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THE PURPOSE OF THIS STUDY, A DOCTORAL DISSERTATION, WAS
TO BETERMINE IF THERE WAS A MEASURABLE DIFFERENCE OF SUCCESS
SHOWN ON THE MATHEMATICS SECTION OF EMFLOYER'S SCREENING
TESTS BETWEEN MATCHED GROUFS OF TERMINAL SECONDARY STUDENTS
WHO VARIED IN HIGH SCHOOL MATHEMATICS EXPERIENCE. A SAMFLE OF
45 EMPLOYERS, REFRESENTING AFPROXIMATELY 35 PERCENT OF THE
AVAILABLE ENTRY JOBS IN A 13-COUNTY AREA OF CALIFORNIA,
SUFPLIED JOB APFLICANT CARDS FROM WHICH A SAMFLE OF 2,018
TERMINAL SECONDARY STUDENTS WAS SELECTED. GROUFS WITHIN THIS
SAMPLE WERE MATCHEC ON THE BASIS OF SEX, SOCICECONOMIC LEVEL,
ACABEMIC AFTITUDE, READING AND MATHEMATICS ACHIEVEMENT LEVEL,
AGE, YEARS OF HIGH SCHOOL, AND SEMESTERS OF. MATHEMATICS.
CONCLUSIONS INCLUDED--(1) STRUCTURED MATHEMATICS EXFERIENCES
WERE SIGNIFICANTLY MORE EFFECTIVE IN FREPARING YOUTH TO FASS
EMFLOYER MATHEMATICS TESTS THAN TRADITIONAL, OCCUFPATIONAL, OR
GENERAL MATHEMATICS EXPERIENCES, (2) TRADITIONAL COLLEGE
PREPARATORY MATHEMATICS EXPERIENCES WERE NOT SIGNIFICANTLY
MORE EFFECTIVE THAN GENERAL, OCCUFATIONAL, OR NO MATHEMATICS
EXPERIENCES, (3) FOR MALES, STRUCTURED MATHEMATICS
EXPERIENCES WERE NOT SIGNIFICANTLY MORE EFFECTIVE THAN
OCCUPATIONAL MATHEMATICS EXFERIENCES, (4) FOR FEMALES,
STRUCTURED MATHEMATICS EXFERIENCES WERE NOT SIGNIFICANTLY
MORE EFFECTIVE THAN TRADITIONAL OR NO MATHEMATICS
EXPERIENCES. RECOMMENDATIONS CONCERNED (1) ADOFTING
STRUCTURED. MATHEMATICS AS THE UNIFYING FORMAT OF MATHEMATICS
INSTRUCTION IN THE SCHOOLS, (2) IDENTIFYING MATHEMATICS
SKILLS USED IN SFECIFIC JOBS IN COMMERCE AND INDUSTRY, AND
(3) IMPLEMENTING A FOLLOWUP OF THIS STUDY AND RESEARCH ON
EXPERIMENTAL METHODOLOGIES, CORRELATION OF MATHEMATICS
INSTRUCTION AND JOB NEECS, AND EXPERIMENTATION WITH HIRING
PROCEDURES TO DIFFERENTIATE BETWEEN TRAINABILITY FOR JOB
COMPETENCE AND ACADEMIC ABILITY. (£M)
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CHAPTER I
THE PROBLEM AND DEFINITIONS OF TZRMS USED

The study of mathematics, historically fragmented
into ‘'subjects' and 'topics', is curremtly undergoing
evolutionary change. A new dimension has been introduced
with the 'modern', or structured, mathematics: a coherence
in content is developing which implies that the variable
in curricula structuring may be time of exposure, not

choice of topic.
I. THE PROBLEM

Statement of the Problem. It was the purpose of this

study to furnish inductive evidence for: the comparison of
various types of secondary mathematics wexperiences, using
as the basic criteria, the results scored on employer's
screening tests by youth who had not completed collegc
prepara.ory programs in secondary school. For the purpose
of generating clear hypotheses to be tersted, the problem
was stated as follows:

Is there a measurable difference of success with

employers' screening tests bhetween matched groups

of terminal secondary students wherein the variablc
is their high schoel mathematics experience?

1.
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II. THE IMPORTANCE OI' VTHE :jS"'i"UDY

Traditionally, the goals of secordary education are
subsumed under such headings as spiritual and/or intellec-
tual development and education for citizenship..(16:64~65)
In an era in which the work of Piaget, Bruner, Suchman,
Bloom and many others offer insights into how learning
happens, perhaps more specific goals, couched in bhehavior-
al terms, should alsc be identified. Instead of gener;i—
izations concerned with "what knowledge is of the most
woxrth", those learnings could be considered which will
motivate, will serve the direct ends of the students, will
develop socially valuable skills, and will concurrently
develop growth toward maturity. (16:24-25) These goals
might well form conjunction with the role of the secondary
school as Brameld (11:25) sces it; "...the structuring of
dynamic teaching-learning situations which develop active
learners in whom learning is a conscious and desirable
part of living."

Secondary schocls are regularly faced with the
necessity to make curricular choices available to the
student who will not continue his education beyong high
school. Among the many questions facing the developer of Mf&
mathematics curricula are commonly found the followi?@@w

l. What mathematics competencies does an individual

o
',44"'
»




3.

need to successfully enter the world of work?

2. What particular mathematics skills and concep-
tual patterns are pertinent to particular
vocations?

3. What are some efficient approaches to the pre-
sentation of these mathematics learnings? (94:--)

The general and vocational studenit commonly becomes
a job applicant shortly after leaving high school. To
'successfully enter the world of work' %the job applicant
is increasingly faced with a screening test employing at
least some mathematical items. A comparison of the effect-~
iveness of various secondary mathematics programs, by
types {as trégiggonal, college preparatory, structured,

P
occupationgl and general) seemed possible, as widely

',4

dispa:gfé high school mathematics experiences are avail-
ableyin the high schools of'the thirteen San Francisco
bay area counties,

Evidence of effectiveness of certain types of
mathematics is of particular pertinence at this time.
More than three hundred different mathematics textbooks
have been in use in the past five years in the San
Francisco bay area counties. With the proliferation of
secondary mathematics textbooks and the development of
competzng series, choices of such textkooks and series
must be made by teachers and curriculum designers. Such

choices should be made on the basis of empirical evidence;

evidence of socio-economic utility, evidence of desired

g
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behavioral change and/or new behaviors, and evidence of
articulation with the gcals of the individual students.

For the college preparatory student, the articu—‘
lation of high school mathematics courses is evident, as
they meet college entrance requireﬁents énd satisfy
prerequisites for the desired college pragram. For the
remainder of the high school population, limited evidence
of articulation exists. Business matheﬁaiics and vocation-
al mathematics courses are certainly directly articulated,
but such courses are normally evaluated in terms of the
related bﬁsiness of technical-industrial courses.

For the non-college bound high school student,
program articulation means, at least in part, getting a
job. In the spring of 1965, more than eighteen hundred
youth were tested by the Federal Civil Service Commission
at the San Francisco Naval Facility at Hunter's Point.
Their objective was entry into the Electrician's Union
Apprenticeship Program. Of the eighteen hundred, only one
hundred thirty-three were declared eligible for consider-
ation on the basis of this testing. Testing officers for
The Hunter's Point facility are on recofd és having
stated that incompetence in mathematics was a major
contributor to this high rate of failure. (97:--) Such
results indicated the need for a study in depth into the

mathematics experience of the non-college bound high




5.
school student; either the criteria were quite unrealistic
or these youth labor under a definite academic handicap.

With an increasing number of major employers using
screening tests to identify potential employees, pafti—
cularly in the 'career' jobs (civil serwice, public
utilities, nation-wide industries, and similar employ-
ment), it becomes as important to the non-college oriented
youth to prepare for successful job entrxy as it is for
the collegé bound to meet the prerequisites for the
college of his choice.

What should secondary programs in mathematics be
doing for the vocational and general secondary student?
In 1959, the report of the National Council of Teachers

of Mathematics' Secondary School Curriculum Committee

discussed the needs of all students, vocational, general,

and college preparatcry, as published in The Mathematics

Teacher:

«..If the mathematics is to have walue, it must

be ultimately a body of concepts and understandings
built into a related system recognized not only as
a significant part of our culture but also as
providing the individual with a meaningful tool
either for solving his problems ox for continuing
his education in more advanced study of mathematics.
The mathematical program for the slow learner thus
contains the same basic structure, the same use-
fulness, and many of the same concepts as it does
for the average or fast learner. (50:417)

More specifically, in March, 1964, the Preliminary

Report of the Conference on the Low Achiever in Mathe-




patics, said in part:
...It is necessary that these children get certain
skills from the mathematics courses in the high
schools that will make them good risks for:
employers. The mathematics in the later courses
can be directly related to future work
- experience. (59:5)
~In structuring mathematics courses intended to
offer the skills—-learnings to students that "will make
them good risks for employers", a number of difficulties -

are present: (l) employers have little knowledge of the

mathematics skills their employees need and use (a

questionnaire-survey sponsored by the Alameda-Contra ' L

Costa Industry-Education Council is evidence for this

statement) (2) business education teachers are facing a
revolution in accounting procedures due to the growth and
development of data processing equipment: (3) technical
and indu;trial education teachers are rarely eguipped to
teach more than the rudiments of the mathematics in their
vocational field: and (4) education is charged with the
task of preparing youth for vocations and occupations
which have not yet been invented.

‘Inductive approaches require that measures
extraheous to the thing'being measured be used. A primary,
and éxtranebus, measure of the efficacy of secondary
mathematics programs is evidence of the students' ability

to "pass" employers' screening tests and thus be consid-

ered for employment.




T AL e - Mtie e amig@erivlesn d a4 co 8

III. DEFINITIONS OF TERMS USED

.The following definitions are those of the terms
used in a particular sense in this study. Spe%@fic | 3}
definitions relating to statistical treatmenté such as E]
populations, et cetera, will be found under "Delimitations ii

of the Study".

Terminal Secondary Student. This student is the youth

who has no formal education beyond the twelfth grade,
has or has not graduated from high school, did not

complete a college preparatory program in high school,

and is not academically eligible for matriculation into

the California state system of four-year colleges. This
definition is not based upon his ability but upon his

recorded behavior.

College Preparatory Student. This student is the youth

who has completed a program which will allow his matric-
ulation at any of the California state system of four-
year colleges. This definition is not based upon his

ability but upon his recorded behavior.

Structured Mathematics Programs. Such an approach to

mathematics develops the inherent structure through a
study of the systems of number as developed from naive

set theory. Operational concepts will imclude the

!
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symmetric, the reflexive, the transitive, the associative,
the commutative, the distributive, the inverse function,
and the identity elements. The concépt of limit and of
function will be evident. Skills of logical analysis

and synthesis leading to patterns for problem solving

and computation will be emphasized through challenging

the student to develop personal approaches and algorisms.

(52:22-27)

Traditional College Preparatory Mathematics Programs.

Such programs concentrate on the "how" of solving a
developed hierarchy of increasingly difficult problems,
with only incidental asides in explanation of the general
concepts involved. Quite often the course is identified
as a series of 'topics'. Generalizations are incorporated
in the text as a series of 'laws', axioms, and postulates,
to be memorized. 'Proofs' are commonly limited to

parallel derivations of statements.

Occupational Mathematics Programs. The business mathe-

matics, "shop mathematics", bookkeeping, and similar
courses necessarily confine the mathematics taught to
the specifics of particular occupational fields. Again,
the emphasis is on the "how" of computation, with a

series of algorithms presented to the situdent for

memorization.
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General Mathematics Programs. Some courses so labeled by

the schools actually used structured mathematics textbooks
and were so identified. The great bulk of such courses
recapitulate the same problems and same procedures which
have led the student into frustration and failure in
preceding grades. The "how-to" work-book, voluminous
practice pages approach is very evident in the textbooks

used in such classes.

Mathematics Experiences. In-class experience is considered

predominantly mathematical in each case where a

mathematics textbook is indicated in the Octoker Report

(as required by the California State Department of

’ Fducation). Such class experiences are categorized both

as to type and to duration in semesters.

General Academic Achievement. For the purpose of this

study, general academic achievement refers only to the
reading and mathematics scores of the individual student,

as recorded on the standardized tests employed in the

California State Testing Program, (l:--~) or these same

tests as used in district programs for the tenth,
eleventh, or twelfth grades. All such scores are reported

in stanines in this study.




General Academic Aptitude (Ability or Intelligence

Quotient). These data are also based upon the California
State Testing Program, (l:--) and are also expressed in

stanines.
IV. DELIMITATIONS OF THE STUDY

The Criterion. To compare mathematics competencies of

recent high school students, it is first necessary to
define the criterion. The ability to score adequately

on an employers' screening test was accepted as an
extrinsic measure of competency when such tests had
sufficient mathematics items to assure that a passing
score without such competency is improbable. Treatment
of tests and resultant groupings are discussed fully in
Chapter III, "Design of the Study". To reduce individual
variation to governable limits, data on large numbers of
students were required, allowing the drawing of "passing"
and "failing" groups in which the remaining variable was

their high school mathematics experience.

The Populations Sampled. Two populations were involved

in the study: the youth and the employers of the San
Francisco Bay Area Counties.
Of all San Francisco Bay Area youth, samples were

drawn from the population of youth that were:
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Job applicants.

Born between July 1, 1943, and July 1, 1949.
Attended a Greater San Francisco Bay Area high
school. :

Have had no schooling beyond high school.

Did not complete a college preparatory program.
Graduated or would have graduated in 1962, 1963,
1964, 1965, or 1966.

A W=

The employer population consisted of employers who:

l. Employ four hundred or more individuals.

2. Use screening tests in their employment
procedures,

3. Have places of work in the thirteen counties
comprising the Greater San Francisco Bay Area.

4. Have industries listed in the "Directory of
Large Manufacturers". (95:--)

5. Have businesses listed in "A Directory of Major
Corporations". (93:--)

6. Have businesses or industries listed in local
Chambers~of~Commerce directories.

7. Are governmental units, as city, county, state,
or federal installations, meeting criteria one
and two above.

The Screening Tests. In considering screening tests as a

sample, certain assumptions were necessary. They are; (1)
each employers' tests gives an acceptable prognosis of
on~-the~job success as far as the skills and/or learnings
tested are concerned, (2) the mathematics learnings
tested are generalized and comparéble between tests on
the basis of Burns' project (67:--), (3) employment
testing programs differentiate on a 'pass-fail' dichotomy
between job applicants, (4) items concerned with number
ordering, manipulation of geometric figures, and other

mathematics skills are properly considered "mathematics

items" for the purpose of this study, (5) the tests used
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by the participating employers are an unbiased sampling
of all the commercially produced employment tests,
available and purposeful, for testing for low skill
job-entry positions.

For the purpose of this study only those tests
were usable in which the ratio of the number of mathe-
matics items to the total number of test items exceeded
the "cut-off" score-ratio to the total number of items
at the 1% level of probability. That is, the probability
of a passing score on the total test without some
competence in mathematics was to be held at less than

one chance in a hundred. The ordering of items in levels

of difficulty by the authors of the tests would seem to
make this a very conservative procedure with a real
probability of success without any mathematics competency
of the order of one chance in ten thousand. Where
batteries of tests were administered only the mathematics-

dominant battery results were reported.

Data Collected. The data collected consist of three major

types:
l. On the individual youth:

a. from the job-applicant card--name, age,
sex, passed or failed an employer's
screening test, present address, highest
grade completed, last high school attended
and year, location of school, employed
full time before (yes or no);




b. from the cumulative history in the school--

13.

academic achievement and aptitude (I.Q.),
mathematics experience by semesters and
type, parents' occupatio:s:i, head of the
family and/or in-school =address.

2. On the employer:

a. from published sources--mnumber of

b.

employees. type of businmss or industry;

from the employer--personnel practices,
number of job-entry posii:ions generally
available annually, special problems,
concerns, promotional paiterns after
hiring, special uses made of tests (job
assignments, et cetera).

3. On the tests:

a.

standardized--publisher's descriptions,
(91:~~) correlations between tests
encountered, (67:--) ratio of mathematics
items to total of items wersus ratio of
cutting score to total ikems;

company-made--enployer's, justification of
use, comparison with stamndardized tests,
ratio of mathematics itemms and ratio of
cutting score to total of items.

The Assumptions. The underlying assumptions are: (1) self-

identification of a job seeking youth makes him an

element of an unbiased sample of all thwe job seeking

youth of the thirteeu bay area counties; (2) participation

in the study by an employer makes him am element of an

unbiased sample of all the major employers in the thirteen

bay area counties; (3) the methods used .by the California

State Department of Education in determiining percentile

equivalents for all state mandated tests makes the scores

of such tests directly'comparable; (4) the in-school
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home address of students allows the matching of students
on a socio-economic scale; (5) "Head of Household"
occupation allows the matching of students on a socio-
economic scale; (6) course title and the related textbook
title and description furnish enough information to allow
identification of a mathematics course as "traditional",
"occupational", "general", or "structured"; (7) any sixty-
day period for the administration of the job-applicant
cards by an employer is enough like any other sixty-~day
period so that no bias is introduced by this procedure;
and (8) including job applicant cards from job entry
screening tests which are administered c¢:arterly or bi-
annually does not introduce biased ele sents into the

sample of job-seeking youth.

Hypotheses. The following hypotheses have been tested

(null hypotheses format):

1. There is no significant difference in the
number of successful responsess on employer's
screening tests when the population variable is
structured mathematics versus ‘traditional
college preparatory mathematics,

2. There is no significant diffexience in the
number of successful responsesi on employer's
screening tests when the population variable is
structured mathematics versus occupational
mathematics.

3. There is no significant difference in the number
of successful responses on employer's screening
tests when the population variable is structured
mathematics versus general mathematics.




15,

4. There is no significant difference in the number
of successful responses on employer's screening
tests when the population variable is tradition-
al college preparatory mathematics versus
general mathenatics.

5. There is no significant difference in the number
of successful responses on employer's screening
tests when the population variable is structured
mathematics versus no mathematics.

6. There is no significant difference in the number
of successful résponses on employer's screening
tests when the population variable is traditional
mathematics versus occupational mathematics.

7. There is no significant difference in the number
of successful responses on employer's screening
tests when the population variable is traditional
mathematics versus no mathematics,

Type of Study. While this is a descriptive study, it

relies heavily upon techniques usually employed in an
analytic study. It'is hoped that the relationships and
correlations described here will soon be reflected in the
needed action research. As McGrath sayss

.«.the data derived in descriptivie research can

be meaningful and helpful in diagmosing a situation

or in proposing a new and better jprogram. Descript-

ive can thus be referred to as thee preparation
stage for action research. (30:78)

V. ORGANIZATION OF THE STWDY

[}

The structure of this study is based upon the
major divisions essential to a descriptive study; The

Problem, the Review of the Literature, the Design of the

Study, the Findings, and the Summary, Conclusions, and
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Recommendations, followed by the Bibliography and the

Appendices.

In Chapter I, the problem under investigation haé
been described. The setting and the importance of the
study have been summarized and a definitive statement
of the problem has been made. Delimitations have been
set and terms defined. The organization of the study has
been described.

Chapter II reviews the related research and the
pertinent literature from the fields of mathematics,
vocational education, vocational guidance, and the
development of secondary curricula. More complete
criteria for inclusion are in section one of Chapter II.

Chapter III specifies the particulars of the design.
The area sampled is described both geographically and
demographically. The groups studied are examined and
characteristics and/or data pertinent to the study listed,
with the justifications for the inclusion of each group.
Screening procedures encountered are discussed. The

statistical procedures used are described, explained,

and justified, as is the tabular organization of the

findings.
Chapter IV reports the findings pertinent to the
question under examination and the hypotheses being

tested. Most of the tabular data is described in this
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chapter.

Chapter V restates the problem, the procedures, and
the findings in summation, with the conclusions delimiied
to the import of the hypotheses.

This study empldys a selected bibliography, not
in the sense that there is a tremendous amount of
pertinent material, but due to the effect of interrelating
many areas; public and private employmént, public and
private schools, and the fields of psychology, sociology,
and mathematics, to name but a few involved. Personal
interviews quoted in the study are listed in the biblic-
graphy as a matter of convenience.

The appendices contain facsimiles of the materials
ermployed in the initial survey, demographic information

on the area, and tables of data which are referred to

in several separate places.

PR
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CHAPTER IT
REVIEW OF THE LITERATURE

This chapter contains reviews of the related
research and the pertinent literature from the fields
of mathematics, vocational guidance, vocational education,
and the development of secondary curricula. It is

organized with these divisions; (1) introduction to the

i
pertinent literature, (2) history-of the problem, (3) i
;
present status of the problem, (4) recent studies, and ]
§
(

(5) the chapter summary.
I. INTRODUCTION TO THE PERTINENT LITERATURE

{ For the developers of secondary curricula, a
fundamental problem remains, "What mathematics exper- i
iences, if any, should be available to terminal secondary -
students?" Mathematics learnings appear to be a crucial

need for intelligent living in a technological society;

"...mathematics is a subject of great humanistic value;
its importance to the educated man is almost as great as

its importance to many technical épecialists." (54:9)

Criteria For Inclusion. The problem has been examined to

determine these criteria for inclusion; (1) how youth
18.
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become employed, (2) what employers expect of him, and
(3) the rationale, or lack of one, for non-college
oriented mathematics programs in secondary schools.

In addition, certain references for the specifics
of the study design, the statistical treatment of data,

and other formalized procedures were included.

Development of Sources. The materials cited in this study

were identified by the following activities:

A. A comprehensive suxvey of the Education Index

beginning with the July, 1959, edition. Headings surveyed
were: (1) "Mathematical Ability", "Mathematics (Aims and
Objectives, Correlation with other Subjects; Courses of
Study, Curriculum, Projects, Evaluation, Research)", and
"Mathematics, Applied"; (2) "Vocational Education"; (3)
"Vocational Guidance"; (4) "Curriculum (Vocational

Schools, Differentiation, Evaluation, Theories and

Principals)"; (96:--)

B. References listed and cited in key publications,
committee reports, and current periodicals; and

C. A survey of the Dissertation Abstracts since
1950, under the headings of "kducation; Theory and

Practice", and "Mathematics". (92:--)




II. HISTORY OF THE PROBLEM

From the very earliest period in which the American
people sensed their uniqueness, the principal theme
of their educational history has been the search
for a school which in its scope, program,
organization, and administration might best support
and advance their most cherished ideals. (53:23)

As this search has progressed, school men have

been aware of the need to specify. Kimball Wiles
expresses it succintly; "From an image of the desired,

it is necessary to develop the specifics of implementa-
tion." (39:108) He further states that: "Present institu-
tions are products of the past. To understand their
nature, structure, and intended function it is necessary
to know the decisions that have determined their
development." (39:2)

To place existing mathematics programs in historical
perspective, two delineations are used; (1) the changes
in the ways in which youth has become employed and so a
part of the adult world, and (2) the development of

secondary mathematics programs.

Changing Patterns in the Employment of Youth. For the

first three hundred years of our existence as a people,
there has been a shortage of labor. With the exception

of periodic depressions, any man in good health desirous

i i i e
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of working could find some occupation commensurate with
his ability. In colonial times and during the early west-
ward movement, young people were a decided economic asset.
The simple technologies of the period, as subsistence
farming, handicrafts, and animal husbandry, required
little formal training.

Agricultural skills were learned by young people
by working with and emulating their elders. The embryonic
artisan, generally indentured, was trained by the artisan,
merchant, or land holder holding his indenture. The
artisan commonly worked for the consumer of his product,
with only the most general of products produced in volume
for the casual purchaser. (31:6)

A transitional period which saw large numbers of
laboring people move from agricultural to industrial work
is commonly identified as the years from 1840 through
1890. By 1890 almost thirty per cent of the total work
force was involved in commercial and manufacturing enter-
prises. Throughout this period, most of the specific
training, (in number knowledge as well as the job skills)
was still accomplished on the job, whether identified as
an apprentice program or not. (31:53)

At the turn of the century, young people were
still an economic asset to a nation whose frontiers,

interior and exterior, demanded great supplies of




22,

unskilled man-power. However, in the words of Rayback,

The modern era of the history of American labor,
which began about 1890, is a pericd of ever-
growing domination by the machine. When the era
began the machine already had a commanding
position in the major industries of the nation...
Among the basic industries iron arnd steel were
essentially machine produced. Bridge building,
shipbuilding, the manufacture of fron pipe and
steel wire had become mechanized. Lathes, planes,
drilling machines, grinding machimes, trip
hammers, and hydroelectric presses had taken over
the foundries. Copper refining ancé the production
of virgin aluminum, lead, zinc, silver, and cement
had largely become machine processed. Among the j
consumer goods industries, meat packing, by

virtue of refrigeration, had become a factory

enterprise. The cereal, brewing, distilling, and

sugar industries were carried on in factories...

Cotton, woolen, and silk textiles were almost

totally mechanized; machines had invaded the

clothing industry. The manufacture of bathroom

fixtures, furniture, stoves, and hardware was

done by machines. Office equipment, [fire] arms,

papermaking, and printing had become factory

enterprises. (31:197-198)

In the nineteen twenties, systems of apprenticeship
still offered limited opportunity to youth in a variety
of job-entry patterns. During the thirtfes, the Civilian
Conservation Corp and National Youth Authority did much
to develop general skills fundamental to wage-earning
employment, and, until the full employment of World
War IXI, furnished a large number of our youth with
meaningful work. The fifteen million plwis who were
unemployed at the height of those depresssion years did

not contain a disproportionate number of youth. (22:42)
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Starting from the highly mechanized basic indust-
ries of the early nineteen hundreds, these United States
have entered the technological agc.‘In the foreseeable
future, automéfion, forced upon all production by free
competition, will necessarily further up-grade all jobs.
To brief Venn; "...as a technological economy expands,
the largest increase in jobs will occur in occupations
that require the most education and training...there are
«+.four million unfilled jobs in the country today."
(37:18-19) The competition for the academically capable
youth is evident in any 'help wanted' section of a
metropolitan newspaper. At the same time the unskilled
and little skilled jobs are disappearing. As an example,
the untrained and little trained in agricultural workers
dropped from 9.5 million.in 1940 to 3.9 million in 1965,
There was a several-fold increase in volume of agricul-
tural products for the same perxiod. (6:216)

Since the advent of Sputnik, a new characteristic
in employment practices has become evident. With the
ultra-sophistication of space age hardware and military
materiel, a shortage of scientists, technicians and
generally capable manpower has received broad publicity.
The validity of these claims is questioned by Ginzberg

on the basis of his eight-year study of human resources;
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he states that the apparent shortage of engineers and
scientists is probably due to their dated preparation
or their inefficient use by their eﬁployers. At the
height of the hue-and-cry, this country had over 600,000
engineers. (22:129)

Despite Ginzberg's and others' remarks, attacks
on public education began, indirectly influencing the
employability of youth. Major employers more and more
used screening test results as a criteria for employment.
Such procedures drew heavily upon the military's exper-
ience in World War II with the Army General Classification
Tests. (23:97) The fact that two and three-fourths
millions of youths were rejected for military service
prepared employers to think of this sizable group as
'unemployable', (22:9)

It is pointed out by Super and Crites that most
testing used in personnel screening is comprised of

materials dealing with "...group differences and relation-

ship to success in training, rather than with success

in an occupation [authors' emphasis]". (35:44-45) This
is exXplained by Super and Crites as caused by the diffi-
culties inherent in generating a large enough sample for
longitudinal study for validating tests predictive of

occupational success in a period of high mobility of
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labor, rapid automation, and with great variance in job
description interpretation. (35:44-45) An examination of
test materials in common use (see Appendix F for listings)
indicates much emphasis upon the ability to read and to
comprehend printed instructions.

Despite the commonly held opinion that an untrained
youth can be turned into a productive element in an
industrial complex within six weeks, it is becoming more
economical to develop machinery to perform these simple
tasks. The age of automation is having a serious effect
upon the employability of the untrained. In a conference
called by the National Educational Association in 1962,
Spears had the following comments:

It is hard to trace the exact effect upon

occupational opportunities. However, it has been

generally accepted that the chain reaction in

the displacement of workers results obviously in

fever positions for beginning workers, since

workers who have been employed for some time are
generally taken care of first. Consequently, the
problem of limited work opportunities for youth

is apparent...In California it is now easier

for high school graduates to get into college

than it is to get into a job...There is no sub-

stitute for a specific skill or ability in

securing a position in todays' highly specialized
economy." (58:57-~58)

In assessing current patterns in the employment

of youth, one of the more evident chargcteristics is the

mobility mentioned in connection with validation of tests.

Youthful workers are mobile in the sense that as many as
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fifty per cent of a given youth sample find their first
jobs in a county other than that in which they live. It
is questionable if this is a conscious series of moves
for economic betterment or simply that "...young people
entering the labor market are...floundering around in a
new world for which they are ill prepared and for which
they have made few plans." (27:297)

Grant Venn describes the situation in these words:

In a recent year more than 8,000,000 different
workers changed jobs...job changes among younger
workers...is two and one half times more frequent
than among older workers. Young workers who have
no skill to offer prospective employers,
especially those in the unskilled and semi

skilled categories, are the most susceptible to
lay-offs and firing. Many are in "wrong" or
frustratingly low level jobs and quit for economic
y and psychological reasons. (37:130)

In summary, youth have evolved from an economic
asset during the colonial, frontier and agricultural
growth periods to a present-day status of "lease usable"
worker. American production has a parallel evolution in

which the constant increase in the sophistication of

production has required an ever increasing level of

| competence for production workers. Customary job-entry
and low-skill jobs are rapidly being automated out of
existence. There is a definite set of criteria for
employment operating against the drop-out and the high

school graduate with limited academic aptitude. In an era
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when tremendous needs exist to accomplish the world's
work the young person seventeen to twenty-five years of
age must ! :1ly upon intense training to instill in him

some skill to offer to a technological society.

The Development of Secondary Mathematics Programs. The

history of mathematics is the story of man's effort to
discover order in diversity. The history of how these

learnings have been passed on from generation to genera-

tion shows little use of the type of thinking mathematics
is expected to.develop.

The early Sumerian, Babylonian and Egyptian
schools trained the priests for bureaucratic positions
in their governments. Arithmetic and simple geometric
mensuration were basic to their all-important bookkeeping.
The dialectic of Socrates prepared the Greeks for the
Platonic Schools of Philosophy, in which latter, the

study of music, number, geometry, and astronomy were

thought basic to philosophical studies. The Romans event-
ually combined these with the existing schools of
rhetoric and the seven liberal arts of medieval times
were born: the quadrivium (arithmetic, geometry, astron-
omy, and music) and the trivium (grammar, rhetoric and
logic). (16:4-9)

In medieval times, only arithmetic maintained
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some semblence of the content taught in the Greek and
Roman schools. All else had been reduced to trivia or
dropped from the curriculum. With the renaissance, the
formalized medieval Latin learning was exchanged for a
functional curriculum in the court schools of the period.
A combination of discovered works of the 'ancients' and
great strides made by contemporary mathematicians made
the mathematics of the court schools both rigorous and
meaningful. (l6:4-9)

As had happened with each break-~through in
organized education lesser men eventually rigidly
formalized the structure, dropping the meaningful (and
thought-provoking) subjects and emphasizing that content
most amenable to rote learning. The result was the
Ciceronian school:

The formalized Ciceronian Latin Grammar School

was the secondary school that the Puritans brought

with them from England. From its very inception,

this school, like all the other humanist schools,
was essentially aristocratic. Its sole purpose

was to prepare boys for college entrance. Because

the college entrance requirements, to take those

of Harvard for example, were the ability to read

Cicero extemporé, to make and speak true Latin

in prose and verse, and to decline paradigms of

Greek nouns and verbs, the masters of the Latin

grammar schools tended to limit themselves to

these studies. (16:10)

The Latin grammar schools flourished for over a

century as the major route toc the college: the original

Boston Latin Grammar School celebrated its tricentennial

N,
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a generation ago. (28:391) The seven to fifteen year old
sons of the well-to-do suffered through the Ciceronian
methodology, not because of any innéte worth of content,
but because, in the words of Brubacher, "Relatively few
families could afford this sort of education for their
boys; therefore, worthless as they thought it was in
content, they valued its rarity as a badge of class
gistinction." (13:425)

The church dominated Latin grammar schools were
in turn supplanted by newer institutions. The demand of
the colonists for a practical education for leadership
led to the GrammarhSchbol of the City of New York in
1732, which included mathematics and navigation in its
course offerings. The concept of the Academy, voiced and
pushed by Benjamin Franklin, resulted in the Philadelphia
Academy of 1751. (36:7-9)

The Academy offered tﬁe best of the Latin grammar
school, the study of the classics, but also offered the
sciences, art, and vocational business (bookkeeping).
While not church dominated, these schools were muéh
- influenced by wvarious denominations. (33:190)

The humanist tradition still prevailed in the
Academies, and, with the Jacksonian era, the real sep-

aration of church and state and the public funding of

secondary education was emphasized. Again in Boston, the

R S
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Public High School was begun in 1821 for boys only.
Referred to as the English High School, it soon led to
a Girls Public High School in 1826. It also led to the
Massachusetts Law of 1827, requiring every town of 500
to support a high school in which U. S. History, Mathe-
matics, Bookkeeping and Surveying should be taught.
Additional subjects were required if the town had over
4,000 population. (36:16~l7) In 1837 thé complete separa-
tion of church and public schools was begun when Horace
Mann forbade any use of sectarian texts in the schools.
(33:190)

In the years 1830 through 1850 there were more
than 6,060 academies east of the Mississippi.‘Academies
for girls were quite common. (36:7-9) During this same
period, the public high schools expanded in number very
slowly; there were only about forty such schools in the
nation before the Civil War. In the next forty years,
however, the public high school came into its majority.
By 1897-1898, there were 5,315 such schools, with 17,941
teachers and 449,600 students. (33:5) In this same periéd,
the number of academies dropped to about 1200. The rapid
growth of the public high school appears to have been
fostered by a post-civil war psychology, the establish-

ment of the U. S. Bureau of Education in 1867, and the

3
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establishment of a legal rationale for public tax support,

as in the Kalamazoo decision in 1872. (36:19)

The great diversity of program im Fh§§emhigh‘échools
may not be commonly realiZEQu”jﬁéﬂ£8M£Aﬁ tremendous
impact of the Committee of Ten report, {9:--) it is
generally accepted that the role of the high school prior

to 1900, was preparation for college. This may have been

over-emphasized, for, of the 449,600 students mentioned
above, only 14.02 per cent were college preparatory, and

of high school graduates only forty per cent of the

males and twenty-five per cent of the females were college
preparatory. It must be noted, in this connection, that

of 1,487 institutions preparing teachers, 507 were public
high schools. (33:7) On the basis of these figures it can

also be pointed out that the secondary schools of the

period had a "drop-out" rate of 53.64 per cent. Further,

the colleges differed greatly as to the proper lines of

college preparation. The afore-mentioned diversity of
high school programs posed one of the most serious
educational problems of the nineties. Im 1891, The
National Education Association appointed a committee
consisting of five college presidents, & college pro-
fessor, three secondary school principals, and the United

States Commissioner of Education, to search for guidance.
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Chaired by Harvard's president, Charles W. Eliot, this
was the "Comnmittee of Ten" which reported in 1893,
(36:25)

In furnishing a general pattern for high school
curricula, the much critized report of the Committee of
Ten undoubtedly simplified the problem of whom to accept
for college and up-graded the general course offerings
of both the high schools and colleges. This first truly
national meeting of educators did have its positive side.
In the opinion of Cremin "...The report itself is a model
of clarity and...entirely self-consistent...a statement
which summed up with impressive coherence the best of the
generation which had preceded it." (53:7-9) Of more pert-
inence to this study and the terminal secondary student
was the Committee's concept of the role of the secondary
school:

The secondary school is viewed as an institution

designed to prepare a small segment of American

youth "for the duties of life" [sic] by improving
their intellectual abilities...the studies were
made equivalent...to teach a young person to

think was to teach him to think, whether he

strengthened his mind on the materials of

languages, the humanities, or the sciences, And

so to strengthen his mind was the best possible

preparation for life. Close articulation between

secondary school and college...was...all to the
good...the secondary school was to remain...a
downward extension of the college. In the words

of the day, it was to be truly the university of
the people. (53:7-9)

The highly influential Committee en College

R o i S e
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Entrance Requirements of 1895 reinforced the idea that
the dominant function of the secondary school was to
furnish a college preparatory program. (36:25) The
Committee of Ten report was accepted overwhelmingly and
in the next decade most American secondary schools had
moved into line behind its proposals. At the same time,
this was a period in which political, economic and social
changes were of such magnitude as to occasion new and
different demands on the high schools.

Industrialism, immigration, the rise of political

reform, and a new philosophical concept...namely,

that man, through his rational powers, could
master the laws of nature and thereby achieve

for himself a life of goodness and plenty on this

earth...[this] thesis very obviocusly bestowed a

tremendously important role on education,..there-

fore to supply universal education was a primary
function of any beneficent state administered

in the interests of its citizens. (53:15)

These and like concepts culminated in the second
national conference called by the National Education
Association, the Commission of the Reorganization of
Secondary Education, intended to "...embrace, coordinate,
and review the work of...a dozen...committees...[each]
studying the reorganization of a single high school

subject". (53:20) Five years of intense effort resulted

in a landmark report, the Cardinal Principles of Second-

ary Education:

The purpose of democratic education is to "develop
in each individual the knowledge, interests,
ideals, habits, and powers whereby he will find

[——
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his place and use that place to shape both

hinself and society toward ever nobler ends." To
give this proposition meaning, it is necessary

to analyze the life activities of the average
individual in a democratic society. The results

of such analysis vield seven primary educational
objectives: health, command of fundamental pro-
cesses, worthy home membership, vocation, citizen-
ship, worthy use of leisure, and ethical character
.. .How can the secondary school do this? By so
reorganizing the offering in each of the subject
areas and by so arranging the activities of the
school that growth on the part of the individual
students in health, command of fundamental proc-
esses, and so forth will be facilitated. (53:21)

This publication brought this period to a close
and ushered in the modern high school. It also set the
tenor of subsequent content areca specialists' meetings.

In the fourteenth yearbook of the National Council
of Teachers of Mathematics, Ivan Turner refers to the
1923 National Committee on the Teaching of Mathematics.
He paraphrases their recommendations as follows:

.. .plane demonstrative geometry, algebra, solid

geometry, trigonometry, elementary statistics,

elementary calculus, history and biography, and
additional elective subjects, such as shop
mathematics, surveying and navigation should be

taught in the schools. (61:71)

The inclusion of the elective subjects, parti-
cularly shop mathematics, is one of the earlier references
in this century to mathematics programs intended to mneet
the needs of the terminal secondary student. Mr. Turner

goes on to say that a survey made ten years later (1933)

indicated that these recommendations had had no practical
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impact on secondary programs. In 1939, nearly all
secondary schools still linited the mathematics curricula
to the college preparatory prerequisites. (61:71)

Turner indicates that from 1909 until 1934, the
high school students taking algebra in the ninth grade ) i

dropped from 40.15 per cent to 30.41 per cent. He uses

these figures to illustrate the lessening of interest in
algebra. (61:71) The Statistical Abstréct of the United g
States for 1965 shows a growth in grades nine through |
twelve and post graduate of 4.8 million to 7 million in

the years 1930 through 1940. (6:106) This could simply

indicate an increase in the ratio of terminal secondary |

students to the total school population.

In direct parallel, the fifteenth yearbook of

the NCTM has a very thorough ‘grade placement chart'

SRS S

developed from an analysis of mathematical needs. These

= o .

needs are discussed under three headings; (1) for ordinary
life, (2) for leadership and higher culture, and (3) for
specialized use as a vocational tool. The only vocation
referred to specifically is that of skilled mechanic. They

are expected to have;

«..facility in dealing with formulae and graphs
that involve positive and negative numbers, :
square roots, quadratic and simultaneous equations ?
sines, logarithms, very large and very small .
numbers, occasional interpolation to seconds;

knowledge of many geometric facts needed in work-

ing with triangles, and expcerience in analysis;
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an extensive mathematics vocabulary and ability
to read technical books and articles. (60:212-213)

The above quote in this context is not intended
as a disparagement of the work of the joint committee,
the Mathematics Association of America and the National
Council of Teachers of Mathematics. It is evidence of
the limited consideration of the needs of the terminal
secondary student.

In 1940, a special committee prepared a statement

on work as part of the curriculum for the American Youth

Commission of the American Council on Education. It was
suggested also that reading as a subject of instruction
should be included in the secondary curriculum. It was
further pointed out that:

.. .most secondary schools include in the ninth
grade a course in algebra and in the tenth grade
a course in demonstrative geometry, which, for
want of alternatives, becomes a required course
for most pupils...The failure in both of them

is so high that they discourage no small number
of young people from continuing in school...
Resistance to reorganization comes from teachers
who have specialized in mathematics, from parents
who think of the present courses as having
sanctions that cannot be questioned, and from all
those who are afraid that modification of the
present curriculum will break down the standards
which have been built up since ancient times.
(62:15-18)

In the Sixteenth Yearbook of the National Council
of Teachers of Mathematics, the visceral awareness of

many teachers of an unmet need is shown by the title,

TR
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"Arithmetic in General Education". "Arithmetic", at least
up until 1960 and the publication of the NCTM's twenty-

fifth yearbook, is the euphemism used to refer to the

mathematics taught in the elementary school. (55:2-4) |
However, in the Sixteenth Yearbook, Benz suggested an
arithmetic course for the secondary schools. He cites |
four general types of material: (1) applied arithmetic, i

emphasizing computation, information or bo%th; (2) arith-

—

metic as a science, as an integral part of mathematics,
as a system of ideas; (3) the everyday applications of
number science to meet certain needs of daily living;
and (4) thaﬁ which would be now classified as enrichment
topics, which Benz includes "because of their interest
value"., (51:122)

To paraphrase Clark, Klein and Burks; since 1954,
high school enrollment in mathematics has been increasing,
except for general mathematics and solid geometry. In the
ninth grade, the increase in algebra enrollment has been
at the expense of the general mathematics course. As late
as 1958, ninth grade general mathematics courses were
available in only 70.5 per cent of the public secondary

schools. On the same basis, elementary algebra was avail-

able in 98.5 per cent, plane geometry in 94.4 per cent,

and intermediate or advanced algebra was available in

90.3 per cent of the public secondary schools. Nationally,
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the college-preparatory sequence still retained essent-
ially the same structure as defined by the Committee of
Ten at the beginning of this century. (16:268-270)

Kinsella's comprehensive summation of the U. S.
Office of Education report on offerings and enrollments
in high school mathematics substantia%tes the findings of
Clark, Klein, and Burks. Kinsella points out that about
forty per cent of the ninth grade students were enrolled
in general mathematics classes. He also repeats the start-
ling fact that one third of the high schools require all
students to take algebra - which may account for the
thirty per cent of the schools which do not offer general
mathematics to ninth grade students. He sums up this 1953
report thusly: v

...accounting for a very small percentage of the

total enrollment in mathematics courses, were

high school arithmetic, college algebra, tenth-

or eleventh-grade general mathematics, mathematics

review, and consumer mathematics...Except for
college algebra, these miscellaneous courses

were, in most cases, chosen by those whose pre-

vious mathematical achievement has been substandard
or whose plans for future schooling had not yet

"jelled" ([sic]. (25:2-3)

In summary then, it appears that the 'extension
downward of the college' concept still dominates the

general secondary school program. Those responsible for

the development of secondary mathematics courses have

shown greatest concern, as evidenced by the course




39,
offerings up until 1958, with those mathematics courses
which best prepare the student for just one activity;

further study of mathematics.
III. PRESENT STATUS OF THE PROBLEM

Emerging Concepts of Need. The current literature seems

predoninantly concerned with the needs of the college
preparatory student and, for want of a better term,
remedial programs. In examining the question, "What, if
any, mathematics experiences should be available to the
terminal secondary student," the dearth of research in
gencral mathematics sets definite limits. IZ expericnce
eventually 'proves' that mathematics is a truly homogsn-
eous structure, then Kinsella's quoted "less of the same
for the mathematically less able" may indeed be the
correct approach. (25:102) However, Kinsella also points
out that a nation-wide group of mathematicians, concerned
about .the above assumption states:

"Yet to offer such subjects to all students as

could interest only the small minority...is

wasteful and amounts to ignoring the needs of

.+ es0Cciety as a whole". (25:189)

This underlines a problem basic to any decision
by curriculum pceople; what are the mathenatics needs of

society as a whole? Kinsella summarizes thus:

What does scem essential [to all students in a
time of great technological change] is the ability
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to sdjust to change, and to be able to learn how

to learn...it is of primary importance to have
acquired some basic mathematical concepts and
skills. Furthermore, it is necessary that one

learns how to learn new mathematics, not necess-

arily modern mathematics...an important problem

is to determine what is the most valuable high

school mathematics program for those who are not
college~capable... [keeping in mind that] high school
education must take into account more than

occupational needs. (25:189)

While Allendoerfer (41:690-695) characterizes the
Cambridge Report as an example of the present euphoria
contingent upon the apparent success of newer approaches
in mathematics, the fact is that the Cambridge Report is
a position paper of a representative group of present-
day leaders in these mathematics developments. They have
drawn a blue-print of goals for mathematics in the public
schools which may set the tone for this field for the
remainder of this century. It ambitiously places all
mathematics now learned through grade fifteen in the
first twelve grades, ending with these excerpts from the

description of the Second Proposal for Grades Eleven and

Twelve:

These two years are to be spent developing further
the material in calculus, probability, and
differential equations...[including these topics:]
(1) Limits of functions...(3) Mean Value Theorem
and its consequences...(4) Define the definite
integral as a limit of a sum...(5) Study the
logarithmic and exponential functions...(6)...
Taylor Series...(8) linear differentiation...(l3)
Boundary value problems and orthogonal functions.
Preliminary work with Fourier series...(54:65-66)




This, of course, is built on a nearly total
restructuring of mathematics in'the elementary school,
despite the existence of series that are quite modérn in
the accepted sense: see Deans, Kane, McMeen and Oesterle,

Modern Mathematics Series, as an example. (90:--) Their

critique of 'arithmetic' and traditional methodology
(which is often the only experiences of the terminal
secondary student) is as follows:

Lest there be any misunderstanding concerning

our V1ewp01nt let it be stated that reasonable
proficiency in arithmetic calculation and algebraic
manipulation is essential to the study of mathe-
matics...such skill need not rest on methodical
drill. We believe that entirely adequate technical
practice can be woven into the acquisition of new
concepts. But our belief goes farther. It is not
merely that adequate practice can [sic] be given
along with more mathematics; we believe that this
is the only truly effective way to impart technical
skills. Pages of drill sums and repetitious "real-
life" [sic] problems have less than no merit; they
impede the learning process. We believe that
arithmetic as it has been taught in grade schools
until quite recently has such a meagre intellectual
content that the oft-noted reaction against the
subject is not an unfortunate rebellion against a
difficult subject, but a perfectly proper response
to a preoccupation with triviality. (54:8)

While in general commending the Cambridge report,
Allendoerfer points out that a 1963 report (1962 data) of
the College Entrance Examination Board indicated that,
of 181 schools reporting the use of SMSG materials, the
majority of them used these materials at one grade level

only; most frequently the ninth. These schools were a
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select sample which normally - sent a reasonable sample

to the College Board Mathematics Tests. They would be
expected to employ the most recently developed materials
almost exclusively, if the Cambridge Report can expect
massive implementation. Additionai data indicated this
was far from the case. Allendoerfer went on to say that
in his contacts with many schools he fglt little change

had occurred for any except the very top students.

i

(41:691-692)
Allendoerfer voices three basic objections to the
Cambridge Report. In his words:

My first objection...is that this is a program
for the super-elite and that it is misleading to
suppose that it can be adopted widely throughout
the nation in any foreseeable period...My second
objection is that the report is very vague when
it describes exactly what is to happen in the
elementary schcol...the program for the elementary
school which is outlined in this report can be
offered only to the most gifted young people...
My third objection is that the report completely
ignores the very substantial problem of what
mathematics should be taught to the lower seven-
eighths of the ability group, and in particular
to the lower third...here the mathematics
community is in serious trouble. These are the
children who...would grow up to .take unskilled
jobs, but these jobs are disappearing. These
children include the culturally deprived and
those who are likely to be the poor of the next
generation...in spite of some attention to them
by the NCTM and the SMSG, their procblems have not
been seriously faced. If the Cambridge Report is
to be taken as the blue-print for curriculum
reform in the next decades, these children will
coritinue to be neglected, and this is something
that we just cannot let happen. (41:692-693)

Allendoerfer goes on to say that the real
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revolution in mathematics must be based upon how young -
people learn mathematics, with special emphasis upon the
development of intuition. This intuition seems to be
almost a pre-verbal sensing of the rightness of relation-
ships. He says "...it is here that children vary widely
in their rate of growth. The most 'brilliant' [sic] see
things in a flash; with the slower ones we give up and
have them memorize." (41:694) He suggests an interim step
putting much more emphasis upon remedial work in arith-
metic in the high schools with a cross-discipline team of
high school and college mathematicians working with
psychologists and sociologists in a major, large-scale
effort. (41:694-695)

Despite Allendoerfer's critique, the Cambridge
Report does offer guidelines for a broad restructuring
of mathematics and does not avoid concern with method-
ology. The Report has this to say in this context:

It will be recalled that a basic strategy of our

courses in grades K through six [sic] is to

produce arithmetical skill as a side effect of

the study of mathematical ideas. The problems...

should also furnish the student with good reasons

for wanting to know the answers...extensive use
may be made of "discovery exercises" in the

sense of Beberman and of "discovery problems"

in a still more ambitious sense...The difficulty

of teaching heterogeneous classes may be reduced

if less able students do routine problems on the
basis of ideas and techniques that have been
taught to them, while the brilliant students

discover...most of the mathematics for themselves
«+«Our hope would be to convey continuzlly to
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the student that every mathematical idea appeared
first as the solution of some problem by some
person. (54:28-29)

It is pointed out in the report that a general

pattern of "pre-mathematics" is to precede and introduce
each topic, "to be followed later by as much formal study
as may be appropriate." They go on to state that much
manipulative realia must be available to the student so
that he has some "intrinsic criterion fbr deciding the
correctness of answers, without recourse to authority".
(54:35) This implies a close relationship between the
mathematics studied and its use.

In line with these emerging concepts is Vincent
J. Glennon's call for synthesis of content and methodology
in the study of mathematics. He points out that intelli~
gent concern for the guidance of psychologists and those
involved with the cultural foundations (as philosophy,
sociology, cultural anthropology, and similar fields)
will increase the probability that our learners learn.
He sees a history of swinging from socioclogical to
psychological to logical and back again in the structuring
of mathematics curricula, and a parallel vacillation in
methodology: expository versus, discovery versus psycho-
therapy. He asks that "full, honest reports of the

findings [of the extremists be reported] to the community

of mathematics educators" and states flatly that
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negative results of some experimentation goes unreported,
despite the importance of "knowing what does not work as
well as what works". (47:134-141) He summarizes his
position in the following paragraph:
To my way of thinking...this is the synthesis in
our model for research and development of improved
mathematics education -- integration of the thesis
of content [sic] with the antithesis of method [sic]
to form a higher union, a synthesis in mathematical

education. To achieve this synthesis in our time
will require a sustained effort of such an order of

magnitude as to dwarf our best efforts to date.
(47:141)

In summary, it does seem that awareness of the
need for meaningful mathematics programs for the terminal
secondary student is growing. In the 1959-1961 Education
Index, 61.40 per cent of the headings in this survey were
concerned with the gifted. No titles were listed for
terminal secondary students. The 1964-1965 volume shows
interest in the gifted has dropped to 50 per cent, with
16.67 per cent of the titles concerned with the educa-
tionally disadvantaged. (96:--) The statements of
Allendoerfer, Glennon, and the distinguished group
involved in the Cambridge Report all indicate that the

general mathematics curricula will receive increasing

attention.




IV. RECENT STUDIES

Recent Secondary Curricular Patterns In General Mathe-

matics Education. Experimentation reported seems to be

variations on these four approaches: (1) tracking, as an
awareness of need dictates; (2) time modules, or other
variations from the class "period"; (3) Schools-within-
a-school to deter or alleviate student alienation; and
(4) the non-graded approach to emphasize learning and
not 'passing' as the goal of education.

Within these newer formats as well as in the
'traditional', mathematics curricula for the senior high
school are experiencing change and criticism.

Holland I. Payne sums up one aspect of change:

Today mathematics must be taught as a communication

skill. Pupils must learn to: (1) communicate ideas

in ordinary English; (2) communicate their ideas in

a language of mathematics when applicable and (3)

argue forcefully and validly in defense of their

position. Mathematics has become more than the

mere working of problems and arriving at answers.

Now, one must know not only "how" but "why" to

support the answers arrived at. (49:27)

Payne goes on to say that job forecasts for 1970
imply that 80 per cent of the desirable jobs will be
mathematically oriented. "Thus, somehow better mathematics
nust be taught to more students so that most of our high

school graduates become mathematically fluent and

confident." (49:27)
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Clark, Klein, and Burks summarize a major diffi-
culty facing a positive change in general mathematics
curricula:

Frequently the criterion is: college bound,

algebra; not college bound; general mathematics

...many mathematics teachers consider themselves

disfavored if they are assigned general mathe-

matics classes. The general opinion seems to be
that general mathematics is for pupils of low
ability, and therefore, teaching it cannot be

a joy. (16:262-263)

Too often, general mathematics courses are offered
for two reasons only; to give pupils a year of remedial
arithmetic or to provide review work and exploratory
work which will prepare the pupils for algebra.
(16:262-263)

In the "spiral mathematics program", at the Pueblo
High School, Tucson, Arizona, cited by the above authors
as an exemplary program, "pupils who do not take the
spiral mathematics program can substitute one year of
Mathematics I and II, which includes remedial arithmetic
and basic mathematics, and a senior course entitled
'consumer mathematics' [sic]". (16:271)

Again, it appears that even exemplary programs

are strongly oriented to the one-ness of meaningful

mathematics curricula. Yet Clark, Klein, and Burks also

cite an experiment with junior high school students in

a depressed socio-economic area of Mew York City. Pupils
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retarded at least two years in their mathematics
achievement scores and with intelligence quotients.
between seventy and eighty, were taught statistical
concepts and the language of sets., The results were all
positive: these students learned and dispiayed "radical
changes in attitude." Pupils became alert who had been
passive and class cutting dropped. Follow-up testing
showed good retention of learnings. (16:265)

With the criticisms and pressures following
October 4, 1957, (Sputnik) the search for excellence in
education has led to an increased "rigor" in secondary
school offerings, with, in the words of Harl R. Douglass:

...more and more secondary schools...[requiring]

at least two years of some sort of science, two

years of mathematics, and three years of social
studies beyond the eighth grade. This has
necessitated a development of at least two

"tracks" [sicl...to provide for groups of stucdents

with different academic capabilities and

interests. (18:24)

To make these "tracks" meaningful, all levels of
ability are necessarily considered:

In some schools, as at [the] Alhambra and Fresno,

California high schools, a special curriculum

has been developed for the least able students.

Through the eleventh grade, these students are

taught academic subjects in special sections

with specially prepared teachers. (18:51-52)

Regardless of cause, Lucien B. Kinney sees the

multiple tracks as designed for the three groups of

students that were identified by the Post-War Commission
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of the NCTM in 1949:
...These include (1) those pupils that need
mathematics for home, community, and business
pursuits primarily; (2) future leaders in fields
other than technical; ard (3) future technical
specialists. (24:449)
Elicker pointedly emphasizes the desire of pro-
fessional educators to assure a higher quality of

education for all. He further states that realizing

these goals:

...centers more on the quality of instruction
than on any other factor in the total process
of education. The professional personnel...
[have] been frequently frustrated in [their]
efforts by [their] own limited degree of
competence and by the multitude of school
assignments and responsibilities. Their daily
assignments have not allowed for the freedom of
action to do effectively the most important of
all their professional responsibilities =~
teaching youth. (20:116)

In an effort to deal with the present day class
loads, various arrangements of class meetings have been
tried. Elicker cites as an example, the Euclid High n
School, Euclid, Ohio, in which the 352-minute day is
divided into sixteen modules of twenty-two minutes each,

with no passing time and just one module for lunch. All

regular classes have three modules daily; remedial
classes have two modules; advanced classes have three;
and industrial arts and home economics in the ninth grade

have four modules daily. (20:159) ’
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It has also been a matter of concern that the

impersonal atmospherc of the modern large high school

seems to alienate a large number of youth. If a greategf
sense of participation, of identity with the schgg%/g;d
its function existed, it is hypothesized that*fﬁe pupil
would be more self-directing and so mg&e“the role of the
teacher more fruitful. Elicker giveg examples of efforts :

in these directions; the Newton, Massachusetts, plan and

the plan in the Elmont, New York, Central High School

District Number Two. Both of these plans aré essentially

the school-within-a-~school concept, with the former

|
consisting of two senior high schools divided into

'houses' with individual house masters, and the latter
a simple grouping resulting in three schools within the f
total junior high school. Each of these sub-units is a
; heterogeneous grouping of students with all facilities
of the total school available to faculty and students.

(20:160-161) o

‘The Newton, Massachusetts plan also includes a

"nongraded" school, the Hamilton Junior High School.

B. Frank Brown, principal of the first nongraded high

school in this country, Melbourne High School, also lists

1 as nongraded the Brigham Young University Laboratory

|

School, Middletown, in Newport, Rhode Island, and the

*
i
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high/g;hool in Borrego, Califorhia. Brown describes this
.Iést as a system which "may abandon both the words 'non-
graded' and 'school'...calling its curriculum 'The
Borrego Plan For Individual Learning'. (12:33-34)
Charles R. Keller, Director, The John Hay Fellows
Program, sums up the impact of the nongraded approach in
the forward to Brown's hook: "Education becomes release,
quest, and discovery, rather than restraint, regurgita-
tion, and rote memory...[it is] education by appointment
.. .with the opportunity for students to progress at their
own speed.” (12:8) Brown says that "a nongraded secondary
program is essential if every student emtering high
school is to be challenged to work meaningfully at, and
eventually beyond, his own achievement level." (12:199)
In 1951 William Betz succintly summarized the
problem which still faces curriculum specialists in
mathematics. He spoke of three approaches to the
development of mathematics curriculum. The first was the
"life situation" approach, which, he said, has'failed
because it has tried to wed chaotic lifie situations to
the system of ideas which is mathematics. The sccond
approach (which is receiving tremendous emphasis at

this time) was the reliance upon authority, upon exports

in the field. He believed this laiter approach would
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"end in dust-gathering syllabi." Despite the very real
impact of SMSG and the UICSM materia}s upon secondary

mathematics programs, his third postulate is extremely

@

rd

pertinent: o | N

There remains a third approach “aften explorad
partially, but never with anythlng like scientific
completeness or thoroughness. It is that of
making a really dependable, full-length study

of the role of mathematics in the modern world,
from both a practical and a cultural stand-

point. (32:442)

Until such massive research as Betz described

| produces a general format, it is questionable how pro-

ductive these curricular innovations can be.

Recent Secondary Curricular Patterns ‘'in Occupational

Education. Vocational education has received somewhat
limited attention fromvthe 'academic' community. Yet in
1944, the National Association‘of Seconflary Schoo;'
Principals adopted and released the following statement: -

It is not the job of the schools.«.merely.to
supply. industry with minimum skill.ed workers, .
but far more 1mportant is the respon51b111ty
for:

1 Meeting all youth needs, including soc1ety s
needs for competent citizens, thus assisting
youth to develop thelr full capacities [sic].

2. Giving a free worker in a free .country a
eserve of skills and knowledge to enable him
o advance more rapidly than he would if he were
only able to perform a single type job or had
competence in only a narrow range of skllls.

7
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health. (57:51-52)

The Purposes of Vocational Education...

1. A youth, to be a succesgsful worker, must have

mastered the basic skills of his occupation and

as much of the related scientific and technical

knowledge as possible. Besides knowing how to do
the job assigned+to him, he should also know the
narkets for the products he produces.

2. -He should have had‘experience in productive
work under conditions of regular employment,
where he can learn the requirements of work.

3. He should know the requirements for entering
the occupation in which he is interested - such
as education, health, apprentice training, union
membership, experience - and should know how to
go about getting a job in it, using the public
employment service, labor unions, or personnel
offices of employers.

4. He should understand the function of management

and labor organizations, the relations between
them, and the availability of the different
services they offer - labor union purposes and
operations, authority and duties of management
and supervisors, collective bargaining, seniority
systems, credit unions, group hospitalization.

5. He should understand the relations of the
government to his occupation - federal and state
laws affecting unemployment compensation, social
security, old age insurance, employer's
liability.

6. He should know how his chosen industry,
business, service, or profession operates as a
whole, and its place in the life of the city,

. predictions for the future, and world conditions

affecting it.

7. He should know how to use the public services
available to him after he leaves full-time
school - placement, advanced training, recreation,

kX
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Twenty-three years later we,éan dnly add that he

5 should be prepared to change from a'major occupation
cluster to other major occupation-clustars and be
psychologically prepared to accept and benefit from

such training as will make these changes possible.

In a recent year more than eight million different
workers changed jobs. In .that same year there were
11.5 million job changes, two-thirds of which were
2 | to a completely different industry, one-half to a

3 completely different occupational category. (37:130)

3 | Is there evidence that these guidelines are in
9 fact being observed? The revolt of 1arqe-ségments of

~ young people, evidenced by the up-surge in juvenile crime

and general alienation has caused an awareness of specific

needs. Burchill states:

- Work-study education is an accepted method of
' helping alienated young people to achieve

satisfactory adjustment during adolescence.
Curriculums based on academic preparation and
‘supervised work experience can satisfy...needs
for recognition...Identification with work may
provide many youngsters with an awenue for
recognizing their approaching maturity with its
conccmitant responsibilities. The maturation
process may be enhanced by appropriaté personal
and education-vocational preparation. (14:11)

Tanner also emphasized the obligation of public

‘education in this area:

In recent years, certain critics have argued that
the high schools should limit their curricula

to the so-called essentials of [the] academic o o
type of courses. Some of these critics are more .
concerned with the goal of reducimng educational '

<3




funding. Venn points out that in an era when

students complete a preparation for an ®occupation.

expenditures by eliminating the expensive
vocational programs. But it is imdeed poor
economy to have huge numbers of wyouth leaving
high school each year in search o©of jobs for which
they are ungualified. And nothing can be more
devastating to an adolescent than the inability
to f£ind productive work and the hopeless feeling
of rejection encountered by the unemployed.
(36:378)

In general, vocational programs im the five

conventional areas meet the requirements for federal

the techno-

logical impact on our society requires mew approaches,

even the on-going programs are rarely ﬁ@-dated. He

.

shgdééts that fewer than 5 per cent of our high school

Despite evidence of bias in the awcademic community

Tanner makes a good case for occupatiomal education in

the comprehensive high school:

In this way, students enrolled im vocational
programs are not segregated from those enrolled
in college-preparatory, general, and commercial
programs of study. In the comprelwensive high
school, all students regardless of special
interests or vocational plans, are able to pursue
a common general .education curricmlum and partic-
ipate in common school activities. (36:361)

Considering the ‘'common learnings" question in

Secondary Education, leads Kimball Wiles to state a

different concepf of vocational education:

Courses used by a student to prepare for an
occupation should be considered wocational
education [sic]. The difficulty has arisen when

(37:83)
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attempts have beén made to classify courses on
the basis of jobs rather than student goals.
Training programs for a few occupation in
agriculture, business, and industry have been
prepared, and these have been designated as
vocational. What about the thousands of other
jobs that American youth will enter? They, too,
are vocations...(39:123)

Such a definition, if widely accepted, would

clarify the role of the comprehensive high school. As

A number of high school faculties have created
~difficulties for themselves and their students
by confusing general with vocational education.
They have made the mistake of assuming that a
course required for college entrance has a
general education value and, operating on this
false assumption, have required that all students
consider the college entrance pre-~requisites as
general education. (39:123)

John S. McCauley of the U. S. Department of
Labor emphasizes the extent to which industry is training
and educating its workers. As an example he describes the
educational operation of the Ford Motor Company which:

.+ .has established a broad range of programs...

maintained to develop craftsmen, technicians,

engineers, supervisors, and even managers. (29:92)

McCauley sums up the findings of a survey team
who studied the educational programs of the nation's
500 largest corporations:

.. .they concluded that [they] are making a

significant contribution to the davelopment of 3
their employees' careers...the bigger companies ‘i
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~ «..provide general programs - those which Dr.
A | Henry David...termeé@ education rather than
training. (29:98)

Nationally, #he Vocational Education Act of 1963,

L

Public Law 88~210, has had high impact on research,

ancillary services, and, particularly, the redefinition

of Vocational Education. The emphasis is upon training
for gainfulﬁémploiﬁent, and the rather rigid vocational
categories spelled out in this and all preceding legisla-
tion may bé interpreted broadly: "...And, to all intents
and purposes, it makes it possible for the States to
break down the categories altogether." (10:23)

Programs are proliferating, with three existant
formats of seeming importance. These may be characterized
as the comprehensive'high school, the comprehensive
district, and the special, separate installatiocn. None
of these are new, but there is innovation within the
pattern.

; The comprehensive high school does little in
occupations per se, except in very lafqe high schools
as in Berkeley, California. Where the single school is
: | large enough, the traditional shops (auto, wood, print,
3 | and machine~shop)'may be'augmeﬁééd with offerings in

3 “electronics, photography, data processimng skills as in

computor programming, and other modern coursés., (91:--)

3 * -
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to develop a fairly complete program with one occupations

‘the legislature is to "provide qualified students with

San Jose City Unified School District, in a persona1y 

58,

- The comprehenéive district may use its facilities

cluster at each high school, allowing a broad complex
of offerings. This approach allows the student to remain

jdentified with his high school for his geﬁeral education

and participation in school activities. (89:7-)

With massive vocational education fundihg becoming
available, the technical center is again being developed.
In California, Regional Occupation Centers (see Chapter
14, Diﬁision 6, Education Code 7450 through 7456) are |

contemplatéd and some are now in being. The intent of

the opportunity to attend a technical school and enroll
in a vocational or technical training program, regardless
of their residence in a county or region..." (E.C. 7450)

Such a complex is soon to be in operation in the San Jose

City Unified School District and will serve not only this
district but four surrounding secondary districts. Joseph

C. Bellinger, Director of Vocational Education for the

interview stated that such a complex must offer terminal,
pre-technical, and pre-vocational programs} coOperating
closely with employers, unions, junior colleges, and
technical and four year'institutions to meet the

occupational plans of their students. (102:--)
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Preparation for their role in the adult world
must give more than éassing concern to occupations as
presently defined. As Grant Venn sees it: | ' '> ',:'”

The need can only be met within the education
system, and society will insist that the job

~ be done there, Decisions are going to be made.
But whether these decisions will be made by
educators acting within a consensus that this is
a legitimate and necessary form of education for
our time or by legislators reacting to societal ’
pressures to get a job done is still an open
question. (37:72) B

Recent Mathematics Experimentation. In the Review of

Educational Research for June, 1961, the three-year

conmpilation of research- in Natural Sciences and Mathe-
matics, Kellogg and Johnson summarize the.period frbm
1957 through 1966. They categorize this period as a time
of ferment, with a variety of experiments with new
curricula, and emphasize that the worklfdr the immediate
future would necessarily Béfinv01ved with evaluation of
the newer materials and approaches,'A close reading
indicates that the emphasis is entirely on the above
averagé or brilliant mathematics student, with the
exception of oné laboratory-geometry course for the non-
college bound studept. (48:2724276).

| William R. Blank surveyed tWelfth yéar mathematics

courses, and identified those commonly acceptable by

colleges for advanced plécementc It is interesting to
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note that analytical'geomeiry and daiculus afevreadiiy_'
accepted for advanced placement, while combination
coursés or even four-year series of the "un-traditional”
are rarely considered. (42:208-211) | | -

" In 1964 Dessart pointed out the difficulty of
evaluation of mathematics curricula due to the "inadequacy
of their meésuring instruments. Individual value judge-
ments had to be made by the researchers...often the
nbjectives of the course or topics were not adequately
measured by such [standardized] instruments." (43:299)
Research completed during 1960 through 1963 suggested_
‘that additional research should be undertaken to fulfill

a listed number of purposes. Among them were the follow-

ing of pertinence to this study: _

(a) A careful delineation of an agreement dbncern-
ing the objectives of mathematics instruttion
for all secondary school students; ‘ \

(e) Development and refinement of instruments to
. measure achievement and various psychological

variables; .

(h) Realization cf increased degree of coordination
of research in order that limited, isolated
studies can become a part of & larger, more
exhaustive research program. (43:302)

Concern of the National Council of Teachers of

Mathematics and the Mathematical Association of America
for realistic goals is well expressed by Allen's

suggested "Forum for Mathematical Education", He indicates ‘
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1.
exemplary efforts and programs are opehing new lines of
endeavor, such as "Projgct Idaho", in which twenty-three
high school teachers Qefe trained in néw approacheé to.
structured mathematics and in turn trained some 600 plus
elementary ééachers. This type of information is not
readily available to the Eeaching community, and results

in much Quplication of effort. He suggests the Forum

would provide for the interchange of information among

groups concerned with curriculum revision in mathematics
at levels from kindergarten through graduate classes in
universities. (40:370-378)

In an article purportedly concerned with facilities

for secondary mathematics instruction, J. S. Frame

‘actually asks that the teachers of mathematics prepare

to enter the twentieth century. He indicates the limited
use of the great variation in facilities recent technol-
ogy has made available., Efficient use of such’devices

as over-head projectors, computing rooms, and a host of

less well-known media might inherently contain answers

to instructional,prqbléms; (45:379-391) .

Fremont and Ehrenberg report a pertinent research

- in théir work with low achievers. Using methodology

similar to that employed with average and above students

vfin the'"Mathematics Through Science", project of the




}QSMSG, but Wlth low achlevers, some 1nterest1ng results

ff"were achleved ;A general mathematlcs class forflow

'ittachlevers worked w1th phys;cal equlpnent, such as sprlngs,

'g"roluers, and s1m11ar 1mped1ment1a, to derlve llnear

”~,ﬂequat10ns and thus learn algebralc Operatlons; They
ﬂ}v01ce an 1ntrlgulng conclusxon.‘;dgfuw-g

';u...Tne same students who were able to generallze
.patterns in a given set of data still could not |
- .cope wzth examples 1nvolv1ng fundamental pro-.
ffcesses. Surprlslng as it may seem, the tlme may be~k,;

‘upon us’ to recognlze, assent, ‘and act- upon the = = -
notien that skill in carrylng out: fundamental

- operations and ability in mathematics may not be'“7“5"'

~one and the same thing! [sic] The work with these o
~general mathematics students’ seems to 1nd1cate a L
- fallacy in this identification of skill with ”

gablllty, and to show that standardlzed tests, as

.. they are now constructed, fail to measure S

-aptitude for mathematlcs...there may well be a

~tremendous reserve of children with natural

‘ability in mathematics...It would seem that, underf;fiifffﬁ

proper conditions, mathematics thlnkrng is:

._4natural to most of our students, It is, perhaps;gl_,,ﬂr,r,_

f:the forcing of unnatural patterns of thought upon
'~ our students that has resulted-in their eventual
';loss to us and to mathenatlcs.a(46 554 556)**~

t‘Dessart reports that the work of Barnes and Asher"”?ﬁvf?

‘rshows that the "51ngle best predlctor of success@Iin

.;algebra] was the elghth grade mathematlcs grade,“vﬁfr&h?~ffﬁ~*

...[next but of much less 1mpact] was thelgrade equlvamf;fffffw

‘lent of an arlthmetlc achlevenent test" (43 307) Thls

~appears to tle in nlcely W1th the suppos1tlon of Fremontdf}3*

fzfand Ehrenberg, above,dijt“




Reported concern WIth the average and low achleverTflJ“ﬁhw-l

ﬁiln mathematlcs occurs most often in the Junlor hlgh
e school grades. Worklng with seventh and elghth grade
ystudents, Easterday "blended"‘structured mathematlcs
'W1th the tradltlonal. He found that._;*‘“ |
...Such a program may be effectlve in 1nclea51ng pp"
 a low-achievers' grade level in mathematics as
- much as three years...the basic principle of the
" non-graded elementary can be applied effectlvely
- to low achlevers in the secondary school.”
(44:462-468) | | - |
"sThlrteen major grouos worklng 1n.the development
of mathenatlcs currlcula are descrlbed in the Report of
_the Internatlonal Clearlnghouse. (56---) Of these, on _y
four have reported any 1nvolvement of termlnal secondary"f
7afstudents.vSuppes, reportlng for h1s "Computer-Based
Mathematlcs Instructlon (CBMI)", says that "In February,hl
'1966 remed1al mathematlcs drllls were glven by teletyoei
to over forty students at an East Palo Alto hlgh school
(56 123) The School Mathematlcs Study Group has developed
yand is dlstrlbutlng materlal for the average ablllty
,:student, partlcularly for the 25th through 75th percen—dryt**
1pt11e.»These publlcatlons are "Introductlon to Secondaryfd‘il
ffMathematlcs"; and’ "Introductlon to Algebra" (56 208 209)
,iHoward F. Fehr is just beglnnlng a progect tltled

‘L*,"Secondary School Mathematlcs Currlculum Improvement

"'73f?Study" whose purpose is to "create a unlfled global




ﬁ'*fprogram of mathematlcs 1nstructlon for the grades seven,py'”

".through'twelve"er(SG :251). Ryan s report on the "Effects

‘"of Modern and Conventlonal Mathenatlcs Currlcula on
'i‘qupll Attltudes, Interests, and Perceptlon of Proflclency“;l‘
.for nlnth grade puplls was to be'"completed bY‘May, “,,l7

| 1957"  (56:254) | o

g_Pertinent'Dissertations;’The»numbers in*eafénthéses”géfa£’f
fto the dlssertatlon prec1s in the Blbllography.p | T
e A survey of the dissertation abstracts fron 1960
ffthrough 1965 dlscloses few studles concerned w1th mathe-ﬂh
"matlcs educatlon. Although there 1s a gradual 1ncrease ;
lfln numbers, all secondary st dles are concerned solely
riw1th college preparatory mathematlcs. In recent years,'f
{rjthe outstandlng dlssertatlons are s1mp1y ad3uncts to the l
';major experlmentatlon 1n the fleld Zlebarth (88---), A

"Shuff (81---), and Wllllans (86---) are all concerned

1dw*W1th a comparlson of SMSG materlals w1th tradltlonal

kfor the seventh grade through the twelfth. In each of

lfthese studles, the p0pulat10n sampled was restrlcted to

f'7br1gnt and glfted youth

Dlxon (70-—-) examlned the SMSG teacher manuals
-hln an effort to 1dent1fy an underlylng phllosophy. His
“flndlngs 1nd1cate ‘the phllosophy can be categorlzed as

hpragmatlc 1n the Deweyan sense: his examlnatlon of
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1nduct1ve approaches" rn comparlson wrthf"dlscovery
rprocedures"‘results in a statement whlch may do much té»@r:u
“',offset the attack on structured mathematrcs as of too
7hprec1se a- nature for the 1ess tnan-brllllant student..

An examlnatlon of methodolocy pertlnent to the-;7“"H
ifnewer approaches 1n mathematlcs educatron was attempted_h'
.‘h;by Fremont (72---), Sayles (80---), and Thomson (82--~),hhp
ffﬁFremont structured a year-long comparlson of plane geo-‘.‘
.metry classes in which a teacher used group (tradltlonal)

g approaches with one class and 1nd1v1duallzed 1nstruct10n
Vfwrth another; wherein the student planned his work, his
hrateVof work, and determined test readiness. The conclu-
p51ons reached by Fremont indicate that neither methodology
“-or content are as definitive in developang "desrrable
Aattltudes toward mathematlcs" as is effective teachlng.;
'(72 88) Sayles attempted the 1dent1f1cat10n and re-
norlentatlon of the college-capable underachlever, he had_
't19051t1ve results on the basrs of team teachlng and -
fexcellent guldance for the 1nd1vrdual students. Thomson,,f
e whlle worklng in 8001al Studles for twelfth grade
Lt~students,'d1d\studv anvarea of pertlnence to this studyﬁi
T-flexlble grouplng of students wmth a team of teachers
fpossessrng a varlety of speclaltles and employlng a
ghvarlety of teachlng a1ds and’ audro—vmsual equlpment.

‘His flndlngs were that this'SOrtpof‘team effort_resultedn
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f»ln far superlor student attltude and part1c1patlon. Even

7_l here, the evaluatlve dev;ces avallable lmposed a dellmlt-

SR atlon on repllcatlve results.

Babcock (66---) contacted all guldance-counselors
ﬂtfln New York State in large senior hlgh schools (except
- ;or New York‘C;ty) in a study of occupatlonal guldance
‘ffor,terminal}secondary students, Helfound that'ther.n
'.1origlnallemphasis upon vocationalguidance‘has shifted
ato educatlonal guldance. Up~-to-date occupatlonal 1nfor-
’lmatlon is needed as is an uo-gradlng of the teachlng of
"Job-gettlng“ skllls. (66:99-102) R
o Examlnatlon of the dissertation abstracts for the'
1l_four month perlod July through October, 1966, rndlcates
';a deflnlte upsurge in doctoral studies in the f1eld'of“
’mathematlcs educatlon. The elghteen dissertations llsted
‘1n thlS fleld have been grouped for clarlty. |
Wllllams (87:--) studled the. pre-serv1ce and
‘Vjineserv1c\‘mathenat1cs preparatlon for the teachlngof
'fmathematlcal arlthmetlc by elementary teachers. HlS o
"flndlngs 1nd1cate unacceptable levels of achlevement

;for teachers on hls crlterla. Frank W. Recker (77--—)

“d‘?surveyed the famlllarlty of Ohlo teachers with experl-'

‘hmental and reformed programs in mathematlcs. He also
"-sampled thelr attltude towards teachlng machlnes, program-
q'med texts and the use of programs for adaltlonal mathe-ﬁ

Jmatlcs tralnlng. he found llttle awareness or 1nvolvement.




An,exemination of'the newdprograms in’the éléﬁeﬁ+f;j??°”’”’“
tary schools ‘was made by Ashlock and Unkel. Robert B.
Ashlock (65---) develOped a test Wthh would measure i
fpupll understandlng of selected propertles of a number
‘Asystem'W1th'relat1vely high validity and rellabllity and.
vis apparently Suitable'for use with first and-seoond' |
orade students. Esther Ruth Unkel (83---) studled the
}:1nter-actlon of soc1o-econom1c groups ‘and sex factors
Wlth the dlscrepancy between ant1c1pated achlevement and.d‘
actual achlevement in elementary ‘school mathematlcs. Thed
*analy51s of variance showed 51gn1f1cant dlfferences-in ;
the dlscrepanc1es scores between soc1o-economlc groups
© at the .001 level. - |
Madden, Nell and El-Naggar looked at Junlor h1gh
soﬁool mathematlcs from three qulte dlfferent perspec-
theS. El-Naggar (71:=-) compared programs 1n Egypt and
the Unlted States to 1dent1fy the status of modern mathe- fd“v
g’matlcs programs. Modern mathematics programs were found
to be either essentlal or desrrable.vMadden (75---)
experlmented Wlth class size with Junlor hlgh students |
of general mathematlcs. His flndlngs 1nd1cate that class”
size is a very minoxr factor in levels of student accom-_
‘pllshment.-Ne;ll (76:~-) was concerned with the.effeoty
of teacher:attributes.upon the achievements and variancej'

- of pupil performance. The teachers' acadenic preparation"




| 68,
registeréd thé gréatést effect;»but_ail teédher'attributéé
were minimal comparedvto pupil charactéristics.  | ”

‘In those disseftations‘éohcerned-withvsehior higﬁ
school mathematics, 9f six such studies;_five werg épn—

| cerned with'the‘cbilege preparatory»student;‘Roberts
;(78:-—) ¢ompared reinforcemenf theory and Gestalt_theoty
.ahd'found»there ﬁés~meéningfﬁl 6ppor£unityfor.their‘. |
application in both SMSG and UICSM.'Roilins (79:--)
cbmpared three stratagems for téa¢hing mathematicalf
éoncepts and generalizatidns by guided discovery.'Nov_
différence'was fouhd betwéen the three inductive strata-
gems:'agreement,‘differeﬁce, and joint agreement and |
difference. Clark (69:--) cbmpared the achievement of

'JSMSG algebra sﬁudents and modern algebra students who hadl
had one»year of general mathematics plus one*yéar of
modern aigebra. The SMSG studeﬁts had had the two year
 SMSG algebra course. No statistical difference was
discovered betwéén group test results.

Ackerson (63:-5) studied the relatiohship between
achieyement in PSSC physics and experience in'recéntlj
developed courses in mathematics. He discovered a tend-
ency of students with SMSG'experience to achieve better
than those with traditional mathematics. It was also
'shown that -the higher the level of SMSG completed, the

.highér the tendency to achieve. Geiss (73:--) ran an




_analy51s of relationshlps between courses taken 1n hlgh

»school and success on the college level He found no

,difference between those students who had taxen algebra,
geometry, and trigonometry in high school and those who
'had any other combination of mathematics classes. The |
‘kind of mathematics preparation had no relation to success o
’1n a technical college. | | o
| Wiebe (85:--) examined the COmparative effects of
‘threeumethods of utilizinglprogrammed mathematics"
materials with lowvachievers; Hisrfindings indicate that

teacher 1nstruction is superior to programmed instruction .

for both- low-verbal, low-quantitative males and females, ”

and low—general'intelligence females.

Carrino (68:--) identified ten attributes_asSOCiated
with early leaving (or "dropping out" of school) from.'

1958 through 1963. Follow-up indicated these attributes

would allow early identification of potentialidr09~outs:j

low scholastic ranks, social problems, retention,

parents' academic level, and, the higher the number of
absences in the first three grades the earlier the
tendency to W1thdraw.

Hungerman (74--~) studied the achievement and

attitude of sixth grade pupils in conventional and con-

- temporary mathematics programs. Her conclusions indicate

that Dessart's identification of evaluative criteria 1is




_5fwe11 taken° the conventlonal groups d1d better than the Ll

“‘contemporary mathematlcs groups in conventlonal tests.?y*““

'“fThe contemporary group achleved superlor on seven of ten‘f-‘;
1tems on a contemporary test. Attltudes seemed less’a o
’functlon of the type of mathematlcs program than mlght
Arhave been eXpected from the flndlngs of other research. 5f
‘VontreSS’(84~——) showed experlmentallypthat set |

or attltude of the subjects affected test scores more qu

than surroundlng condltlons. He did thls by testlng two
groups of Negro‘students in an_enVLronment of‘taped‘

noise, telling one group that taped noise'would increase |

~their number of correct responses and telllng the second_,

R

,group lt would decrease the number of" correct responses.
fThey performed on the basis of suggestlon, not of actual
3  fy» _env1ronment. | | |
Adler (64--—) completed a study of the ldentlfl-‘
§ . cation and development of giftedness in Jewish~and Negro:

ethnic groups.vThe socio-economic background emphasizing

NS A R R

worth of academic giftedness was a measurably major

© factor in individuals being so identified and, hence, -

"3 Pep ¥,

receiving 'development'.




V. SUMMARY <

Vo | | e e e T e
JThis'cnaoter'contains!reviems of“thé~1i£érature7f~“’

:and research pertlnent to the questlon “what mathematrcs_e"”
experlences, 1f any, should be avallable to term1na1
secondary students’" In analyzxng these materlals in the
'perspectlve of the ba31c problem studled, certaln areas

of agreement and of dlsagreement were encountered The"
 £01low1ng statements should serve to place thls study

‘in 1ts proper context.

Areas of Agreement.

l. Mathematlcs learnlngs appear to be avcruc1a1
need for 1nte111gent 11v1ng in a technologlcal soc1ety,:
inclusive of, but going well_beyond, the~1mportance.o£'
mathematicstO'technicai Specialists.’ | |

2. Natlonally, young people who are not academl-“
cally 1nc11ned, who ace not readlly 'tralnable ~in . the
tindnstrial sense, suffer a decided d;sadvantage,d.
economlcally. | - | | |

3. A maJor goal of mathematzcs educatlon 1n the
| pubiic schools seems to be the learning of more
»mathematlcs. | | |

4, Increa51ng concern for the general mathematlcs'

student 1srnow.becomlng'ev1dent._




5 Almost all measurab1e change lm mathematlcsfut
;;programs has occurred in programcz for the brlght, the

,glfted, and the college—capable 3 uth.

Areas ‘of Confllctlng Oplnlon.

1. A ba31c problem e31sts in matmematlcs educatlon.

f’ﬁls structured mathematlcs the proper mathematlcs for all

'5,students7 If the answer is 'yes', then how can this

sapproach be SO 1mplemented as to make rt avawlable to
},tthe'slow and average student? If the answer 1s 'no'.'tﬁe‘

}problem then remains to devise a' geueral mathematlcs' |

whlch 1s con51derably more meanlngful and 1nherenttj
effmore motlvatlng._ |
| | 2. The 1ncreasrng 1mportance of the role of
mathematlcs in a technologlcal soc1ety implies that
ieducators must ‘be prOJectlng the contemt needs of
‘mathematlcs education for all students well into the
twenty-flrst century. Thls‘area 1s more: a matter’of the

~degree of concern than of conflict..




CHAPTER III

THE DESIGN OF THE STUDY

This chapter contains the specifics of the study

'deSign.Itinéludes descriptions of the geographic and

demqgraphic areas studied, the various populations
sémpled,.the procedures employed for the éollection of
the data, the data collécted, and the statistical treat-
 ment:of the data. These‘SPecifics are intended to furaish
the rationale for the choice of this 'study design}

. This study grouped job applicants who had recently
 been-terminal SéCOndary school students, graduates and
non—graduates,.on the basis of;‘(a) their individualh
chafacteristics, (b) their success with employer'S‘screeh-
ing tests, (c)_théir academic aptitude and achievement,
and (d) their socio?econoﬁic background. This-grouping»
'wasyfdrfthe purpose of cémparing the efficacy_of their

'secondary mathematics experienées by types. .
I. THE AREA SAMPLED

Geographic Description. The thirteen counties involved in

this study constitute an interrelated megalopolis. The
'¢ouhties are Alameda, Contra Costa, Marin, Napa, Sacra- | . &
‘mento, San Francisco, San Joaquin, San Mateo, Santa Clara,

73.




Santa Cruz, Solano, Sonoma, and Yolo.:The San Joaonln,;yﬁﬁm
Amerlcan, and Sacramento Rlvers jOln and form a serles of
bays and stralts. Suisan Bay, San PabloiBay, San Francxsco”
Bay, and the nav1gable portlon of the rlvers llsted above.;
have hlstorlcally furnlshed major trade routes whlch today71f
are paralleled by freeways and rallway serv1ces. The many
ports, such as San Fran013ﬂo, Oakland Vallejo, Rlchmond
and those of numerous 011 complexes, make ‘the area a
transshlpment point of world 1mportance.vThe relatlve ease,
of access to both inland and overseas‘markets=has~:e5ulted_l
in anmindnstrial and business complex definitely Ehataét4 |
‘erized by the interrelatedness‘of itsvparts,lThe}intere'
-relationships are.so evident that a,recently formed |
Association of Bay Area Governments is»inoreasingly,
recognized as the loglcal arbiter of the numerous 1nter-
C1ty problems. Reference is made to Appendlx A, a map of

the region.

The coastal range, with several mountain peaks of

over three thousand feet elevation, surrounding7the bays.

and extendlng as far as flfty miles 1nland glves a'
pleasant relief to the tOpography of the reglon. The
normally frost~free and generally salubrlous cllmate ”
“assures a stable work force in this area and‘allows a.

near-total use of all industrial installations.
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Demographi Descrlptlon. Much of the data are avallable

only as reported for Standard Metrooolltan Statlstlcal

jéEEEE' These SMSAJVfare. the San Franclsco-Oakland SMSA,
Wthh 1nc1udes the countles of Alameda, Contra Costa,
Mar;n,-Solano, San Francisco, and'San Mateo; the San Jose
N SMSA, which inoiudes the counties of Santa Clara and
‘Santa ﬂruz} thehSacramento SMSA, which includes the
'oounties of Sacramento‘and Yolo; and the Stockton area,
not reported»as an SMSA, but containing the major concen-
tration of business and industry in'San Joaquin County.
As parts of Napa andvqonoma Counties are reported in the
San Franc1sco-0aP1and SMSA, these counties are 1ncluded
Addltlonal data llsted by countles 1s repcrted. Reference
is made to Appendlces B, C, and D.

Appendix B'relates the laboring. force in this
Astudy to that-of California and the United States. In
1964, the wage and salary workers in this area comprlsed
26.18% of the total of,such workers in Ca11forn1a, and
accounted for 2.72% of all such workers ln ‘the Unlted
States in that year (2:66) . Thls~1nd1cates_that th1s area
contains major'employers as described under “Delimitations
‘of the Study" in-a sample representative of the state of
’Callfornla as a whole, and reasonably representatlve of |
‘'such metropolitan complexes natiocnally. The extent of the

‘area chosen is logical when the extreme mobility of these
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“Nworkers is con51dered As shown 1n Appemdlx B, as many asyfyfﬁffé

iSOf of the workers are employed out51de thelr county of
res1dence,’w1th up to 15% employed outsaae the SMSA whlch"ﬁ
includes their county. - | -

Again, as shown in Appendix C,'thé'distribﬁtion of
wage‘and salary workers_in the various job categories is
not unlike'that;for the state. Some 78.7% of'the'adjosted'“
vgross income goes to wages and salarle ;'and thls ratlo
’1s closely paralleled in the countles in this study.
,Consumer price 1ndlcesv1ndlcate a,spreaﬁ'of leSS‘thani
two—tenths of“one per oent for Califormﬁafs SMSAls;
:(2 184) | |

The educatlonal levels by counties are reported 1n
Appendika. The approximate numbers oijouth of an age
bracketed by the delimitations are indi&ated;hthese
numbers are'extensiohs from data and arwe approximations.
The youth in the area studied are aboﬁt;30%.of‘thosevin
this age‘group state Wide. These_421,0m@,plus‘young
people may be grouped as follows: 114,500 are full time
.students (1:161); 81,000 are full time,mmge earners
(6:217); aboot 100,000 are married'womem.Whofcompete.
y1n the job market w1th limited enthusiasm (1: 59), 33,000
mare 1dent1f1ed unemployed who have been employed before

\(l~81)- 7, 440 are actlve apprentloes (1"106), 2,420 are

in Man Power Develooment and Training pxograms (l 107)




‘,  77;? gW';

‘the remaining 83,000, plus the 33,000 umemployed and an

 indeterminant number of married‘wcmén; aré ij SéékerSQX_‘
These 120,000 (minimum) young people compete for the
70,000 jobs which become available in this area ahnﬁally.

(1:159)

,Sﬁmmarg; The rather'extensive'area'stu&iﬁdvis*justified.}.
for the following reasons: (a) samples should be drawn
which are representative of the State of California; (b)

a large population is needed-if random selection.isﬁto’

result in groups capable of being matchedion!a reasonable
number of characteristics; and (c) only ssuch a broad
area contains enough major emploYers‘um assure a repre-

sentative sampling of screening procedumwes for employment.

II. THE POPULATIONS SAMPLED

Major Employers. The employer populatiom consisted of
those employers who employ four hundre&.mr'more.indiﬁid-
ﬁals, have piaces of work in the thirteen counties
described above, are liéted in the "Directory of Large
vManufactﬁrers“ (95:;-)'dr "A Directofy'bf MajOrACorporé—'
tions" (93:--) or are major govgrnmentél’units meeting-
the above criteria. |
This'study was concerned with the above population

because;




(a) only employers with substantial numbers of
,empldyees have a great enough turn-over of
workers to screen representatlve numbers of
younq people; : -

(b) only such employers find 1t economlcal to ,
employ testing devices and keep comprehensmve
personnel records,- ,

(c) only such employers are able to perform studies
to validate their testing programs.

'Reference is made to Appendix E,;a descriptive‘

listing of participating employers.

JonSeeking,Youth, This prulation'conﬁistéd of those

~youth who were born between July 1, 1943, and July 1,
1949, attendéd4a high school in the deFfined area;Ahave
had no schooling beyond high school, di@ not complete a
,college preparatory program in high scﬁmol; graduated,
~or would have'graduated, in 1963, 1964" 1965; or 1966,
‘énd were job-seekers. |

This study was concerned with the above population

because: *

(a) this age group brackets the S«<hool Mathematics
Study Group (SMSG) experimentm@ation in this
area and so furnished a reascmable  sample of
“individuals with structured mmthematics in
their high:ischool experienc

‘a survey indicated that appraximately 40% of
all job seekers were in this group and so this
group would furnish large enaiigh samples of
those having had the various types of mathe-

- matics experience to furnish "matches' to test
the hypotheses; :
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A{c) thls p0pu1atlon offered a dlrecb entry into an
understanding of the limitations on Opportunlty

affecting those partlcularly handicapped by
depressed socio-economic factors.

The Screening Tests. The tests used by participating,

employers fell into two groups, commerdially‘prepéred
tests and company manufactured,testé. The cdmmercially
prepared tests were rather limited in number of titles.
They were groﬁped as single purpose, gémeraibtests,With

a mixture’of'items, and, test batteries, in which items
were grouped by type. In the latter case, only mathema-
tics batteries were reported. | | |

For the general tests, a probability'formulé~which'

‘relates the possibility of exceeding caftain scores to

the ratio of mathematics items to the twtal number of

B Ll e T m————

.itemslwas‘applied. The formula is 1—(1»p)n, and the
Nomogram for the calculations in Burington and May was
used. (15:285) Reference to Appendix F is made. For each

of the general tests the probability of exceeding the

passing score without involving the mathematics items
is given. Correlations of the various mommercial,tests
as reported by Burns (67:~-) are also listéd;

| In each casé where company made twests were involved
it ‘was possible to 1solate the mathematics sectlon,
either as a separate battery, or by spexcial scorlng pro-

cedures. These tests are also listed and the manner of

reporting results indicated.
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- This study was concerned with these screéning
tests because:
(a) when properly validafed on mathematics content,
they can be used as one criteria to evaluate

the mathematics competencies of job-seeking
youth;

(b) such tests have been developed with a different
orientation and for differing purposes than
have similar mathematics batteries and/or
test items in the secondary schools; (17:1-5)

4 ' (c) such tests furnish a pragmatic insight into
4 , , the mathematics skills and abilities thought
: » - to be important in business and industry.
(21:4-5) :

III. SAMPLE-GENERATING PROCEDURES

Employer Participation. With the sponcorship of the Contra

Costa County Superintendent of Schools Office and the

endorsement of the Northern California Industry-Education
Council, 212 major employers were contacted by mail. The -
package COntained.a brief of this study, a stamped, self-
addressed response card, and a sample of_the job—-applicant
card. The employers' response card requested the following
information: (a) pérsonnel contact person, (b) whether -
or not tests were used as a cfiferia for employment, (c) -
ﬁhether tests could be examined, (d),whethér,they could ”
allow job appliéants te fili'out the data card, and[(é)
the approximate number of applicants screened in a sixty-
day period. On the basis of the personnel contact idehti-'

. fication, further information concerning the firm was

e
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developed, either by teiephbne or in conference,
Additional contacts were.made_with governmental hiring
units, ail ‘civil service' in structure. A reasonable
sampling of these was developed. Reference is made to
Appendiees E, and G through J.

| The particiéating employers then administered the
‘job applicant cards as part of their hiring procedures.
Each job applicant identified himself ﬁy completing
the card, and, in so doing, indicated his willingness
that such data be used in this study. Test results were
reported as 'tested -- not tested' and passed -- not
.‘passed' in a simple check-off section on the job applicant

card.

Secondary Schools Participation. An unbiased sampling of

188 of the 201 public secondary schools in the area re-
sulted, due to the random identification of such schools
on'the job applica;t‘cafds; Further guarantee of lack of
bias was.due.to the high mobility of the job seeking
youth. Such youth tend to go far’afield.in search‘ef
employment, All school districts, exCept San Francisco,
agreed to part1c1pate and allowed the collection of the
academlc data. San Francisco generatedqmnly 480 out of
a sample of 6,117, so it is felt that their non-part1c1—.

pation has little effect on the out-comes.




Most parochial and private schools in the area

were also represented in the sample, but these elements

could not be used. Both the standardized achievement tests"”"”

and tests of academic aptitude contained enough differ-1
ences to force the excluSion. ‘The courteous cooperation

of the administrators and faculty of these schools was

‘.deeply appreCiated by the investigators. B

The job applicant card (see Appendix G for the» |
cards used) furnished the name and location of the 'last
high school<attended'. This information, as well as all
individual data, was converted to a numerical code and
key-punched on IBM cards. Card sorts were run on schools,

districts, and counties. The schools were contacted and

- two approaches were employed: if fifteen or fewer youth

had 1dentified a specific school district, that district
was requested to supply the academic 1nformation; if the
number was'greaterlthan this, the reseawch team'viSited

the schools and did the necessary clerxcal work. This

'1nvolved personal visits to 138 public high schools.»

IV. SPECIFIC DATA COLLECTED

i

Determining Socio-Economic Levels. Three approaches were

used; (a) identification of average family income by

census tract, (b) identification of employment of head-

of-family, and (c) identification of family structure,




as both natural parents, one natural parent, foster

~parents, and other varlatlons. It was expected that such.

ntormatlon would be available in most schools. 1t was

‘not. Both (b) and (c) were avallable for approx1mately

'40%‘of thersample,.which made such 1nformatlon useless

;for the purpose of this partlcular stuay. Where (b) and/'

or (c) was avallable and reasonably current, it was

Vorecorded

‘All schools'had-SOme identification of residence

of thelr students, either as the street address whlle in

attsndance, or by 1dent1flcat10n of thelr school service

o'boundaries; fortunately, all.of the_latter-schOOIS served

- a socio-economically homogeneous population. Identifi-

cation ofvlevels was based upon the cemsus tract infor-
mation from the_1960 census reports. (3:--; 4:--, S5:~-)
Three levels were determined: above $1®,000.00'family

income (high, level 1l); average to $10,000.00 (midale,

1eve1‘2); and below average (low, level 3). Thelfigure

.of $10,000.00 was chosen as this level represented'the

‘demarcation line for loan qualificatiOn for better'hOmes

in 1960 as well,as.the general level for the established

professional in that year (2:172-173).‘The "average" is
the SMSA'family income average: for the Sacramento SMSA,

. | the amount is $7,092.00 (3:-- census tracts);‘for the

San Francisco-Oakland SMSA it is $7,100.00 (4:-- census .




 tracte) and for the ‘San Jose SMSA it 1s also $7 140 OO
’-(5--- census tracts)

To identify the soc10—economic 1eve1 of each Job

g N o applicant in the sample, census tract bounaaries were
| drawn on street maps of all areas involved

| vThe census tracts on the street maps werevcolor
'coded‘according'to the»fami1y~income level, the in-schobl
street address of‘the'job~applicant 1ocated on the.map,
}and the pertinent 1eve1 1ndicated on his card With

,'housing.development and financ1ng‘SOCio—economically

stratified, the in-school address is anvincreasingly valid

f | - indicator of socio-economicestatusv(27:296 and 39:131).

Tt

Oh'the Employer. To identify elements in the Sample ofp.
employers asvrepresentative of the population of employers
in the area the following data were collected:'i

(a) description of operation,

(b) total number of'empioyees,

{c) approximate numbexr of new hiree'annually,

- : (d) approximate number of new hires for job entry
‘ ' positions.

Reference is made to Appendix H, EmploYer Descript-

ERE o S s i D adit S

ion Cards and Appendix E, Participating Employers.

On The Job Applicant (student sample). To match groups

of recent terminal secondary students, it was necessary

b
;
;
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tc‘account for all ﬁarisbles'eXCept maﬁhémstics,ekpsr-i
vience; Thevfollowing data were'collectéd:pname, Mr.; MiSs;:
- or Mrs. (maiden name); bifthdate; highést gréde COﬁpiefed,
‘lastvhigh school attended and the year, location of;school
by.city'and'couhty,'prior employment if sny, results of
: staté mandstea testing ih reading, mathématics,;and
“academic aptitude (intelligence quotient), a listing by
'-title, textbook and grade of the matheﬁatics experiehce
in high school (by semesters), the job description for
the head of family and/or the home address while in high

school. See Appendix G for a facsimile of the caxd.

On The Employment Tests. To.identify.the tests used by

employers as elements in a sampling of screening tests,

it was necessary to determine the correlation existing
between the commercially produced general‘tests by methods
of multi-variate analysis of variance. This was recently
accomplished in the Burns' study (67: correlation matrix
appendix 3). Additional data were as followsé the use of
test results in job assignments, the general mathematics
content, and the cutting score. See Appendix F for details

on the tests encountered.

On The Mathematics Textbooks Used In Schools. A master

'list was compiled from the October Reports of all

secondary school districts in the thirteen Bay Area




86

Counties. Textbooks which were drawn from‘these reports
were those listed as being used in classes in mathematics,
business education, vocational education programs,

- remedial mathematics, and mechanical drawrng. The October
reports were used for the years 1962 through 1965 for this
purpose. This listing was then compared;With the Schoolsa
Mathematics Study Group listing; almost‘total agreement
resulted. Actual textbooks used by elements in the job-
~applicant sample are not reported to prevent’identifica-
tion of individual schools. The total list is in

Appendix K with the type and level of wse identified.
V. ORGANIZATION OF THE DATA

The Appendices. Descriptive data'havekh@en organized as

a series of tables, referred to and discussed in this
chapter. The findings are also tabulated in this manner,
with excerpts in the body‘oflChapter_Eomr, but with each
complete table in the»Appendices.'

These Appendices are: |

(a) A map of[the,region under study;

(b) Data on the laboring force amd the mobility
of workers,

(c) A listing of numbers employed in those jobs
- covered by unemployment insurance, with
total populations and gross imcome, by

counties,
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The eduCation'Ievels, by counties, with the
- approximate numbers of youths in the age o
population sampled;

A descrlptlve listing of participating
employers, .

A descriptive llstlng of tests encountered-

A facsimile of the Job Applicant Data Card;
A facsimile of the Employer'Deta Card;
A facsimilevofethe letter to employers;
A facsimile of the employer-response card;

A list of textbooks encountered, with type
~and general level of use indicated;

The development of the sample - sources and
levels of attrition; |

Evidence of “"Normality" for the sample;

Chi-square tests of matched group significance
and testing the hypotheses;

Chi-square tests of characteristic variance;

Correlations matrices for "within-groups"
variance and for mathematics types versus
standardized test and employers' test results;

(q) F-tests on variances arising from seven
measures, or characteristics;

(r) The "t-test" on the adjusted means as an
additional check on the hypotheses;

(s) A comparison of "PeSSefail" ratios on Employer's
tests with Academic Aptitude stanines.

[
™

Reporting To Employers. The participating employers will

receive a comparison chart which compares success with

"their'tests with the means of academic aptitude scores
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rarranged 1n,stan1nes. The means of the stanlnes for the hl

"pa551ng" group are compared Wlth the stanlne means for
the-"falllng" group. A compos1te chart is 1ncluded in
fthls study, but w1th 1dent1flcatlon of the companles -
limited to broad grouplngs. Reference is made to |

Appendix S..

.Reportlng To Schools. Each of the part1c1pat1ng schools_

will receive a brief of the completed study. Those who
request them may have a dupllcate deck of the IBM cards,
Wthh, with the code developed, will allow analys1s of
their own courses. Of course, they may only have dupli-

cates of their own student's IBM cards.
iV. STATISTICAL PROCEDURES

The design oflthis study'depended upon the
.generatlon of a large enough sample to allow the draW1ng
" of the matched sub-samples of a size Wthh was - statls-
tically usable without.employing small sample treatments.
vDue to the very large beglnnlng sampllng,_l7 268 job
appllcants, the smallest groups compare sets of one

hundred twenty-nine individuals.

The Statistics Chosen. Job-seeking youth are not
necessarily normally distributed in the total population

of youth. with this in mind, chiesquare,la‘distribution-
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free statistic, was chosen for the majorlty of statlstlcal

tests. The chi-square statlstlc also has.certaln addltlve’

propertles which allow comprehen51ve and t1me-sav1ng

Ed

manlpulatlons to identify sources of varlatlon when

several characteristics of each element in the sample

must be con51dered (23:228-229)

All data collected were punched 1nto IBM cards. A
total of fifty-two entrles were required, in nlneteen
fields. Five fieids were used for identification, with
the remaining fourteen fields used to record the
characteristics needed for forming matched groups and

testing the hypotheses.

Assuring "Normality" of the Sample. Expected frequencies

were compared with observed frequencies, according to a
‘procedure described by Guilford. (23:121-125) Details

are given in Chapter IV.

Forming Matched Groups. Using an 1BM 2040 Card-sort

machine, data was tabulated from cardésorts on eleven
characteristics. Examination of the ratios for "pass-
~fail".indicated seven characteristics which should be
used for matching the groups. They were; age, sex,

'sccio-economic level, the state mandated standardized

test results for academic aptitude, reading, and
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mathematics, and average semesters of mathematics

experience.

 Using the IBM 2040, sub-groups were formed in the

following steps: (a). sorting on sex; (b)'sorting.théée
into sub-groups on socio-economic levels; and (c) sorting
these into sub-sub-groups on the five types of mathematics

experiences.'These grbups were then matched,'following

this procedure: (a) the members of each group were put
into order by academic aptitude stanines; (b)yeach stanine
group was compared with its matching stanine group in the
other mathematics group, and (c) where a stanine of one
group had more members than the.same stanine of the other
group; the excess members from the larger group were
excluded randomly (the deck was shuffled,ha list of
random numbers was entered randomly, and the cards
corresponding to the last digi£ of the random numbers,
taken as listed, were removed). This procedure was
repeated with reading stanines -and then with the
mathematics stanines. (7:991-995)

The decks were next ordered by age, in years and
‘months. Tabulation sheets were developed on which the.
totals for each yéar and month were talliéd. Alléwing
plus or minus one month, cards with no match were

eliminated in the random order in which they came from
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the card-sort. Visual inspection of the resultant groupst

indicated a close correspondence in' all characteristics

matched.

Thxs procedure was repeated twenty—two tlmes.“
There was an 1nadequate numbnr of cases to allow matchlng
in eight categories; those with no mathematics experience
at all, in each of the socio-economic levels (six caté-

gories); and those with occupational mathematics who

were at the highest economic level (twa categories).

These sub-sub-groups had now beer: matched on sex,
age, socio-economic level, and standardized test scores.
The totals of passed and failed in each of the sub-sub-

groups were now combined.

Inconclusive Tests of The Hypotheses. Tw test the

"hypotheses, two-by-two contingency tables were developed,

and the chi-square test for significant: deV1atlon applied.
The groups so tested represented at most 44, 8% of the
refined sample (complete data was available on 2,018
job-seeking youth -- reference is made to Appendix L,
Which records the various attrition lewels). This

indicated that at least as much information was ignored

"as was included. Mathematically, the above matching

procedures would require many repetitians to appreoach

validity.




validating the Findings. Dr. Edward G.'Begle,-Director

of the School Mathematics Study Group, consented to re-
compute the data at the Stanford University Computation
Center. In addition to chi-square treamments'identifying
sources of variation, a stepped multiple-regreSsion run
was made which results in a series 0£ 'adjusted means'..
These adjusted means are the results of 'weighting' to
allow for eleven sources of variation. As reported undér
"Findings", the initial chi-square values were shown to
be in the expectancy range derived from these adjusted
means.

In all, four runs were made on thé data at the
Stanford Univeréity Computing Center: a simple data
description tabulation (qategory counts); a cross-
tabulation with variable stacking; a step-wise discrimi-
nant analysis; and a step-wise'regression analysis (or

multivariate multiple regression analysis).

Outline of The Statistical Treatments.

1. Assure data arose from a normal population:

a. chosen measurement - Academic Aptitude
(ability or Intelligent Quotient):

b. compute standard deviation, variance,
72 scores (Sheppard's correction for
coarse grouping applied);

~c. Develop normal curve on the mean and
standard deviation of the data.

‘ S T e e A AR
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d. Compare expected frequencies and observed
frequencies (Appendix M).

2 Develop matched groups where the remaining
varlable was the type of mathematics:

a. Identify the pertinent characteristics;

i. run ratios on pass-fail for each
- characteristic,

identify significant variation,

H.
P.
[ ]

structure card-sorts on the basis of
characteristics whose ratios indicate
significant variation;

e
H.
H.
[ ]

b. Grouped individuals were matched on the
basis of sex, socio-economic levels,
standard test scores, age, and semesters
of mathematics, through random elimination.

3. Two-by-two contingency tables were then entered
with the data from the matched groups and the
chi-square test for significance determined the
acceptance or rejection of the hypotheses.
(Appendix N)

4. Validation of these results implied a choice of;
a. replication, or
b. change of treatment.

5. "Change of treatment" was chosen. The four runs
administered through the Schools Mathematlcs
Study Group are summarized as follows:

a. The chi-squares run on the raw data to
identify sources of variation are reported
in Appendix O. :

b. The within groups and mathematics type
correlations matrices are reported in
Appendix P;

c. The "f - tests" on variances are reported
in Appendix Q; |

SR




d. The "t - tests" on the adjusted means are
reported in Appendix R, as an additional
check on rejection or acceptance of the
hypotheses. ' ‘

Use of Standardized Test Results. The standardized éést

results for California were reported for the years of

1962, 1963, and 1964 in the annual report, California

State Testing Program, Summary Data (l:--). The 1964
réport was available in 1966. The above years bracket
the 1llth grade testing of the elements in this sample.
The test results are reportéd by the State
Department of Education in percentile rankings. -The
standard deviations for each test battery are also
reporﬁed. In" converting in-school test data to stanines,
the tests were carefully evaluated, applying both con-
‘version methods (percentiles and standard deviations).
(19:260-263) No measurable discrepancies were observed,
possibly due to the "coarseness" of grouping by stanines.
This coarse grouping is considered when checking the

t

sanple for "normality" as shown in Appendix M.
VIiI. CHAPTER SUMMARY

This chapter has presented the design of the study.
It has indicated the geographic area involved, the

populations sampled, how the data was collected, and

94,
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methods for the organization and interpretation of such

data. This appears to be the most productive design for

the objectives of the study. This study employs the

descriptive technique, as described by McGrath, Jel{nek,

and Wochner. (30:78-81)
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CHAPTER 1V.

THE FINDINGS

This chapter reports the findings by sources: the
Literature, the area survey, the populations sampled, and

the hypothesés tested. Tests of the hypotheses basic to

the goals of this study are in turn reported as: statist-
ical tests to assure "Normality" of the sample; the chi-

square test of matched-group "pass-fail™ means; validating
p

the statistical treatment of the data; tests of variance;
and the second test, a "t - test", on the adjusted "pass-

fail" means.

1 | I. THE LITERATURE

: Program Emphasis. Mathematics programs for the terminal

secondary student are just now receivimg emphasis and
attention. Wiles (39:--), Tanner (36:--%, and Clark,
Klein and Burks (16:--) devote cogsidenable space to a
call for reassessment of goals for these students.
Kimball Wiles particﬁlariy emphasized the need to remove
% the term "vocations" from pedagogese amd give cognizande
to vocational goals (qccupational'goalsb for all youth,
4 (39:123) |

Grant Venn, in his definitive stwdy, Man, Education,

G B
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and Work (37:-—),déscribes the?chaotic'job-seeking

activities of these terminal secondary students, and
makes the point that not one in twenty has any preparaticn

directly related to job entry.

Dis-oriented Youth. Many of the sources cited refer to

ﬁhe problems engendered by 'dis-oriented' youth: Burchill,
in a series of case-studies, shows the constructive impact
of work-study programs upon dis—-oriented youth. He further
cites cases which indicate that employability is one of

the basic prerequisites to adult-hood. (14:9,15)

Summary Statements. The literature shows a definite

awareness of these problem areas:

l. A major segment of our youth are unemployed,
underemployed, and mis-employed, which leads directly to
alienation of these individuals from the *mainstream“ of
our society.

2.vSecondary school mathematics programs have
historically been oriented toward the needs of the bright,
the gifted,'and the college preparatory student.

3. A gtowing interest in mathematics programs for
the terminal secondary students is evident, but with
primary emphasis on the junior high school years.

4. Various experimentations with class size, class

time, and building and student administration may offer
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opportunities for innovative programs aligned with these

learnings and the general needs of terminal secondary

. students.
II. THE AREA SURVEY: DEMOGRAPHIC

There is a non-agricultural work-force of 1,652,700
in the thirteen counties in this study. Of these, less
than 90,000 are full-time workers under twenty~three
years of age. Approximately 70,000 job-entry positions
become available annually, and some 120,000 young people
compete for them. (6:217, 1:159)

The work force is increasingly mobile (Appendix B),
with up to fifty per cent of the workers employed out-
side their county of residence, and as many as eighteen
per cent employed outside their Standard Metropolitan
Statistical Area, each of which, in this sample, contains

two or more counties.

III. THE POPULATIONS SAMPLED

-

The Employers. The forty-five participating'major
employers are drawn from a pOpuiation df approximately -
275 in the area studiéd. They represent 328,479 of the
1,652,700 jobs in this area, or 19.8 per cent of the
total. However, they also represent approkimately 34.6

per cent of the job-entry positions available annually.




- These and additional findings, are contained in

Appendix E.

Job-Seeking Youth. Of the 120,000 job-seekers (annual

figure) in this age bracket, 2,018 were in the final
sample and were generated in a "sixty-day run" or its
equivalent. Thie means that the 2,018 in the,sample
represents approximately ten per cent»@f the total of
job-seeking youth in the area studied. As indicated in
Appendix D, they are drawn from a.population that closely
approximates the horm for both the state of California
and the nation.

All environmental conditions are represented;

metropolitan, urban, and rural.

Employers' Tests. While Burns study (67z==) lists

seventy-eight commonly used tests, it is felt that this

siudy involved a sﬁfficiently broad sample. Complete data

on the tests are in Appendix F. A total of sixteen
generally used tests which are avéileble.to anyzempioyer
under proper controls are listed. Innaﬁdltlon twelve -
tests available only to governmental unlts were 1nvolved
The eight'tests and batteries of tests developedﬁfpr and
used byvspecifiC'individual companies «completes the
sampling. This is avtotal of thirty-five different tests

encountered., It is emphasized‘that sone employers use
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‘more than one test, using thém'alternately to avoid

"test" familiarity for those who apply more than once
with the same company. |
For batteries of tests, particular care was taken

to identify all mathematics-dominant sections. The

'importance of literacy in mathematics is illustrated by

thevfollgwing (for a major utilitY):
249 in the sample.

22 passed the mathematics sections, who failed
the total test.

3 failed the mathematics sections and passed
the total test.

224 passed or failed the mathematics and passed
or failed (in the same order) the total test.

Appendix S compares. the means of academic aptitude
stanines for "pass" versus "fail" on employer's tests.
Comparison with Appendix L will show that a reasonable

sampling of all testing prevailed.
IV. TESTING THE HYPOTHESES .

Determining the Best-fitting Normal Distribution for a

Set of Data. According to thevprocedures described by

Guilford (23:121-125) it is possible to identify
“Normélity" for the sample by comparing expected fre-
quencies on some standardized measure with observed

frequencies on this measure. This procedure was followed
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as reported in Appendix M. A normal curve was constructed

based on the same mean and standard deviation és those
computed from the actual data. The academic aptitude -

E stanines were used as a standardized measure-in the

sample. As indicated in Appéndix M, the observed frequen—'

cies lie extremely close to the curve representing the

expected frequencies. Only at two points on the curve do'
the observed frequeﬁcies exceed one per cent difference
for the total sample. These points are in the third
stanine and in the first stanine. In the third stanine
there is a negative difference of 55‘cases (fewér than

expected) and in the first stanine a positive difference

of 33 cases. As the graph indicates, these differences
are minor with an N equal to 2,018 cases.

4 In using the stanines to determine the intervals

it was necessary to apply Sheppard's correction for

coarse grouping. When there are fewer than twelve class

intervals for a range in excess of a hundred points,'
which was the case in some of the standardized tests of
academic aptitude, it is possible for frequencies to vary

excessively from the mid-points of class intervals. The

effect of grouping‘errors upon the computation of the
mean is usually inconsequential but, "Their effect upon
the standard deviation is often large enough to be

concerned about...Grouping errors tend to enlarge the

LN e L s
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standard deviation and the coarser the grouping the

greater is the systematic error in sigma." (23:96-97) On

the basis of this treatment the sample is normally

distributed.

First Treatment: Chi-square Test On Matched Groups. As

described in Chapter III, individual elements of the
sample were matched on seven characteristics for chi-
square tests of the Hypotheses. These seveﬁ charaéteris—
tics were identified by comparing the pass-fail ratios
generated by direct card—sortvcounts in all cate?orieé.

Appendix N (four pages) compares groups matched
on age, sex, socio-economic levels, average semesters of
mathematics, and their standardized test scores for
academic aptitude, reading, and mathematics. This pro-
cedure resulted in rejecting the hypotheéié of no

difference at the .00l level of significance for struct-

ured mathematics versus traditional college preparatory

mathematics., It is pertinent to point out here that the

Academic Aptitude Mean of the total sample is a stanine
of 4.659 (Appendix S).

‘The hypothesis of no difference for structured

mathematics versus occupational mathematics, is rejected

at the .001 level of significance. Not enough cases -;

occurred in the hiéhest socio-economic level to allow
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matching.

The hypothesis of no difference for structured

mathematics versus general mathematics is rejected at

s, .~

3 the 0.01 level of significance.

The hypothesis of no difference for traditional

college Ereparaﬁory mathematics versus general mathe-

matics is accepted. A chi-square of 0.249 is bracketed
by the .70 to .SO levels of significance,
For tests of hypotheses five and seven, involving

groups with "no mathematics", it is important to recognize

the small number of cases with "no mathematics". Due to

the nature of statistical inference, it is doubtful if a

sample of two males ahd seventeen females can be compared
4 | with samples of 147 and 214 males, and 225 and 366 females
E | ‘ respectively. With only nineteen cases of "no mathematics
1 experiences in secondary schobi“ eut of a total sample of
2,018 cases, it is assumed that-most students with no

mathematics experiences commonly "drop out" of school and

so contribute to the 2,351 cases lost to this samglemwwwwwwwm g

- . PP

through 1nadequate 1q-school records’ (prlmarlly a lack
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of standardlzed test results due to high absence rates,

multiple transfers and similar causes).

The Chi-square Tests of Variance of Characteristics. A

Stanford Computer Center Run (program BMDOSD-cross-

cers T e e ey metematme e el RIS S L R LRI N PP R R g e b o g
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tabulation with variable stacking) was used to verify the

prior identification of sources of variation. One statis-

] tically very significant variable for both males and

[ 4

females was TYpe of Mathematics. These chi-squares

exceeded the .00l level of significance in both cases.

- For females, the chi-square for Family Income (Socio-

1 economic levels) also exceeded the .001 level of signifi-

cance. The chi-squares for semesters of mathematics for
i both males and females exceeded the .05 level of signifi-
cance and approached the .02 level. Reference is made-

to Appendix O.

"Within-Groups" Variance. A step-wise descriminant
analysis run (Stanford Computer Center, program BMDO7M)

analyzed mathematics types versus standardized test and

job test results. Due to the coding of "not tested" as
a one, "Passed" as a two and "Not Passed" as a three, all
- cards in the final sample are punched with a two or a

three for the job-test results. Thus, the correlations

under "4" in Appendix P are negative figures. In inter-

preting these within-groups variances, the lowest

negative figures represent the highest positive

- .,

correlations.

e e

For the females, the lowest corrélation exists

between the standardized tests and structured mathematics,

with the exception of academic aptitude for the cases
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with no mathematics. As the pass-fail ratio (on raw daté)
is 0.569 for structured mathematics!and‘drdps:to 0;529
for traditional College Preparatory mathematics, these
correlations imply a source of within-groups variance,
structured mathematics, which has the highest-sucéess
ratio on the iob tests and relies the least on other
sources of academic strengths. (38:183}

The within-groups variance correlétions for the
males demonstrate no particular areas of emphasis. All
correlations for the various types of mathematics cluster
father closely to the total group correlations.

These correlatibns for’within—groups'variance
were employed to determine’regression weight through
the univariate analysis of variance treatment for each
of the standardized tests; academic aptitude, reading,
and mathematics. Both the betwéen and within groups
source of variation was tested.

The resulting "adjusted means" allowed a meaning-
ful application of Fisher's "t" as a further check on
thevmajor hypotheses of this study.

‘The test of the hypothesis of homogeneity of
regression resulted in the adceptance of the hypothesis
for the females: an F of 1.471 with twelve and 1319
degrees of freedom is below the .05 level of significance

of 2.18. The hypothesis of homogeneity of regression
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was also accepted for the males on an F of 1.385 with

nine and 663 degrees of freedomn.

Analysis of Variance for Types of Mathematics. A series

of F-tests on the variances of the five types of mathe~-
matics comparing each variance with the common group
variance indicates a high level of probability that all
such variances arose from the same population. The data
is tabulated in Appendix R. The observations cast no
reasonable doubt on the hypothesis of equal variance.

(38:185-187)

Second Treatment: Fisher's "t" Test on the Differences

of The Adjusted Means. Appendix Q tabulates the data

used for the computations in the "t" tests. The results
are on the following page of Appendix Q. For the females,
Traditional College Preparatory Mathematics fails to
achieve a significant level for “t"'for any category.

However, the Structured Mathematics "t" test of a

difference of the means are very significant (beyond the
.01 level) for both Occupational Mathematics and General
Matheﬁatics. |
| For the males, the "t's" achieve statistical
significance at the .05 level for Structured Mathematics

over both Traditional College Preparatory Mathematics
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and General Mathematics. No other cbmbination'fOr:the
adjusted means of'the'ﬁales demonstrétés a statistically
significant difference.

The data for the above procedures was drawn from
the step-wise discriminant analysis run mentioned above.
The precedure followed that described by Guilford
(23:220-221) and its use is justified by the foregoing
illustrations of the “"normality" of the sample as well
as the F-tests which substantiate the hypotheses of

homogeneity of the variances.
V. SUMMATION OF STATISTiCAL_ TREATMENTS

These considerations deserve emphasis:

l. The precise groups matched might never be
replicated, however, this procedure removes nearly all
sources of variation except thé types of mathematics
being compared;

| 2. Eight sub-categories in the matching procedures
were dropped, due to inability to form "matches". These
individuals are included in the data runs and may
strengthen sources of regression.

3. All substantial variations favor structured
mathematics experiences over each of the other types.

The testing of the hypotheses is tabulated on the

following page.
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Reference is made to Apbendices.N and Q. In

short form the hypotheses are:.

H, structured versus traditional college preparatory
H, structured versus occupational

3 structured versus general

H, traditional college preparatory versus general

Hg structured versus no mathematics
He traditional versus occupational
H7 traditional versus no mathematics

The statement of "yes" or "no" indicates whether

or not the hypothesis of no difference is rejected.

Matched Groups | Fisher's "t" test from
(Chi-square) ~computer runs
MALES FEMALES M+F MALES FEMALES
Hy yes yes yes yes no
0001 .02 .001 ‘ 005 . -
H2 yes yes yes no ves
.01 .001 .001 - .01
H3 no yes ves yes Yes"
- 002 001 005 001
H4 no no no no no
HS' * * * * no
H6 * * * ne no
H7 * * * * no

* too few cases for matching and/or treatment.
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CHAPTER V.

'SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

This chapter restates the problem, the procedures,
and the findings, in summation, withvthe.gonclusions
limited to the impbrt of the hypotheses, interpretation
of the results of correlations, and related statistics.

The recommendations conclude the chapter and the study.
I. THE PROBLEM

Statement of the Problem. It was the purpose of this

study to compare mathematics experiences and identify
any which were measurably more productive in instilling
the méthematics skills necessary for job entry positions.
This purpose required an analysis of such mathematics
skills. An available example, of common and general use
in dindustry, was the mathematics content of screening
tests used by major employers in their hiring procedures.
It was decided that such tests might be used as the
basic criteria for the above purpose. "Job enﬁry
positions” referred to only those jobs requiring no
advanced training beyond the customary secondary school
offerings.

The youth population examined was delimited to

-109.
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: the terminal secondary student, that student whb had had
% no education beyond high school and was not eligible for
matriculation at a four-year or highet college level |
institution. | ’
With these delimitations in mind, the problem:wés
stated as follows:
"Is there a measurable differenée of'sucéess 
with employers' screening tests between matched
groups of terminal secondary students wherein

the variable is their high school mathematics
experience?"

The Hypotheses. From this statement of the problen,

seven hypotheses were developed:

1. There is no significant difference in the T
number of successful responses on employer's e
screening tests when the population variable _
is structured mathematics versus traditional 3
college preparatory mathematics.

2. There is no significant difference in the
number of successful responses on employer's
screening tests when the population variable
is structured mathematics versus occupat10nal
mathemat1~u~ ,

3. There is no significant difference in the

‘ nunber of successful responses on employer's
screening tests when the population variable
is structured mathematlcs versus general
mathematics.

4. There is no significant difference in the
number of successful responses on employer's

screening tests when the population variable
is traditional college preparatory mathematics
versus general mathematics.
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There is no significant difference in the
number of successful responses on employer's
'screenlnq tests when the population variable
is structured ma;hpmatlcs versus no
mathematics. . -

There is no significant difference in the
number of successful responses on employer's
screenlng tests when the population variable
'is traditional mathematlcs versus occupatlonal
mathematics. |

There is no significant difference in the
nunber of successful responses on employer's
screenlng tests when the population.variable
'is traditional mathematics versus no
mathematics.

II. THE PROCEDURES EMPLOYED

Definition of Terms. The terminal secondary student and
the coliege preparatory student were defined to allow a
description of the pqpulationvsampled. Four catégories

- of mathematics experiences common to secondary schools
‘were described as: traditional éolleqe preparatory
mathematics, structured (or "modern") mathematics,
occupational mathematics (both shop and business), and
general mathematics (commonly ‘a re-hash of "arithmetic").
Academic Aptitudé, reading, éhd mathematics achievement
levels were identified for the -purpose of this study,

as were "mathematics experiences".

Delimitations. The population of job-seeking youth who

were sampled was described, with six data-generating
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categories. The major employers eligible for participation

in this study were those who had 400'or more employees,
used screenlng tests containing an adeguate amount of
mathematics 1n thelr hiring procedures, and were hlrlng
‘reasonable numbers of youth for job-entry p051tlons. The
»thlrteen San Franc1sco Bay ArPa Counties were included
in the area to be sampled due to the hlgh moblllty of
the laboring force involved. The data were collected w;tn
two major orientations; back-up information to control -
sources of variation in the samplé, and»data directly
involved in the testing of the hypotheses. The aséump—
tions basic to the use of the various ﬁeasures were

enunerated.

Survey of The Literature.

Areas of Agreement.

1. Mathematics learnings appear to be crucial for
intelligent liVing in a technological society, inclusive
of, but going well beyond, the importance of mathematics
to technlcal specialists.

2. Nationally, young people who are not academlcally
inclined, who are not readily 'trainable' in the indust-
rial sense, suffér a de;ided disaavantage, econonically.
| 3. The goal of mathematics education in the pﬁblic

schools seems to be the learning of more mathematics.
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4. Increasing concern for the 'general mathematics'

student is now becoming evident.

5. Almost all measurable change in mathematics
programs has occurred in programs for the bright, the

gifted, and the college-capable youth.

Areas of Conflicting Opinion.

..1. A basic.problem exists in mathematics education.
Is structﬁred mathematics the proper mathematics for all
students? If'thekaﬁ3wer is 'ves', then how can this
approach be so implemented as to make it available to the
slow and average student? If the answer is 'no'; the
problem then remains to devise a 'general mathematics'
which is considerably more meaningful and inherently more
motivating.

2. The increasing importance of the role of
mathematics in a technological society implies that
educators must be projecting the content needs of
mathematics education for all students well into the
twenty-first century. This area is more a matter of the

degree of concern than of conflict.

Data Collection. Forty-five major employers, refined

from an interested sample of 212, administered a "job-~

applibant“.card as a part of their normal screening-hiring
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proceduresﬁ‘A total of 17,268 of these cards were
properly cbmpleted. In addition to test results, these
cards contained information for the location of the
last high school attended, and the year. The cards ﬁere
screened for age (born between July 1, 1943, and July 1,
1949), attendance at a‘high'school in the area, and no
higher education. This resulted in a sample of 4,849
youth upon whom the in-school academic -and sccio-econcnic
data were collected. Complete data were available on 2,023
youth. Five were lost due to key-bunch operational errors.
For details, see Abpendix L.

Testing data were developed on the various testé
used by employers. Reference is made to Appendices F
énd S. These tests were analyzed to assure both an

adequate number of mathematics items and correlation of

measured results. A correlations matrix is included at

the.bottom of the last page of Appendix F, as is the
"Rational Cluster Structure Analysis". This study is
indebted to Mr. William C. Burns, Psychologist, of the
Pacific Gés and Electric Company Personnel Department
(67:-~) for the use of this material. In addition,
probability theory was applied to the ratio of the cut-
off scores, thé total items, and the matheématics items .

in general tests. On the basis of this analysis, no test
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of general ability could be "passed" without a reasonable
level of facility in mathematics. The probability 1évels
are reported in Appendix F for each general test. All
other tests used were either all matheﬁatics, or oni&

mathematics batteries were reported.

«

The information colleéted on the‘job applicant

card was coded and key-punched into IBM cards. The cards
were then sorted by county, school district, and school.

Apparently due to the really randomized procedures used,

188 of the 201 public high schools in the thirteen

counties were represented. With the exception of the

San Francisco City Schools, all districts represented

were able to participate. The San Francisco City Schools

had a sample of some 480 youth; the attrition rate was
46,2 per cent; which means there were no more than 221
cases lost to the sample. Out of a total of 2,018 cases,
this proved to be negligible. |

The type of mathematics experiences were then
coded on the basis of that type of mathematics which

dominated in the individual's high school career. In the.

]

very few cases where no clear dominance was evident,
traditional was allowed to dominate over structured,
structured o&er occugational and/or gemneral, and dccupa-
tional over general, on the hypothesis that this

hierarchy represented differing degrees of articulation
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in program.

The IBM cards now contained fifty-two entries in
nineteen fields; five fields were used for identification,
and the remaining fourteen fields were used to record the
characteristics needed for forming matched groups and
testing the hypotheses.

To test for "Normality" of the sample, as developed,
a procedure described by Guilford (23:121-125) was used.
Expected frequencies on academic aptitude stanines
(chosen as the required standardized measure) were com-
pared with observed freguencies. On the basis of this
procedure, the sample is nbrmally distributed. See

Appendix M for greater detail.

III. TESTING THE HYPOTHESES

s
%

N Usingwan IBM 2040 Card-Sort as described in
Chapter III, simple counts were made of "pass-fail"
ratios on all characteristics. These ratios indicated
seven characteristics which should be used in matching.
The groups were then matched as described. Contingency
tables were entered with the totals and the results
compared with the Chi-square distribution. Only four of
the hypotheses}were tested in this way dué to the lack

" of matches in eight sub-categories. These results were

statistically very significant for structured mathematics

oy




117,
over traditional college prepafatory mathematics,
occupational mathematics, and generél mathematics, with
a level of significance beyond the'.OOI 1e§el for com-
parisons with both traditional and occupational
mathematics. The results for the sub-groups by malés and
females are reported, as well as the composites, in
Appendix N. Traditional college preparatory mathematiés,
when tested against general mathematics, resulted in a
Chi-square of 0.249, which gives an e bracketed by the
.70 and .50 levels. The described procedure was quite
time consuming and would require at least two replicationé
for reliability. The data were taken to Dr. Edward G.
Begle, Director of the Schools Mathematics Study Group,
housed at Stanford University, who consented to process
the data at the Stanford Computer Center.

Four runs were maée; a simple data description
tabulation (category counts), .a cross-tabulation with
variable stacking, a step-wise discriminant analysis,
and a step-wise'fegression analysis (or multivariate
Multiple regression analysis).

The data desgription run again identified the
seven variables previously used. The cross~tabulation
run developed chi-squares on thé‘variables as against

"pass-fail". Here "type of mathematics™ was jdentified
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‘as the most significant source of variation, exceeding

the .00l level of statistical significance for both

_males and females. For females, "family income", used

as a characteristic in the card-sort matching procedures,
exceeded the .00l level of statistical significance:
reference is made to Appen&ix 0. The step-wise discrimi-
nant analysis results were prihted out és a cluster-graph
in which structured mathematics is ideﬁtifiable as a
strong source of positive variation.

The step-wise regression analysis, involving a
covariance analysis of variance, result=d in a set of
adjuéted means for the types of mathematics experiences
which took into consideration eleven sources of variance.
These adjusted means were used for a Fisher's "t" test
as a further éheck on the hypothéses. A1l seven hypotheses
were so tested and the results reportéd in Appendix Q.
The data entered into the computer runs were held
separately for males and females, and are so reporﬁed.

The various tests of the hypotheses are reported

on the following page, with the level of significance.
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Reference is made to Appendices N and Q. In

short form the hypotheses are:

Hl structured versus traditional college preparatoxy

/ B, structured versus occupational

N

structured vérsus general
// H, traditional college prebaratory versus general
V’HS structured Versus no mathematics |
He traditional versus occupational
H, traditional versus no mathematics

The statement of "yes" or "no" imdicates whether

or not the hypothesis of no difference is rejected.

Matched Groups Fisher's "t" test from
(Chi-square) computexr runs
MALES FEMALES M+F MALES FEMALES
D s
-Hl yes yes yes yes no
.001 .02 .001 .05 -
H2 yes yes yes no yes
001 .001 0001 - : .01
H3 no yes yes yes yes
J - 002 001 005 001
H4 no _ no no no no
* . & * L x o
HS & e 22
He * * * no no
H7 * * X *.h * 22

* too few cases for matching and/or treatment,




IV. THE CONCLUSIONS

. Regarding the Seven Hypotheses. For the screening
procedures of the forty-five major employers participating
: in this study, it can be stated that: :

¢ 1. For the matched grouns of terminal secondary
students (job applicants) in this sampile
(matched on sex, socio-economic level,
L academic aptitude, reading and mathematics

: achievement level, age, years of high school,
k- i and semesters of mathematics);

4 | A. Structured mathematics experiences are
‘very significant in effectively preparing
these youth to "pass" the general tests

or the mathematics sections of batteries

3 of employer's screening tests when compared

* 3 with traditional college mathematics
4 ' experiences, occupational mathematics
~ experiences, or general mathematics

K experiences in the secondary schools
3 : sampled. Hypotheses one, two and three

R are rejected at the .001, .00l, and .01
3 | (respectively) levels of significance.

: . B. Traditional college preparatory mathematics
experiences are not significant in
effectively preparing these youth to “pass”
the general-tests or the mathematic
sections of batteries of employer's screen-
.ing tests when cqmpared with general
mathematics experiences in the secondary
schools sampled. Hypothesis four is
accepted. | . .

3 II. For all male and female terminal secondary
' students '(job applicants) in this sample:

. A. structured mathematics experiences are
significant in effectively preparing these
youth to "pass" the general tests or
mathematics sections of batteries of
employer's screening tests when compared
with general mathematics experiences in
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III. For
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. the secondary schools sampled. Hypotheées
three is rejected at the .05 and .01
(respectively) levels of significance.

Traditional college preparatory mathematics
experiences are not significant in
~effectively preparing these youth. to
"pass" the general tests or mathematics
sections of batteries of emplayer's
screening tests when compared with
occupaticnal mathematics experiences,
general mathematics experiences, or no
mathematics experiences in the secondary
schools sampled. Hypotheses four, five,
six and seven are accepted.

all male terminal secondary students (iob

applicants) in this sample:

A.

IV. For

Structured mathematics experiences are
not significant in effectively preparing
these youth to "pass" the general tests
or the mathematics sections of batteries
of employer's screening tests when com-
pared with occupational mathematics
experiences in thé secondary schools
sampled. Hypcthesis two is accepted.

Structured mathematics experiences are
significant in effectively preparing these
youth to "pass" the general tests or the
mathematics sections of batteries of
employer's tests when compared with
traditional college preparatory mathematics
experiences or géneral mathematics
experiences in the secondary schools
sampled. Hypotheses one and three are
rejected at the .05 level of significance.

all female terminal secondary students

(job applicants) in this sample:

A.

Structured mathematics experiences are
-not significant in effectively preparing
these youth to "pass" the general tests

or the mathematics sections of batteries
cf employer's screening tests when conm-
pared with traditional college preparatory
mathematicecs experiences or no mathematics
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experiences in the secondary schools
sampled. Hypotheses one and five are
accepted. '

B. Structured mathematics experiences are
very significant in effectively pre-
paring these youth tc "pass" the general
tests or the mathematics sections of
batteries of employer's tests when com-
pared with occupaticnal mathematics
experiences or general mathematics
experiences in the secondary schools
sampled. Hypotheses two and three are
rejected at the .01 level of significance.

Regarding the Screening Tests Encountered. For the

screening procedures of the fortnyive najor emplovers
participating in this study, and using the means of the
academic aptitude stanines of the terminal secondary
students (job applicants) in the sample as the criteria,
it can be stated that:

I. There is a low probability that those individuals
scoring below the fourth stanine will "pass"
the general tests or mathematics sections of
batteries of employer's screening tests (the
"bottom" twenty-three per cent).

j

§

|

3

I

II. There is a high probability that those i
individuals scoring above the fifth stanine !
will "pass" the general tests or mathematics |
sections of batteries of employer's screening |
tests (the "top" forty per cent). |
f

|

{

]

!

|

|

III. There is an equal probability of "passing" or
"failing" the general tests or mathematics
sections of employer's screening tests for those
individuals scoring in the fourth or fifth
stanine (the "middle" thirty-seven per cent).
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Regarding the Literature. The sources listed in the

Bibliography

I. Approach concensus in that: L

A. Mathematics litaracy is a ptessing need
in an increasingly technological society.

B. Nationally, voung people who are not
academically inclined, who, are not
readily 'trainable' in the industrial
sense, suffer a decided disadvantage,
economically.

C. A major goal of mathematics education in
the public schools seems to be the learning
of more mathematics.

D. Increasing concern for the 'general
mathematics' student is now becoming
evident.

E. Almost all measurable change in mathematics
programs has occurred in programs for the
bright, the gifted, and the college-capable
youth.

II. Express disagreement in that:

A. There is a possibility of developing a
single, articulated mathematics program
applicable to the needs of all students.

B. The content needs of mathematics education

nust be projected well into the twenty-
first century.

V. THE RECOMMENDATIONS

In consideration of the findings of this study,
it is strongly recommended that:
l. Structured mathematics be adopted as the

unifying format for mathematics instruction in the

N ”Q’o—.fw




~schools;

2. Institutions of higher learning, particularly
those concerned with teacher preparation, revise their
offerings, where necessary, to allow the implementation
of (1) above;

3. The mathematics skills used by the adult for
existence in today's world be identified;

4. The mathematics skills used in specific tasks
(job roles) in industry and commerce be identified;

5. Data processing of educational data include a
three to. five year "follow-up" of the "product",

6. Until the implementation of (3) above, simple
job-applicant cards as used in this study be incorporated
into all hiring procedures and the cards returned to the
schools; postage should be free for this purpose;

7. An on-going dialogue between the world of work
and the world of education should be instituted for
mutual advantage and evaluation; /

8. Research be planned, funded and imbleﬁénted in
the following areas -- |

a. the empirical validation of current
experimental methodologies, using
structured mathematics as the content
with very large numbers of students
[action research for educators],

b. articulation of the content of structured

mathematics with the mathematics skills
used in various occupations clusters
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} [descriptive research for educators and
| industryl,

c. experimentation with various hiring
procedures to cnpirically determine
trainability for job competence as
opposed to academic ability [action
research for industryl.




BIBLIOGRAPHY

A. PUBLIC DOCUMENTS

l. California State Testing Program, Surmary Data -
Fall, 1964, Sacramento: Dureau of inducation
Research, California State Dept. Educ.,1966.

2. California Statistical Abstract. Sacramento: State
of California, Documents Division, 1965.

3. U. 8. Bureau of the Census. Sacramento, California,
Standard Metropolitan Statistical Area. Final
Report: PHRC(1l)-129. 19bl

4, U. S, Bureau of the Census. San Francisco- Oakland,
California Standard Metropolitan Statistical
Area. Final Report: PHC(l) 137. 1962

5. U. S. Bureau of the Census. San Josc, California,
Standard Metropolitan Statistical Area. Final
Report: PHC(1)-138 1961

6. U. S. Bureau of the Census. Statistical Abstract of
the United States, 1965.

7. U. S, Department of Commerce, Natioral Bureau of
Standards, Handbook of Mathematical Functions;
Applied Mathematics Series, 55, 1964,

8. U. S. Department of Health, Education, and Welfare; )
Welfare Administration. Getting Fired, Gettin
Trained. JD-2002-1965,

9. U. 8. Department of the Interior, Bureau of Education.
Report of the Committee on Seconclary School |
Studies Appo:nted at the Meeting of the National 1
Educational [sic] Association, July 9, 1892, i
Washington: Superintendent of Doouments, Government (
Printing Office, 1893. (Title in common use:
The Committee of Ten Report.)

10. U. S. Office of Education. The Vocational Education i
Act of 1963. (0OE-80034, 1965)

126. . {




11.

12,

13.

1l4.

15.

16.

17.

18.

19.

20,

21.

22,

127,

B. IOOKS

Brameld, Theodore. Pn17obonhle° of Education. New
York: Henry Holt and o, ine. 71955,

Brown, B. Frank., The Non-Grezcd High School.
Englewood Cliffs, N.J.: Prcntice-Hall, Inc. 1963.

Brubacher, John 8. A Histecry of the Problems of
Education. New York: McGraw-Hill Book Co., 1947,

-

Burchill, George W. Work-Study Programs For Alienatcd

At P s Tt e o v

Youth. Chicago: Science Rescarch Associates, inc.,

On s e ——

1962,

Burington, Richard S. and May, Donuld C. Jr. Hand-
book of Probability And Statistics With Tables.
Sandusky, Ohio: Handbook Publishers, Inc,, 1953.

Clark, Leonard H,, Klein, Raywond I.., and Burks,
John B. The American SOCOnddLL School Curriculum,
New York: Maciiillan Co., 1965,

Cronbach, Lee J. and Glescr, Goldine C. Psychologica
Tests And Personnel Decisions. Urbana, Ill.:
University of Illinois Press, 1957,

Douglass, Harl R. (ed.). Trends And Issues In Secon~
dary Education. Washington: Center for Applied
Research in Education, Inc., 1962

Ebel, Robert L. Measuring Educational Achievement.
Englewood Cliffs, N.J.: Prentice-Hall, Inc.,1965,

Elicker, Paul E. The Administration of Juniox And
Senior High Schools Englewood Cliffs, N.J.:
Prentice- Hall Inc., 1964.

Ghiselli, Ddwin E. The Validity of Occupational
Aptitude Tests. MNew York: dJohn Wiley and Sons,

Ginzberg, Eli. Human Resources: The Wealth of A §
Nation., DNew York: Simon and Schuster, 1958. f




24,

25,

26,

27.

28,

29,

30.

31l.

32,

33.

34,

35.

128,

Guilford, J. P. PFundeéasental Statistics in Psychology

and Iducation. liew Yori: McGraw-lill Book Co.,
1956.

Kinney, Lucien B. "Mathematics," The High School
Curxriculum, Haxl R. Douglass, editor, New York:
The Ronala Press Co., 1964,

Kinsella, John J. Sccondary School Mathematics.
New York: The Center for Applied Research in
Education, Inc., 1965,

Lavin, David E. The Prediction of Academic Perfor-
mance. New York: Russell Sange Foundation, 1965.

D s i ]

Lipset, Seymour M., Bendix, Reinhard, and Malm, F.
Theodore. "Job Plans and Entry Into the Labor
Market," Man, Work, and Society. Edited by Kosow

—n—er ¢ e wxaws %

and Form. MNew York: Basic Books, Inc., 1962.

Mayer, Frederick. A History of Educetional Thought.
Columbus, Ohio: Charles E. Merrill Books, Inc.,
1960.

McCauley, John S. "Education For Manpowecr Develop- ®
ment," Challenge and Change In Anerican IDducation.
Edited by Harris, Deitcihl, and LeVansohn.

Berkeley, Calif.: McCutcheon Publishing Co., 1965,

McGrath, G. D., Jelinek, James J., and Wochner,
Raymond E. Educational Research Methods.
New York: The Ronald Press Co., 1963,

Rayback, Joseph G. A History of American Labor.
New York: Thc Mactiillan Co., 1959,

Reeve, W, D. Mathematics For The Secondary School.
New York: Henry hLolt and Co., 1Y954°

Rudy, Willis. Schools In An Age of Mass Culture.
Englewood Clifis. New Jersey: Prentice-Hall, Inc.,
1965,

Shelburne, James C. and Groves, Kenneth J. Education
In The Armed Forces, New York: The Center For
Applied Research In Education, Inc., 1965.

Super, Donald E. and Crites, John O. Appraising
Vocational Fitness. New York: Harper and Row, 1962.




36.

37.

38.

39.

40,

41.

42.

43.

44,

45,

R R ke

128,

Tanner, Daniel. Schoo

S et ;e

MaclMillan Conpany, 1

by

.8 Fer Youth. New York: The

- o S o 3 . -

05.

o

Venn, Grant. Man, bducation, and Work. Washington:
American Council of Education, 195,

Walker, Helen M. and Lev, Joseph., Statistical
Inference. New York: Holt, Rinehart, and Winston,
Inc., 1953.

Wiles, Kimball. The Chanaing Curricualum of the
American High School. . Englewood Cliffs, N.J.:
Prentice-~-Hall, 1Inc., 1903.

C. ARTICLES AND PERIODICALLS

Allen, Frank B. "The Council's Driwe to Improve
School Mathematics--A Progress Rcport," The
Mathematics Teachex, IVII, No. 6 (October, 1964),
pp. 370-378. V

Allendoerfer, Carl B. "The Second Revolution in
lathematics," The Mathematics Teacher, XII, No.8
(December, 1965), pp. 690-695. (an address
delivered at the NCTM Conference at Atlanta,
Georgia, November 20, 1964.)

Blank, William R. "A Survey Concerning Advanced
Mathematics Curriculum [sic],” Thie Mathenatics
Teacher, LVII, No. 4 (April, 1964), pp. 208-211.

Dessart, Donald J. "Mathematics ir the Secondary
Schools; Achievement Relationships and Predictions,
Review of Educational Research, XXXIV (June, 1964),
pp. 302-314, i

Easterday, Kenneth E. "An Experiment With Low
Achievers In Arithmetic," The Ma:thematics Teacher,
LVII, No. 7 (November, 1964), pp. 462-268.

Frame, J. S. "Facilities for Secomndary School
Mathematics," The Mathematics Tcacher, LVII, No. 6

(October, 1964), pp. 379-39L.

e




46,

47.

48.

49,

50.

52,

53.

54,

130.

Fremont, Herbert, and Eursenberg, Neal. "The llidden
Potent191 of Low Achiavers," Theo Mathenatics
Teacher, LIX, No. 6 (Cctobor, 1965), pp. 554-556.,

Glennon, Vincent J. "...And Yow Syanthesis: A
Theoretical Model for Mathenmatics Education,"
The Arithmetic Teachrr, XII, Yo. 2, (Pebruary,l1965)
pp. 134-141. (Adapicd from a paror presented at
the Forty-second Annual l!eeting of the National
Council of Teachers of Mathematics, at Miani,
Florida, April 24, 1964.)

Kellogy, Theodore E. and Johnson, Donovan A.
"Mathenatics in the Se“onc=ry Schuol," Revicw
of LduCauJOndl Rescarch, XXXI, Xo. 3 (June, 1961),
pp. 2712=276.

Payne, Holland I. '"Mathewatics' Changing Role,"
California Education, II, No. 8, (April,1965),p. 27.

"Report of the Secondary School Curuiculum Conmittee,"
The Mathematics Teacher, L¥1I, No. 1 (May, 1959),
pp. 57-63.

D. REPORTS

Benz, Harry E. "Arithmetic in the Senior High School"
Arithmetic In Genexal Education. NCIM Sixteenth
Yearbook, New York: Bureau of Publications,
Teachers College, Columbia Unive.-sity, 1941,

Brown, Kenneth E. "The Drive to Improve School
Mathematics," The Revolution in Mathematics
Education. A Recport of Regional Orientation
Conferences in Mathematics. - Washtington: NCTM,
1961, pp. 22-27.

Cremin, Lawrence A. "The Problem of Curriculun
Making: An Historical Perspective," What Shall
The High Schools Teach? ASCD 1955 Yearbook.
Washington: NEA, 1956.

"Goals for School Mathematics," The PReport of The
Cambridge Conference On School Mathematics.
Ppublished for Educatioral Sarvices, inc., Boston,
Mass.: Houghton Mifflin Co., 1962, (Commonly
referred to as the "Cambridge Report.")




55.

56.

57.

58.

59,

60.

6l.

62.

131.

Grossnickle, Foster E, "Introduction," Instruction
Tn Arithmotic. RCTM Twoenty-fifih Yearboolk.
wWashington: NCT, 1240

Lockard, J. David. Repori of the International

Clearinghouse On Seirfifn And Mathciatics Curricular
Develonments. 1Y6o. Colloge Park, Haryland: AAAS

and Science Teaching Center, University of
Maryland, 1966.

"planning For American Youth." A Sunmiary of Education
Fox ALl American Youth, prepared by the Executive
Comaittes and the Cormittce on Curriculum Planning
and Development of the liational Association of
Secondary-School Principals. Washington: 11AS8P,1951,

spears, llarold. "Educational Implications of Auto-~
mation as Scen by a Curriculum Specialist,”
Automation and the Challenge to Education. The
procecdings of a symposium sponsored by the Project

on the Educational Implications of Autonation.

Washington: NEA, 1962, pp. 50-65.

The National Council of Teachers of Mathematics.
Preliminary Report of the Conference on the Low

Y o

Achiever In Matncmatics, A Report prepared and

sponsored jointly with the U. 8. Office of
Education. Printed and Distributed by the NCTM
Washington: March, 1964.

The Place of Mathematics in Sccondaxy Education.
NCOTH Fiftoenth Yearbook, New York: purcat oOf
publications, Teachers College, Columbia
University, 1940.

Turner, Ivan S. The Training of Mathematics Teachers.
NCTM Fourteenth Yearbook. New York: Buredu of
Publications, Teachers College, Columbia
University, 1939.

What The High Schools Ought To Teach. The Report of

a Special Committec, prepared for the American
Youth Comnmission and Other Cooperating Organizations
Washington: American Council on Education, 1940.




64.

65.

66.

67.

68.

69.

70.

E. UNPUBLISHED MATERIALS

Ackerson, Paul Berndt. "A Study of the Relationship
Between Achievement in PSSC Phyvsics and Experience
in Recently Developed Courses In Science:and
Mathematics." Unpublished Ed.D. dissertation,
Oklahoma State University, 1965,

Adler, Manfred. "A Study of the Identification and
Development of Giftedness in Two Ethnic Groups."
Unpublished Ph.D. dissertation, Kent State
University, 1965.

Ashlock, Robert B. "A Test of Understandings of
Selected Properties of a Number System: Primary
Form." Unpublished Ed.D. dissertation, Indianna
University, 1965.

Babcock, Robert Joseph. "An Analysis of Selected
Guidance Programs for Students Who Seek Employment
Immediately After High School."” Unpublished Ed.D.
dissertation, Cornell University, 1963.

Burns, William C. Pacific Gas and Electric Company
Personnel Testing Research Project, Report No. 1.
San Francisco: PG&E, October, 1965, (Offset).

Carrino, Ceasar Augustus. "Identifying Potential
Dropouts in the Elementary Grades." Unpublished
Ph. D. dissertation, Western Reserve University,
1965.

Clark, Van Deusen. "A Comparison of the Achievement
of SMSG Algebra Students and Modern Algebra
Students Who Have Been Taught by Two Different
Approaches." Unpublished Ed. D. dissertation,
Arizona State University, 1966.

Dixon, Lyle Junior. “An Investigation of Ninth and
Tenth Grade Texts and Commentaries of the School
Mathematics Study Group for Indications of an
Underlying Philosophy."” Unpublished Ph.D.

dissertation, Oklahoma State University, 1963.




133.

'71. El-Naggar, Hohamed Abu-Khalil. "A Comparative Study
of Mathematics Programs in Egypt and the United
States." Unpublished Ph. D. dissertation,

Indiana University, 1965.

72. Fremont, Herbert I. "Individualized Instruction in
Plane Geometry." Unpublished Ph. D. dissertation,
New York University, 1963.

73. Geiss, Almon Lewis. "An Analysis of Relationships
Between Courses Taken in High School and Success
in Specific Areas at Oregon Technical Institute."”
Unpublished Ed. D. dissertation, Washington State
University, 1965. :

74. Hungerman, Ann Dorothy, "A Study of the Achievement
and Attitude of Sixth Grade Pupils in Conventional
and Contemporary Mathematics Programs." Unpublished
Ph. D. dissertation, University of Michigan, 1965.

75. Madden, Joseph Vincent. "An Experimental Study of
student Achievement in General Mathematics In
Relation to Class Size." Unpublished Ed. D.
dissertation, Arizona State University, 1966.

76. Neill, Robert Dudley. "The Effects of Selected
Teacher Variables on the Mathematics Achievement
of Academically Talented Junioxr High School
Pupils." Unpublished Ed. D. dissertation, Teachers
College, Columbia University, 1966.

77. Recker, Frank William. "Status and Trends in
Mathematics in Ohio Secondary Schools." Unpublished
Ph. D. dissertation, Western Reserve University,
1965.

78. Roberts, Gerhard Herman. "A Critical Evaluation of
the Presentation of First Year Algebra in Two
Contemporary Courses Based On Selected Criteria
for the Theory of Learning." Unpublished Ed. D.
dissertation, Teachers College, Columbia
University, 1966.

79, Rollins, James Hendrix. "A Comparison of Three
Stratagems for Teaching Mathematical Concepts and
Generalizations by Guided Discovery." Unpublished
Ph. D. dissertation, University of Illinois, 1966.

R



bl

TR TR ™,

80.

81.

82.

83.

84.

85.

86.

87.

88.

134.

Sayles, Donald John '"Conservation of Talent: Can
the Under-achiever Be Saved?" Unpublished Ed.D.
dissertation, Teachers College, Columbia
University, 1963.

Shuff, Robert Vance. "A Comparative Study of

Achievement in Mathematics at the Seventh and Eighth

Grade Levels, Under Two Approaches; School Mathe-
matics Study Group and Traditional." Unpublished
Ph. D. dissertation, University of Minnesota, 1962.

Thomson, Scott Dayton. "An Analysis of Achievement
Outcomes." Unpublished Ed. D. dissertation,
Stanford University, 1963.

Unkel, Esther Ruth. "A Study of the Interaction of
Socioeconomic [sic] Groups and Sex Factors With
the Discrepancy Between Anticipated Achievement
and Actual Achievement in Elementary School
Mathematics." Unpublished Ed. D. disseration,
Syracuse University, 1965.

Vontreéss, Clemmont Eyvind. "The Effects of Stressor
Conditions on Test Scores of a Selected Group of
High School Students." Unpublished Ph. D.
dissertation, Indiana University, 1965.

Wiebe, Arthur John. "The Comparative Effects of
Three Methods of Utilizing Programmed Mathematics
Materials With Low Achievers." Unpublished Ed. D.
dissertation, Stanford University, 1966.

Williams, Emmett David. "Comparative Study of SMSG
and Traditional Mathematics." Unpublished Ph. D.
dissertation, University of Minnesota, 1962.

Williams, Ralph Curtis. "Teacher Preparation in
Mathematical Arithmetic." Unpublished Ph. D.
dissertation, University of Southern California,
1966.

Ziebarth, Raymond Allan. "The effect of Experimental
Curricula on Mathcmatics Achievement in High School®
Unpublished Ph. D. dissertation, University of
Minnesota, 1963.




135,

F. OTHER SOURCES

89. . A presentation to the Bay Area CASCD, by 1
E. F. Stolte, Assistant Superintendent, Secondary
Schools, Oakland Unified Schoo]s, at Hayward,
California, in February, 1966.

90. . Books in Print, Vol. II Editied bv Sarah L.
Prakken. New York; R. R. Bowkexr Co., 1l966.

91. Buros, Oscar K. The Sixth Mental Measurements Year-— ¥
book, Highland Park, New Jersey: The Gryphon
Press, 1965.

92. Deans, Edwina, Kane, Robert B., McMeen, George H.,
and Oesterle, Robert A. The Modern Mathematics
Series. New York: American Book Company, 1963.
(An elementary series of mathematics text-books,
grades one through eight.)

93. . Discussion with Neil V. Sullivan, Superin-
tendent, Berkeley City Unified Schools, May, 1966,

94. Dissertation Abstracts. Vols. XI-XXIV. Ann Arbor,
Michigan: University Microfilms, Inc., 1950-64.

95. Greater San Franc:sco Chamber of Commerce. San
Francisco: The Headgquarters City, "A Directory
of Major Corporations", Compiled by the Research
Dept., San Francisco: 1964.

96. » Questions developed in a personal discussion
with Dr. Elizabeth Scates, U. S. Office of
Education, during the Small Grant Research
Conference at San Francisco State College.

February, 1965.

97. San Francisco Chamber of Commerce. Directory of
Large Manufacturers, San Francisco Bay Reqgion.
Compiled by the Business and Trade Department.
San Francisco: 1965.

98. .« Textbooks in Print. New York:
R. R. Bowker Co., 196%.




Al o ntenhaiainh At A SRR T R R T TR M e

136.

99, The Education Index. Vols, XII-XV. New York:
H. W. Wilson Co., July, 1959 - June, 1965.

100. U. S. Civil Service Commission, Hunters Point Naval
Facility, San Francisco, California. Personal
interview with Mrs. Edna Haynes, Deputy Chief
Testing Officer.

101. "Textbook Publisher Listing - Level Sequence'.
A report of the Schools Mathematics Study Group
which types mathematics textbooks as traditional,
transitional, and modern in content. Dated 4-11-67.
Over 900 textbooks are listed. '




Appendix A: The Thirteen Bay Area Counties.
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Appendix F: A Descriptive Listing of Tests Encountered.

Legend: Type of Employment,
a., Manufacturing - durable goods
b. Manufacturing - non-durable goods
¢. Utilities
d. Wholesale and retail trade
e. Finance
f. Government
g. Transportation
h. Services
Math P P No., of Type of

Publisher, Title, Form. Only ac H Users* Employ.
Otis
Arithmetic Reas. B (45) % 1 b
Employment .2404 ,9999 1 g
IBM
Short Employ. Test X 2 a,f

Psychological Services
Emplecyee Aptitude Survey

T 2 Num. Ability, A (56) X 1 e

T 6 Num. Reasoning A (62) X 1 e
Psychological Testing

Short Employment Test (35)

SET Numerical X 12 a,b,c,

d,e,h

Science Research Associates

(Tests of Mental Abilities)

Mechanical Aptitude (46) X 2 a,b

Clerical Aptitude .1480 .999 l1 b

Non-Verbal .3686 ,9999 1 b

(Employee Aptitude Survey)

Numerical Ability,B (5) X l b

Adaptability (24) .2694 .999 1 b
Thurston Employment 3792 ,9999 1 g
Wonderlic

Pre-employment, A or B (10) .1620 ,999 14 a,b,e,qg

Forms I,II,V .3480 .9999 ¢4 a,b
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Appendix F: (continued)

Cooperative Personnel Services
(Available to Civil Service Only)

Accounts Clerk I X

Clerk I & II .1149 .99
Data Proc.Op.Trainee (IBM) .5899 ,9999
Deputy Sheriff .1770 .999
Engineering Aide X

Firefighter .1216 .99
Stenographer 1762 .999
Typist Clerk I & II .1149 .99

All Trades,Apprentice level x

California Dept. Employment
(Available to Dept.only)
S.A.T.B. (Special
Aptitude Test Battery) X

Contra Costa County Dept.Education
G.E.D. (Test of General
Educational Development) X

COMPANY MADE TESTS.

Chevron Chemical Co. X
International Business Machines

Data Proc. .5899 .9999
Kaiser X
Tidewater (Avon Ref.) :

Gen.Mental Abilities .4200 .92999
Union (Oleum Ref.) .5255 ,9999
Pacific Telephone

(American Tel.& Tel.)
Ray Chem
East Bay Met. Ut.Dist.

E

*Many Employers use more than one test.

HOOMKEWNNDOO
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Appendix F: (continued)

Burns Correlation Matrix
(Numbers heading columns and lines
in parenthesis after test titles)

5 10 24 35 45

5 .755 .515 .423 .705 .491

10 .861 .848 .588 .844

24 .832 .506 .804

35 .835 .551

45 .887
46
: 56
g 62

Rational Cluster Structure Analysis

Numerical
Simple .782 .679 .627 .897 .632

Numerical
Complex .575 .790 .70) .750 .717

refer

46

.076
.340
.341
.181
.358
.895

.238

.320

145,

to numbers

56 62

.717 .506
.666 ,640
.642 ,659
773 .492
.625 .656
.156 .174
.795 ,592

. 715

.873 .605

.742 .577
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Appendix G: A Facsimile of the Job Applicant Data Card.

t“fll‘ . . -
frs. ' Do not writs in
Miss this block
(Maiden Name)
Address Not Tested
Street City County Passed
Yes No
Education 7 8 9 10 11 12 13 1k
Birthdete (Circle highest grads complated)
Iast High School Attanded Year

Location of School

(City, County)

Employed full-time before? Yes No (circle ansvear)

The information on thi

s card will T2 used in e survey
sponsorad by the Conu*= Costa County Deperiment of Educetion
and endorssd bj the Northern California Industry-Fducetion
Council. You can h2lp us greatly by filling in the cerd,

ALL SUCH INFORM! ”IO WILL Rz HELD.IYN SIRICTEST COVFIDZNCE -
no individuz2l will ever be identifisd.

Your participation is sincersly solicited.

Williem H. Landis

Project Director

Contre Costa County
Department of Education
75 Santa Eartara Rosad
Pleasent Hill, Celiforanis




Appendix H: A Facsimile of the Emplower Data Card.

As indicated,

an effort was made to collect

147.

additional job-entry information. The bottom half of

the card was used to record on-the-job use of tests

or any special information regarding #raining programs,

apprenticeship, and advancement.

Fira YName

Fira Address

Personnel Con

tact

Test Ccen  Dept./Employ.
ki With hizh school grzduesiion
| With h.s.grad. or C.X.D.
No aczdemic requirezant
Test, a2iter

Test(s) Used

Ch-jOb succsss

SOCO

Hiring/job ple
sti

Further te n;
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mile of the Letter to Employers.
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Appendix J. A Facsimile of the Employer—Response

149.

Cérd.

RESPONSE CARD

Firm Néme

Person %o Coniact* , .

(PLEASE CHECK)

do not use tests a3 2 criteria for~

L ]

Ve dq__“

You mey  m2y not .

Ye can ¢annod 1

We screen approcdnmately

’

racne

o £31]1 out your

sixty-dey period.

employment,

eratics content,

data card.

(Back]

Attin:

. % el S PISTASE
COMTRA COSTA COUNTY TN s ,
DEPT. OF EDUCATION i .,:;:g..oq =
75 SANTA SAR3ARA ’RD i ://5.{;& _ :f'
NCPEEIIANT ¥ilpoibdEsvad N )
POSTAGE ZAS 3IZli PEIFAID ¥V R Y
. =N E57A5
ll_%-’//" i‘i':,. ;’:‘\ N’ v---s
Floggigar 1us;-Supervuze:i nt
Contraﬁcc‘ﬁg.Co nty VCndolg\
~ -y 4
75 Sznte 3zrbata Rozd | ~//
LY I P A
Pledsent Hill,K Californi=
K, ,s'.‘"'vt.',‘ e
TR h-.‘-,_ :

-

{ RN
U Dpppiily

(Front]
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Appendix K: Textbook List.

Code:
Landis SMSG Grade lewel(s) and use.
s = structured -1 or 9 2 - 7,8,9 general

tr - transitional - 3 3 - 9 general/occupations
t =~ traditional - 5 4 - 9 college prep.
not listed - n 5 - 10 college prep.
6 - 11, 12 college prep.
Type Grade

Landis SMSG Level Title, Authors, Publisher, Copyright

S 1 2 Arithmetic Concept amd Skills
Brumfiel, Eicholz, Shanks, O'Daffer
Addison-Wesley '63

s 1 2 Introduction to Mathematics With
Supplementary Problems.
Brumfiel, Eicholz, Shanks, O'Daffer
Addison - Weslery '65

s 1 2 Basic Modern Mathemakics, First Course
Eicholz, O'Daffer, Brumfiel, Shanks
Addison - Wesley '65

s 1 2 Basic Modern Mathematics,; Second Course
Eicholz, O'Daffer, Brumfiel, Shanks
Addison - Wesley '6Z

t 5 2 A.S.M.D. 2ddition, Subtraction, Multi-
plication, Division
Hancock, Holden, Lucas, O'Brien,
Schneider
Addison - Wesley '63

t n 2 Mathematics at ‘-Work
Van Tuyl
American '51

t n 2 Applied Mathematics
Johnson
Bruce '39

t 5 2 Review Arithmetic, L & 2
Buswell, Brownell, John
Ginn Publishing Co., '55




Appendix K (continued)

t

n

o)

2

Math in Life
Schorling & Clark
Harcourt, Brace and %orld '46

Mathematics, A Modern Approach
Wilcox
Ginn Publishing Co. *61

Introduction to Secondary Math
Vol. 1 & 2

Haag, Dudley

D. C. Heath '64

Arithmetic for High School
Butler

D. C. Heath '53

General Mathematics at Work
Ewing, Hart
D. C. Heath '50

Mathematics In Life, Bk II
Fehr, Schult
D. C. Heath '62

Investigating Mathem.atics
Grossnickle, Brueckne=r, Merton,Reckzeh
Holt, Rinehart and Winston '62

Moving Into Mathematiics
Grossnickle, Brueckrier, Merton,Reckzeh
Holt, Rinehart and Winston '56

The New Thinking Witsth Numbers
Brueckner, Merton, Grossnickle
Holt, Rinehart and Winston '52

The New Knowing About Numbers
Brueckner, Merton, Grossnickle
Holt, Rinehart and Winston '52

Exploring Modern Mathematics Bk 2
Keedy, Jameson, Johrson
Holt, Rinehart and Winston '63




Appendix K (continued)

S

5

2

Pre-Algebra Mathematics
Nichols
Holt, Rinehart and %Winston '65

General Math I
Nichols
Holt, Rinehart and Winston '65

Fundamentals Math
Millerx
Holt, Rinehart and Winston '57

Everyday Mathematics
Douglass, C. E.
Holt, Rinehart and Winston

New Practical Math
Lennes
MacMillan '49

Applying Arithmetic
(The World of Numberis Series)
Carpenter, Drake

MacMillan Company '57

Making Mathematics Plain
Rose & Weber
McCornmick-Mather '56

Using Mathematics
Henderson, Pingry
McGraw ~ Hill Book Company '55

Modern Mathematics - Topics and Problem
Book I and II

Aiken, Beseman

McGraw - Hill Book Company '59

Arithmetic For Today, Book I and II
Durell, Hagaman, Smith
Charles E. Merrill Books, Inc. '62

Arithmetic Progress, Book 3, 4, 5, 6
Johnson
Charles E. Merrill Books, Inc. '6l
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Appendix K (continued)

t n 2 Basic Arithmetic
Nelson
Noble and Noble '50

t 5 2 Mathematics, First Course ‘
Brown, Gordey, Sward, Mayor
Prentice -~ Hall, Inc. '60

t 5 2 Mathematics, Second Course
Brown, Gordey, Swand, Mayor
Prentice - Hall, Inc. '60

t n 2 Arithmetic in Life & Work
Lasley, Mudd
Prentice - Hall, Inc. '52

S 1 2 Seeing Through Mathematics 2
Van Engen, Hartung, Trimble, Berger,
Cleveland
Scott, Foresman and Company '62

S 1 2 Seeing Through Arithmetic,
Special Book B
Hartung, Van Engen, Knowles
Scott, Foresman and Company

t 5 2 Mathematics and Life, Book 2
Knight, Studebaker, Hawkins, Tate
Scott, Foresman and Company '46

t n 2 Your Mathematics
Hawkins
Scott, Foresman and Company '53

t 5 2 Functional Mathematics Grade 7
Gager, Kikomoor, Schuster, Echols,
Johnson, Mahood, Madden
Scribner Publishing Co. '53

S 1 2 Modern Mathematics Through Discovery
-Book I '
Rosskopf, Morton, Moredock, Gilbert
Silver Burdett Company '61l

2 Modern Basic Mathematics, Book I & II
Skeen, Whitmore
L. W. Singer '64




Appendix K (continued)

t

5

2

154.

Modern Mathematics In Elementary and

Junior High Schools
Williams, Read, Williams
L. W. Singer '6l

Working With Numbers, Books 6, 7, 8

Benbrook, Foerster
Steck-Vaughn Company: '52

Fundamentals of Arithmetic
Stein
Van Nostrand '59

Mathematics for Daily Needs
Osborn~Colstock
Webster '60

Applied Mathematics
Lankford and Clark
World BPook Co. '53

Basic Ideas of Mathematics
Lankford and Clark
World Book Co. '53

Essential.Mathematics
Lankford and Clark
World Book Co. '6l

Mathematics in Daily Use
Landford and Clark
World Book Co. '53

Introduction to Secomdary School

Mathematics, Vol. I and II
SMSG
Yale University Press '62

Mathematics for Junior High School

Vol. I and II -
SMSG
Yales University Press '61l

Mathematics - A Liberal Arts Approach

Dodes
Hayden Pook Company '64
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Appendix K (continued)

.t

tr

5

3

Mathematics In Living Series (Book 1.

Buying, Book 2 Wages and Budget, Book
3 Banking, Book 4 Insurance and Taxes)
Weiland, Woytek
Pruitt Press '64

L 4

Basic Mathematics ..A Problem-Solving
Approach, Book 1 thru 5

O'Malley

Addison - Wesley '63

Mathematics..A Modern Approach
Wilcox, Yarnelle
Addison - Wesley '63

Arithmetic in My World

Stokes, Adams, Whiteley, Bauer, Kendall
and others

Allyn and Bacon, Inc. '59

Basic Mathematics for High Schools
Thordarson, Anderson
Allyn and Bacon, Inc. '62

Refresher Arithmetic
Stein
Allyn and Bacon, Inc. '61l

Basic Mathematics-Measurement
Bobrow
Encyclopedia Britannica Press '6l

Arithmetic of Better Business
McMarkin, Marsh, Baten )
Ginn Publishing Company '59

Everyday General Mathematics, Bk.I & II
Betz, Miller, Miller, Mitchell, Taylor
Ginn Publishing Company '49 '60

Useful Mathematics
Dunn, Allen, Goldthwaite, Potter
Ginn Publishing Company '42

Mathematics Everyday
Potter & Beck
Ginn Publishing Company '45
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Appendix K (continued)

t

5

3

Mathematics To Use
Potter, Dunn, Allen & Goldthwaite
Ginn Publishing Company '59 '62

Mathematics for Success
Potter, Neitzel, Rooct, Enright
Ginn Publishing Company '60

Mathematics for The Consumer
Lankford, Schorling, Clark
Harcourt, Brace and Worxrld '53

Mathematics in Dailw Use
Hart, Schult, Irvin
D. C. Heath '50

Essentials of Businsss Arithmetic
Kanzer, Schaaf
D, C. Heath '50

Practical ElectriczX Mathematics
Rasch
D. C. Heath '46

Mathematics We Use — Book 3
Brueckner, Grossnickle
Holt, Rinehart and Winston '48

Trouble Shooting Mathematics Skills
Bernstein, Wells
Holt, Rinehart and Winston '63

Foundations of Mathematics
Wiebe ]
Holt, Rinehart and Winston '62

Holt General Mathematics
Kinney, Ruble, Blythe
Holt, Rinehart and Winston '60

Making Mathematics Work
Nelson, Grimes
Houghton-Mifflin Company '50

General Mathematics for The Shop
Nelson, Moore, Hamburger
Houghton-Mifflin Company '56

!
!
»
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Appendix K (continued)

S

5

3

General Mathematics - Book one
Brown, Simon, Snadex, Montgomery,
Williams

Laidlaw Brothers *63

General Mathematics - Book Two
Brown, Simon, Snadex, Montgomery,
Williams 4

Laidlaw Brothers *'&3

Arithmetic..An Introduction to Mathe-
matics

Lay

MacMillan Company "61

Arithmetic for Business + Everyday Use
Huffman, Twiss, Whale
McGraw - Hill Book Company '56

Business Mathematics ..Excercises,
Problems + Tests

Rosenberg

McGraw - Hill Book Company '63

Foundation Mathematics
Bartoo, Osborn |
McGraw - Hill Book Company '54

General Trade Math
Van Leuven
McGraw - Hill Book Company '52

Arithmetic for Business and Consumer
Use

Huffman, Twiss, Whale

McGraw - Hill Bcok Company '62

Practical Mathematics
Palmer, Bibb
McGraw - Hill '52

Business Arithmetic
McNelly, Adams .
Prentice - Hall, Inc. '53

The New Applied Mathematics
Lasley, Mudd, Rogler
Prentice - Hall, Inc. '58




ke wm“»ﬂ_"‘ "”_/

158.
Appendix K (continued)

i
t 5 3 Going Places with Mathematics 51
Peters '

Prentice - Hall Inc. '57

t 5 3 General Mathematics 1}
' Mallo: y, Skeen, Meserve
L. W.Singer '60

t 5 3 Mathematics Skill Bmilder
Briggs
South-Western '57

t 5 3 Applied Business Mathematics
Piper, Gruber
South-Western '56

t 5 3 General Business (8&h Ed.)
Crabbe, Enterline, De=brum, Salsgiver
South~-Western '56

t 5 3 Applied Business Arithmetic
Piper et al
South-Western '59

t 5 3 The Mathematics of the Shops
McMackin, Shaver
Van Nostrand '47

t 5 3 Mathematics for Techmical and Vocation-
al Schools
Slade, Margolis
Wiley '46

S 1l .4 Modern Algebra, Firs% Course
Johnson, Lendsey, Slesnick, Bates
Addison - Wesley '61 )

s 1 4 Algebra 1
Brumfiel, Eicholz, Shanks
Addison - Wesley '61

(S 1 4 Algebra One
Hayden, Finan
Allyn and Bacon, Inc. '61

t 5 4 Elementary Algebra
Edgerton, Carpenter, White
Allyn and Bacon, Inc. '59




Appendix K (continued)

t 5 4 Algebra and Its Use - Book I
Grove, Mullikin, Grove, Van Dyke
American Book Company '56

tx n 4 Basic Mathematics, Bk. I
Grove
American Book Company '61

t 5 4 Elementary Algebra
Shute, Kline, Shirk, Willson
American Book Company '56

tr n 4 Algebra Accelerated, Book I
Hills & Mazziotto
Bennett '59

t 5 4 Algebra I
' Murphy

Encyclopedia Britanmica Press '61
t 5 4 Algebra For Today, First Year

Betz

Ginn Publishing Company '57

s 1 4 Modern Algebra, A Logical Approach
Pearson, Allen
Ginn Publishing Company '64

t 5 4 First Course in Algebra
Weeks, Adkins
Ginn Publishing Company '61

t 5 L4 Algebra, Book One - Elementary Course
Welchons, Krickenbexger, Pearson
Ginn Publishing Company '62

t 5 4 First-Year Algebra, Elementary Course
Hawkes, Luby, Touton
Ginn Publishing Company '46 '58

t n 4 New First Course in Algebra
Hawkes, Luby Touton
Ginn Publishing Company '45 §

S 3 4 Contemporary Algebra..Book One
Smith, Lankford, Payne
Harcourt, Brace and World '62
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Appendix K (continued)

t 5 4 Row-Peterson Algebra One
Smith, Totten, Douglass
Harper anda Row '54

t 5 4 Algebra, First Course
Fehr, Carnahan, Beberman
D. C. Heath '62

t 5 4 Algebra, Course 1
Fehr, Carnahan, Beberman
D. C. Heath '57

t 5 4 A First Course in Algebra
Hart
D. C. Heath '51

t 5 4 New First Algebra
Hart, Schult, Briston
D. C. Heath '62

t 5 4 First Year Algebra
Hart, Schult, Swaimu
D. C. Heath '57

t n 4 Progressive First Algebra
Hart
D. C. Heath '43

S 1 4 High School Mathematics - Course 1
Units 1 - 4 (Univ. of Ill. Press)
Beberman, Vaughn
D. C. Heath '59

s l -4 Exploring Modern Mathematics Book 3
‘ Keedy, Jameson, Johnson .
Holt, Rinehart and Winston '64

s 1 4 Modern Elementary Algebra
Nichols
Holt, Rinehart and Winston '65

tr 3 4 Modern Elementary Algebra
Nichols, Collins
Holt, Rinehart and Winston '61l

t 5 4 Algebra 1
Morgan, Paige
Holt, Rinehart and ¥Winston '58




Appendix K (continued)
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4

Discovering Structure In Algebra
Grossnickle, Reckzeh, Bernhardt
Holt, Rinehart and Winston '62

Modern Algebra..Structure and Method
Dolciani, Berman, Freilich
Houghton-Mifflin Company '62

Algebra For Problem Solving, Bk.l
Freilich, Berman, Jchnson
Houghton-Mifflin Company '52

FPirst Course in Algebra
Lennes, Maucker, Kimsella
MacMillan Company *49

Algebra, Its Big Ideas and Basic Skills
Aiken, Henderson, Pingry
McGraw -~ Hill Book Company '53 '60

Foundations of Algekira, Book 1
Lancaster, Cardwell
McGraw -~ Hill Book Company '65

Algebra..Its Elementis and Structure
Banks, Subel, Walsh
McGraw - Hill Book Company '65

Algebra One..A Moderm Course
Vannatta, Goodwin, Fawcett
Charles E. Merrill Books, Inc. '62

Contemporary Algebra..First Course
Mayor, Wilcox
Prentice - Hall, Inc. '65

Algebra, First Course
Mayor, Wilcox
Prentice - Hall, Inc. '61l

A First Course in Algebra

Mallory
Sanborn '43

First Course in Algebra
Mallory, Skeen & Merserve
L. W. Singer '61
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Modern Mathematics..Algebra One
Rosskopf, Morton, Hoonten, Sitomer,
Willoughby, Gilbert

Silver Burdett Company '62

First Course in Algebra
Mallory, Skeen, Meserve
L. W. Singer '56

Algebra..A Modern Approach. Book 1
Peters, Schaaf
Van Nostrand '63

Algebra In Easy Steps
Stein
Van Nostrand '56

Supplementary Units in Contemporary
Arithmetic and Elementary Algebra
Stein

Van Nostrand '60

Introduction to Algebra Parts I and II
SMSG
Yale University Press '62

First Course in Algebra, Parts I and II
SMSG
Yale University Press '59 'é6l

Programmed First Course in Algebra
Part I and Part II

SMSG

Yale University Press '62

Algebra One
Smith & Landford
World Book Company '55

Algebra: First Course
Schorling, Smith & Clark
World Book Co. '49

Introduction to Algebra

Coursey
McMahon '62




Appendix K (continued)
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Geometry
Moise, Downs
Addison - Wesley '63

Geometry
Brumfiel, Eicholz, Shanks
Addison - Wesley '60

Refresher Geometry
Stein
Allyn '48

Plane Geometry
Shute, Shirk, Porter
American Book Company '60

Plane Geometry
Curtis
Encyclopedia Britannica Press '63

High School Geometxry
Keniston, Tully
Ginn Publishing Company '60

Plane Geometry
Keniston, Tully
Ginn Publishing Company '53

New Plane Geometry
Welchons, Krickenberger
Ginn Publishing Company '61

Plane Geometry, Revised Edition
Welchons=s, Krickenberger .
Ginn Publishing Company '49

Text and Tests in Plane Geometry
Smith, Reeve, Morss
Ginn Publishing Company '49

Plane Geometry
Smith, Ulrich, Clark
Harcourt, Brace and World '57 '61

Modern—-School Geometry
Clark, Smith Schorling
Harcourt, Brace and World '48 '54

163.




Appendix K (continued)
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Plane Geometry and Supplements
Hart, Schult, Swain
D. C. Heath '59

Modern Plane Geonetry
Hart, Schult, Swain
D. C. Heath '61l

New Plane Geometry and Supplements
Hart, Schult, Swain
D. C. Heath '64

Plane Geometry
Hart
D. C. Heath '50

Progressive Plane Gecmetry
Wells & Hart
D. C. Heath & Co. "43

Geometry
Fehr, Carnahan
D. C. Heath 'é6l

Contemporary Geometry
Schacht, McLennan, Griswold
Holt, Rinehart and Winston '6l

Plane Geometlry
Schacht, McLennan
Holt, Rinehart and Winston '57

Geometry..Meaning and Mastery
Welkowitz, Sitomer, Snader
Holt, Rinehart and Winston '50

Modern Geometry..Stxucture and Method
Jurgensen, Donnelly Dolciani
Houghton-Mifflin Company '63

Geometry For High Schools
Seymour, et al
MacMillan Company "58

Plane Geometry
Seymour, Smith
MacMillan Company *49




Appendix K (continued)

jodern Geometry, Its Structure and
s 3 5 Function , : '
Henderson, Pingry, Robinson 9
McGraw ~ IIill Book Company '62 |

t n 5 Plane Geometry: A Clear Thinking
Approach
Schnell
McGraw - Hill Book Company '53

t n 5 Plane Geometry
Heineman
McGraw - Hill Book Company '56

S 5 5 Geometry..A Unified Course
Goodwin, Vannatta, Fawcett
Charles E. Merrill Books, Inc. '62

t n 5 New Plane Geometry
Mallory
L. W. Singer '43

t 5 5 Dynamic Plane Geometry
Skolnik, Hartley
Van Nostrand '50

S 1l 5 Geometry with Coordinates, Part I & II
SMSG
Yale University Press '63

s 1 5 Geometry Part 1 and 2
SMSG

Yale University Press '59%

s 1l 6 Modern Algebra, Second Course
Johnson, Lendsey, Slesnick, Bates
Addison - Wesley '62

s 1 6 Pre-Calculus Mathematics
Shanks, Brumfiel, Fleenor, Eicholz

Addison - Wesley '65

t 5 6 Elements of Calculus and Analytical
Geometry

Thomas

Addison - Wesley
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Probability, A Pirst Course
Mostellex, Rourke, Thomas
Addison - Wesley '61

lodern Algebra and Trigonometry
Vance ’
Addison -~ Wesley '62

An -Introduction to Modern Mathematics
Vance
Addison - Wesley '60

Unified Algebra & Trigonometry
Vance
Addison - Wesley '55

Analytic Geometry: A Vector Approach
Wexlex
Addison - Wesley '62

Trigonometry
Vance
Addison - Wesley '54

Analytic Geometry
Fuller
Addison - Wesley '51

Calculus with Analytic Geometry
A First Course

Potter, Morrey

Addison ~ Wesley '63

Elementary Mathematics Analysis
Labarre
Addison - Wesley '61

Algebra Two

Hayden, Fischer

Allyn and Bacon, Inc. '63
Intermediate Algebra
Edgerton, Carpenter, White
Allyn and Bacon, Inc. '57

Intermediate Algebra
White
Allyn and Bacon, Inc. '61
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Solid Geometry
Avery, Stone
Allyn and Bacon, Inc. '51

Functional Trigonometry
Hillman, Alexanderson
Allyn and Bacon, Inc. '61

Fundamentals of Mathematics
Stein
Allyn and Bacon, Inc. '64

College Algebra
Morgan,
American Book Company '43

Intermediate Algebra
Shute, Kline, Shirk, Willson
American Book Company '60

Solid Geometry
Shute, Shirk, Porter
American Book Company '57

Plane and Spherican Trigonometry
with Tables

Morgan

American Book Company '51

Fundamentals of Solid Geometry
Nyberg
American Book Company '47,

Algebra II
Titiev

167.

Encyclopedia Britannica Press '6l

Solid Geometry
Luckman

Encyclopedia Britannica Press '62

Trigonometry
Luckman

Encyclopedia Britannica Press '6l

Analytic Trigonometry
Luckmnan

Encyclopedia Britannica Press '62
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Appendix K (continued}

t

n

6

Plane Trigonometry
Brink |
Appleton Century '40

Solid Geometry
Sigley
Dryden '56

‘Introductory Calculus

Bobrow
Encyclopedia Britamnnica Press '6l

Analytic Geometry
Luckman
Encyclopedia Britannica Press '62

Language of Algebra
Lawvere
Encyclopedia Britannica Press '62

Topics In Modern Mzthematics

(An Introduction to Sets and The
Structure of Algebra)
Krickenberger and Pearson

Ginn Publishing Company '58

Solid Geometry
McCormack

Ginn Publishing Company '3l

Brief Analytic Geometry
Mason, Hazard : .
Ginn Publishing Company '57

New Analytic Geometry
Smith, Gale, Neelley _
Ginn Publishing Company '58

Second Course in Algebra - With
Trigonometry

Weeks, Adkins'

Ginn Publishing Company '62

Algebra, Book Two, Second Course
Welchons, Krickenberger
Ginn Publishing Company '60

PN S s i dien- S-S
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Appendix K (continued)

S

tr

tr

tr

n

6

‘Algebra, Book 2, Modern edition

Welchons, Krickenberger, Pearson
Ginn Publishing Company '62

Algebra For Today, Second Course
Betz

Ginn Publishing Company 'S5l

Second-Year Algebra, Intermediate and
Advanced Course

Hawkes, Luby, Touton

Ginn Publishing Company '56

Analytic Geometry
Steen, Ballou :
Ginn Publishing Company '63

Essentials of Solid Geometry,
Including Spherical Geometry
Welchons, Krickenberger, Pearson
Ginn Publishing Company '59

Solid Geometry
Welchons, Krickenberger, Pearson
Ginn Publishing Company '55

A Course in Plane and Solid Geometry
Weeks, Adkins
Ginn Publishing Company '61l

Solid Geometry, Revised Edition
Welchons, Krickenberger .

Ginn Publishing Company '50
Modern Trigonometry

Welchons, Krickenberger, Pearson
Ginn Publishing Company '62

Trigonometry With Tables
Welchons, Krickenberger
Ginn Publishing Company '60

Plane Trigonometry and Tables
Granville, Smith, Mikesh
Ginn Publishing Company '52
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Appendix K (continued)

t

5

6

Plane and Spherical Trigonometry with
Tables

Wentworth, Smith

Ginn Publishing Company ‘51

Plane Trigonometry and Tables
Wentworth, Smith
Ginn Publishing Company '51

Trigonometry
Welchons, Douglas
Ginn Publishing Company '54

Essentials of Plane Trigonometry
with Tables

Rosenbach, Whitman, Moskovitz
Ginn Publishing Company '43 '6l

Plane Trigonometry with Tables
Ballou, Steen
Ginn Publishing Company '53

Plane and Spherical Trigonometry
with Tables

Ballou, Steen

Ginn Publishing Company '53

Introductory College Mathematics
Milne, Davis
Ginn Publishing Company '62

Elements of the Differential and
Integral Calculus

Granville .
Ginn Publishing Company '57

Modern School Solid Geometry
Schorling, Clark, Smith
Harcourt, Brace and World '48 '54

Plane Trigonometry with Tables
Weeks
Ginn Publishing Company '53

Second Year Algebra
Schorling
Harcourt, Brace and World '50

AR~
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Appendix K (continued)

t

5

6

Trigonometry
Smith, Hanson
Harcourt, Brace and World '57

Solid Ceometry
Smith, Ulrich
Harcourt, Brace and World '57

Row-Peterson Algebra Two
Smith, Totten, Doublass
Harper and Row '61

UICSM Preliminary Edition
(Probability and Statistical Inference)
Beberman, Vaughn
D. C. Heath '59

Trigonometry For Secondary Schools
Butler, Wren
D. C. Heath '57

Algebra, Course 2
Fehr, Carnahan, Beberman
D. C. Heath '55

New Second Algebra
Hart, Schult, Briston
D. C. Heath '62

A Second Course in Algebra
Hart
D. C. Heath '51

Second Year Algebra
Hart, Schult, Swain
D. C. Heath '57

Essentials of Algebra
Hart .
D. C. Heath '43

Elementary Mathematical Analysis
Herberg, Bristol
D. C. Heath '62

Trigonometry
Hart
D. C. Heath '54




Appendix K (continued)

t 5 6 Analytic Geometry
Wilson, Tracey
D. C. Heath '15

t 5 6 College Algebra
Hart
D. C. Heath '53

t 5 6 Mathematical Analysis
Camp
D. C. Heath '56

t 5 6 Modern Higher Algebra
Wells, Hart
D. C. Heath '33

t 5 6 Modern Plane Trigonometry
Hart, W. L.
D. C. Heath '61

‘ t n 6 Progressive Solid Geometry
Hart, W. L.
D. C. Heath '43

t n 6 Solid Geometry
Hart, W. W.
D. C. Heath '52

t n 6 Analytic Geometry and Calculus
Hart, W. L.
D. C. Heath '57 '63

s 1 6 Introductory Calculus with Analytic
Geometry
Begle ' 2
Holt, Rinehart and Winston '61

t 5 6 Brief Units in Solid Geometry
Schact, McLennan
Holt, Rinehart and Winston,K '59

s n 6. Elementary Concept of Sets
Woodward and McLennon
Holt, Rinehart and Winston '59

t -5 6 Modern Trigonometry
Brixey, Andree
Holt, Rinehart and Winston '55
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(continued)

6

Algebra 2’
Morgan, Paige
Holt, Rinehart and Winston '58

Contemporary Second-Year Algebra
Keedy, Griswold, Schacht
Holt, Rinehart and Winston '63

Senior Mathematics
Douglas, Kinney
Holt, Rinehart and Winston '45

Algebra: Meaning and Mastery Bk. II
Snader
Holt, Rinehart and Winston '50

A Modern Course in Trigonometry
Hooper, Griswold
Holt, Rinehart and Winston '59

Fundamentals for Advanced Mathematics
Glicksman, Ruderman
Holt, Rinehart and Winston '64

Fundamentals of College Mathematics
Brixey, Andree
Holt, Rinehart and Winston '61

Analytic Geometry and Calculus
Schwartz
Holt, Rinehart and Winston '60

Algebra For Problem Solviné
Freilich, Berman, Johnson
Houghton-Mifflin Company '57

Modern Algebra and Trigonometry..
Structure and Method, Book 2
Dolciani, Berman, Wooton
Houghton-Mifflin Company '63

Modern Introductory Analysis
Dolciani, Beckenbach, Donnelly,
Jurgensen, Wooton

Houghton-Mifflin Company '64

|
J




Appendix K (continued)

t

5

6

Solid Geometry
Morgan, Beckenridge
Houghton-Mifflin Company

Elementary Functions
Dolciani
Houghton-Mifflin Company

Second Course in Algebra
Lennes
MacMillan '50

Geometry - Plane and Solid
Brown and Montgomery
Laidlaw Bros. '60

Solid Geometry
Seymour, Smith
MacMillan Company '49

Algebra..Its Elements and Structure,
Book 2

Banks, Sobel, Walsh

McGraw - Hill Book Company '64

Solid and Spherical Trigonometry
Seymour
MacMillan Company '49

Arithmetic for College
Larson
MacMillan Company '58

Fundamentals of Freshman Mathematics
Allendoerfer, Oakley
McGraw - Hill Book Company '59

Principles of Mathematics
Allendoerfer, Oakley
McGraw - Hill Book Company '63

Plane Trigonometry with Tables
Heineman
McGraw - Hill Book Company '56

Plane and Spherical Trigonometry
Kells, Kern, Bland
McGraw - Hill Book Company '51




Appendix K (continued) 1

t 5

t 5
s 3
tr 5
t n
t n
t 5
t 5
t 5
S 1
t 5
'
t 5

6

‘McGraw - Hill Book Company '59

175. j

Trigonometry For Today
Brooks, Schock, Oliver

Algebra and Trigonometry
Rees, Sparks
McGraw - Hill Book Company '62

Algebra Two..A Modern Course
Vannetta, Goodwin, Fawcett
Charles E. Merrill Books, Inc. '62

Advanced High School Mathematics
Vannatta, Carnahan, Fawcett
Charles E. Merrill Books, Inc. '63

Solid Geometry
Bartoo, Osborn
McGraw - Hill Book Company '40

Basic Mathematical Analysis
Ayre, H. Glenn
McGraw -~ Hill Book Company '50

Contemporary Algebra..Second Course
Mayor, Wilcox
Prentice - Hall, Inc. '65

Algebra, Second Course
Mayor, Wilcox
Prentice - Hall, Inc. '61

Trigonometry
Rees, Rees
Prentice - Hall, Inc. '59

Analytic Geometry and an Introduction
to Calculus

Schock, Warshaw

Prentice - Hall, Inc. '61

Calculus with Analytic Geometry
Taylor |
Prentice - Hall, Inc. '56

College Algebra
Richardson
rentice - Hall, Inc. '58
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Appendix K (continued)
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A Second Course in algebra
Stone and Mallory
Sanborn '37

Introduction to Finite Mathematics
Kemeny, Snell, Thompson
Prentice - Hall, Inc. '57

New Trigonometry Imcluding Elements
of Spherical Trigonocmetry

Mallory

Sanborn '55

Modern Mathematics. .hlgebra Two and
Trigonometry

Rosskepf, Willoughby, Vogeli

Silver Burdett Company '64

Senior Mathematics
Mallory, Fehr
L. W. Singer '55

Second Course in Alwebra
Mallory, Meserve, Skeen
L. W. Singer '61l

Principles of Advaniced Mathematics
Meserve, Pettofrezzo, Meserve
L. W. Singer '64

New Solid Geometry
Mallory, V. S.
L. W. Singer '43

New Trigonometry Essentials of Solid
Geometry

Mallory

L. W. Singer '55

Plane Trigonometry
Weeks, Funkhouser
Van Nostrand '53

Calculus and Analytic Geometry
Randolph
Wadsworth '61




Appendix K (continued)

t
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6

Basic Mathematics for Science and
Engineering

Andres, Miser, Reingold

Wiley '55

Essentials of Trigomometry
Rosenbach |
Van Nostrand '50

Dynamic Solid Geometry
Skolnik and Hartley
Van Nostrand '52

Solid Mensuration
Kern
Wiley '38

Solid Mensuration With Proofs
Kern, Bland
Wiley '54

An Introduction to Balgol
Oakford and Gere
Wadsworth Publishing Company '61

Intermediate Mathematics, Parts I & II
SMSG
Yale University Press '61

Elementary Functions
SMSG
Yale University Press '61,

Introduction to Matrix Algebra
SMSG .
Yale University Press '61

Analytic Geometry, Parts I and II
SMSG
Yale University Press '63

Economic Mathematics: Business
Arithmetic for the Consumer
Lennes and Sutton

Allyn and Bacon 'S5%)
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Appendix K (continued)
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n

3

Mathematics in Business
Hendle - Feldman
Allyn and Bacon '63

Shop Mathematics
Felker, C. A.
Bruce '58

Sheet Metal Mathematics
New York State Vocational Association
Delmar '47

Money Makes Sense
Kahn
Fearon '60

Using Dollars and Cents
Kahn
Fearon '64

Vocational Mathematics Vol. I and II
Schumacher
Goodheart-Willcox *54

Vocational Mathematlcs, Shop Arith.
Schumacher
Goodheart '61l

Arithmetic for Business Use
Hanna and Marshall
Harper-Row '52

Basic Mathematics for Electronics
Cooke
McGraw-Hill Book Company '64

General Business forxr Everyday Living
Price, Musselman, Weeks
McGraw ~ Hill Book Company '60

Technical Mathematics
Rice and Knight
McGraw - Hill Book Company '63

Consumer Ec¢onomics
Wilhelns
McGraw - Hill Book Company '59




179.

Appendix K (continued)
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tr
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3

Carpentry Mathematics
Wilson & Rogers
McGraw - Hill Book Company '49

Elementary Technical Mathematics
Juszli
Prentice Hall '62

General Clerical Prwocedures
Kirk, John and othexs
Prentice-Hall, Inc. 'S1

Everyday Business

Lawson
Scholastic '64

Business Mathematics, Principles and
Practices

Rosenberg

South-Western '53

Money Management Library
Household Finance
Household Finance Corp. '63

Teaching Taxes Program
Internal Revenue Service
Internal Revenue Seyxvice '63

Primer of Statistics for Non-
statisticians

Franzblau .
Harcourt Brace and World '59

Introduction to Prebability and
Statistics

Alder and Roessler

Freeman '62

Computing Tables
Barker
Ginn Publishing Co. '41

Programming the 650 Computer

Andree, Richard V.
Holt, Rinehart and Winston '58
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Appendix K (continued)

t n 6 ~ Handbook of Mathematics, Tables and
Formulas ' ‘
Burington, Richard S.
McGraw-Hill Book Company '65

t n 6 College Entrance Reviews in
Intermediate Mathematics
Shapiro and Tapper
Educational Advisory Center '58

t n 6 College Entrance Reviews in
Mathematics Aptitude
Shapiro and Tapper
Educational Publishing Service '60

t n 6 The Consumer and The Law
Getz, S. George
N. E. A. 'S8

t n 6 Physics, Fundamentals and Frontiers
Stollberg, Hill :
Houghton Mifflin '65

Basic Electronics
Grob, Bernard
McGraw-Hill Book Company '59
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182. ;
Appendix M: Evidence of "Normality" for the sample.
Based on expected frequencies for academic
aptitude versus observed frequencies.
X XM 2 oy £, Obs.f. 8 diff.
9 4.4  2.44  .0198  22.28 39 0.83
8 3.4 1.89 . 0656 73.81 80 0.31 i
7 2.4 1.33 .1670 187.91 184 -0.19 S
6 1.4 0.78 .2969 334.07 345 0.54 %
5 0.4 0.22 . 3894 438.16 439 0.04 :
4 -0.6 0.33 .3776 424,88 411 -0.69
3 -1.6 0.89 .2756 310.11 255 -2.74
2 -2.6 1.44 .1415 159.22 167 0.39
1 -3.6 2.00 .0540 60.76 93 1.60
N = 2013
M = 4.659
6 = 1.789 (Sheppard's correction applied)
2= 3.201 (Sheppard's correction applied)
1
fe = Y(igm) Numbers in Sample. %j
f£_ = solid curve 400 |

300

200

100
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Appendix O: Chi-square Test of Variance

of Characteristics

( 7 variables, each compared with job test pass/fa

Stanford Computer Center Run. Program B

tabulation with variable stacking.

Name Variable

MALES:

Highest Grade Completed
Type of Mathematics

No. ¥Yrs. High School
Semesters Mathematics
Family Income

Head of Household

Type of Job, Hd. Hshld.

FEMALES :

Highest Grade Completed
Type of Mathematics

No. Yrs. High School
Semesters Mathematics
Family Income

Head of Household

Type of Job, Hd. Hshld.

2.47945
41.25324
0.98341
15.52998
4.58026
0.86789
3.210

0.3809
94.,45852

1.17981
17.18998
50.78789

4.39808
10.064

Degrees

0 N A W A NN

A NN

MDO8D -~ cCross

Level of
Freedom Significance

.50>e>,.30

.001>¢
.70>€>,50

.05>e>,02

.20>e>,10

,70>¢>,50

.80>e>.70

.95>¢>,90
.001>¢
.70>€>.50
.05>¢>.02
.001>¢
.20>e¢>,10

.20>€>,10

187.
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Appendix Q:

"t"-test results

Females:

Traditional vs.

Level Sig.

Structured vs.

Level Sig.

Males:

Traditional vs.

Level Sig.

Structured vs.

Level Sig.

(continued)
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