematics was the most critical
determinant for both level and quality of technological curriculum. Observa-
tions by mathematics teachers (5) who have worked in industry reveal a
significant need for employees who have knowledge of basic mathematics and
skill to apply concepts to problems in a variety of situations. The intro-
duction of a report of mathematics authorities working in schools and
industry provides evidence regarding the vocational importance of mathematics
today (6):

There is no disagreement today--nor will there be in the
foreseeable future--on the vital importance of mathematics,
both to the scientist, engineer, or other specialist called upon
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to use mathematics in his work, and to the intelligent layman
in his everyday life. Mathematical education, to fulfill the
needs of an advanced and advancing community, must be under con-
tinual scrutiny and undergo constant change, and it is the
responsibility of all mathematicians, working in university,
school or industry, to concern themselves with the problem
of keeping mathematical education vital and up-to-date.

Other studies have identified some commonalities of occupationally
useful mathematics knowledge. Maley (3) discovered that the routine arith-
metic operations of addition, subtraction, multiplication, and division
were common to many areas in the construction industry. Laws and Silviu (2)
found in a study of technicians that arithmetic skills predominated the
mathematics Liowledges required. They also found a need for some knowledges
in algebra, geometry, trigonometry, and calculus to a minor degree. How-
ever, it must be recognized that this study concerned itself with tech-
nicians whose qualifications would normally be beyond the high school
level. A study by Barlow and Sail/ (1) in California considered clusters
of mathematics knowledges. Their study analyzed the work of electronic
technicians who utilized relatively high levels of mathematics.

METHOD

Each task item in the questionnaires was carefully analyzed by a math-
ematics expert and practitioners who work in each occupation under study.
For example, if the task pertained to bricklaying, mathematicians and
building trades workers jointly identified items of mathematical knowledge
essential for that task. By similar processes, mathematical knowledges
related to all tasks on other questionnaires were identified. The data
presented on Table I was derived from a frequency count of the task items
with which each mathematical knowledge is associated.

By analyzing the items on the data-gathering instruments, the follow-
ing preliminary clusters of mathematics knowledges were identified. Table I
shows the frequency with which mathematics knowledges occurred on the
questionnaires and the percentages of tasks requiring eachrknowledge.

If both fractions and decimals are required for a particular task, it
was assumed that a knowledge of conversion was also necessary.

It is educationally significant that these six clusters of mathematics
knowledge overlap. Numerous items are included in more than one cluster.

There are isolated instances where other mathematics knowledges such
as graphing or basic statistics are useful, but these do not cluster to
the degrees indicated on Table I.
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RESULTS
Table I

NUMBERS AND PER CENTS OF TASKS IN SIX OCCUPATIONAL AREAS REQUIRING
KNOWLEDGES OF FRACTIONS, DECIMALS, PERCENTAGE AND PROPORTION FOR PERFORMANCE *

No % No
Operations with i

fractions ,66 11.4 2 1.4 39 26 ?4 .18.2 41 14.1 3 4.i&

V)
w

4"4
ro

U)

4-4
.e4

Operations with
decimals 1155 26.8 3 2.1 38 25.3 30 22.7 69 23.8 8 11.8

iConversion:
/ fraction decimal 57 9.9

oncept of Percent X03 17.8

.atio and Proportio 49 8.5

1.4 38 25.3 24 18.2 41 14.1 3 4.4

1.4 5 3.2 23 17.4 40 13.8 2 2.9

0.7 3 2.0 19 14.4 23 7.9 1 1 1.5

*It is assumed that ability to add, subtract, multiply and divide integers are
necessary for utilization of fraction, decimal and proportion knowledges.

DISCUSSION

The preceeding results are preliminary. The clusters et re on fre-
quency counts of task items on the data-gathering instrumnats and not upon
actual data. Since a frequency count method was used, the preliminary clusters
are maximal in nature. When actual data is collected, clusters obtained by
frequency counts can be no more inclusive than those presented here. Even-
tually, more inclusive cluster:: can be identified by techniques such as factor
analysis.

The relatively low percentages of child care and food service tasks
requiring knowledge of fractions, decimals, percentages and proportions should
not be interpreted as indications that those knowledges are unimportant. The
tasks that do require such knowledge represent major portions of work performed
by employees.

The data presented in this report are in agreement with the findings of
Maley (3). Ho found that workers in the building wades were required to
possess only minimal knowledges in mathematics. Because the present study
considers other areas in addition to construction, it can be considered to
be more general than the Maley study.

Even though this preliminary analysis does not reveal a requirement for
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data, plans are being made to analyze the questionnaire data. Likewise,
as studies preceed in other occupational areas (eg., marire occupations,

wholesaling), additional data on vocationally useful mathematics will be
obtained.

Curriculum: In cooperation with the Northwest Regional Educational
Research Laboratory, plans are under way to develop and evaluate curriculum
based upon some of the preliminary clusters. Systems of instruction in
fractions and decimals are now under development. These systems are
being developed using two closely related methods. One method will utilize
computer-aided instruction and the other will be utilized independently
of a computer. These materials will be used experimentally at both the
high school and junior college levels, and results will be evaluated.

SUMMARY

It is hypothesized that clusters of mathematical knowledges most
widely useful i. occupations most likely to employ substantial percentages
of non-college bound youth can be more precisely identified. Approximate
identification of some clusters useful in some major occupational areas
has been accomplished. More precise identification of more broadly useful
clusters will come from more detailed analysis of data in hand and from
additional data pertaining to other occupational areas. While more data
collection and analysis are in progress, work or development and testing
of experimental instructional systems for teaching fractions and decimals
is proceeding.

<4,.
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