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(ABSTRACT)

The purpose of this study was to determine the
mathematics levels commonly used in the performance of four
selected occupations. This was compared to the mathematics
levels generally required during the education and training
for these selected occupations. The four occupations selected
for this inquiry were: (1) family practice physician (2)
finance officer (3) electronics technician and (4) machinist.

A survey instrument was created to ascertain formal
mathematical preparation of those working in the selected
occupations along with the frequency, importance and use of 60
progressive math topics from the secondary and postsecondary
curriculum. A purposive sample of approximately sixty
individuals from each of the four occupations participated by
completing the questionnaire. Demographic information was
collected from each of the participants in order to construct
a descriptive profile. Along with the survey, two members of
each occupation were interviewed to gain additional insight

for the study.



A consistent use of basic math, such as adding,
subtracting, multiplying, and dividing was being used in all
four occupations. Both family practice physicians and finance
officers reported using basic math as their primary
application level of math on the job. The results of this
investigation suggests that the two professional occupations,
family practice physician and finance officer, did not use in
their jobs the higher math levels they were required to study
during their education and training. Conversely, the two
technical occupations, electronics technician and machinist,
did apply the higher level of mathematics they previously
studied in the performance of their duties. Interviews with
two members of each occupation supported these findings.

Our present educational system is not meeting the needs
of a majority of the students it serves. As a result students
are leaving school not prepared for future jobs; employers
tell us many are not even prepared for today's jobs. This
study examined the connection of the educational mathematics
requirements of four selected occupations and the mathematics
used to practice these occupations. The results of this study
provide relevant information that can be used by educational

institutions in the preparation of individuals for careers.
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CHAPTER ONE
Introduction

The performance of students enrolled in American public
schools has received a great deal of attention from many
quarters since the release of the report A Nation at Risk in
1983. This report heavily criticized the capability of our
nation's schools to prepare its students to perform in math,
science and communication skills. Compared to their peers in
other industrialized countries, American students were far
behind in every core subject area, especially math. The
Workforce 2000 report indicated that "very few jobs will be
created for those who cannot read, follow directions and use
mathematics” (Johnston & Packer, 1987, p. xiii). This problem
has been passed on to employers who in turn try to remediate
the lack of math skills needed in the workforce. Business and
industry spend as much on remedial mathematics education for
their workers as is spent on mathematics in schools, colleges,
and universities (National Research Council, 1989). The
question for the government, educators and employers alike
becomes, "What math is required on the job?"

Since the release of A Nation at Risk, (Gardner, 1983)
reform has taken the approach of adding more math rather than

changing what or how it is taught in schools. Almost every



state has mandated a more rigorous set of math standards
before a student can graduate from high school. Some local
school districts have even added their own requirements, while
other groups call for national standards. Most states now
require graduates to meet minimum performance standards in
math including algebra (Loase, 1983; Daggett, 1994). 1In a
survey of 50 state education agencies, (Webster & McMillin,
1991) it was found that 45 states have developed reform
efforts focusing on high schools within the last five years.
The survey also revealed that 27 of the states had increased
the requirements for both science and math; 40 states reported
having a state-mandated testing program that all students must
take.

The high school curriculum has become so crowded with
required courses, especially for those preparing for college,
that little room is left for electives or exploratory courses
in vocational-technical areas. Students are counseled to take
only courses which will reflect well in the eyes of a college
admissions board.

Mathematics is the foundation of science and technology;
it serves as a key to career opportunities (National Research
Council, 1989). Mathematics education is an immense

enterprise, accounting for over 10% of the nation's education



resources, estimated at $25 billion annually. In comparison
to other subjects, mathematics filters students out of
programs leading to scientific and professional careers.
Probably no other school subject accounts for more student
failure than mathematics. Besides eliminating students from
careers, it may be responsible for some who drop out of school
(National Research Council, 1989).

For years mathematics achievement and performance on
aptitude tests have been used in the screening of applicants
for admissions to a variety of professional and occupational
schools. Although it may be just one of several criteria used
by admissions committees, it carries an influence factor
possibly disproportionate in the decision-making processes.
Some professional and occupational schools demand a specific
course sequence in mathematics, while others value mathematics
competence, and many require or strongly recommend mathematics
courses (Association of American Medical Colleges, 1994).

Professional and occupational schools are established to
provide education or training leading to particular career
paths. Schools of this nature establish goals, objectives,
and outcomes designed to meet occupational expectations and
criteria (Cleve-Hogg & Muzzin, 1993). Applicants to

occupational schools are self-selecting in that they choose an



occupation that meets their interests, abilities, and
ambitions, along with numerous other factors. Some of our
brightest young people chose their careers based on their
ability to get into a professional school.

Most occupational schools limit the number of students
accepted into a program and therefore develop criteria to
direct the selection process. Essentially, there are three
main reasons for creating a selection process: (1) the need to
reduce the number of applicants because occupational programs
consistently have more applicants than openings, (2) the need
for a method to exclude candidates who are unsuitable, and (3)
the need for a method to select the candidates with the best
qualifications (McManus, Powis, & Cleve-Hogg, 1992).

Professional schools have two important missions; the
first is to meet their academic responsibilities and the
second is to meet their social responsibilities (Clawson,
1990). All professions need to reflect and represent the
society from which they come.

A screening process is used by personnel representing
professions who provide education and training to new people
in their career field. Individuals seeking to enter certain
professions are often required to take exams that are written

and constructed by members of the profession. The intended



purpose of these exams are to assess and evaluate the
applicant's qualifications. Along with an exam, applicants
are usually required to provide a history of academic records
or transcripts detailing their formal education.
Additionally, they may be asked to provide written
documentation outlining their personal backgrounds and
achievements.

Issues of selection criteria for particular programs are
something admissions committees must wrestle with. Past
academic achievement is often viewed as the best, in some
cases the only, indicator of success, however it is defined.
Selection can be done on the basis of applicants with the
highest subject proficiency scores, grade point averages
(GPAs), and/or college entrance exam scores (Cleve-Hogg &
Muzzin, 1993).

Statement Of Problem

Since the early 1980s there has been a series of reports
calling for educational reform to improve the academic and
technical capabilities of students. The Goals 2000: Educate
America Act and the School-To-Work Opportunities Act passed by
Congress in 1994 are directed at preparing students to meet
the challenge of the changing workplace. Educational reform

will require school systems to develop new core curriculums



which focus on teaching concepts all young people can apply to
become productive members of society. Making the transition
from school to work will require students to possess
competencies in communication and math skills. Preliminary
investigation shows that many professional careers including
medical doctors, lawyers and others do not use the math levels
they are required to study.

Over the years educational institutions have put into
place a series of mathematics courses requiring people to
study and master large amounts of math that have no perceived
relevance and, therefore lack an important ingredient in
motivating youth and adults. According to the National
Research Council's (1989) publication, Everybody Counts, three
of every four Americans stop studying math before completing
career or job prerequisites.

A commentary from the Ford Foundation (1989, p. 2)
stated:

The mathematics taught in school bears little

resemblance to what mathematics really is,

namely a way of making sense of the world of

perceived patterns, analyzing data, and reasoning

carefully. By and large the mathematics taught

in schools is arithmetic that has been stripped



of its connections to intrinsically interesting
problems and ideas and reduced to a series of

computational tasks with only one correct approach.

Part of the problem is that we are a society that
heavily relies on tradition. We do what we know how to do.
Today's schools still operate under the structure designed for
the industrial age, which is not well suited to educate
children for the future. Professional associations of
subject-matter specialists have an impact on stabilizing the
curriculum. Another stabilizing factor is the textbooks
adopted by school systems. Most textbooks attempt to take a
middle of the road approach and publishers strive not to
alienate groups who are responsible for selecting materials.
As a result much of what is produced tends to be dull and
adhering to routine methods. "According to virtually all
studies of this matter, textbooks have become the de facto
curriculum of the public schools," (National Research Council,
1989, p. 67). Textbooks can define the content and shape the
form in which students will encounter its content,
perpetuating the same curriculum year after year (Eisner,

1990). Goodlad (1984) supported the generalization that the



mathematics curriculum was dominated by textbooks in the
classrooms in his national study.

For decades the high school mathematics curriculum has
been designed to provide a background to prepare students for
calculus. The traditional route of preparation has been in
algebra, geometry, and pre-calculus mathematics. This has
been based on the idea that calculus is a powerful tool in the
study of additional mathematics and other applied fields
(Meiring, 1992). This type of curriculum imposed expectations
of memorization of isolated facts and required a proficiency
in doing calculations with paper and pencil (Meiring, 1992).
The American society has long held the view that such levels
of math and science achievement were suited only for the most
academically talented. As long as we trained some small
segment of our population to fill these roles, we would
continue to maintain our position as a leader in technology,
science and world affairs (National Research Council, 1989)..

Lack of success in high school level mathematics and
beyond eliminates many graduates from all but low wage and low
skill jobs. This lack of success was noted by Kate Maloy in
her report Toward A New Science of Instruction (1993, p. 19),
“Far too many children have done poorly. They have never

understood the principles that lie beneath their calculations,



have never seen a connection between math and their lives
outside the classroom.”

The secondary math level course work has served to teach
students how to prepare for postsecondary math studies. Broad
categories of skills can not adequately define the specific
math skills required in an occupation. Individuals who work
in an occupation use specific math skills and usually can not
be simply grouped as algebra or geometry (Pucel, Davis-
Feickert, & Lewis, 1992).

There is a built in connection between knowledge of
mathematics as a precursor to learning the content in subjects
such as chemistry and physics. This connection has a
recognized influence on the curriculum in the field of
science. Students are told that they have to take higher
level math courses before they can learn chemistry. Those who
choose to pursue chemistry as a career or simply take a course
in preparation for other careers such as biology or medicine
may be eliminated if they lack high level math skills.

Perhaps math could be taught on an applied level for the
student to learn enough chemistry for what is really needed to
succeed in their chosen occupation. The higher level of
chemistry would be maintained for those requiring a deeper

understanding of the subject for future application.



Despite all this some students do manage to excel and
usually move on to college to get a four-year degree and
beyond. BAmerica's system of universities and colleges are
still viewed as the finest in the world. We continue to
produce the most engineers and medical professionals of any
country in the world (Thurow, 1992).

Out of all the American students who receive bachelor's,
master's, and doctoral degrees in the physical sciences (e.qg.
mathematics, physics, and engineering), 95% are whites and
Asians. Students enrolled in advanced high school mathematics
courses are disproportionately from white upper-class
backgrounds. Many women drop mathematics in high school or in
the early years of college (National Research Council, 1989).
Women are performing as well as men in college math courses
but drop out at twice the rate of men beyond the bachelor's
degree. The American society continues to perpetuate
stereotypes that "girls can't do math.” This idea discourages
young women; many drop out of math during their adolescent
years, losing opportunities for future careers.

Educational institutions and professional organizations need
to work together to dispel the myth that math and science are

not appropriate fields for women (Burge, 1995).
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A majority of math teachers realize that many of their
students have lost interest in mathematics because of the
routine, repetitive way in which it is frequently taught. A
report titled "Mathematics Report Card for the Nation and the
States", found students in grades four, eight, and twelve
showed some success in solving problems involving addition and
subtraction. However, their performance began to drop as
problems required multiplication and division. A significant
finding was that fewer than six percent of students in grade
twelve could solve relatively complex problems involving
geometry, algebra, or functions (Mullis, Dossey, Owen, &
Phillips, 1993). There was very little difference in the
performance of students in public versus private schools.

Recent attempts by conservative groups have promoted
legislation on the federal and state level to gain funds for
charter schools and vouchers to create their own private
schools. By managing their own schools, they believe students
enrolled will excel in comparison to public education. At
least in mathematics, current evidence does not support this
idea. (National Research Council, 1989).

Purpose of Study

The purpose of this study was to determine the

mathematics levels commonly used in the performance of four
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selected occupations: (1) family practice physician, (2)
finance officer, (3) electronics technician, and (4)
machinist, and then compare the uses to what is required in
the preparation of these occupations. If the performance of
math required during the program of studies in these four
occupations is not being used, this poses questions for those
who determine the educational curricula. Improving the
communication between the educational setting and the actual
practices of experienced personnel within an occupation should
result in a more relevant curriculum. This has implications
for groups who have historically been screened out of the
opportunity for admission to these occupational training
programs.

Research Questions

The research questions of this study were:

1. How is math used by those who work in the
occupations of (1) family practice physician, (2) finance
officer, (3) electronics technician, and (4) machinist?

2. What are the highest math levels required of
students enrolled in the education and training of the four

occupations?
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3. How do the math levels required in the educational
programs compare to the math levels used by the selected
occupations?

Significance of the Study

Our present educational system is not meeting the needs
of a majority of the students it serves (Gardner, 1983). As a
result students are leaving school not prepared for future
jobs; employers tell us many are not even prepared for today's
jobs (Drucker, 1994). This study examined the connection of
the educational mathematics requirements of four selected
occupations and the mathematics used to practice these
occupations. The results of this study provide relevant
information that can be used by educational institutions in
the preparation of individuals for careers.

Limitations

This study, being descriptive in its approach, used a
nonprobability sample for all four groups. Since no previous
study has been conducted on this subject, the researcher is
confident that the information gathered can be beneficial to
the field. One of the principle limitations of this study was
that it was not a true experimental design since there was no
random assignment to groups, therefore caution should be

taken. Any conclusions drawn from this study should not be
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interpreted as representative of the occupatiqns that
participated in the study.

The sample was drawn from four states: Virginia,
Maryland, North Carolina, and Kentucky. The reason for
limiting the study to this geographic region was a matter of
logistics, availability of subjects, and financial
considerations. Each of the four selected occupations were
located in one or more areas, depending on the availability of
participants. Participants were asked to designate which math
courses they have had previously. Respondents in this study
had to rely on their ability to recall information about math
courses they had taken in the past during their formal
education while in high school and college. This was more
difficult for some than others considering their age
difference and length of time since they were last enrolled in
a math course. Individual’s inability to recall their history
of math classes may have prevented them from answering items
on the questionnaire or may have resulted in incorrect
information being given.

Definition of Terms

The following terms were identified as they applied to

this study:
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Certified--the status earned by an individual in an
occupation as result of completion of a state approved
education program.

Electronics technician--a certified technician in the
electronics industry who worked full time building, testing,
repairing, and modifying electronic equipment such as
computers, communications equipment, and industrial and
medical control devices.

Family practice physician--a full time physician who was
educated and trained in family practice, a broadly
encompassing medical specialty.

Finance officer--a finance or business college graduate
who was employed full time in the banking industry.

Higher mathematics--any math above the level of pre-
algebra.

Machinist--an individual employed full time as a
benchworker, tool and die maker, or machine tool operator
under the occupational title machinist.

Chapter Summary

The report A Nation at Risk in 1983 heavily criticized
the capability of our nation's schools to prepare its students
to perform in math, science and communication skills.

Compared to their peers in other industrialized countries,

15



American students were far behind in every core subject area,
especially math. The Workforce 2000 report indicated that
"very few jobs will be created for those who cannot read,
follow directions and use mathematics" (Johnston & Packer,
1987, p. xiii). For years mathematics achievement and
performance on aptitude tests have been used in the screening
of applicants for admissions to a variety of professional and
occupational schools. Some professional and occupational
schools demand a specific course sequence in mathematics,
while others value mathematics competence, and many require or
strongly recommend mathematics courses (AAMC, 1994).

Mathematics is the foundation of science and technology;
it serves as a key to career opportunities (National Research
Council, 1989). In comparison to other subjects, mathematics
filters students out of programs leading to scientific and
professional careers.

This study was designed to examine the mathematics
levels commonly used in the performance of four selected
occupations. The math levels were compared to the levels
generally required during the education and training of these
selected occupations. This study contributes to the existing

literature and provides a basis for further research.
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