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A STUDY OF THE BASIC MATHEMATICAL SKILLS
NEEDED TO TEACH INDUSTRIAL ARTS
IN THE PUBLIC SCHOOLS

The problem set for this study was to determine the mathematical
skills needed to be a successful industrial arts teacher in the public
schools. The skills were conceived to be needed in two situations: Those
necessary to fulfill the requirements for college graduation with a major
in industrial arts education and those needed and used while teaching.

The mathematics necessary to become an industrial arts teacher
was determined through surveys of: (1) The mathematics admission re-
quirements of higher institutions with industrial arts teacher-preparation
programs; (2) The mathematics courses required of industrial arts stu-
dents; (3) The mathematical skills used in drawing, electricity, metal-
work, and woodwork; (4) The mathematics courses considered desir-
able for industrial arts majors.

The need for and usage of mathematics in industrial arts teaching
was analyzed by surveys of: (1) The opinions of authors of industrial
arts textbooks; (2) The actual mathematical usage of selected outstand-
ing industrial arts teachers. The usage of mathematics was sub-divided
into (a) that within the ability of the student, requiring little attention
from the teacher; (b) that necessitating teaching the mathematics be-
fore completion of the industrial arts assignments; (c) that encountered
in the non-pupil-contract activities connected with industrial arts teach-

ing.

The responses to the surveys came from 162 colleges representing
forty-three states; from 100 professors of drafting, sixty-three profes-
sors of electricity, 105 professors of metalwork, and 101 professors of
woodwork; from forty-nine authors; and from 189 public school indus-
trial arts teachers representing 40 states.
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The mathematical requirements for admission to and completion
of the industrial arts program varied tremendously. Over one-third of
the colleges responding mentioned no mathematics for admission.
About one-fifth of the colleges required both elementary algebra and
plane geometry. The remaining colleges required various combinations
of general mathematics with or without other secondary mathematics
courses. The size of the industrial arts departments of the colleges made
little difference in the admission requirements. The colleges of the north-
eastern part of the United States seldom mentioned mathematics in
their requirements. The colleges of the southern states required algebra
and geometry more often than those of the other areas.

The in-college requirements also varied. No mathematics was
required in 28 per cent of the colleges. Twenty-eight per cent required
both college algebra and trigonometry. General mathematics was the
only mathematics requirement in fifteen colleges; shop mathematics in
nine colleges; and four colleges accepted any course in college mathe-
matics. :

The total mathematical background required for graduation in-
volved as many as forty-one combinations of grouped academic and
non-academic mathematics courses. Nineteen colleges required no sec-
ondary or college mathematics for graduation. Fifteen colleges re-
quired two units of academic mathematics for admission and two
courses in academic mathematics while in college. Seven colleges re-
quired a total of six combined high school and college mathematics
courses.

College industrial arts professors recommended courses in the fol-
lowing frequency order: (1) elementary algebra, (2) plane geometry,
(3) trigonometry, (4) college algebra, (5) solid geometry, (6) intermedi-
ate algebra, and (7) analytic geometry. The first five courses wereé listed
by more than 48 per cent of the professors. Their class usage ranked
the courses in this order: (1) plane geometry, (2) solid geometry, (3) ele-
mentary algebra, (4) trigonometry, (5) intermediate algebra, (6) anal-
Ytic geometry, and (7) college algebra. The first five courses were used
in classes by more than one-half of the respondents. The drafting and
woodworking professors used more of the line and figure mathematics
courses than the other two groups. Those in electricity used the greatest
per cent of the algebraic courses. The professors of metalwork recom-

mended both line and figure and algebraic courses.



Of the outstanding public school industrial arts teachers, over one-
half had taken elementary algebra, plane geometry, intermediate al-
gebra, solid geometry, college algebra and trigonometry. Over 40 per
cent had taken shop mathematics. Drafting teachers showed the least
intermediate algebra (44 per cent), college algebra (65 per cent), and
trigonometry (60 per cent). Teachers of electricity ranked comparatively
low in solid geometry (48 per cent) but were highest in college algebra
(85 per cent) and trigonometry (82 per cent).

Some teachers wished they had taken more mathematics courses
in their preparation while others thought they should have taken less.
Still others expressed satisfaction with the number of courses they had
taken. The group that checked “more” averaged nearly five courses of
secondary and/or college mathematics. Those that checked “less”, none
of whom were teachers of electricity, averaged 6.6 courses in mathe -
matics. Those that expressed satisfaction had completed, on the aver-
age, slightly more than six courses in mathematics.

Approximately one-half of the teachers indicated they had taugha t
some of the skills from the following courses, arranged in the frequencsy
of occurrence: arithmetic, plane geometry, solid geometry, and elemenm-
tary algebra.

The authors of industrial arts textbooks recommended mathematics
courses, in the following order, for the teachers who used their book.
(1) plane geometry—80 per cent, (2) solid geometry—65 per cent, (3)
elementary algebra—54 per cent, (4) trigonometry—44 per cent, (5) in-
termediate algebra—44 per cent, (6) analytic geometry—8 per cent,
and (7) college algebra—5 per cent.

On the basis of the evidence in this study, the college industrial
arts teacher-preparation student should be required to complete coursses
in elementary algebra, plane geometry, intermediate algebra, solid
geometry, and trigonometry.
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CHAPTER 1

THE PROBLEM AND DEFINITIONS OF TERMS USED

Introduction

After the termination of World War II, many ex-servicemen
found themselves financially able to attend college. This influx of
students presented many problems, both to the colleges and to the
students. Some of these men, for various reasons, had elected pro-
grams in high school other than the college preparatory and were
thus confronted with admission deficiencies. Many of these students
enrolled in the industrial arts education program, and some encoun-
tered difficulty meeting the mathematical prerequisites for admis-
sion. A few students transferred to colleges with less demanding
requirements in mathematics.

The author became interested in the mathematical require-
ments for industrial arts education in these colleges and attempted
to survey their catalogs for this information. This was not enlighten-
ing. However, one fact became obvious: there was little agreement
among colleges as to the mathematics required to become an indus-

trial arts teacher. The admission requirements, as stated in the



catalogs, ranged from none mentioned to two units of high school
mathematics, and the in-college requirements also varied from no
mention of mathematics to the specific sequence of college algebra,
trigonometry, and analytic geometry. Some colleges deviated from
the conventional courses and provided trade or shop mathematics.
This course was required of industrial arts majors either in com-
bination with some of the conventional mathematics courses or as a
single requirement.

The author welcomed the opportunity to make a more thorough
study of the mathematical requirements of industrial arts teacher-
education programs. This study attempted to determine the mathe-
matics courses that should be part of the program of industrial arts

teacher preparation.

The Problem

Statement of the problem. The problem was to determine the

mathematical skills needed to be a successful industrial arts teacher
in the public schools. The skills were concieved to be needed in
two situations: those necessary -to fulfill the college requirements
for graduation with a major in industrial arts education and those

needed while teaching.



Importance of the Problem

Financial. The greatly increased cost of a college education,
both to the student and the supporting organization, demands that
every effort be made to ascertain the optimum content of each cur-
riculum. As this cost continues to increase, studies of curricula

become more important.

Student restrictions. Industrial arts embraces many areas of

technical and industrial information. The acquisition of manipulative
and mechanical skills requires extensive laboratory participation.
Thus the student may have few opportunities to elect courses which
he may consider desirable. This may also leave minimum possibili-
ties for general education enrichment. Therefore, every effort
should be made to determine the desirability of proposed additions

to curriculum requirements.

Participation restrictions. Any mathematical requirement has

a limiting effect as to who may participate in, and complete, the in-
dustrial arts education program. These specified requirements deny
admission to those who, for many reasons, have not studied mathe-

matics. They also deny admission, regardless of other competencies

the student may possess.



Some mathematical ability is necessary to pursue industrial
arts in college. However, there is a point beyond which a student's
time in college might be more profitably spent in pursuit of other
knowledge. This optimum level of mathematical achievement for
industrial arts teachers is not known. In accordance with the Amer-
ican philosophy of educational opportunity, an attempt should be made

to determine the proper level for rejection.

Need for the Study

Counseling. Counseling, in both the elementary and secondary
school, should provide information concerning the educational require-
ments of the professions the student may anticipate. The require-
ments for industrial arts teacher education are not readily available.
This information is needed for more effective counseling in the ele-
mentary grades.

Mathematics courses are pyramidal or sequential. Students
may be deterred from conventional high school mathematics because
of lack of mastery of arithmetic. College mathematics may prove
difficult because of omissions in high school mathematics. Recog-
nition of this continual re-use of mathematical skills may provide

impetus for the mastery of each assignment.



Mathematical needs of teachers may vary. The techniques of

teaching industrial arts are different from those of other classes.
Mathematics may be encountered more often in industrial arts than
in the usual classroom. The assignments in industrial arts are more
individualized, and the student may encounter mathematics in more
diverse situations. The industrial arts teacher may have need for
additional mathematical ability. Any error in computation may in-

volve the cost of material and often many hours of student effort.

Questionable basis for requirements. The mathematical re-

quirements for admission and the specific course requirements are
often established by administrators who may be unfamiliar with the
in-class usage of mathematics and the needs of those teaching in-
dustrial arts.

The preliminary survey revealed the almost total lack of uni-
formity in the mathematical requirements among industrial arts col-

leges.

Definitions of Terms

Skills. Mathematical skill is considered as the ability to use

efficiently the mathematical computation necessary to validate the

student's answer. It further involves the ability to select correct



and appropriate mathematical procedures to meet specific situations.
The term also implies teaching skill when it may be necessary to

teach those mathematical skills essential to the work of the class.

Industrial arts. Most current authors consider industrial arts

to be a part of general education, embracing the use of tools, ma-
chines, and materials and imparting to the student the importance of
the industrial society of which he is a member. Industrial arts
concerns: the technical skills, the productive organization, and the
distribution of, products essential to our standard of living. Indus-
trial arts is a way of learning. The student establishes a situation
in which he may be creative, solve problems, think critically, and
organize procedures to meet his objectives. The student may achieve
without lexical restrictions. Industrial arts should be desirable for
girls as well as boys. It should not be contingent upon economﬁc
background or future professional aspirations. Industrial arts

should not be confused with vocational education.

Public schools. The reference to public schools was made

not to eliminate private or parochial schools, but to avoid the in-
clusion of trade and vocational schools or those training programs

maintained by industry. Grade levels were purposely omitted as



many states do not distinguish between preparation for the various

levels.

Plan of the Study

Mathematics to become a teacher. The study was organized

into two parts. The first section was concerned with the mathe-

matics necessary to become a teacher of industrial arts. This area
included (1) the mathematical admission requirements of the univer-
sities or colleges preparing industrial arts teachers, (2) the specific
mathematics courses required of the college industrial arts student,
and (3) the opinions of selected industrial arts professors concerning
the mathematical ability needed to complete successfully the college

industrial arts classes.

Mathematical usage of the teachers. The second section of

the study was devoted to the mathematical skills used by industrial
arts teachers in the public schools. In addition to which skills were
used, the study identified how, and in what subject-matter area, they
were used. This section further included a survey of the opinions
of the authors of industrial arts textbooks concerning the mathemat-

ics involved in the use of their book as a text or reference.



Scope of the Study

Admission requirements and specific mathematics courses.

The data concerning admission requirements and the mathematics
courses required for the industrial arts education program were
supplied by the heads of the industrial arts departments in those
colleges or universities listed in the 1952 yearbookl and the 1956
directory.z These data came from forty-five of the states and 127

colleges or universities.

College class needs. Data concerning the industrial arts

class usage of mathematics were supplied by selected professors
in the industrial arts areas in the above colleges or universities.
Professors from 100 colleges supplied data concerning mathematical
usage in college drafting; professors from sixty-three institutions

furnished data for electricity; 106 for metal; and 104 for wood.

1Wal'cer R. Williams, Jr., and Harvey K. Meyer,
Inventory-Analysis of Industrial Arts Teacher Education Facilities,
Personnel and Programs, Yearbook of the American Council on
Industrial Arts Teacher Education (Oxford, Ohio: Miami Univer-
sity, 1952).

ZG. S. Wall, Industrial Teacher Education Directory
(Menomonie, Wisconsin: Stout State College, 1956).




Teaching needs. Selected outstanding industrial arts teachers

from the public schools of forty states supplied the data concerning

the mathematical usage.

Opinions of authors. Opinions were solicited from authors

and co-authors of high school textbooks listed in the Bibliography of

3
Industrial Arts Textbooks and publishers' catalogs, and of additional

books recommended by the publishers.

Limitations of the Study

Type of study. Because of the geographic area covered by

the study, the collection of data was limited to the use of a ques-
tionnaire. This type of survey presents limitations of (1) communi-
cation or understanding; (2) the number of questions that could be
used to secure the data; and (3) for various reasons, the percentage
and reliability of the responses. Public concepts of the exalted im-
portance of mathematics at the time of the study could limit the

validity of the responses.

3George Ferns and Earl A. Ferns, Bibliography of
Industrial Arts Textbooks (Lansing, Michigan: Office of
Vocational Education, Department of Public Instruction, 1953).
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Mathematical background of the respondents. The opinions of

each college professor concerning the mathematical needs for college
industrial arts classes might be biased by his own mathematical
background. If he were proficient in mathematics, his opinion would
probably indicate that the extensive use of mathematics was desir-
able. If the mathematical background of the professor were limited,

he probably would not require as much mathematical calculation. .

Influence of teacher-preparation classes. The mathematical

usage of the public school industrial arts teacher may be influenced
by the usage of mathematics in his teacher-preparation industrial
arts classes. If these classes involved the extensive use of mathe-

matics, his teaching may reflect similar emphasis on mathematics.

Teacher uses only those skills he has mastered. The high

school teacher probably uses little mathematics if he feels incom-
petent in that area. The course-content of industrial arts is sel-
dom rigidly structured, and the teacher often stresses areas which
he likes and in which he feels confident. Therefore, the teacher
who has taken few mathematics courses will probably use compara-

tively little mathematics in his teaching.
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Limitation of time. Contacts with the high school teachers

were contingent upon the college department chairman's selection of
outstanding industrial arts teachers and upon his providing their
mailing addresses. Delays in the selection resulted in the teacher's
survey being made late in the school year. The date of the survey
prevented proper follow-up procedures. The data also prevented
subsequent mailing when questionnaires were returned ''unknown.''
The lateness of the survey, likewise, prevented remailing when the
returned questionnaires indicated (1) lack of experience, (2) incom-
plete information, and (3) spurious usage. Attempts to recontact the
high school teachers during the summer vacation were deemed im-

practical.

Assumptions

Several assumptions are inherent in the study of basic mathe-

matical skills needed to teach industrial arts in the public schools.

Selection of teachers. The chairmen of the industrial arts

departments of the colleges and universities were assumed to be the

best qualified to select the outstanding industrial arts teachers in the

public schools in their state.
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Opinions of in-class mathematical usage. The professors

teaching the college industrial arts classes were assumed to be the
most authoritative source of information concerning the mathematical

usage in the classes.

Mathematical skills are needed. The study assumed that

some mathematical ability on the part of the student was necessary
to enter college, to do the class work in industrial arts, to com-
plete the specified mathematics courses, and to teach industrial arts

successfully in the public schools.

College applicants have some mathematical skill. The ele-

mentary schools provide preparation in arithmetic. Most secondary
schools require at least one year of mathematics for graduation, and
many require two years of conventional mathematics for recommen-
dation to college. Colleges presuppose some mathematical skill on

the part of the applicant even though they fail to state mathematical

prerequisites.

Skills are acquired in formal classes. In most instances
mathematical concepts and skills are acquired in formal mathematics
classes. There are exceptions to this statement, but the majority of

teachers acquire the mathematical skills they possess by participation
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in mathematics classes. This is especially true in the more ad-
vanced areas of mathematics. Mathematical skills are pyramidal
and the mastery of some skill may involve coverage of the work of
several mathematics classes. Mathematical skills are assumed to

be acquired by participation in classes of mathematics.

Usage depends upon the students. The intellectual ability of

the students, the work habits, and the professional or vocational as-
pirations of the student may affect the mathematical usage in the

industrial arts classes.

Usage influenced by the textbook and references. The mathe-

matical content of the reading the student is expected to peruse may
affect the over-all usage of mathematical skills in the class. The
assumption was made that if little mathematics is encountered, little

mathematics will be used.

Usage varies with objectives. The objectives of industrial

arts vary among school systems. The objectives of industrial arts
are often influenced by the philosophy of the teacher. If the sole ob-
jective of the course is the acquisition of skill, the mathematical

usage may be entirely different from that of a class in which the



14

objectives correspond more closely with the objectives of general

education.

Need for teacher skill. There are many variables which may

affect the mathematical usage in a class. The study assumes that
industrial arts teacher preparation should prepare the teacher to
meet the mathematical needs if and when they arise. Teacher prep-
aration should develop the ability to recognize applications of mathe-

matics.

Skills may be estimated by courses taken. The kind and

number of mathematics courses taken could indicate the maximum
mathematical skills the teacher could be expected to use. The kind
and number of mathematical courses taken by the teacher may not
be a true indication of his mathematical skills. He may have failed
to master some concepts and skills in the class. However, the
study assumes the more mathematics he may have successfully

completed, the more mathematical skills he will be likely to possess.

Difficulty of courses. The study assumes algebra to be more

abstract and more difficult for the majority of high school students

than general mathematics. Thus, when a college will accept students
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with one unit of general mathematics, the college would also accept

students with credit in algebra.

Plan of the Thesis

Chapter II. Reference to selected literature will be made to
establish the status of mathematics at the time when most of the
respondents did their teacher preparation. The few studies similar

to the present one will be discussed.

Chapter III. This chapter will be devoted to the purpose of

the questionnaire and the procedure used in its construction.

Chapter IV. This chapter will contain the data concerning
the admission requirements for students on the industrial arts edu-

cation programs.

Chapter V. The chairmen of the industrial arts departments
in the colleges offering industrial arts teacher preparation supplied
data concerning the mathematics courses their students were re-
quired to take in college. These data will be summarized in this

chapter.

Chapter VI. Industrial arts education professors recommended

certain courses to form the mathematical background of industrial
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arts teachers. The professors also completed the check list to in-
dicate the mathematics courses that could provide the skills used
in their industrial arts classes. Both the data of recommendations

and of class usage will be compared and discussed in this chapter.

Chapter VII. This chapter will concern the mathematics
used by selected outstanding teachers of industrial arts in the public
schools of the United States. The data concerning the mathematical

content of the industrial arts textbooks will be a part of this chapter.

Chapter VIII. The final chapter will summarize the study.

Conclusions concerning the mathematical needs of industrial arts
teachers will be drawn. Any recommendations for future studies,

as a result of the present one, will be made in the final chapter.



CHAPTER II

REVIEW OF THE LITERATURE

The respondents to all phases of this study are individuals
who had received their undergraduate education prior to 1953. This
fact is important, for mathematics was relatively unpopular and
many students met only the minimum requirements. The require-
ments were generally low. The realization of the unpopularity of
mathematics helps one to understand the plight of the veteran as he
attempted to enter college and to appreciate the mathematical back-

ground of the many respondents of this study.

Status of Mathematics

Mathematics had been declining in popularity in the high
schools for many years. Many educational writers advocated sub-
stituting general mathematics for algebra and plane geometry.
Studies were made indicating that general mathematics more ade-
quately met the needs of the students in high school than the study

of academic mathematics. Many questions were raised concerning
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the need for algebra and plane geometry even for those students
planning to attend college.

Other studies were made attempting to predict college suc-
cess from patterns of subjects taken in high school. Many of these
studies specifically anaiyzed the relationship of high school mathe-
matics to success in various areas in college. In many instances
the conclusions questioned the advisability of any high school stu-
dents taking mathematics in high school.

In some instances the literature questioned the quality of the
textbooks and the ability of the mathematics teacher. It seemed
common practice for the teacher, specializing in other areas, to be
assigned a mathematics class to complete the teacher's schedule.
Kline1 was quite critical of both quality and ability and suggested
that much improvement was necessary to restore mathematics to the
status it deserved.

Faced with the multitude of antimathematics literature, coun-
selors often suggested their students take the nonacademic additions

to the curriculum.

1M. Kline, ''Mathematics Texts and Teachers: a Tirade,"'
Mathematics Teacher, 49:162-72, March, 1956.
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Studies Questioning the Content of Arithmetic

There were several early studies questioning the content of
arithmetic courses. These probably helped contribute to the decline
in popularity of all forms of mathematics. Wilson2 found that par-
ents used only the four fundamental operations of arithmetic and
simple fractions in the solution of mathematical problems confront-
ing adults. Mi’cchell3 found that only very simple arithmetic was in-
volved in adult reading in four selected areas. Wise4 also found
adults used little but the fundamental operations and fractions in the
solution of over seven thousand mathematical problems which they
encountered.

A study that caused considerable discussion when it appeared

in 1929 was that of Bowden,5 who surveyed the adult usage of

ZG. M. Wilson, '"'A Survey of the Social and Business Use
of Arithmetic,'' Sixteenth Yearbook of the National Society for the
Study of Education, Part I (Bloomington, Illinois: Public School Pub-
lishing Company, 1917), pp. 20-22.

3H. E. Mitchell, ''Some Social Demands on the Course of
Study in Arithmetic,'' Seventeenth Yearbook of the National Society
for the Study of Education, Part I (Bloomington, Illinois: Public
School Publishing Company, 1918), pp. 7-17.

4Car1 T. Wise, ""A Survey of Arithmetic Problems Arising in Vari-
ous Occupations,'' Elementary School Journal, 20:118-36, October, 1919.

5A. O. Bowden, '"'Consumers Uses of Arithmetic,'' Contributions
to Education No. 340 (New York: Columbia University, 1929).
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arithmetic by the check list technique. He prepared a list of 145
typical textbook problems and requested adults to check if the prob-
lem was encountered. Only forty-four of the problems were thus
checked. He concluded that 85 per cent of the arithmetic taught

might well be eliminated from the curriculum.

Studies Advocating General Mathematics

Criticism of the requirements for algebra and plane geometry
appeared soon after the studies concerning the content of the arith-
metic courses.

Suel’cz6 contended that (1) students have not mastered arith-
metic prior to their admission to secondary school; (2) the one year
of algebra permitted only algebraic manipulation without proper under-
standing; and (3) the informal or experimental geometry in the junior
high school permitted comparable application of geometric principles.
He further suggested more functional mathematics in the high school.

Hunt7 maintained that high school mathematics should have

more functional value. He suggested more arithmetical understanding

6Ben Albert Sueltz, ''Mathematical Understandings and Judg-
ment Retained by College Freshmen,'' Mathematics Teacher, 44:13-
19, January, 1951.

7Herold C. Hunt, ''Mathematics, its Role Today,'' Mathemat-
ics Teacher, 43:313-17, November, 1950.
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and reasoning ability would result from an additional year of arith-
metic in the ninth grade. Beckman8 found little difference in the
retention of general mathematics and first year algebra. In both
cases there was only about half-mastery of the essentials considered
necessary for functional competence.

Mary Car"cer9 questioned the transfer of abstract reasoning
ability, a major premise of those advocating conventional mathemat-
ics for high school. She further urged that high schools provide
mathematics which will be more useful to the vast majority of their
students.

Breslic.h,10 a proponent of more secondary mathematics, con-
tended that general mathematics would be desirable for all the ninth
grade. The mathematics and science students would start algebra

11
the following year. Waggoner, while urging a strong mathematics

8IVI.il'con W. Beckman, ''How Mathematical Literate is the
Typical Ninth Grader after Having Completed Either General Mathe-
matics or Algebra,'' School Science and Mathematics, 52:449-55,
June, 1952.

9Mary Carter, ''The Modern Secondary School Looks at College
Admission,'' College and University, 26:349-61, April, 1951.

10Ernes’t R. Breslich, 'Importance of Mathematics in General
Education,'' Mathematics Teacher, 44:1-6, January, 1951.

11Wilbur J. Waggoner, ''The Relationship of High School Mathe-

matics to Success in College,'" Unpublished Doctor's Project (Lara-
mie, Wyoming: University of Wyoming, 1955).
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program in the secondary school for mathematics and science stu-
dents, suggested that general mathematics is more functional for the
majority of the students. If the college student then finds he needs
formal mathematics, it would be more advantageous to take the in-
troductory courses in college. Waggoner proposed the colleges pro-
vide these introductory courses in formal mathematics.
Richimeyer,lz in a study of the mathematical usage of

teachers and administrators, found a need for additional arithmetic.
He developed a college course in general mathematics for the pro-

spective teacher of subjects other than mathematics or science.

Studies Questioning College Admission Requirements

Douglass13 made one of the earlier studies relative to the
pattern of high school subjects and success in college. His study
has been widely quoted. While the study covered all subject matter
areas, he found the over-all college grades are lower for those

having had four years of high school mathematics than for those

12C. C. Richtmeyer, ''Functional Mathematics Needs of
Teachers,' Unpublished Doctor's Field Study (Greeley: Colorado
State College of Education, 1937).

13Harl R. Douglass, ''The Relation of Pattern of High School
Courses to Scholastic Success in College,'' The North Central Asso-
ciation Quarterly, 6:283-97, December, 1931.
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having less. Nelson,14 in a study following that of Douglass, found
the coefficient of correlation between freshmen grades at the Iowa
State Teachers College and the number of units of mathematics in
high school to be r = .11 £ ,05. He also found that those students
presenting more than two and one-half units in mathematics earned
an average grade of 89.1 and had twenty-seven withdrawals. Those
students presenting less than two and one-half units in mathematics
earned an average grade of 91.3 and had only sixteen withdrawals.
Froelich,ls at the University of Wisconsin, found no significant dif-
ference in the types of courses taken in high school and the scholas-
tic success in the university. Vaughn,16 in a summary of studies
made prior to 1947, showed there was little relationship between

the secondary educational pattern of subjects and success in college.

14M. J. Nelson, '""A Study of the Value of Entrance Re-

quirements at Iowa,'' School and Society, 37:262-64, February,
1933,

ISG. L. Froelich, '"Academic Prediction of the University
of Wisconsin,'' Journal of the American Association of Collgiate
Registrars, 17:65-76, October, 1941.

16William Hutchinson Vaughn, ''Are Academic Subjects in
High School the Most Desirable Preparation for College Entrance?'!
Peabody Journal of Education, 25:94-99, September, 1947.
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Edw.amds17 presented a rather complete summary of the
mathematical requirements for admission to college on the various
curricula. He omitted mentioning mathematical requirements for
industrial arts education, however. He recommended that the un-
decided high school student take three semesters of algebra and
two semesters of plane geometry. The student would thus have the
college entrance requirements, in mathematics, for the majority of
college programs.

Krubeck,18 in a study specifically directed at high-school
mathematics and the college of engineering, found practically zero
correlation between the number of mathematics courses taken in

high school and success in the college of engineering.

Studies Depicting Mathematics Status

Authors recognized the low status of mathematics in the sec-

1
ondary curricula. Peak ? commented on the low mathematical ability

17P. D. Edwards and others, ''"Mathematical Preparation for

College,'' Mathematics Teacher, 45:321-30, May, 1952.

18Floyd E. Kruebeck, ''Relation of Units Taken and Marks
Earned in High School Subjects and Achievement in the Engineering
College,'' Unpublished Doctor's Dissertation (Columbia: University
of Missouri, 1954).

19Philip Peak, ''Today's High School to College Situation in
Mathematics,'" School Science and Mathematics, 54:471-72, June, 1954.
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of those who have courses in high school mathematics. He pointed
out that even though students may have credit in mathematics, they
lack mastery or competence. He suggested that colleges use place-
. s . . 20
ment tests as a more reliable admission technique. Cairns also
deplored the deficiencies in mathematics, especially in college fresh-
men. He suggested, as a partial remedy, that states establish high
school standards and adopt the practice of state-wide examinations.
He lauded the Regents Examinations of the state of New York.

21 . . . . .
Bush noted the unpopularity of science and mathematics in public
education. He suggested more application possibilities to make them
more functional and in this way to revive their prestige. He also
stressed the need for more mathematics and science in mid-century
education within the high schools.

22 . .
Rasmussen  studied the mathematical content of college

courses at the University of Kansas and found the mathematics used

zoS. S. Cairns, ''Elementary and Secondary School Training

in Mathematics,'' Mathematics Teacher, 47:299-302, May, 1954.

2]‘Robert N. Bush, '""The Waning of Science and Mathematics
in Secondary Education,'' California Journal of Secondary Education,
28:242-43, May, 1953.

2?'Otho M. Rasmussen, ''Mathematics Used in Courses of
Various Departments in a University,'"' Mathematics Teacher, 48:
237-42, April, 1955.
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in the undergraduate classes to be quite elementary. He also learned
that a large majority of the students lacked sufficient arithmetical
ability to gain maximum value from the courses. His data were ob-
tained by questionnaire and interview techniques, and he cautioned
that the responses may have been influenced by preconceived notions
with respect to the importance of mathematics.

Russkopf23 has suggested that three things contribute to the
low status of mathematics in the high schools of the United States:
(1) the Thorndyke school of psychology, which refused to accept the
transfer of the ability to think in the abstract, (2) the philosophy of
John Dewey, and (3) the earning power of the working man due to
the technological advances in American industry. The last of these,
he maintained, has removed much of the incentive for academic ef-
fort.

Hirschi expressed the prevalent concern for formal mathe-
matics in secondary education. He commented as follows: ''. . .
Only the pressure from the universities and colleges seems now to
be holding them [algebra and plane geometry] in the high school

. 24
curriculum."

23Myron F. Russkopf, '"Trends in Content of High School
Mathematics in the United States,'' Teachers College Research, 56:
135-38, December, 1954,

24L. Edwin Hirschi, '*Whither High School Algebra and Geom-
etry?'* California Journal of Secondary Education, 28:262-64, May, 1953.
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Optimistic Studies in Mathematics

The postwar surge of interest in science and engineering
may have had a beneficial effect on the status of mathematics in
secondary education. College entrance requirements seem to have
had considerable influence on student elections of courses in the
public schools. Wisemanz'5 of South Dakota State College of Agri-
culture and Mzchanic Arts has made studies of the credits offered
in mathematics by those applying for admission in the years 1922-
1923, 1932-1933, 1942-1943, and 1952-1953. In the last report, he
pointed out that students are presenting more mathematics, as part
of the high school units, than in previous studies. The average rose
from 1.75 to 1.95 units of mathematics over the ten-year period.
He found that only 2 per cent of the students presented units in
general mathematics while 95 per cent of the students offered
algebra and 75 per cent of the students offered first-year geom-
etry. Many more students are offering advanced algebra, but the
number of units of solid geometry is declining. He qualified his
findings by the statement that possibly the increase is due to better

counseling in the high schools.

25Clinton R. Wiseman, ''Continued Study of College- Entrance
Credits, of Graduates of South Dakota High Schools,'" School Re-
view, 62:296-98, May, 1954.
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Harrington26 wrote of the strong science and mathematics
program in the Albuquerque, New Mexico, educational program. He
predicted: ''One out of every three graduates will go to the uni-
versities with majors in both science and mathematics.'' However,
he cautioned against the policy of requiring conventional mathemat-

ics and science of all students.

Studies More Closely Related

The above studies and literature were cited to develop a con-
cept of the status of mathematics during the time the majority of
the respondents received their undergraduate education. The influ-
ence of the college admission requirements may account for the
fact that they took as much mathematics as they did.

Apparently industrial arts education has been neglected. No
reference to the admission requirements for industrial arts teacher
preparation was made in any of the studies cited. There seem to
have been no studies of the in-college requirements in mathematics

nor any of the in-college usage of mathematics. Even in the study

26E. R. Harrington, ''Science and Mathematics in the Albu-
querque High Schools,'" American School Board Journal, 132:31-33,

June, 1956.
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by Rasmussen27 no attempt was made to show the use of mathemat-
ics in the field of industrial arts.

The study by Richtrneyerz'8 concerned the mathematical usage
of teachers in general. Many of his data came from rural teachers.
No attempt was made to compare teaching area requirements. Little
inference could be drawn concerning the mathematical needs of in-
dustrial arts teachers.

Several studies have been made concerning the mathematics
curriculum, but they, for the most part, were concerned with mathe-
matics research, mathematics education, and the program for science
and engineering students.

The only study similar to the present one was the recent
study of the mathematical needs of agriculture students by Lay‘con.2
The present study closely follows the plan he used. His question-
naire of seventy-three mathematical items has similar divisions.
One part deal with general questions; a second section concerned

the mathematical college entrance requirements for agricultural

7 .
Rasmussen, op. cit., p. 25.

28
Richtmeyer, op. cit., p. 22.

29W. I. Layton, ''College Mathematical Training for Stu-
dents Specializing in Agriculture,'' Mathematics Teacher, 50:55-57,

January, 1957,
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students, while a third division was devoted to the specific college
mathematics requirements for agriculture majors and minors. The
fourth section of the study contained the recommendations of the ag-
ricultural departments concerning desirable specific mathematical
requiremz=nts. He maintained separate areas in the study for those
students on agricultural education and for those on the Smith-Hughes
vocational program.

His data came from forty states. He found the admission
requirements in mathematics varied from zero to three units of
high school mathematics. Thirty-five colleges specified high school
algebra, twenty-six required plane geometry, and only one specified
general mathematics as a prerequisite.

The specified college mathematics likewise varied. Of those
responding, twenty colleges required college algebra for their agri-
cultural students, ten required a course in agricultural mathematics,
while eleven indicated no mathematics was required of the agricul-
tural students while in college.

He selected forty-six of the seventy-three items which the
agricultural departments considered desirable for their majors.

", . . These forty-six topics, in the main, could be classified as
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arithmetic and algebra and their specific application to agricultural
problems."!

The recommendations of the agricultural departments were
quite different from the requirements established by the colleges.
The departments agreed that agricultural mathematics would be more

desirable than college algebra and/or trigonometry.

Summarx

Mathematics, as a school subject, has been declining in popu-
larity for a number of years. Students often took only the minimum
classes required for their program. Deficiencies were prevalent
among those applying for admission to college.

Little research has been done to ascertain the mathematical
needs or usage in many of the nonacademic areas. No studies have
been made regarding the mathematical needs of industrial arts stu-
dents or teachers. Only one study similar to the present one has

been made. That was in agricultural education.

30bid., p. 29.



CHAPTER III
THE QUESTIONNAIRE

This study attempted to determine the mathematics courses
that should be part of the program of industrial arts teacher prep-
aration. To accomplish this, the study tried to ascertain the mathe-
matical usage and needs of selected industrial arts teachers. These
needs and usages might occur in (1) the admission requirements of
the college, in (2) the specified mathematics courses required as
part of their program, or in (3) the subject-matter content of the
industrial arts classes which were part of their program.

The mathematical needs or usage may also occur in the
teaching of industrial arts as (1) verifying the mathematical compu-
tations of the students, as (2) the necessity to teach certain mathe-
matical skills in connection with the industrial arts classwork, or
in (3) nonpupil-contact situations. Thus mathematics may be en-
countered in the technical and professional literature; it may be
encounted in the development of teaching devices and instructional
materials; and in the requisitioning and disbursement of materials

and supplies. As part of the teaching usage of mathematics the
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study sought the opinions of the authors of industrial arts textbooks
concerning the mathematical skills the teacher should possess to
obtain maximum value from the use of their books as texts or ref-
erences.

The study further attempted to determine the relative mathe-
matical usage in different subject-matter areas of industrial arts.
The areas selected were those of drafting, electricity, metal, and

wood.

Need for a Questionnaire

To get these opinions, it was necessary to use a question-
naire which was sent to college professors and the authors of in-
dustrial arts textbooks. The use of a questionnaire was required
to determine the mathematical skills that experienced industrial arts

teachers had used in their teaching.

Need for a Check List

The present eminence of mathematics could conceivably bias
any data concerning mathematical needs or usage. An effort was
made to minimize this aggrandizement by the inclusion of a check

list of possible industrial arts usage of mathematical skills. Thus
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some information was solicited by direct request and certain ele-

ments of the same information were included in the check list.

Construction of the Check List

The construction of the check list involved the following con-
siderations:

1. The purpose of the check list was to verify and substan-
tiate the mathematical needs and usage stated in the responses to
the direct inquiries.

2. The range, in terms of mathematical courses, of the
check list should be based upon the college entrance and specific
mathematics course requirements. These requirements reflect the
opinions of the administrators of the colleges concerning desirable
mathematical courses, and skills, for college industrial arts students.

3. The possible coverage of the individual mathematics
courses is necessarily limited. To cover the entire area of the
several courses completely would result in a check list entirely too
extensive. Approximately fifty items in the check list were consid-
ered the maximum that would bring responses.

4. The items used in the check list should be: (a) repre-
sentative of major concepts or abilities developed in the mathemat-

ics courses; (b) applicable to industrial arts usage whenver possible;
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(c) identifiable with specific mathematics courses so that, if the
item were checked as used, the course most likely to develop that

skill could be identified.

The Selection of Items

The following procedure was employed in the selection of the
items of the check list:

1. The catalogs from several colleges were examined to de-
termine the entrance requirements and the specific mathematics
courses required for industrial arts students. These requirements
varied from that of no mention of mathematics to that of requiring
algebra and plane geometry as part of the high school credits. The
in-college requirements for mathematics also ranged from none
mentioned to specified college algebra, trigonometry, and analytic
geometry. When no mention of mathematics was made, the study
assumes that the colleges presupposed some arithmetical ability of
the applicant, On the basis of the survey, the check list should
contain items from the mathematics courses that would be taken in
sequential order through analytic geometry. This would include
arithmetic, first-year algebra, plane geometry, third-semester or
intermediate algebra, solid geometry, college algebra, trigonometry,

and analytic geometry.
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2. Assistance in the selection of the items was requested
from members of the department of mathematics in a teacher-
preparation college. Their suggestions were so helpful, additional
requests for advice were made in other parts of the study.1

3. Standardized arithmetic tests were examined for items in
that area. The items that were selected were then rephrased, and
examples of application, in the industrial arts area, were provided.2

4. TItems representing the other mathematics courses were
obtained from textbooks used in those courses. Selection was based
upon the number of pages devoted to the development of the concept
or skill. This procedure helped establish the concept or skill as
being an important part of the course.3

5. Technical and shop mathematics books were examined for
examples of the use of the mathematical skills selected by the above
procedure.4 Examples of all the items were not found, which may
indicate two possible conclusions. Either there were no applications
or the mathematical skill was too difficult for the assumed reader to

comprehend.

1Mathematics Advisory Committee, see Appendix A, p. 160.
ZStandardized arithmetic tests, see Bibliography A, p. 149.
3Mza.thematics textbooks, see Bibliography A, p. 149.

4Technical and shop mathematics books, see Bibliography B,
p. 152.
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6. A pilot study, involving ten experienced industrial arts
teachers, was made. This was done to check on ambiguity, clear-
ness of the terminology, and appropriateness of the examples. Com-
ments and suggestions were solicited and received. The pilot study
resulted in the elimination of four items and the rewording of two
others.

7. The mathematics faculties of three colleges5 were asked
to judge the course-representation and/or the identification-with-course
phase of each item. The purpose of securing this professional opinion
was to be able to identify the mathematics course most likely to de-
velop that skill.

The item concerning the ability to extract square root (item
no. 15) had been included in the skills acquired in first-year algebra.
The college mathematics faculties, especially the supervising teach-
ers, credited that ability to eighth-grade arithmetic. Incomplete re-
turns were received on two items; namely, proving or deriving a
formula in plane geometry (item no. 9 with only nineteen associa-
tions) and the item involving the focus-directrix properties of conic
sections in analytic geometry (item no. 14 with only twenty responses).

The lowest agreement of course identification was that of the graphic

5For identification of colleges and data concerning mathe-
matical faculty, see Appendix A, pp. 163-64.
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solution of systems of nonlinear equations (item no. 43) in which
two-thirds of the respondents concurred that the item represented
third-semester algebra. Additional data concerning this part of the
study are shown in Table I. The item concerning the use of the
slide rule (item no. 4) was included upon the advice of the advisory
committee.6 Instructions for the use of the slide rule were not
found in the mathematics course textbooks but were found in most

of the books for technical or shop mathematics courses.

The Questionnaire

The above check list comprises pages 2, 3, and 4 of the
questionnaires sent to authors and college professors, and with modi-
fied checking provisions, to the public-school teachers.

Page 1 of the questionnaire sent to authors, in addition to the
explanation of the study, contained the request for the grade level
for which the book was written and for the author's opinion of the
formal mathematics courses desirable for the student to have com-

7
pleted prior to the use of the book as a text.

6Mathema’tics Advisory Committee, see Appendix A, p. 159.

7Au’chor's questionnaire, see Appendix D, p. 189.
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TABLE 1

NUMBER AND PERCENTAGE OF PROFESSORS WHO
IDENTIFIED ITEMS IN MATHEMATICS COURSES

—

No. of
Item
Pro-
No.
fessors

————————

Pct. of
Total

Item N;;o?f Pct. of
No. Total
fessors

1

7
12
15
17
24
27
40
47

Arithmetic (9 items)

21
17
21
15
21
21
21
21
21

100
80.8
100
71.5
100
100
100
100
100

Plane Geometry (6 items)

10
19
23
25
29
31

20
21
19
18
19
20

95.3
100
90.5
85.7
90.5
95.3

Elementary Algebra (8 items)

11 20 95.3
18 19 90.5
20 20 95.3
26 17 80.8
38 21 100
42 21 100
45 18 85.7
48 21 100

Intermediate Algebra (5 items)

2 17 80.8
8 15 71.5
13 15 71.5
35 18 85.7
43 14 " 66.6
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TABLE I (Continued)

Item N;)I.‘O(-)f Pct. of Item N}:?I..OOf Pct. of
No. Total No. Total
fessors fessors
Solid Geometry (5 items) College Algebra (4 items)
9 16/19 84.2 5 ’ 18 85.7
16 18 85.7 22 16 76.3
21 18 80.8 28 18 85.7
33 20 95.3 44 17 80.8

36 19 90.5

Trigonometry (6 items) Analytic Geometry (4 items)
6 21 100 3 17 80.8
32 20 95.3 14 20/20 100
34 21 100 30 18 85.7
37 19 90.5 39 20 95.3
41 19 90.5

46 20 95.3
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The first page of the questionnaire sent to the college pro-
fessors also contained an explanation of the study, a request for
identification data, and for opinions concerning the mathematics
courses desirable for industrial arts students to have taken prior
to graduation.8

The first page of the questionnaire sent to the industrial arts
teachers contained an explanation of the study, the request for iden-
tification data, and a listing to determine the mathematics courses
the teacher had taken. A reply to the question, '"Do you feel you
should have taken more, or less, mathematics in college?'' was
requested.

The check list comprising pages 2, 3, and 4 of the teacher's
questionnaire contained scoring provisions to determine the area in
which the mathematics was encountered. The scoring further indi-

cated how the mathematics was encountered.9

8College professor's questionnaire, see Appendix B, p. 165,

9Teacher's questionnaire, see Appendix C, p. 180.



CHAPTER IV

MATHEMATICAL ADMISSION REQUIREMENTS

Variation in Requirements

The variation, previously mentioned, in mathematical admis-
sion requirements among the industrial arts teacher-preparation
programs is substantiated by Table II. A prospective college student
contemplating industrial arts education has ample opportunity to se-
lect a college or university that will accept his mathematical back-
ground for admission.

In approximately one-third (36.0 per cent) of the colleges or
universities responding there were no mathematical requirements,
specifically stated, for admission to the industrial arts program.
However, many replies, answering ''none'' to the request, ''Please
indicate the number of units of high school mathematics required
for admission, or that must be taken as deficiencies, before gradu-
ation as a major in your department,'' contained subscripts denoting
the student was expected to be able to do the mathematics involved

in the classwork. Additional notes implied students would be
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TABLE 1II

DISTRIBUTION OF ADMISSION REQUIREMENTS AND
NUMBER IN INDUSTRIAL ARTS FACULTY

o . a
Admission Requirements

No. in
Facult
Y A B C D E F G H I J
1 2 1 1 1
2 2 1 1 2 2 3
3 9 2 2 2 3 1 1
4 5 3 2 2 2 7 1
5 2 1 1 ] 3 3 1
6 6 3 1 1 2 1
7 2 1 3 1
8 3 1 1
9 3 1
10 1 1
11 1 1
12 1
13 2 1
14 1 1
15 1 1
16 1 2 ]
18 1 1
20 1
25
33 1
Total 45 13 1 7 7 9 27 1 8 7
Pct. 36,0 10.4 0.8 56 5.6 7.2 21.6 0.8 6.4 5.6

# Admission requirements: A = none required; B = general
mathematics only; C = general mathematics plus other; D = general
mathematics plus algebra; E = general mathematics plus algebra
plus geometry; F = algebra only; G = algebra plus geometry; H =
algebra plus other; I = any one; J = any two.



44

counseled to take either remedial or additional mathematical courses
in college if their backgrounds in mathematics were limited.

General education mathematics was mentioned several times,
and presumably it was required of all students in those colleges.
This could compensate for the omission of specific mathematical
requirements. Several subscripts requested copies of the results
of the study inasmuch as their colleges were studying possible
changes in requirements for admission, especially in the area of
mathematics.

The second most common mathematical requirement, occur-
ring in twenty-seven of the responses (21.6 per cent) was the com-
bination of algebra and geometry. These two courses have been
the traditional requirement for the college-preparatory program in
the high school. They are the academic mathematics courses and,
along with arithmetic, the introductory courses in the mathematical
sequence.

The third most common mathematical requirement was gen-
eral mathematics. It was the sole requirement in thirteen (10.4 per
cent) of the replies. This indicates the acceptance of a relatively
new course in mathematics. The recognition of general mathematics
by the colleges and the elimination of all mathematics in the require-

ments (36.0 per cent) permit students to be admitted to nearly
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one-half of the college industrial arts education programs without
having taken either algebra or geometry. One unit of general mathe-
matics would also suffice in eight more colleges which accept one
unit in any high school mathematics. Thus students without algebra
or geometry could enter 52.8 per cent of the industrial arts educa-
tion departments cooperating in the study.

The least common of the nine combinations of mathematical
classes that were reported as requirements was those of general
mathematics or algebra, plus one additional unit of secondary mathe-
matics. However, the degree of rarity was not significant. The
five combinations reported least often comprise only 18.4 per cent
of the total responses.

The arrangement of Table II does not indicate a pattern or
tendency of the requirements. Neither does it portray the occur-
rence of the different mathematics courses within the requirements.
Another table (Table III) was prepared to combine the occurrence of
each course and also to summarize the number of courses required

for admission.

Occurrence of Secondary Mathematics Courses

In Table III general mathematics is specified alone and in

combination with other courses. General mathematics was specified
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TABLE III

NUMBER AND PERCENTAGE OF COLLEGES AND THE
MATHEMATICAL COURSES REQUIRED
FOR ADMISSION

No. of Pct. of

thematical i t
Mathematical Requirements Colleges Colleges

None .. .... .. ... . ... . e 45 36.0
General mathematics . . ... ... ... .. ... 36 28.8
Algebra ... ... .. ... ... ... 51 40.8
Geometry . . . . . ... e e e e 34 27.2
NO COUrSeS . . . . . . . o v i v v i it e v 45 36.0
One course . . . ... . ... 25 20.0
TWO COUTSES . . v v v v vt vt it b e e e e e 46 36.8
Three courses . ... ... ... .......... 7 5.6
Four courses .. .. . ... ... ..o .eo. 2 1.6

Total . . . . . . . e e e e e e e 125 100.0
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with another high school course in mathematics, with algebra, and
with algebra and geometry. The total number of colleges specifying
general mathematics, alone and in combination, was thirty-six (28.8
per cent of the colleges or universities responding). In a like man-
ner, Table III shows algebra, either alone or in combination with
other courses, to be specified by fifty-one or 40.8 per cent of the
respondents. Geometry is specified by thirty-four (27.2 per cent)
of the colleges. The total of the number of colleges does not rep-
resent the correct number of respondents, for many of them require
two or more courses. The percentages shown were computed on
the basis of the 125 colleges responding.

The high school units of mathematics may represent greater
occurrence of algebra and geometry because of the two combinations
specifying either general mathematics and an additional course. The

additional course might be algebra or geometry in one instance or

general mathematics or geometry in the other combination.

Number of Mathematics Courses Specified

The largest percentage of colleges (36.0) do not require sec-
ondary mathematics for admission to the industrial arts education
program. Almost as many colleges (34.4 per cent) require two

courses of secondary mathematics. One-fifth of the colleges
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responding require only one course of high school mathematics,
while 36.8 per cent require any two courses. A small number of
colleges (seven) require three or four courses of mathematics for
admission to the industrial arts teacher-preparation program. Only
two of this group specified the third semester of algebra. Solid
geometry was not specifically required although it was mentioned as
a possibility for the third or fourth unit. Trigonometry was not

specified or mentioned as a high school mathematics course.

Comparison of Department Size and Requirements

The colleges with fewer faculty members in the industrial
aarts department seemed to specify general mathematics more often,
&s shown in Table II, than did those with larger departments. Table
XV was prepared to examine differences in the mathematical require-
ITments among the large- and small-sized departments. The mean of
the faculty members of the industrial arts departments was found

to be 6.70.

A comparison was then made of the mathematical require-
Ixyents of colleges whose industrial arts departments had six or fewer
XYmiembers with those colleges whose industrial arts departments had
S even or more members. There were more small-department col-

1eges specifying general mathematics but a comparison of the



MATHEMATICS COURSES REQUIRED BY COLLEGES
WITH LARGE AND SMALL DEPARTMENTS

TABLE IV
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Departments of

Six or Fewer

——

Departments of
Seven or More

Courses Required Members Members
No. Pct. No. Pct.
None .. ............. 23 27.4 22 53.7
General mathematics . 24 28.6 12 29.3
Elementary algebra . . ... 39 46.5 12 29.3
Plane geometry ....... 23 27.4 11 26.9
INo courses ... .. .. ... 23 27.4 22 53.7
QOne course . .. ... .... 23 27.4 2 4.9
"Two courses .. .. .. ... 31 37.0 15 36.6
"Three courses ........ 5 5.9 2 4.9
XFour courses .. ... .... 2 2.4
Total ..... e e e e 84 100.1 41 100.1
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percentage of small-department colleges specifying general mathe-
matics with the percentage of the large-department college with the
same requirement indicates no significant difference. No mathemat-
ics was required by a larger percentage of the large-department
colleges. Algebra was required by more of the small-department
colleges. In the number-of-mathematical-courses area of Table V
the small-department colleges require one course of high school
mathematics more often (27.4 per cent) than the 4.7 per cent of the
large-department colleges. Only the small-department colleges re-

quire four years of high school mathematics.

Comparison of Geographic Area and Requirements

The size of the industrial arts departments of the colleges
©Or universities did indicate differences in the mathematical require-
xments. Would the geographic location of the college show differences
i n the mathematical requirements? The areas represented by the
S everal accrediting associations were used as a basis for geographic
< omparison. There were sixty-five responses from colleges or uni-
Vv ersities within the states served by the North Central Association
O f Colleges and Secondary Schools, thirty-two in the Southern Asso-
< jation area, eleven in the combined areas of the Middle States and

the New England States Association, and seventeen colleges in the
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Area
Mathematical North Southern Middle North-
Requirements Central Assn, and New western
Assn. England
No. Pct. No. Pct. No. Pct. No. Pct.

INone ........ 27 41.5 6 18.8 7 63.6 5 29.4
<& eneral mathe-
xxatics only 8 12.3 6 18.8 3 27.3 1 5.9
<& eneral mathe-
Ixyatics + one 2 3.1 3 9.4 1 9.1 3 17.4
<= eneral mathe-
Ixxatics +
A lgebra ...... 6 9.2 1 3.1 1 5.9
<= eneral mathe-
IxX atics + alge-
b3 + geometry. 3 4.6 1 3.1 1 5.9
A gebra only 7 10.8
A gebra +
Eeometry ..... 11 16.9 13 40.6 5 29.4
Miscellaneous . 1 1.5 2 6.2 1 5.9
Total .. ...... 65 99.9 32 100.0 11 100.0 17 99.8
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area of the Northwestern Association of Secondary and Higher Schools.
No attempt was made to determine the accreditation of the respon-
dents nor was any attempt made to determine association policy or

its effect upon the mathematical requirements of the colleges in the

aareas served by the associations.

The replies from the area of the Middle and New England

SStates associations show nearly two-thirds (63.6 per cent) of the

colleges responding require no mathematics for admission to the

industrial arts education program. The second largest ratio (41.5

Per cent) requiring no mathematics for admission was from the North

C entral Association area. The smallest percentage (18.7) of colleges

X equiring no mathematics was from the Southern Association area.

The colleges of the Southern Association area did require the

d aargest percentage (40.6) of the algebra and geometry combination

for admission. The area ranking second in this requirement was

that of the Northwestern Association.

The area of the North Central Association was the only one

to specify one unit of algebra only for admission.

The miscellaneous grouping contained two colleges requiring

three units of high school mathematics and two colleges requiring

four units of mathematics for admission. The two colleges requir-

ing three units of mathematics were in the Southern Association
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area, while the colleges requiring four units were divided in the

areas of the North Central and the Northwestern associations.

Students Affected by Requirements

The study did not determine the number of students involved
in the mathematical admission requirements of the colleges. How-
€ ver, the number of faculty members in the industrial arts depart-
xments indicate, to some extent, the student enrollment in the de-
Partments. There were a total of 808 faculty members in the
d epartments responding; 316 in the smaller departments and 492

in the larger departments. The percentages shown in Table VI are
< Omputed on these totals. The largest percentage of indicated col-
1l e ge students (42.5) could be admitted with no mathematical require-
Ix ents specified by the colleges. An even larger percentage (50.8)
< ©uld be admitted if they enrolled in the colleges or universities
Writh the larger departments.

The second highest percentage of the indicated college stu-
A ents (22.1) would have to present credits in both algebra and geom-
©try. If these students enrolled in colleges with larger industrial

arts departments, they would have to present credits in both algebra

and geometry in approximately one-fourth (24.8 per cent) of the col-

leges.
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TABLE VI

STUDENTS ENCOUNTERING REQUIREMENTS BASED UPON
THE NUMBER OF FACULTY MEMBERS
IN THE DEPARTMENT

Total Six or Seven or
Mathematics MeFr:;:rl'?l’li Die::tl;ng:xt D;VI offml:nt
Required P P pa
No. Pct. No. Pct. No. Pct.
INone .......... 346 42.5 96 30.4 250 50.8
CSeneral mathe-
Imatics only ... .. 95 11.6 72 22.8 23 4.7
S eneral mathe-
Xrxatics + one .. .. 68 8.3 21 6.7 47 9.6
S eneral mathe-
xam agtics +
= l1gebra ........ 36 4.4 29 9.2 7 1.4
<= eneral mathe-
Ixxatics + algebra
+ geometry ..... 33 4.0 11 3.5 22 4.5
A dgebra only .. .. 30 3.7 23 7.3 7 1.4
A\ 1gebra +
eometry ....... 180 22.1 58 18.4 122 24.8
Miscellaneous . . . . 20 2.5 6 1.9 14 2.8

Total .. ........ 808 99.1 316 100.2 492 100.0
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Summarz

The mathematical admission requirements do vary. Appar-
ently the state, the size, or the geographic area do not produce uni-
formity in requirements.

Slightly more than one-third of the colleges responding do
riot require high school mathematics as part of their entrance stipu-
1 ations. The combination of algebra and geometry is required by
xmore than one-fifth of the responding colleges that specify mathe-

TXratics as entrance requirements.

A larger over-all percentage of the colleges that replied re-

Quire two courses in secondary mathematics for admission to the

i rndustrial arts education program. However, practically the same
FPe rcentage of colleges stated that no mathematics course was re-

QA uired. Algebra is mentioned most often, while geometry and gen-
€ x~al mathematics are nearly tied for second place.

The larger percentage of colleges responding from the north-
€ astern part of the United States did not require high school mathe-
Inatics. The smallest percentage requiring no mathematics was
from the southern states.

The converse of the above was indicated. A larger percent-

age of the colleges replying from the southern states required algebra
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and geometry. None of the colleges responding from the northeast-
ern part of the United States required algebra and/or geometry.

Slightly over one-half of the industrial arts education require-

rments do not mention algebra or geometry.

Prevalent concepts of the relative difficulty of the secondary
xymathematics courses would place the entrance requirements of the

Southern Association area colleges as the most difficult and those

o f the northeastern colleges the easier.

Of the 125 colleges surveyed, 84 had industrial arts depart-

xrments with six or fewer faculty members. However, on the basis

O f a relatively constant ratio between students and faculty members,
there are more students enrolled in industrial arts departments

s ving seven or more faculty members. Over half of the students

im the large-department colleges could be admitted without high

S <hool mathematics. Nearly one-fourth of the students in the

=S xmaller departments could be admitted with one unit of general

XX athematics. In either department well over half of the students

< ould be admitted without algebra and/or geometry. Applicants who
hiave credit in algebra and geometry would be admissible, to the

extent that mathematics is concerned, in 92.6 per cent of the col-

leges involved in the study.
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The extreme variation in mathematical admission require-

ments promotes the conclusion: There is no apparent rationality to

the requirements. They may be the result of committee compulsion-

to-report, of administrative ideology, or of tradition. They reflect

the lack of, and the need for, scientific study.



CHAPTER V

MATHEMATICS COURSES REQUIRED IN COLLEGE

The arrangement of these data is similar to that in Chapter
IV to permit easier comparisons between the mathematical admission

requirements and those required while in college.

Variations in College Requirements

The mathematical offerings of the colleges are more exten-
sive than those found in most secondary schools. This may account
for the even wider variation in the in-college requiremen s for in-
dustrial arts majors.

There are so many different requirements that it is neces-
sary to combine some courses for tabulation purposes. One of
these combinations was that of general education mathematics and
general mathematics. Of the colleges responding, five stated they
required general education mathematics and ten indicated they re-
quired general mathematics. These two courses were combined

under the heading ''general mathematics'' in Table VII.
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TABLE VI

DISTRIBUTION OF COLLEGE MATHEMATICS COURSES
AND NUMBER IN INDUSTRIAL ARTS FACULTY

No. in  Nome  Gen. Cﬁlgz"{e Alge- Shop  Any  Mis-
Faculty 3‘3‘ Math. bra bra} + Math. College cella-
quired Only Onl Trig. Only Math. neous
1 2 1 1 1
2 2 1 1 3 1 3
3 1 3 1 7 2
4 7 2 3 7 1 2
5 2 3 2 2 3
6 2 4 3 3 3
7 2 1 2 1 2
8 1 3 1
9 2 2
10 1 1
11 1 1
12 2
13 1 1 1
14 1 1
15 1 1
16 2 2
18 1 1
20 1
25 1 1
33 1
Total 35 15 10 35 9 4 17

Pct. 28.0 12.0 8.0 28.0 7.2 3.2 13.6




60

The ''miscellaneous'' column contains the replies from seven-
teen colleges having a total of ten different requirements. In no
instance did more than three colleges require the same mathematics
courses in this division. Most of the ten different requirements
were specified by only one college. The small-department colleges
seem to predominate in the miscellaneous requirements; fourteen of
these requirements came from colleges with seven or fewer faculty

members in the industrial arts departments.

Size of Department and Requirements

The in-college mathematical requirements were arranged
according to the number of faculty in the industrial arts departments
to permit examination of any relationship between the size of the
department and the mathematics required in the college. There is
no apparent relationship between the size of the industrial arts de-
partment and the mathematical requirements for their students.

The two most popular requirements were (1) no mathematics
required, and (2) college algebra and trigonometry. In each case
thirty-five or 28 per cent of the colleges require either no mathe-
matics courses or the combination of college algebra and trigonom-
etry. General mathematics only (12.0 per cent) was the third most

prevalent requirement. Also in the one course of mathematics *
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section, college algebra (8.0 per cent) slightly outranked shop mathe-
matics (7.2 per cent). Only four colleges (3.2 per cent of the total)
specified any mathematics course would suffice. Conclusions con-
cerning this requirement are impossible unless one knows the of-
ferings of the mathematics department in the colleges specifying
this requisite. Two colleges required the three courses: college
algebra, trigonometry, and analytic geometry. These are placed

in the '""miscellaneous'' column.

The arrangement of Table VII does not portray a pattern or
tendency in the in-college mathematical requirements. Another
table (Table VIII, arranged similar to Table III) was prepared to
show the occurrence of each course in the requirements and also

to summarize the number of college mathematics courses required.

Occurrence of College Mathematics Courses

College algebra was mentioned, either alone or in several
combinations, in 43.5 per cent of the responses. Trigonometry,
mostly in combination with college algebra, was the second most
common requirement. It was specified in 34.4 per cent of the re-
plies. General mathematics (16.8 per cent) was the third most
common course requirement. Shop mathematics was fourth in rank

with 12 per cent. Over one-fourth of the colleges (28.0 per cent)
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NUMBER AND PERCENTAGE OF COLLEGES AND THE

MATHEMATICS COURSES REQUIRED
IN COLLEGE

=

Mathematical Requirements Clgi)l.egis Cl:(,)(ﬁ;agoefs
None .. .. ... . ... e e 35 28.0
General mathematics . . .. ... .. ...... 21 16.8
Shop mathematics . ... ... . ... ...... 15 12.0
College algebra ... ... ............ 54 43.5
Trigonometry .. .. .. .. ... ... ... 43 34.4
Analytic geometry . ... ... ... ... ..., 2 1.6
Miscellaneous . . . . . . . . v oot v b0 .. 9 7.2
No course .. ... ... ..o 35 28.0
One course ... .. .. ..t 39 31.2
TWO COUrSesS . . . . . . . v v v v v v v v 45 36.0
Three courses ... .... .. ..o ... 3 2.4
Four courses .. ... ... .o ot oo 3 2.4
Total . . .. . . . . e e e e e e 125 100.0
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do not require the industrial arts students to complete any mathe-
matics courses. Industrial arts students could avoid contact with

the academic mathematics courses in over one-half (56.5 per cent)
of the colleges cooperating in the study. The miscellaneous group-

ing consisted of surveying and/or another course in mathematics.

Number of Mathematics Courses Required

The most common mathematical requirement (36.0 per cent)
was two courses in college mathematics. In most instances this
was college algebra and trigonometry. A slightly smaller percent-
age (31.2) of the responding colleges require only one course of
college mathematics. This group includes those colleges that specify
general mathematics only, shop mathematics only, algebra only, trig-
onometry only, and those indicating one course in any college mathe-
matics. Only a small percentage of colleges require three or four

courses of college mathematics.

Department Size and Requirements

Table IX is essentially a breakdown of Table VIII to examine
the requirements of the large- and small-department colleges. There

was less variation in the in-college requirements of the large- and
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TABLE IX

COLLEGE MATHEMATICS COURSES REQUIRED BY COLLEGES
WITH LARGE AND SMALL INDUSTRIAL
ARTS DEPARTMENTS

p— et ———————————— o

|

Departments of Departments of
Six or Fewer Seven or More
Courses Required Members Members

No. Pct. No. Pct.
None ............... 22 26.2 13 31.8
General mathematics . . . . 14 16.7 7 17.1
Shop mathematics ... ... 9 11.4 6 14.6
College algebra ... .... 33 39.4 21 51.3
Trigonometry .. .. .. ... 27 32.2 16 39.0
Analytic geometry ... ... 2 4.0
Miscellaneous . . .. .. ... 6 7.1 3 7.3
No course .. ......... 22 26.2 13 31.8
One course .......... 27 32.1 12 29.2
Two courses .. ....... 31 36.9 14 34.2
Three courses ........ 2 2.4 1 2.4
Four courses .. ....... 2 2.4 1 2.4

Total 84 100.0 41 100.0

---------------
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small-industrial-arts-department colleges than there was in the ad-
mission requirements of the same colleges.

There is less difference in the percentage requiring no
mathematics courses (31.8 and 26.2 per cent as compared to 53.7
and 27.4 per cent in Table IV). There is a small difference in the
percentage of large departments and small departments requiring
college algebra. Otherwise, the large and small groups are quite
similar in their requirements. The same consistency exists between
the large- and small-department colleges in the number of college
mathematics courses required. There are fewer than six percentage
points difference between the large- and small-department colleges
in any of the number-of-course combinations. The size of the in-
dustrial arts departments does not seem to affect the in-college

mathematical requirements in the study.

Geographic Area and Mathematics in College

In Table V there were differences in the admission require-
ments of the colleges representing different geographic areas.

The colleges of the North Central Association are apparently
the more lenient in college mathematics requirements, while those
of the Southern Association are the more demanding or more aca-

demic in their requirements. Over one-third (35.3 per cent) of the
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colleges of the Northwestern Association area require no mathemat-
ics and a like number require both college algebra and trigonometry.
"This extremity in requisites is evident in the over-all college re-
<guirements. It may be that some colleges adhere to the traditional
xequirements while others, for want of a satisfactory alternative,
Iiave abandoned all mathematical requirements.
The data in Table X are from the same colleges and are

£ rouped in the same geographic areas as the admission requirements
s hown in Table V. This permits easier comparisons of the admis-
ssion and the in-college requirements. The percentages of no mathe-
Inatics for admission and none while in college are relatively con-
sistent for all areas except for the northeastern colleges. No sec-
ondary mathematics was necessary for admission to 63.5 per cent of
the colleges from that area while all of them require some mathe-
matics of the industrial arts education student. General mathematics
is not quite as popular for in-college as for admission requirements
in the areas of the North Central, the Middle States, and the New
England associations. It remains about the same in the Southern
Association area, and is more popular in the colleges of the area

of the Northwestern Association. The requirement of algebra only

is more prevalent as an in-college requirement than as a require-

ment for admission. The academic pairings of elementary algebra
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AREA SUMMARY OF THE MATHEMATICS COURSES
REQUIRED IN COLLEGE

Area
Mathematical North Southern Middle North-
Requirements Central Assn and New western
9 Assn, ) England
No. Pct. No. Pct. No. Pct. No. Pect.
MN™None ........ 26 40.0 3 9.4 6 35.3
CSeneral mathe-
xmatics only 3 4.6 6 18.8 2 18.2 4 235
College alge-
braonly ..... 5 7.7 3 9.4 2 18.2
Algebra +
trigonometry 16 24.6 11 34.2 2 18,2 6 35.3
Shop mathe-
matics only 7 10.7 1 3.1 1 9.1
Any college
mathematics . . 1 3.1 2 18.2 1 5.9
Miscellaneous . . 8 12.8 7 21,9 2 18.2
Total . ....... 65 99.9 32 99.9 11 100.1 17 100.0
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and plane geometry and of college algebra and trigonometry are the
x¥nost common requisites, especially in the Southern and Northwestern

& ssociation areas.

Students Encountering the In-College Requirements

In Table XI an effort was again made to indicate the prob-
=2 ble number of students that might be affected by the in-college
rxiathematical requirements based upon the number of faculty mem-
bers in the industrial arts departments of the colleges. The col-
le ges cooperating in the study have 808 faculty members in the
industrial arts departments; 316 are in departments with six or
fewer members, and 492 are in departments of seven or more fac-
ulty members. If the professor-student ratios are relatively con-
starat in the large and small departments, the percentages of faculty
In e mch division would indicate the relative number of students that

migrat encounter the different mathematical requirements.

About one-third of the students in the larger-department col-
leges would not be required to take mathematics while in college.
About one-fourth, likewise, would be exempt in the smaller-department
S Olleges.

Approximately the same percentage of students would have

to complete both college algebra and trigonometry. In this case
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TABLE XI

STUDENTS ENCOUNTERING IN-COLLEGE REQUIREMENTS
AND THE NUMBER OF FACULTY MEMBERS
IN THE DEPARTMENT

— e
—

Total Six or Seven or
Mathematics MeFr:s:II'ts)t’li Dze::tr;nlel:lt DeM::mISnt
Required P P P
No. Pct. No. Pct. No. Pct.
MNone .......... 239 29.4 77 24.4 162 33.0
General mathe-
matics only ..... 74 9.2 48 15.2 26 5.3
Algebra only . ... 49 6.1 36 11.4 13 2.6
Algebra +
trigonometry . ... 232 28.4 89  28.2 143 29.0
Shop mathematics . 63 7.9 32 10.2 31 6.3
Any college
Imathematics . . . .. 30 3.9 12 3.8 18 3.6
IMiscellaneous . . . . 121 14.9 22 7.0 99 20.3
X otal . ......... 808 99.8 316 100.2 492 100.0
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it would make no difference if they were in the large- or small-
department colleges.

There is less variation in the number of students affected by
the in-college requirements in the large and small departments as
Andicated in Table XI than in the entrance requisites shown in
"Table VI.

The number of colleges shown in a table of the in-college
requirements and the same number of colleges shown in a table of
admission requirements might not be the same colleges. To illus-
trate: In Table VIII, thirty-five colleges do not require mathematics
of the college student. In Table III, forty-five of the colleges do not
require secondary mathematics of the applicant. These numbers may

not, and probably do not, represent the same colleges.

Mathematics Back,gcr;ound of Industrial Arts Graduates

There were so0 many possible combinations of mathematics
<ourses that could make up the entrance requirements and the in-
<ollege requirements that some form of synthesis was necessary.
Xy grouping the secondary and college mathematics courses into
& cademic and nonacademic divisions it was possible to show, in

"X able XII, the combinations of secondary and college mathematics
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TABLE XII

COMBINATIONS OF MATHEMATICS COURSES FULFILLING
REQUIREMENTS FOR INDUSTRIAL ARTS EDUCATION

Sec.

Regq. College Requirements (A-N)b
(a)

A N 00 1-0 0-1 1-1 2-0 0-2 3-0 2-1 1-2 2-2 ’f:l-
O 0 19 2 9 1 9 4 1 45
1 0 3 2 1 1 7
0o 1 4 3 4 1 2 3 1 18
1 1 2 5 1 8
2 0 4 1 3 3 15 1 1 1 29
o 2 4 1 1 3 9
3 0 1 1
2 1 2 3 5
O 3 1 1
2 2 1 1 2
"X otal 35 8 20 5 36 12 5 2 2 125

—

a .
Secondary requirements:

< ourses required for admission;
< ourses required for admission.

bC ollege requirements:

A = academic mathematics
N = nonacademic mathematics

digit preceding hyphen indicates

| cademic mathematics courses required for admission; digit fol-
10Vving hyphen indicates nonacademic mathematics courses required

for admission.
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courses that would fulfill both admission and in-college requirements

of the colleges participating in the study.

Number of Combinations

Even with the above grouping there are forty-one different
< ombinations of secondary and college mathematics courses that

<ould fulfill the requirements for admission to, and graduation from,

the industrial arts education programs. There are practically one-

third as many required combinations of mathematics courses as
there are industrial arts teacher-preparation colleges or universi-
ties.

This variation of requirements indicates there is little agree-

ment as to what should constitute the mathematical background of

the industrial arts teacher.

Academic or Nonacademic Agreement

The college mathematical requirements for admission and for

£raduation of industrial arts education students are consistent in some

A nstances. Nineteen colleges will admit and graduate industrial arts

teachers who are not required to have any mathematical training

& fter leaving the eighth grade. This condition may be alleviated by

the requirements of the secondary school for graduation, by the
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efforts of the counselors in high school and college, and by the ef-
forts of the professors in the industrial arts classes in college.
Other policies, consistent with the academic-nonacademic
£rouping, are those of requiring two years of academic mathematics
An high school and two courses of academic mathematics in college.
"This was found to be the policy in fifteen of the colleges. In most
Anstances the admission requirements were algebra and plane geom-
etry and the in-college requirements were college algebra and trigo-
nometry. Two colleges admit students with one academic unit of
mathematics and require one course of academic mathematics while
in college; four colleges have the same requirements in the nonaca-
demic area. Three colleges admit students with two units of non-

academic mathematics and require two courses of nonacademic

mathematics of the industrial arts education student.

Inconsistency in Requirements

Many colleges are inconsistent in their admission and in-

< ollege mathematical requirements. A good example of this lack of

< onsistency is found in the first column of Table XII in which sixteen
< olleges require secondary mathematics for admission but do not re-

Q uire any course in college mathematics for the industrial arts edu-

< & tion student. Three colleges require algebra and plane geometry



74

for admission but require only one nonacademic mathematics course
in college.

In a like manner twenty-six colleges do not require any
xmathematics for admission but do require varying numbers of courses
while in college. Nine colleges which do not specify mathematics
for entrance credit require the industrial arts major to take both
< ollege algebra and trigonometry. One college with no admission
Xxequirements in mathematics asks the student to take college alge-
bra, trigonometry, and analytic geometry. In two colleges, students
are admitted with one unit of nonacademic mathematics but must take
the two academic courses while in college. Five colleges permit
students to enroll with algebra and one other secondary mathematics

course but they must take the two academic courses while in college.

Irrationality of the Requirements

There are forty-one synthesized combinations of mathematical
X~equirements which serve as the minimum requirements for the com-
¥>letion of the industrial arts education program. Only two combina-
Tions are required by more than ten colleges. The remainder of the
< Oombinations are distributed over ninety-one cooperating colleges or

W njversities. There are seventeen combinations of entrance and at-

tending requirements that are unique to a single college.
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Comments Concerning the Requirements

Several chairmen of the industrial arts departments were
= ufficiently perturbed by the mathematical requirements of their
< olleges to offer comments concerning their requirements. Only
€ wo such chairmen implied satisfaction with the requirements:

I believe this [college algebra and trigonometry] is en-
tirely sufficient.

Considering the trend to General Shop, a good working
knowledge of math. is all that one needs for instructional pur-
poses.

"These comments were made deploring the high school mathematics

course required for admission:

A high school diploma (makes no difference how they
get it??7?).

Policy of the school, not my own idea.
None actually to admit, I do not endorse this policy.
I think it [mathematics] should be a must.
“Xhe following comments came from the colleges which do not re-
<guire mathematics courses of the industrial arts education students:
Changing to algebra and trig. this fall.

Recommend math. minor for students whose specializa-
tion is in mechanics or electricity.

The Curriculum Committee is now working on a plan for
certain mathematics requirements.
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None actually required as such in I. A., I do not endorse

this policy.
Should have math. through trig.--.

We expect to require three semester hours of basic

math. next year.

"X hese comments are from chairmen in colleges which have nonaca-
<d emic mathematical requirements for the industrial arts education
students (the nonacademic courses are other than college algebra,

trigonometry, or analytic geometry):

We are now in process of revising curriculum and more
math. and physics will be required for teaching graduates.

We are studying the need for requiring more mathematics.

Inadequate! We plan to add a technical math. sequence
which will cover basic algebra, trig., and geometry.

Not, in my opinion, a satisfactory solution.
"The same thought is implied by other chairmen in colleges requiring
<ollege algebra and trigonometry as part of the industrial arts edu-

<ation curriculum (the majority of these comments came from the

&rea of the Southern Association):
I do not believe this is enough math.
More emphasis should be placed on functional math.

New program starting in fall (Analytical Geometry will

be added to the requirements).
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Would like to add Analytic Geometry (2 sem. hrs.) and
Calculus (2 sem. hrs.) to our curriculum but we can only do it
by deleting something else which appears essential.

Should have a course in Analytic Geometry (3 sem. hrs.).

We are now in the process of changing our curriculum to
include 15 quarter credits, at least, of mathematics.

"The remainder of the comments received from the chairmen of the
industrial arts departments are from colleges with heterogeneous
mathematical requirements:

Like for them to have physics.

Require 16 sem. hours of science or math: 8 must be
in physics.

This comment came from a college requiring only one unit of gen-
eral mathematics for admission but requiring college algebra of the
industrial arts education student:

One of our problems is to get applicants with an adequate
math. background when they graduate from high school.

The above comments indicate the chairmen of the industrial
arts departments consider mathematics to be an important part of
induétrial arts education. The fact that twenty-five (20 per cent)
of the replies contained comments denotes profound interest in the
mathematical requirements, or lack thereof, for industrial arts edu-

cation students. Only two chairmen seemed satisfied with the
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requirements of their college while twenty-one implied more mathe-

matics should be required for the industrial arts education program.

Summag

The in-college mathematical requirements for industrial arts
education majors are even more diversified than the entrance re-
quirements. The larger mathematical offerings of the colleges may
contribute to this extended variation.

There is likewise no pattern of mathematical requirements
for the industrial arts education student. An applicant could easily
locate a college that would permit him to exercise his likes or dis-
likes for mathematics.

There is comparatively little relationship between the size of
the industrial arts department or the geographic location of the col-
lege and the in-college mathematical requirements for industrial
arts education students. The only differences that appear significant
&Are that: the larger-department colleges tend to require college al-
£ebra; the northeastern colleges in the study all require some col-
dege mathematics; and the southern colleges require the most, and
€especially the academic, courses in mathematics while the student

is in college.
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Both the secondary and the college mathematics courses con-
tribute to the mathematical skills of the industrial arts teacher.
"There is even less congruity to the requirements when both are
<onsidered together. Even when the mathematics courses are
£rouped into those that are academic or those that are nonacademic,
the two college requirements produce a total of forty-one combina-
tions of mathematics that would permit a student to enter and grad-
uate from the industrial arts teacher-preparation programs.

Many colleges still adhere to the traditional academic mathe-
matics requirements for admission and for graduation as an indus-

trial arts major.

Many colleges apparently had considered the traditional mathe-
matics admission program ;:o be unsatisfactory and had revised their
entrance policies to conform to the lowered status of mathematics.
Other colleges, apparently for lack of scientific data concerning the
mathematical needs of industrial arts teachers, abandoned all mathe-
amatical requirements. The number of changes that are presently
being made in the mathematical requirements, as indicated in the
<comments, imply these revisions are considered unsatisfactory.

The heterogeneity of the requirements and the revisions of

Policy indicate a need for a scientific study of the needs and usage

Of the industrial arts teacher.



CHAPTER VI

MATHEMATICS RECOMMENDED AND USED BY
INDUSTRIAL ARTS PROFESSORS

The fact that the majority of colleges require some mathe-
xnatical background of all entering students and many colleges have
specific requirements for industrial arts education applicants im-
pPlies acceptance of the idea that mathematics is needed for college
classwork. The practice of requiring supplementary courses in
mathematics while in attendance, usually early in the program, sub-
stantiates this thought.

However, the diversity of the requirements signifies complete
lack of agreement on what should be the mathematical background of
the industrial arts education graduate.

In the controversy of what the situation is and what it should
be, these data more nearly describe what should become the mathe-
matical skills and abilities of the industrial arts teachers. This
<chapter contains the opinions of the experts of what should be the

Inathematical background.
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Sec urig the Data

The four areas--drafting, electricity, metalwork, and wood-
work--are considered the more common and the more basic of the
sSubject-matter areas of industrial arts. The opinions of college
pProfessors in these areas are used in the data. Each area is con-

ssidered separately to determine variations in the mathematical re-

quirements within the areas.

Authorities in industrial arts. There is no up-to-date listing
of mailing addresses of college professors and their subject-matter
areas. Even if there had been such a list, some selection of repre-
sentatives would have been advisable. The cooperation and assis-
tance of the chairmen of the industrial arts departments were used
in the selection and location of the college professors.

The chairmen of the industrial arts education departments
were requested to select the best qualified men of their faculty in
each of the four areas. The chairmen were further requested to
solicit the cooperation of those selected. This method of selection

1 .
and contact proved very satisfactory. In many instances the

1For personal data of respondents, see Table XVIII, Appen-
dix B, p. 178.
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professors responded even when the chairmen did not. However,
direct follow-up procedures were not possible. Recontact was at-
tempted through the chairmen of the depar’tmen‘cs.2

Because of the rapid growth of the industrial arts depart-
xments with the additions to the staff, even the most recent direc-
'tories3 are out of date in the staff-listing and area-offering of the
colleges or universities. For this reason questionnaires for four
professors were sent to the chairmen of each department of indus-
trial arts education in those colleges or universities with teacher-
preparation in thi§ field. Some questionnaires were returned in-
completed with notations to the effect there were fewer than four
members in the department or that the college did not offer work
in that area. This was particularly true in electricity. There were
probably similar situations in which the questionnaires were not re-

turned.

The questionnaire. The opinions of the college professors

thus selected were solicited by direct question. They were asked

to indicate the mathematics courses they considered desirable for

zSee follow-up, Appendix B, p. 165.

3
Supra, p. 8.
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the industrial arts education student to take either in secondary

school or in college.

Mathematics Courses Considered Desirable

The opinions of the college professors are summarized in
"Table XIII. The percentages shown in this table are based upon the
number of professors who expressed their opinions concerning the
mathematics courses they considered desirable. Replies were re-
ceived from 106 professors in the metal area but one failed to ex-
press his beliefs. The percentages shown were computed on the 105
replies. In a like manner three professors in the area of wood (104
replied) failed to complete this part of the questionnaire. The wood-
work percentages were computed on the 101 opinions that were ex-
pressed.

There was unanimous agreement on the desirability of arith-
metic for industrial arts education students.

Only eleven of the professors (368) who responded to this
section of the study did not feel that the first course in algebra
was desirable. Four of the eleven were professors in the area of
wood.

Plane geometry appears to be least important in the area of

electricity. Only fifty-one (82.3 per cent) of the professors in that



TABLE XIII

MATHEMATICS COURSES PROFESSORS LISTED AS
DESIRABLE FOR INDUSTRIAL ARTS TEACHERS
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Draft- Elec- Metal- Wood-
Mathematics ing tricity work work Pct.
Courses Total
No. Pct. No. Pct. No. Pct No. Pct
Arithmetic ... 100 100 63 100 105 100 101 100 100
Elementary
algebra .. ... 98 98.0 61 95,5 102 97.3 97 96.0 97.1
Plane
geometry . .. . 97 97.0 51 82.3 94 89.5 95 94.1 91 .4
Intermediate
algebra .. ... 44 44.0 23 37.2 35 33.3 35 34.6 37.2
Solid
geometry . . .. 53 53.0 26 42.0 55 52.4 46 45.6 48.8
College
algebra ... .. 60 60.0 34 55,0 62 58.1 49 48.5 55.6
"Trigonom-
etry ....... 69 69.0 44 71.0 74 70.5 62 61.4 67.5
A nalytic
&geometry . ... 20 20.0 9 1455 19 18.2 15 14.8 17.1
Calcu-
lus ........ 5 5.0 3 4.8 5 4.8 7 6.9 5.4
Shop
mathematics . . 2 2.0 3 4.8 9 8.6 4 4.0 4.9
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area considered plane geometry to be desirable. Professors of
drafting consider it desirable in 97 per cent of the replies.

Third-semester or intermediate algebra was the first of the
sequence to receive the approval of less than one-half of the re-
spondents. Only 37.3 per cent of the professors gave it their ap-
proval. There was relatively close agreement, varying only from
33 to 44 per cent.

Solid geometry was considered desirable by about one-half
(180 of the 368, or 48.9 per cent) of the respondents. Slightly over
one-half of the professors in drafting and metalwork gave it approval
while those of electricity and woodwork gave less than 50 per cent
approval. In all areas it was approved by more professors than
was third-semester or intermediate algebra.

College algebra was considered much more desirable than
third-semester algebra. Well over one-half of the professors (205
Or 55.7 per cent) considered college algebra desirable for industrial
A rts education students.

Two factors may contribute to this popularity of college alge-
bra. The word '‘college'' probably denoted greater academic status
to the professors. A second and probably more important factor

may have been the misconception of the content of the two courses.

An examination of the entrance and the in-college mathematical
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requirements of algebraic courses illustrates this lack of distinction
between the two courses. Many colleges teach algebra, often actually
intermediate algebra, which may be confused with an entirely differ-
ent course, college algebra. To add to the confusion, the ''college
algebra'' that many of the professors took as undergraduates is
more similar to the intermediate algebra in the present mathematics
curriculum. The authors and publishers of new algebraic textbooks
make a clear distinction between the courses in the titles of their
books. The Mathematics Advisory Committee4 considered third-
semester or intermediate algebra--with good grades--to be adequate
preparation for trigonometry.

Trigonometry ranked fourth in the desirability of mathematics
courses for industrial arts teachers. It followed plane geometry in
the percentage of approval and was checked as desirable by over
t wo-thirds (67.7 per cent) of the respondents. There was relatively
< Jose agreement among professors of the different areas. The pro-

fessors of electricity gave it the highest percentage, the woodwork

professors the lowest, but there was a range of only ten percentage

points.

4Mathema‘cics Advisory Committee, see Appendix A, p. 159.
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Analytic geometry received less than one-fifth (17.2 per cent)
of the desirable rating from all the respondents. It was considered
least desirable by the professors of electricity and woodwork.

Calculus was considered desirable by only a small percent-
age (5.4 per cent) of the respondents.

Shop mathematics received the lowest acceptance (4.9 per
cent of the total responses) of any of the mathematics courses listed
in the questionnaire. Its highest rating was in metalwork; its low-
est, in the areas of drafting and woodwork, and the same as calcu-

lus in industrial arts electricity.

Mathematical Usage

The instrument used for the collection of the opinions of col-
lege professors concerning the mathematics courses contained direct
Questions of the desirability of several specific mathematics courses.

However, in the interval between the conception of the study

and the mailing of the questionnaires, mathematics increased in popu-
larity. This change in status may be the result of the impetus of
science due to the international competition in space travel. This
comparatively sudden surge in mathematical popularity tends to

cause exaggeration of the mathematical needs. To counterbalance

this tendency a check list of mathematical usage was prepared and
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included in the questionnaire. The check list contained examples of
mathematical concepts and skills, applicable to industrial arts classes
whenever possible, from the eight mathematics courses in the aca-
demic sequence from arithmetic through analytic geometry. It also
contained a statement relative to the desirability of using a slide

rule in industrial arts classes. The inclusion of the check list was
based upon the premise that, if a skill in mathematics were stated

to be needed, it would be shown as being used; and conversely, a
mathematical skill said to be used would need to be learned or ac-
quired.

The items from the eight mathematics courses were dispersed
throughout the check list. This helped to make the source of the
s kill, and the mathematics course in which the skill could be ac-

qQuired, less apparent. The purpose of the check list was thus

< amouflaged. This disarrangement and the apparent lack of rela-

tionship to the questionnaire may have been responsible for the
omission of some data in the returns of the professors.

The questionnaire requested the number of units of secondary
mathematics and the semester or term (quarter) hours of college
credit in the courses they considered desirable for the mathematical
background of industrial arts education graduates. So many profes-

sors failed to give either the number of hours or to specify if the
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hours were semester or term, the hour provision in the data was
abandoned. The data are based upon the mathematical courses in-

stead of the number of hours in the course.

Mathematical usage in college classwork. The question, ''Will

you also check the examples . . . , if that type of problem presents
itself in your college class work?'' brought the responses shown in
Table XIV. The above examples were from mathematics courses
that were required, either for admission or in-college, of industrial
arts education students. The examples comprise pages 2, 3, and 4
of the questionnaire.

There were also omissions in this part of the study. Four
drafting professors and one woodwork professor failed to do the
check list. The percentages were computed on the responses of
96 for drafting, 63 for electricity, 106 for metalwork, and 103 for
woodwork. The mathematical areas were again presented in their
sequential order.

There was no apparent reason why one professor of electricity
failed to show usage of arithmetic. Except for this omission, arith-
metic was unanimously used in the four areas of industrial arts.

The first course of algebra was used considerably less than

arithmetic. More than one-fifth of the professors in the areas of



MATHEMATICS SHOWN USED IN COLLEGE

TABLE XIV

INDUSTRIAL ARTS CLASSES
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Draft- Elec- Metal- Wood-
Mathematics ing tricity work work Pct.
Courses Total
No. Pct. No. Pct. No. Pct. No. Pct.

Arithmetic . . . 96 100 62 97.5 106 100 103 100 99.8
Elementary
algebra .. ... 75 78.2 58 92.1 89 84.0 73 70.9 81.3
Plane
geometry . ... 95 99.1 53 84.1 104 98.2 100 97.1 97.0
Intermediate
algebra ... .. 41 42.7 53 84.1 63 59.5 31 30.3 51.8
Solid
geometry . . .. 90 93.8 41 65.2 94 88,7 88 85.5 86.4
College
algebra .. ... 18 28,7 25 39.7 19 179 12 11.6 20.4
“Trigonom-
etry ....... 77 80.3 51 8l1.0 89 84.0 69 67.0 78.8
Analytic
geometry . ... 46 48,0 18 286 22 20.8 13 12.6 27.3
Slide
rule ....... 37 38.6 36 57.2 40 37.7 26 25.2 38.4
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drafting and woodwork did not show usage of algebra. It was rated
highest in electricity. However, it was used in over 80 per cent of
the college industrial arts classes.

Plane geometry was used more than algebra in all areas
except that of electricity. It was used by all but one drafting pro-
fessor, two professors of metalwork, three of woodwork, and nine
professors of electricity. It was used in 95.8 per cent of the classes,
approximately 15 per cent more than algebra.

Third-semester or intermediate algebra usage took a serious
drop in rating. Its total was only 51.2 per cent. In only two areas
of industrial arts was it used by more than one-half of the classes.
More than eight-tenths of the classes in electricity used this course
while only about three-tenths of the classes in woodwork used inter-
rmediate algebra.

Solid geometry, considering all the courses, ranked third in
usage in college industrial arts classes. It was used in 85.2 per
cent of the classes. It was used most in drafting, least in elec-
tricity, and approximately the same in metalwork and woodwork.

The usage of college algebra was low. Only 20.7 per cent
of the classes used any of the four examples in the check list. It

was used in about two-fifths of the classes in electricity but in only

about one-tenth of the classes in woodwork.
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Trigonometry ranks fifth in usage in the college industrial
arts classes. It was well ahead of the two advanced courses in al-
gebra and only slightly below the elementary course in algebra.
Arithmetic, the two courses in geometry, and elementary algebra
are the only mathematics courses used more in college industrial

arts classes.

Analytic geometry closely approaches college algebra for the
lowr rating of the mathematics courses considered in the study. It
wa s used in 26.9 per cent of the classes, only 6 per cent more than
Col1lege algebra.

Approximately two-fifths of the college professors stated the
ability to use the slide rule was desirable. It was most desirable
in  the classes in electricity and least desirable in the classes in

the wood area.

Comparison of Needs and Usage

The need for and the usage of arithmetic (Tables XIII and
X1IV) were acknowledged by all but one professor.
A few professors considered calculus and shop mathematics
degirable for industrial arts teachers (Table XIII). These two
mathematics courses were not represented in the check list. Cal-

culus was omitted from the check list, for the preliminary survey
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did not reveal its requirement by the student while in college. Shop
mathematics was omitted because it is not as standardized or struc-
tured as the rest of the mathematics courses. However, there were
seven mathematics courses--elementary algebra, plane geometry,
third-semester or intermediate algebra, solid geometry, college
algebra, trigonometry, and analytic geometry--that were common to
both the stated needs and the check list. Opinions were expressed
COncerning the desirability of those courses for industrial arts teach-
€rs . The class usage of mathematics in industrial arts by profes-
SO x~s of drafting, electricity, metalwork, and woodwork was indicated.
Table XV was arranged to permit comparisons between the
Pe xcentage of professors who stated the course was desirable and
the percentage of professors who stated that the examples taken

fl‘om the course were used in their classwork.

Drafting needs and usage. The data of Table XV are pre-

S ented in percentage form in as much as there were one hundred

P rxofessors who responded to the questions relating to the desirability
O x needs (Table XIII) of the mathematical courses, while only ninety-
Six responded to the items pertaining to the usage of the mathemati-

Cal skills in their classes (Table XIV).
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TABLE XV

COMPARISON OF STATED NEEDS AND USAGE OF
MATHEMATICS IN COLLEGE INDUSTRIAL ARTS

Needs Usage

Mathematics Courses
Pct. Rank Pct. Rank

Drafting
Elementary algebra .. ........... 98.0 1 78.2 4
Plane geometry .. ............. 97.0 2 99.1 1
Int € rmediate algebra . .. ......... 44.0 6 42.7 6
Solid geometry ... ......... ee.. 53.0 5 93.8 2
College algebra .. ............. 60.0 4 28.7 7
Tr‘igonometry ......... e e 69.0 3 80.3 3
Analytic geometry . .. ... ... ... .. 20.0 7 48.0 5
Electricity
Bl ementary algebra .. .. ...... ... 985 1 92.1 1
Plane geometry ... ... ... ... 82.3 2 84.1 2.5
Intermediate algebra . ...... ee ... 372 6 84.1 2.5
Solid geometry . ...... e 42.0 5 65.2 5
College algebra ........ e 55.0 4 39.7 6
Trigonometry ... .....ccou.0.... 71.0 3 81.0 4

Analytic geometry . .. ........... 14.5 7 28.6 7




TABLE XV (Continued)
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Needs Usage
Mathematics Courses
Pct. Rank Pct. Rank
Metalwork

X—-lementary algebra .. ........... 97.3 1 84.0 3.5
X>1ane geometry .. ............. 89.5 2 98.2 1
Irat ermediate algebra ... ......... 33.3 6 59.5 5
So1lid geometry . ... ... ... ... 52.4 5 88.7 2
C ollege algebra .. .. ........... 58.1 4 17.9 7

T xdgonometry ................. 70.5 3 84.0 3.5
Arxalytic geometry . .. ... ... ... .. 18.2 7 20.8 6

Woodwork
Elexnentary algebra .. ... ... ... . 96.0 1 70.9 3
Pl= ne geometry ... .. e e e 94.1 2 97.1 1
INt e rmediate algebra . ........... 34.6 6 30.3 5
SO 1 i dgeometry ... 45.6 5 85.5 2
C A Jlege algebra .. ............. 48.5 4 11.6 7
T3 Zonometry .. ......... e 61.4 3 67.0 4
Axa =a_lytic geometry . .. .. .. ....... 14.8 7 12.6 6
Total

Elexnentary algebra ............. 97.1 1 81.3 3
Plane geometry ............... 91.4 2 97.0 1
It < rmediate algebra . . ... e 37.2 6 51.8 5
So1igq geometry ... ... ..., 48.8 5 86.4 2
cZC):‘-lege algebra .. ............. 55.6 4 20.4 7
Tbigonometry e e 67.5 3 78.8 4
Ar7‘alytic geometry 17.1 7 27.3 6

—_—

--------------
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The percentages of drafting professors who stated the mathe-
xmatical course was desirable for industrial arts teachers and the
> ercentages of those who indicated the skills of the course were

wa s ed in their classes were quite consistent for some of the mathe-

xxaatics courses. The percentages shown for plane geometry, third-

= e mmester or intermediate algebra, and trigonometry are quite simi-

1a x.

Ninety-eight per cent of the drafting professors advocated

el ementary algebra, while only 78 per cent are actually using it in

thheir classes.

The reverse was true for analytic geometry. Twenty per

C e rat stated its desirability, but 48 per cent were actually using it.

The largest discrepancies in percentages occurred in solid

feo metry and in college algebra. Solid geometry was used, com-

P2 wx~ed to the expressed need, by nearly twice as many drafting pro-

s . .
< == sors. The variation in college algebra was in the reverse order.

e =ss than one-half of the percentage of drafting professors who ex-

P X« ssed a need for the course actually used the examples of skills

"« > resenting the course.

Needs and usage of mathematics in electricity. The same

QU rnmper of professors of electricity expressed their opinions
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c oncerning the desirability of the mathematical courses and the usage
o> £ the mathematical skills represented in the check list.

This group of professors was quite consistent in their opinions
<« £ needs and indicated usage of elementary algebra, plane geometry,
= rrd reasonably consistent in trigonometry.

The variation in the percentages shown for needs and usage
iss about fourteen points for college algebra and analytic geometry.

C o llege algebra was used less than had been anticipated. Analytic
ge oOmetry was used about twice as much as the percentage of needs
ha < indicated. Solid geometry was used more than implied by the
Pe x~centage of needs in the classes in electricity. Third-semester

al gx «bra had much greater usage than the needs had indicated.

Needs and usage of mathematics in metalwork. In the area

xmetal, 105 professors expressed their opinions of the desirability

<t he several mathematics courses. There were 106 who responded

to

T he check list on mathematical usage in their classes.

The only mathematics course in which there was close agree-
™« 3yt between needs and usage was analytic geometry. However, this
C ©wa rse was used less in metalwork than in the two preceding areas
of

industrial arts. About 13 per cent fewer professors of metalwork

Sho wed elementary algebra to be used than indicated it to be needed.
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JFlane geometry was used in metalwork more than the professors of

t hat area had anticipated. There were about twenty-six percentage

p><oints difference between the opinions of needs and the indicated

rx ssage of third-semester algebra in the college classes in metalwork.

S o 1id geometry was also used more’ than had been anticipated. Col-

1 « ge algebra was considered desirable by a relatively larger per-
c e ntage of metalworking professors, but was used by a smaller per-

< e ntage than were any of the other mathematics courses. Trigo-

norxnetry was again used by more professors than the percentage of

ne eds implied.

Woodworking needs and usage. A different number of profes-
SO x~s in the area of wood responded to the questionnaire and to the

© b2« ck list. There were 101 who gave their opinions of the mathe-

TI2 == tjcal courses desirable for the industrial arts curriculum and 103
il_1<3-:i_ca'ced the mathematical usage within their college classes.

The percentages, needed and used, of these professors were
QA3 te consistent for plane geometry, third-semester algebra, trigo-
l'lol‘rjetry, and analytic geometry. These professors showed relatively

b'e't'ter consistency between needs and usage in more mathematics

C S urses than did the other groups.
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Many more professors of woodwork used solid geometry than

i ndicated it was desirable for industrial arts students. College alge-

I> ra was desirable in the opinions of nearly half of these professors,

~while fewer than one-eighth of them used it in their classes.

Needs and usage of mathematics courses.

Elementary alge-

> x~a was considered desirable for industrial arts education students
1>3” over 95 per cent of the professors in each of the four areas.

"T"Fkare check list indicated it was used in the classes by a smaller

P e xrcentage of professors. Elementary algebra, arranged in order of

P e xcentage of professor use, ranks highest in the area of electricity,

Ne&>ct in metalwork, third in drafting, and lowest in woodwork.

Plane geometry closely follows elementary algebra in both

de = irability and usage. The largest percentage of drafting profes-

S < x~ 5 rated it desirable, the second percentage was in wood, the
thas Xx~d was in the area of metal, and the lowest percentage of pro-

fe s sors to rank it desirable were those of electricity. In the order
o Yercentage of professor use, plane geometry ranks highest in

C1t"—?-_i“cing, next in metalwork, nearly the same in woodwork, and

QQl"lsiderably lower in the area of electricity. In each area of in-

dLJ-S‘ltrial arts it was used by a larger percentage of professors than

the percentage who had indicated it as desirable.
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Third-semester algebra was considered desirable for indus-
t xial arts education students by fewer than one-half of the professors
i 1 each of the areas. There was little difference in area desirability.
« omparison of the need and use percentages reveals little differences
i xr2 the areas of drafting and woodwork. However, there were 26 per
< e nt difference between need and usage in the area of metalwork.
"I bxere was an even larger difference between need and use (47 per
c ent) in the area of electricity. In both cases the usage received
thh e larger percentage.
In each of the four areas of industrial arts solid geometry
W& s considered to be more desirable than was third-semester alge-
bx~z= . It ranked fifth in the order of desirability (48.8 per cent of
the total responses in Table XIII) but advanced to second place in
indt.Jstrial arts class usage (86.4 per cent of the total responses in

T = ksle XIV). When ranked according to the percentage of area usage,

it ~ovas used by the largest percentage of professors in drafting. The

s <= < ond largest was in metalwork, the next largest was in the area
or ~wood, with the lowest percentage of usage by the professors of
ele(:tricity. Solid geometry showed an increase in percentage of
1S e over the percentage of need by 40 per cent in the areas of
dbafting and woodwork, 36 per cent increase in metalwork, and a

23 Per cent increase in electricity.
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Solid geometry showed considerable difference between the

wa ssage of mathematics and the need for mathematics. College alge-

> x—a also showed a wide variation, but in the reverse order. It

x— aanked fourth in desirability but dropped to the seventh, or lowest,

x—=anking in usage. It was indicated to be the most desirable in the

&= xea of drafting and the least desirable in woodwork. College alge-

¥> xa was used by a larger percentage of the professors of electricity

& nd by the lowest percentage of professors of woodwork. The great-

€© st drop in percentage, between those who considered it desirable
& nd those who indicated it was used in their classes, was in the

& rea of metalwork, followed by woodwork, then drafting. The least

difference was in electricity.
Trigonometry was considered to be more desirable and had

Ereater class usage than did college algebra. The percentage of

professors indicating usage in their classes was higher in each area

than the percentage of professors who stated it was desirable for

industrial arts education programs. However, the differences be-

tween the two percentages were relatively small and comparatively

consistent. The smallest difference was ten percentage points while

the largest was only fifteen percentage points.
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Analytic geometry also showed an increase in the percentage

o £ professors who used it in three of the areas, over the percentage

«>» X professors who indicated the course was desirable.

The data concerning the percentage of the total responses,
= 12d how they ranked, for both the stated needs and the usage in
< lass, are condensed in Figure 1. In general, the percentages were
fairly consistent.

The largest variation in the two percentages oc-

< urs in solid geometry and college algebra. The percentage of pro-

fe ssors indicating a use for solid geometry was higher than the
PPercentage stating the course was desirable.

The opposite was true

for college algebra. The percentage showing use for college alge-

b xra was less than the percentage which recommended the course.
Xlowever, the usage of intermediate algebra was higher than the
X ecommendations and also higher than the usage of college algebra.

The percentages indicated for plane geometry, solid geometry,

and trigonometry were higher than the corresponding grade level

courses in algebra.

Summarz

The opinions of the industrial arts professors concerning the

mathematical skills for their students were not in agreement with the
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& dmission policies of the colleges or with the in-college mathemati-
< =1 requirements.

The recommendations of the industrial arts professors and

t Fax e usage in a large percentage of their classes substantiates the
= dmission policy of those colleges which require elementary alge-
> xa and plane geometry of their applicants. Students without these
< ourses would be handicapped in a large majority of the college
i mdustrial arts classes.
The fact that elementary algebra was highly desirable in the
O pinions of the professors but that its usage in their classes was
S Omewhat lower should not be regarded as inconsistent. Elemen-
ta ry algebra is one of the basic mathematics courses, and while its
S kills and concepts are not necessarily applicable to many situations
in industrial arts classes, those skills and concepts are necessary
to progress to those mathematics courses which were considered to
be used to a greater extent.

College algebra was ranked relatively high in needs but low
in class usage, while third-semester or intermediate algebra was
ranked low in needs and high in usage. These reversals in ranking
support the contention that the respondents may have been confused

about the content of the algebraic courses.
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The low percentage of desirability indicated for solid geom-

e t xy, and its near absence from the admission requirements for in-
<l uastrial arts education, may indicate a general reluctance to recom-
xxaend or require the formal course in solid geometry. Conventional

= ©1id geometry courses are abstract and often difficult to compre-

x @nd. The fact that it ranks second in usage (only plane geometry

xX~a&aanks ahead of it) has implications for the mathematical curriculum

O f the secondary schools.

Trigonometry ranks about the same in the recommendations

OFf the college professors and in the usage in the college industrial

a xts classes. There is relatively high consistency between the de-

S irability and usage in all the areas of industrial arts.

The examples of the mathematical skills in the check list con-

tained an item from analytic geometry relative to the focus-directrix

Properties of a hyperbola, or ellipse. The focus of an ellipse is a

common concept in industrial arts, particularly in drafting and in

woodwork. The similarity of the two terminologies may have influ-

enced the high percentage of usage of analytic geometry.

The area of electricity seems to indicate more usage and also

a high percentage of recommendations for the algebraic courses.

Drafting seems to make greater use of the geometric skills. The

area of metalwork seems to use the combined skills of algebra and
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= eometry to a greater degree than does woodwork. All four areas

< £ industrial arts recommend trigonometry for industrial arts educa-

T X ©On students and show uniformly high usage in their classes.
The mathematical recommendations of the industrial arts

> xofessors and the indicated percentages of mathematical usage in

Tt e industrial arts education classes suggest the ideal minimum

< Ombination of secondary and college mathematics to be: elemen-

Ttary and intermediate algebra, plane and solid geometry, and one

< ourse in trigonometry. These courses could be taken in secondary

S chool, in college, or in any convenient division in the educational

Pattern.



CHAPTER VII

MATHEMATICS IN PUBLIC SCHOOL
INDUSTRIAL ARTS

Some of the previous chapters summarized the mathematics

i ravolved in the college admission requirements. A summary of the

i -college requirements in mathematics was also made. Another

< hapter presented the opinions of professors regarding the desirable
xrmathematics courses for industrial arts education students. A sum-
Txmary of the mathematical usage in the college industrial arts classes
Of the teacher-preparation program was presented.

This chapter is devoted to (1) the actual usage of mathema-
tics by selected, outstanding, experienced industrial arts teachers

of the public schools and (2) the opinions of the authors of indus-

trial arts textbooks used in the public schools.

Pertinent Assumptions

The mathematical background of the teacher may influence the

extent of the mathematical usage in the public school industrial arts

classes. For that reason a summary of the mathematics courses

taken by these experienced teachers was made.
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The mathematics encountered in the textbooks and references
wa s ed in the industrial arts classes may have some effect on the

t o> tal mathematical usage in the classroom. For that reason the

<> prinions of the authors of industrial arts textbooks were solicited

< oOncerning the mathematical ability of the students who use their

> ooks. Their opinions were also obtained regarding the desirable

xxathematical background of the teachers who used their book as a

t ext or reference.

Selection of the Teachers

The chairmen of the industrial arts departments in the
teacher-preparation colleges were requested to nominate outstand-

ing industrial arts teachers of the public schools of their state who

fhad taught for five years or more. Space for ten nominations was

provided. The chairmen were also asked to supply the mailing ad-

dresses of the nominees. The responses provided the names and

addresses of 892 outstanding industrial arts teachers. This pro-

cedure provided names from forty-two states. The number of out-

standing teachers thus nominated ranged from one per state to as

high as sixty-four.

A maximum of ten teachers per state was used in the study.

A questionnaire was mailed to any teacher whose name appeared on
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t WO Oor more nomination lists. Otherwise names were chosen, from
thbxr e top of each nomination list, according to the ratio of names on
tEx e list to the total number of names from that state. Thus ques-
t i ©nnaires were sent to ten teachers in thirty-four states, nine in
< rre state, eight in another, and six in a third state, five teachers
A rxx three states, three teachers in one state, and to only one teacher
irxrx one state. Questionnaires were mailed to 382 outstanding indus-
Tt x1i al arts teachers thus selected. The teachers thus contacted rep-

e sented forty states.

Limiting Factors

In addition to the inherent limitations of a questionnaire sur-
Vv ey, additional limiting factors were encountered. One problem was
the inaccuracy of the mailing addresses. Ten letters were returned
With the postal notation: ''Addressee Unknown.''

Sixteen responses were received from teachers with less than
five years! teaching experience. These responses, in view of the
limited experience of the teachers, were not used in the data.

An additional limitation was time. The date of the mailing
of the questionnaires to the public school industrial arts teachers
was delayed as late as possible to permit the inclusion of the maxi-

mum number of nomination lists from each state. This late date
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resulted in inadequate time to follow up the request before the start
of the summer vacation. Three of those letters which were unde-
liverable were addressed to teachers in nearby states. Question-
naires were then mailed to the person whose name followed on the
nomination lists. In the other seven instances the closing of the
school year would probably have prevented responses.

The present eminence of mathematics may have been respon-
sible for the tendency to inflate the position of mathematics in the
industrial arts program. Thirteen of the replies indicated every
example of mathematical skill as being either encountered or taught
in the high school industrial arts classes. These replies were con-

sidered invalid because of such spurious responses.

Personal Data of Public-School Teachers

The experience and educational backgrounds of the 148 re-
spondents used in the study are summarized in the appendix.l There
is some overlapping of the data. Sixty-seven one-area replies were
received in response to the item: ''Now teaching mainly in area of:
Wood _, Metal _, Electricity _, Drafting _ .'* Forty-five teachers

indicated they were teaching mainly in two areas, twenty-four checked

1See Table XIX, Appendix C, p. 185.
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three areas, and eleven teachers checked all four spaces. The data
from all but sixty-seven responses were represented in two or more
areas; i.e., if the teacher checked both drafting and wood, his re-

sponses were tabulated in both areas.

Mathematical Background of Public-School Teachers

The data for Figure 2 were taken from Table XX in the appen-
dix.Z The uniformity of the mathematical background of the teachers
from the different areas may be due to the fact that the majority of
the teachers were involved in more than one area. Any variation in
the mathematical background among the different areas might have
been magnified with additional single-area data.

Nearly 95 per cent of the teachers from the four areas of in-
dustrial arts completed the conventional academic mathematical re-
quirements for college admission. However, many of the respondents
were in secondary school or in college prior to World War II and the
admission requirements were probably more structured at that time.

Except for a few woodworking and electricity teachers, over

O ne-half of the total had taken both intermediate algebra and solid

& eometry.

2'See Table XX, Appendix C, p. 186.
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Two-thirds or more of the teachers had taken college algebra
and over 60 per cent of the total group had taken a course in trigo-
nometry. The in-college combination of college algebra and trigo-
nometry was popular in the era prior to World War II. This com-
bination is still the most popular among colleges which require
mathematics for industrial arts education students.3

About one-fourth of the industrial arts teachers had taken
analytic geometry and about one-fifth of the total had taken courses
in calculus. These last two courses are more advanced than most
of the in-college requirements and beyond the recommendations of
the college professors.4

Shop mathematics was more common to the teachers' mathe-
matical background than to the professors' recommendations.

The percentage of industrial arts teachers who had taken
mathematics courses other than those listed was about the same as
those who had taken calculus. Courses in statistics, accounting, and
surveying were the more common of the mathematics courses

written-in as '‘other.'!

3Cf. supra, Table XII, p. 71.

4Cf. supra, Table XIII, p. 84.
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The most popular combination of advanced mathematics was
that of college algebra and trigonometry. About one-fourth of the
teachers had taken that combination. The second most popular com-
bination was college algebra, trigonometry, and shop mathematics.
The least popular of the combinations tabulated was that of college

algebra, trigonometry, and analytic geometry.

Comparisons of Teaching-Area Backgrounds

Despite the overlapping of data for the different areas, there
were slight differences in the mathematical backgrounds of the teach-
ers in the different areas.

About 5 per cent fewer woodworking teachers had taken inter-
mediate algebra. Drafting teachers also ranked slightly below the
other two areas in the percentage having taken intermediate algebra.
It is doubtful that differences shown for this course are statistically
significant.

There are slight differences, probably not significant, for solid
geometry. The largest percentage of teachers having solid geometry
within their mathematical background was in drafting. This was fol-
lowed by metalwork teachers, then teachers of electricity. Wood-
working teachers ranked lowest. However, the spread in percentage

points over the four areas was only about six points.
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In general, the largest percentage of electricity teachers ap-
peared in most of the mathematics courses, the percentage of metal-
work teachers was second, the percentage of woodworking teachers
was third. The drafting tegchers had the lowest percentage.

The percentages of teachers having taken the combinations
of courses were in about the same order.

How the Teachers Regard Their
Mathematical Baclgrounds

One item of the questionnaire sent to the public school in-
dustrial arts teachers asked: ''Do you feel you should have taken
more college mathematics in place of some of the other courses?
More_ , Less___.'"" In addition to the responses checked ''More''
or "'Less,'' many teachers left the spaces blank but added notes to
the effect they felt their mathematical background was satisfactory,
was sufficient, or that they thought it was about right. These sub-
scripts were tabulated as adequate. Table XVI summarizes the
number of secondary and college mathematics courses taken by those
teachers who indicated they thought they should have taken more, by
_ those that checked less, and by those who expressed satisfaction with

their mathematical backgrounds.
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TABLE XVI

TEACHERS' OPINIONS CONCERNING THEIR
MATHEMATICAL BACKGROUND

Opinions Opinions
No. of
Courses More Less Ade- More  Less Ade-
quate quate
Drafting Electricity
0 1
1
2 2
3 10 2 2
4 9 2 4
5 11 1 4 2 1
6 5 1 2 2 1
7 5 2 7 1 2
8 2 4 2 1
9 1 3 1 2
10 1 1
Total 45 5 25 14 9
Avg. 4.58 6.80 6.56 5.43 6.89
Metalwork Woodwork
0 1
1 2
2 4 1 6
3 9 1 17 1
4 8 1
5 5 2 6 10 2 4
6 5 1 2 6 1 2
7 5 1 5 2 2 7
8 3 3 4 2 5
9 3 5 2 2 4
10 1 1 . .
Total 40 9 27 61 9 30
Avg. 4,77 6.22 6.48 4.24 7.11 6.0
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A large majority of the teachers who had indicated their
teaching assignment involved the areas shown replied they felt they
sshould have taken more college mathematics. A relatively small
number of teachers thought they should have taken less mathematics
while in college. No teacher, in the areas of drafting and woodwork,
who checked ''Less'' had taken fewer than five courses in mathe-
xmatics in college and/or in high school. None of the teachers of
electricity indicated they thought they should have taken less mathe-
xmatics.

The average number of courses taken by those teachers ex-
Poressing their opinions concerning the adequacy of their mathemati-
<al backgrounds are presented in Figure 3. Teachers with an av-
erage of four or fewer mathematics courses indicated they felt
they should have taken more college mathematics. Those teachers
who had checked ''Less'' had taken approximately seven mathematics
courses in high school and/or college. The teachers who considered
their mathematical backgrounds adequate had taken six or more
courses in mathematics in secondary school and/or college.

The average number of mathematics courses considered ''less
than desirable,''! ""more than desirable,'' or as ''adequate'' are con-
sistent with logic with one exception. The average of the teachers

of metalwork who wished they had taken less mathematics was less
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than the average of the metalworking teachers who considered their

backgrounds adequate. The data were 6.22 courses for those who

1 ndicated ''less'' and 6.48 for those who indicated satisfaction with

their mathematical backgrounds. This difference is of doubtful

significance and may be accounted for by the one teacher (Table
XVI) who had taken only two mathematics courses but still thought
he should have taken less.

An adequate mathematical background appears to be about
six and three-quarters courses in mathematics for teachers of elec-
tricity, about six and one-half courses for teachers of drafting and
xnetalwork, and six courses in mathematics for teachers of woodwork
"These averages exceed the recommendations of the professors of in-

dustrial arts and the mathematical usage in college industrial arts

classes.

How the Mathematical Skills Were Encountered

The data portrayed in Figure 4 represent the per cent of the
total respondents who indicated the example of mathematics had ap-

peared in the following ways: (1) it did not require special attention

on the part of the teacher, (2) it did require teaching the skill to the

5Cf.' supra, Chapter VI.
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students before continuing the industrial arts activity, or (3) it ap-
peared in the nonpupil-contact teaching activities.

It is evident the teachers remembered the occasions in which
they were called upon to teach the mathematical skill to a larger
degree than when the mathematics had been encountered in the other
ways.

The three mathematics courses, plane geometry, solid geom-
etry, and trigonometry--pertaining to lines and figures--were encoun-
tered by a larger percentage of teachers than were the algebraic
courses. The examples from college algebra occurred in the small-
est percentage of responses. Analytic geometry also occurred in a
relatively small percentage of the responses.

The data for Figure 5 were condensed from Table XX.é They
represent the total of the three ways in which the mathematics was
encountered and are expressed as contacts per teacher.

The predominance of line and figure mathematics over the
algebraic courses is again evident. The mathematical skills and
concepts from plane geometry, solid geometry, trigonometry, and
to some extent from analytic geometry, were encountered more than

were the skills and concepts from the corresponding algebraic

6See Table XX, Appendix C, p. 186.
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courses. Teachers of drafting ranked higher in the geometric courses
while teachers of electricity ranked comparatively high in the alge-

braic courses.

The Opinions of the Authors

The authors of industrial arts textbooks were asked to indi-
cate: ''What formal mathematics courses do you assume the student
to have had prior to the use of your book as a text?'' The responses
are represented as percentages of the replies to this request. The
authors were reluctant to commit themselves on this question. Fif-
teen of them did not express themselves on this item. The follow-
ing indefinite replies were received: ''Usual,'" ''"Normal for grade
level,'' ''Secondary,'' and ''"H. S. Math.'' These were not tabulated.
Thus there are only thirty authors represented in the percentages
for student mathematical background. Twenty-nine of the authors
stated that arithmetic was assumed for the students, fourteen said
algebra was assumed, eleven said geometry, and three said trigo-
nometry was desirable.

The authors were also asked to respond to the question:
""Will you . . . give me your opinion concerning the abilities you
consider essential for the teacher to possess in order to obtain the

maximum benefits from the use of your book as a reference or
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text?'' The authors were very cooperative in responding to this
question. The check list was used to solicit these data, which are
represented in Figure 6. There were forty-nine authors that re-
plied to this part of the study; all of them said the teacher should
have had arithmetic. Twenty-six (53.1 per cent) checked items to
indicate elementary algebra was desirable. Thirty-nine authors
(79.7 per cent) indicated plane geometry was desirable. Only twenty-
one (42.9 per cent) checked items representing intermediate algebra
and thirty-two (65.4 per cent) checked items representing solid ge-
ometry. College algebra was indicated as desirable by only two
authors. Trigonometry was checked by twenty-two, or 44.9 per
cent of the authors, and analytic geometry was considered desirable
by four, or 8.1 per cent.

The industrial arts preference for the line and figure mathe-
matical courses was again evident.

The authors' recommendations for industrial arts teachers
were similar to the recommendations of the professors of industrial

. 7
arts education classes.

7Cf. supra, Chapter VI.
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Summary

The nomination and selection of outstanding public school in-
dustrial arts teachers were satisfactory except for three factors:
(1) the delay resulting from the late return of some of the nominat-
ing lists, (2) the inaccuracies in the mailing addresses, (3) the
failure of the nominators to observe the teaching experience stipu-
lations.

Some teachers were inclined to overemphasize the mathe-
matical usage in their teaching.

Over one-half of the public-school industrial arts teachers
had completed courses in elementary algebra, plane geometry, inter-
mediate algebra, solid geometry, college algebra, and trigonometry.
Approximately one-fourth of the teachers had taken analytic geome-
try and about 20 per cent had taken courses in calculus. About 40
per cent of the teachers had taken shop mathematics.

A large majority of the outstanding industrial arts teachers
felt they should have taken more courses in mathematics while in
college and only a small group thought they should have taken less
mathematics. Many wrote in they thought their mathematical back-
ground was adequate or satisfactory. The group which felt they

should have taken more mathematics had completed an average of
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nearly five courses in mathematics beyond arithmetic. None of the
teachers of electricity felt they should have taken less mathematics.
The teachers in the other three areas who checked ''Less'' had
completed an average of nearly seven courses in mathematics in
high school and college. There seemed to be only one teacher with
an aversion for mathematics. The average of the group that felt
that their background was adequate was over six courses in mathe-
matics.

The teachers recalled the instances in which they taught the
mathematical skill to a greater extent than when they encountered
the mathematics without special attention or when it appeared in
the nonpupil-contact activities. Over 50 per cent of the teachers
had taught some of the examples from arithmetic, plane geometry,
and solid geometry. This percentage was followed by that for ele-
mentary algebra (48 per cent), trigonometry, with 38 per cent, and
the sixth rank was held by intermediate algebra with 31 per cent of
the teachers indicating they had taught some of the examples con-
tained in the check list. The predominance of the occurrence of the
line and figure examples appears in the teaching requirements for
industrial arts teachers.

The mathematical contact per teacher with the examples of

the mathematics courses would place the courses in the following
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order: (1) arithmetic, (2) plane geometry, (3) solid geometry, (4)
elementary algebra, (5) trigonometry, (6) intermediate algebra, (7)
analytic geometry, and (8) college algebra.

Teachers of drafting generally ranked highest in mathematical
contact per teacher in most of the mathematics courses. The sec-
ond rank was for metalworking teachers, third was for the teachers
of woodwork, and the lowest contact per teacher was for the teach-
ers of electricity. The exception to the above ranking was the
teachers of electricity, who ranked higher in the contact with inter-
mediate and college algebra.

The mathematical courses dealing with lines and figures
again were more prominent in the contact per teacher than were
the algebraic courses.

The reluctance on the part of the authors to commit them-
selves concerning desirable mathematical background for the stu-
dents using their book as a text or reference made the data limited.
The books were written prior to the surge in mathematical popularity.
They may have been purposely written with a minimum of mathe-
matics. Less than 40 per cent of the authors who responded to this
item indicated the students would need algebra and geometry to ob-
tain maximum value from their book as a text or reference. They

were not specific in designating which algebra or geometry course
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the student would need. Only three (10 per cent) stated that trigo-
nometry would be beneficial.

The authors were more cooperative in indicating the mathe-
matical background desirable for the teacher who used their books.
The ranking of the courses desirable for the mathematical background
of the teacher would place them in the following order: (1) arithme-
tic, (2) plane geometry, (3) solid geometry, (4) elementary algebra,
(5) trigonometry, (6) intermediate algebra, (7) analytic geometry, and
(8) college algebra.

The relative importance of the mathematics courses involving

lines and figures is evident in the recommendations of the authors.



CHAPTER VIII

SUMMARY, CONCLUSIONS, IMPLICATIONS
FOR FURTHER RESEARCH, AND
RECOMMENDATIONS

Summarz

Need for studies in industrial arts education. There is a

need for more studies concerning the status of mathematics in in-
dustrial arts education. Mathematics is required for admission to
most colleges or universities offering industrial arts teacher prepa-
ration. Most colleges require the student to take mathematics
courses while in college. It is used in the college industrial arts
classes and used by the teachers in the public schools. Despite the
requirements and the mathematical usage there have been no studies
relative to the mathematical content of industrial arts education or
of needs of the industrial arts teacher.

Additional evidence of the need for scientific study may be
found in the variation in the mathematical admission requirements
and in the type and content of the mathematics courses the student
must take in college. The admission requirements varied from zero

to four courses in mathematics. The in-college mathematical
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requirements also varied from zero to four courses. Thus a student
might graduate from college, as an industrial arts teacher, without
taking any courses in mathematics after leaving the eighth grade.
The other extreme would be that a student could be required to take
four courses in mathematics while in high school, and be required to
take four additional courses in mathematics on the industrial arts
teacher-preparation program.

The type or content of the mathematics courses that are re-
quired also varied. Some colleges will accept one unit in general
mathematics while other colleges require units in intermediate alge-
bra and solid geometry. The in-college requirements have a similar
range in mathematical content. Some require only general education
mathematics while other colleges require college algebra, trigonome-
try, and analytic geometry.

Counselors have a need for scientific data on which to make
their recommendations. Students are often unaware of the mathemat-
ics courses that must be taken before starting those that are listed
as required. There have been no studies to help the counselors in
this area.

The heterogeneity of the requirements indicates the mathe-
matical needs of the industrial arts education graduate are not known.

The following questions arise: What should be the minimum
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mathematical background of the industrial arts teacher? Do all areas
of specialization in industrial arts require the same amount or con-
tent of mathematics? Where does the law of diminishing returns,

in the mathematics sequence, begin to operate for the industrial arts

teacher-preparation students?

Resumé. The problem was to determine the mathematical
skills needed to be a successful industrial arts teacher in the public
schools.

The questionnaire survey technique was used to determine:

1. The college admission requirements in mathematics for

the industrial arts teacher-preparation program.

2. The mathematics courses which the students must take as
part of the teacher-preparation programs. Data were re-
ceived from 127 colleges or universities representing
forty-five states concerning the admission and in-college
mathematics requirements.

3. The mathematics used in the college industrial arts classes
in the areas of drafting, electricity, metalwork, and wood-
work.

4. The recommendations of college professors in the areas of

drafting, electricity, metalwork, and woodwork concerning
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the mathematical background of their students. Data con-
cerning class usage and their recommendations were re-
ceived from 100 professors of drafting, 63 professors of
electricity, 106 of metalwork, and 104 professors of wood-
work.

5. The recommendations of the authors of industrial arts
textbooks concerning the mathematical abilities the teacher
should have to use their books as texts or references ef-
ficiently.

6. The use of mathematics in the teaching activities of se-
lected outstanding industrial arts teachers with five or
more years of experience. Data concerning the use of
mathematics, the mathematical background of the teacher,
and their opinions of the adequateness of their background

were received from 189 teachers representing forty states.

Mathematical admission requirements for industrial arts

teacher-education students. There was no uniformity in admission

requirements. More colleges did not specify mathematics in their
admission requirements than did specify any of the combinations
used in the study. In the admission policies that did require mathe-

matics, the combination of elementary algebra and plane geometry
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was the most prevalent. Among the different mathematical subjects,
elementary algebra was mentioned most often in the admission re-
quirements. General mathematics ranked second in occurrence,
while plane geometry was third.

Geographically, the results of the study indicated mathematics
was seldom required by the colleges of the northeastern part of the
United States but was required by most of the colleges in the south-
ern areas. Likewise, the colleges of the north tended to accept gen-
eral mathematics while the southern colleges adhered to the tradi-
tional requirement of elementary algebra and plane geometry.

Colleges with larger industrial arts departments were more
inclined to accept students without high school mathematics than were

the small-department colleges.

In-college mathematics for the industrial arts teacher-prepa-

ration student. The mathematical requirements for the student while

in college were more heterogeneous than for admission. The diver-
sity in requirements for mathematics in college was fairly indepen-
dent of the size of the industrial arts department or the geographic

area of the college or university.

3

The larger-department colleges were inclined to accept stu-

dents without secondary mathematics but many of these colleges
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required the completion of college algebra prior to graduation. Most
of the colleges of the northeastern area did not require mathematics
for admission but all of these colleges required some form of mathe-
matics in college. The colleges of the Southern Association area
ranked first in the number of mathematics courses required while

in college and tended to specify the academic courses more often
than the colleges of the other areas.

The total mathematical background required of industrial arts
education graduates practically defies classification. Even when
grouped into academic and nonacademic mathematics there are forty-
one different combinations that could fulfill the admission and in-
college requirements of the colleges preparing industrial arts teach-

ers.

Recommendations of the college professors. The professors

of industrial arts technical courses do not agree with the admission
policies of many of the colleges. Over 90 per cent of the 369 re-
spondents recommended elementary algebra and plane geometry for
their students. Of the total, 180 (48.8 per cent) recommended solid
geometry. They ranked the courses in the following order: (1) ele-

mentary algebra, (2) plane geometry, (3) trigonometry, (4) college
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algebra, (5) solid geometry, (6) intermediate algebra, and (7) ana-
lytic geometry.

The responses to the items of the check list indicated the
usage in the professors' classes was in the following order: (1)
plane geometry, (2) solid geometry, (3) elementary algebra, (4) trigo-
nometry, (5) intermediate algebra, (6) analytic geometry, and (7) col-
lege algebra.

The greatest discrepancy in the two rankings occurs in col-
lege algebra. It ranked fourth in the recommendations but dropped
to seventh in usage in the college industrial arts classes.

The recommendations and indicated usage of mathematics
exceeded any of the combinations of secondary and college mathe-
matics that were required by the cooperating colleges.

One-half or more of the professors of the industrial arts
technical courses recommended and indicated class usage of the fol-
lowing mathematics courses: elementary and intermediate algebra,

plane and solid geometry, and trigonometry.

Mathematics courses taken by public-school teachers. The

average mathematical background of the outstanding industrial arts
teachers meets or exceeds the number of mathematics courses

suggested by the industrial arts professors. A relatively large
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percentage of the teachers had taken a course in shop mathe-
matics.

A large percentage of the teachers indicated they felt they
should have taken more mathematics in college. A smaller group
thought their mathematical background was adequate. This group
had taken approximately six courses in mathematics while in high
school or college. A much smaller group--of whom none taught
electricity--indicated they should have taken less mathematics
while in college. This group averaged about seven courses in

mathematics per teacher.

Mathematical usage in industrial arts. The responses to the

items of the check list indicated more occasions when the example
was taught to the students than when it was encountered without
special attention, or when it had occurred in the nonpupil-contact
responsibilities of industrial arts teaching. The pattern of contacts
with the mathematics courses was similar to that of the recommenda-
tions and usage in the college industrial arts classes.

The authors of industrial arts textbooks were averse to stat-
ing the mathematics needed by the students who used their books.
Those who did respond indicated comparatively little mathematics

would suffice.
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The opposite attitude manifested itself concerning the authors'
recommendations for the teacher's mathematical background. Their
responses to the items on the check list indicated concentration, in-
sight, and consistency. The authors' recommendations were similar
to those of the professors.

Throughout the in-college requirements, the professors'
recommendations, and the authors' recommendations, there seemed
to be confusion concerning the content of the two algebraic courses;
i.e., intermediate algebra and college algebra. The check list re-
sponses indicated more use or occurrence of the items from inter-
mediate algebra than from college algebra, while college algebra
had ranked higher than intermediate algebra in the recommendations.

In all facets of the study there was more emphasis on the

mathematics courses involving lines and figures than on the corre-

s ponding algebraic courses.

Conclusions

1. A high school graduate, desirous of becoming an indus-
trial arts teacher, has ample opportunity to select a college on the

basis of his predilection or aversion for mathematics.
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2. There is little rationality to mathematical admission poli-
cies or to the amount or content of the mathematics required of
industrial arts teacher-education students.

3. Those persons in the colleges, responsible for the ad-
mission policies, either do not seek, or do not heed, the advice of
the industrial arts departments.

4. The trend in college admission policies seems to be
toward generalities and to be less specific in stating requirements.

5. The colleges seem to be providing courses in mathemat-
ics which were formerly expected of the high school graduate. For
example, a college does not require any mathematics for admission
but requires the college student to complete college algebra and
trigonometry before graduation. The pyramidal nature of mathe-

Inatics necessitates the college's offering the more elementary
courses before the student takes the more advanced courses.

6. The size of the industrial arts department, the geographic
area of the college, or the accreditation policies of the associations
do not materially affect the admission requirements in mathematics
for industrial arts teacher-education students.

7. The work of the counselor has become more important
in high school. He may provide information concerning the mathe-

matical requirements of the different colleges. He may also call
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attention to the implied requirements which are not specifically
stated in the admission requirements. There are mathematical
skills which, while not specified, are implied and necessary for
success in industrial arts teacher education.

8. Colleges with larger industrial arts departments are less
rigid in their admission requirements in mathematics.

9. The need for more functional mathematics was expressed
many times in the responses. The industrial arts teacher can as-
sist the mathematics teacher to provide application of the concepts
of mathematics. Teaching aids for mathematics could be made in
the industrial arts classes. This practice would benefit all the
mathematics students and especially the industrial arts students
who made the teaching aids.

10. Authors have incorporated little mathematics into the
industrial arts textbooks. In previous years the catalogs of publish-
ers often cited the small amount of mathematics involved in the use
of the textbooks.

11. The colleges preparing industrial arts teachers do not
require mathematics to the extent that the data of the study would
recommend. To do so might force the student to omit courses

from his program which are considered desirable.
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12. The average mathematical background of the outstanding
industrial arts teachers was more extensive than the current re-

quirements of the colleges would provide.

Implications for Further Research

Questions arose throughout the study which suggested the
following investigations:

1. This study concerned the formal or conventional mathe-
matics courses. A study to determine the type of mathematics
course, the extent of the contents of the course, and the amount of
application provided in the course, seems desirable. Many changes
have occurred in the content of the mathematics courses. Would
some of these new courses provide a more suitable background for
industrial arts teachers? Are the formal courses in plane and solid
geometry most appropriate for industrial arts teachers?

2. A study of the existing confusion regarding intermediate
and college algebra.

3. A study involving the refinement of a check list or the de-
velopment of other instruments that might be used to determine
mathematical backgrounds. The responses to some of the items of

the present check list seemed to indicate the items did not discriminate
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between mathematics courses; i.e., between mensurations problems
in arithmetic and Euclidean proof of plane geometry.

4. An intensive study of the effect of the mathematical
background of the college professors on the mathematics used in
their classes.

5. A study to determine the effects of mathematical usage
in the teacher-preparation classes upon the mathematical usage by
the teachers in public schools who had participated in these college
classes.

6. A study of the effect of public attitude toward mathe-
matics upon the college admission policies regarding mathematics.

7. A similar study of in-college mathematical requirements.

8. A similar study of the effects of the public attitude
toward mathematics upon the tendency of the teacher to exaggerate
the use of mathematics in his teaching.

9. A follow-up study, similar to the present one, when the
public interest in mathematics is less accentuated than during the
time of this study.

10. The extent of the mathematical background of the public
s chool teachers of the study poses the question: Are these teachers
outstanding because of their extensive background in mathematics?

This question may have several ramifications.
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11. A study of the traits or attributes of the public school
teachers that prompted the chairmen of the college industrial arts

departments to select them as outstanding teachers of industrial

arts in their state.

Recommendations

As the author attempted to tabulate the mathematical require-
ments for the industrial arts teacher curricula, it soon became evi-
dent there was no similarity or rational pattern to the requirements.
Apparently each college had formulated its policies concerning the
mathematical requirements without regard for research, teacher
needs, or the consensus of those directly connected with the prepa-
ration of industrial arts teachers. These policies might have been
the result of these factors: uninformed administrative directives,
the compulsion-to-report complex of committee action, an aggressive
student-recruitment policy, of tradition, or a rebellion against the
traditional mathematics courses.

The mathematical requirement policies of a college may be
sStrengthened by the aggressiveness, the cooperativeness, or the
popularity of the mathematics department. Conversely, the tendency
of college departments to promote the inclusion of their courses, as

requirements for the different curricula, may have excluded
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mathematics from the requirements for industrial arts teacher edu-

cation. Regardless of the background of these requirements, both

for admission and graduation of industrial arts teacher-preparation

students, the variation in, or lack of, the mathematical requirements

was amazing., l
In view of the mathematics required by the colleges, the pro- | ‘1

fessors' recommendations and the class usage seemed refutatory.

The authors of industrial arts textbooks also recommended more

courses in mathematics than the colleges or universities now re-

quire for the preparation of industrial arts teachers. The writer

was surprised at the number of mathematics courses which had

been taken by the public-school industrial arts teachers, and also

at the amount of mathematics used in the industrial arts classes of

these teachers. The similarity between the professors' and authors'

recommendations and the mathematical background which the teach-

ers considered adequate for their work was interesting.

Agreement among college industrial arts departments. The

study presented data indicating the mathematical requirements estab-
lished by the colleges were less than the mathematics needed by the
public-school industrial arts teachers. Before these requirements

can be raised to what they should be, there must be agreement
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among the departments concerning the mathematics desirable for the
industrial arts teacher-education student. The study indicated agree-
ment among the professors who responded to the study. Their opin-

ions should be further synthesized, publicized, and promoted.

Agreement among teacher-preparation colleges. Any effort

to raise the mathematical requirements of industrial arts teacher
education to that recommended or to conform to the needs as shown
by the study would have little effect unless these requirements were

adopted by most of the colleges.

Adopt realistic standards for graduation in the industrial arts

teacher curriculum. The colleges and universities do not require

the mathematics that the industrial arts teacher may need. All col-
leges should require those mathematical competencies necessary to

provide the background that may be needed by their graduates.

Raise the standards for certification of industrial arts teach-

ers. Most college departments are attempting to raise the minimum

standards for certification to teach in their field. To deter teaching
with substandard qualifications is commendable. Industrial arts

should attempt to raise its standards for certification. One of these
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standards should be sufficient mathematical ability to meet the rec-

ommendations indicated in the study.

Improve the effectiveness of industrial arts education. A

good mathematical background would promote better insight into our
scientific society. Another approach to greater effectiveness of in-
dustrial arts would be to encourage cooperation among the science,
mathematics, and industrial arts departments. This would be pos-
sible, and much more likely to occur, if the industrial arts teacher

had an adequate mathematical background.

Encourage functional mathematics at the lower mathematical

level. Mathematics can be taught as theoretical or pure mathemat-
ics and with little attention to its application. The industrial arts
teacher should point out the need for functional mathematics in
industrial arts education. Encourage the construction of teaching
aids for the mathematics classes, either by the industrial arts

students or in cooperation with the mathematics department.

Mathematics requirements and industrial arts specialization.

"The differences in mathematical usage for the areas of specialization
used in the study were not great. However, the line and figure

mathematics courses--the geometries and trigonometry--were used
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10 a gr-eater extent by teachers of drafting and woodwork than were

the alg e braic courses. The opposite was true for the teachers of

electri«<dity. Metalwork involved both types of mathematics.

SSeveral comments accompanying the responses of the teach-
ers cit «&= d the difference in mathematical usage among elementary,

junior, &and senior high school industrial arts. If industrial arts

teache @~  education specializes according to the grade level of teach-

ing, A\ € consideration should be given to the mathematical require-

ments for each level.

Mathematical background recommendations. The recom-

mendA. s tjons of the college industrial arts professors, the authors

of inQustrial arts textbooks, and those of the outstanding industrial

art s teachers indicate the mathematical background of the industrial
art s teacher-education graduate should include: a good foundation
fa | xrithmetic, elementary algebra, plane geometry, intermediate or
thi X~ cd-semester algebra, solid geometry, and trigonometry. These

c

Ql-1:I:'ses were recommended for the industrial arts teacher and were
s

l-."“QVV-n to be used in teaching industrial arts in the public schools.

’Phey should be required of all industrial arts teacher-education

s
T qents.
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Personal Data Concerniﬁthe Three Members
of the Mathematics Advisory Committee

The advice of these men has been very helpful in the planning
of the study, in the selection of the items of the check list, and in
many details concerning current practices in mathematics education.
They have voluntarily devoted many hours, both individually and as
a committee, to the structure and organization of the study. They
have made their personal libraries available. They have also made
available the library and computing machines of the mathematics de-
partment. Their assistance has been invaluable.

Member A

Associate professor, currently acting head of the department,
whose field is calculus and shop mathematics. He received his A.B.
from Hope College, 1933; A.M. from University of Michigan, 1939;
and additional study at Michigan State University, University of Michi-
gan, and University of Wisconsin. He has taught two years in the
secondary schools in Michigan, and for the past twenty years, in the
mathematics department of Central Michigan College.

Member B

Head of the Department of Mathematics and currently on leave
as a recipient of a National Science Foundation Faculty Scholarship
and is in attendance at the University of Chicago. He received the
A.B. from Central Michigan College, 1934; A.M. from University of
Michigan, 1940; and Ph.D. from University of Michigan, 1952. He
has taught seven years in the public schools of Michigan, three years
in college in Minnesota, and four years at Central Michigan College.
His area is mathematics education.

Member C

Assistant professor, whose specialty is statistics. A.B. from
Buena Vista College, 1947; A.M. from Drake University, 1950; Ed.D.
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from University of Wyoming, 1956. He has taught eight years in the
public schools of Iowa and four years in colleges in Wyoming and
Michigan.
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Copy of Letter to Mathematics Professors

Dear Mathematics Professor:

I am enclosing a rough draft of a mathematical check list I
wish to submit to industrial arts teachers to determine their mathe-
matical background and the mathematics they use in their classes.

The items used in the check list were selected from texts,
used prior to 1950, in the following mathematics classes:

Arithmetic

First-Year Algebra

Plane Geometry

Third- Semester Algebra

Solid Geometry

Fourth-Semester or College Algebra
Trigonometry

Analytic Geometry

W~ O~V bWV =

No attempt has been made to include all the skills, abilities,
or concepts of each course. Such a listing would have been too long
to be practical. Effort has been made to list some of the profi-
ciencies which could be used in industrial arts classes.

In the study it will be desirable to have agreement as to the
mathematics courses in which a student would gain working profi-
ciency in the competencies represented in the check list. Will you
give me the benefit of your education and experience by indicating
which of the above courses would, or should, provide the knowledge
and ability needed for the item? In many instances the skill may
occur in more than one class. In such cases, please indicate the
class in which a student would first encounter the skill with sufficient
intensity to gain adequate proficiency. It will be more efficient to
use the numbers 1 to 8, as used above.

The author would greatly appreciate your comments concern-
ing the wiseness of selection to represent each class, the clearness
of presentation of the skill, any ambiguity or difficulty in classifica-
tion, or any other criticism or suggestion you may have for improv-
ing the list.
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Thank you for your time and the courtesy in helping me with
the check list.

Sincerely

;..Wgw

James E. Bowman, Assistant Prof.
Industrial Arts Department
Central Michigan College

Mt. Pleasant, Michigan
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TABLE XVII

DATA CONCERNING PROFESSORS WHO IDENTIFIED
ITEMS IN THE CHECK LIST

e
——

College
Classification
A B C
Rank:
Instructor ........ e e 22 1
Assistant professor .. ........ 1 7P 2
Associate professor .. ....... 1 3
Professor ........ e b 1 2 1
Total . . .. ............. 3 14 4
Degree:
Bachelor's . ... ... ...... ... 1
Master's . ... ......... .o 2 11
Doctor's ............... .. 1 3 1
Teaching range . . . ... ... ....... 6-36 4-31 1-27
Experience average ... ... ....... 17.3 22.4 13.0

#These two teachers are supervising teachers in the student
teaching of mathematics. They do not hold professorial status.

b
Two of the seven shown are supervising teachers but do
have professorial rank.

College A is a denominational liberal arts college with an
enrollment of approximately seven hundred students.

College B is a state-supported college with an enrollment of
about four thousand students, half of whom are in education.

College C is a state-supported college with an enrollment of
about two thousand students. It is primarily a technical college. It
provides for a bachelor's degree.
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Colleges and Universities Cooperating
in the Study

Alabama
Alabama Polytechnic Institute
University of Alabama

Arizona
Arizona State College

Arkansas
Agricultural, Mechanical and Normal College
Arkansas Agricultural and Mechanical College
Arkansas State Teachers College

California
Fresno State College
Long Beach State College
Pacific Union College
San Diego State College
San Francisco State College
San Jose State College
University of California, Santa Barbara College

Colordao
Adams State College
Colorado Agricultural and Mechanical College

Florida
Florida Agricultural and Mechanical University
Florida Southern College
Florida State College
University of Florida
University of Tampa

Georgia
Berry College
Georgia Teachers College
University of Georgia
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Idaho
Ricks College
University of Idaho

Illinois
Bradley University
Chicago Teachers College
Eastern Illinois State College
Illinois State Normal University
Northern Illinois State Teachers College
Southern Illinois University
Western Illinois State College

Indiana
Ball State Teachers College
Indiana State Teachers College
Purdue University

Iowa
Iowa State College
Iowa State Teachers College

Kansas
Bethel College
Fort Hays Kansas State College
Kansas State College
Kansas State Teachers College--Emporia
Kansas State Teachers College--Pittsburg
McPherson College

Kentucky
Eastern Kentucky State College
Kentucky State College
Murray State College
Western Kentucky State College

Louisiana
Louisiana State University
Northwestern State College

Maine
Gorham State Teachers College
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Maryland
Maryland State College
University of Maryland

Michigan
Central Michigan College
Eastern Michigan College
Michigan State University
Northern Michigan College
University of Michigan
Wayne State University
Western Michigan University

Minnesota
Bemidji State Teachers College
Mankato State Teachers College
Moorhead State Teachers College
State Teachers College
University of Minnesota
University of Minnesota, Duluth Branch
Winona State Teachers College

Mississippi
Mississippi State College

Missouri
Central Missouri State College
Lincoln University
Northwest Missouri State College
Northeast Missouri State Teachers College
Southeast Missouri State College
Southwest Missouri State College
University of Missouri

Montana
Northern Montana College
Rocky Mountain College
Western Montana College of Education

Nebraska
Nebraska State Teachers College

Nebraska State Teachers College at Chadron

Nebraska State Teachers College--Peru
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Nebraska (Continued)
Nebraska State Teachers College--Wayne
Nebraska Wesleyan University
University of Nebraska
University of Omaha

New Hampshire
Keene Teachers College

New Jersey
New Jersey State Teachers College at Newark
State Teachers College of New Jersey

New Mexico
Eastern New Mexico University
New Mexico Western College
University of New Mexico

New York
New York University
State University of New York, College for Teachers
State University of New York, Teachers College

North Carolina
East Carolina College
North Carolina State College
Western Carolina Teachers College

North Dakota
University of North Dakota

Ohio
Bowling Green State University
Central State College
Kent State University
Miami University
Ohio University
The Ohio State University
Wilmington College
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Oklahoma
Cameron State Agricultural College
Central State College
East Central State College
Eastern Oklahoma Agricultural and Mechanical College
Langston University
Northeastern State College
Oklahoma State University
Southeastern State College
Southwestern State College
University of Oklahoma

Oregon
Oregon State College

Pennsylvania
Cheyney State Teachers College
State Teachers College
State Teachers College at California
The Pennsylvania State University

South Carolina
State Agricultural and Mechanical College

South Dakota
General Beadle State Teachers College
Northern State Teachers College
Southern State Teachers College
University of South Dakota

Tennessee
Austin Peay State College
East Tennessee State College
Middle Tennessee State College
Tennessee Polytechnic Institute
University of Tennessee

Texas
East Texas State Teachers College
North Texas State College
Prairie View Agricultural and Mechanical College
Sam Houston State Teachers College
Sul Ross State College



Texas (Continued)
Texas College of Arts and Industries
The A. and M. College of Texas
University of Houston
West Texas State College

Utah
Brigham Young University
Dixie College
Utah State Agricultural College

Virginia
Virginia Polytechnic Institute
Virginia State College

Washington
Central Washington College of Education
State College of Washington
University of Washington
Western Washington College of Education

West Virginia
Fairmont State College
West Virginia Institute of Technology
West Virginia University

Wisconsin
The Stout State College

Wyoming
University of Wyoming
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Mount Pleasant, Michigan

Letter to Chairmen of Industrial Arts Departments

I am attempting to secure data concerning the mathematical needs and usage of
high school industrial arts teachers as a part of my doctoral work at Michigan
State University. The purpose of the study is to determine the mathematical pro-
ficiencies needed to pursue the college industrial arts classes and to teach most ef-
fectively the industrial arts in high school.

Enclosed are four copies of a questionnaire by which I hope to secure the opinions
of experts concerning the mathematical abilities required to perform the college
industrial arts assignment in the areas of wood, metal, electricity, and drafting.
Would you please give a questionnaire to your best qualified man in each of the
above areas and ask him kindly to supply the information requested? An envelope
is provided for each questionnaire.

I want to identify the present practices concerning the mathematical requirements
for graduation as industrial arts teachers on the secondary level. Will you supply
the data on the accompanying sheet?

I need to contact some of the outstanding industrial arts teachers in the high
schools of your state who have taught for %ive years or more. 1 would appreciate
your selection of these men. Would you, or your secretary, kindly supply their
mailing addresses?

Thank you for the many courtesies and the time involved in answering my re-
quests. ‘

Sincerely,

James E. Bowman, Asst. Prof.
Industrial Arts Education
Central Michigan College

Mt. Pleasant, Michigan



Data Concerning the College or University
Name of College or University ______________________________ __ o _____
Name of Respondent ___________________ ______ e

Number of teachers in Industrial Arts Department __________________________________

Mathematical Entrance Requirements

Please indicate the number of units of high school mathematics required for admission, or that
must be taken as deficiencies, before graduation as a major in your department.

General Mathematics — _____ ; Algebra ______ ; Geometry ______ ; Other ______________

College Mathematics Required for Graduation
in Industrial Arts

Please show the number of semester, or term, (underline) hours required for graduation as an
industrial arts teacher.

Outstanding High School Industrial Arts Teachers of (state) __________________________
Name Address of School City

9.

10.

Please return, in the accompanying envelope, to:

James E. Bowman
Central Michigan College
Mt. Pleasant, Michigan
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Mount Pleasemt, Michigan

Questionnaire for Professors Included in Letter to Departments

Dear Fellow Professor:

I asked your department head to present this questionnaire to you for this reason. To give him
the opportunity to select his most qualified man to supply the information I am seeking.

This data is part of my doctoral degree work at Michigan State University. I am hoping to deter-
mine the mathematical proficiencies recommended by experts in the field of metal, electricity,
wood, and drafting. Three of your colleagues are responding in the other three fields.

Preliminary surveys seem to indicate little agreement among industrial arts teacher-preparation
colleges or universities as to the mathematical requirements for admission and for graduation as
industrial arts teachers on the secondary level. Also very little information is available as to the
mathematical abilities needed in the different areas of industrial arts. This information is what I
am requesting you to supply. Will you check the high school mathematics courses you feel a stu-
dent should have had prior to admission to college and give the number of semester, or term
(please underline) hours you feel should be taken by a student prior to graduation?

Arithmetic ____; Algebra ____; Plane Geometry -___; Third Semester Algebra ____;
Solid Geometry ____; College Algebra ____; Trigonometry ____; Analytic Geometry ____;
Calculus ——__; Other - -

Will you also check the examples on the succeeding pages, if that type of problem presents it-
self in your college class work?

In order to acknowledge the source of the information provided, will you supply the following:

Area of your specialization: - - - - - - - -

Your professorial rank: - - - - - - - - -

Highest degree held, plus additional hours: - - - - -

Number of years teaching experience: -

Thank you for your courtesy and cooperation in providing the enclosed information.

Sincerely,

James E. Bowman, Asst. Professor
Industrial Arts Education

Central Michigan College

Mt. Pleasant, Michigan



DOES YOUR CLASSWORK INVOLVE THE FOLLOWING TYPES OF MATHEMATICS?

10.

11.

12.

13.

14,

15.

Mathematical Usage in College
Industrial Arts

. Changing from fractions to decimals.

Ex: 57/64 is equal to what decimal?

. Sol}gng sgioblems in which a value in the answer may be imaginary.

veforRin R2+1=0

Plotting an ellipse from an equation.
Ex: Plot the ellipse represented by 16x? + 9y? = 36

Using the slide rule.
Ex: To use the slide rule for more efficient solution of problems.

. Determining the probability.

Ex: If ten coins are tossed in succession, what is the probability that exactly
three will be heads?

. Uﬁ]?f l%garithms of the trigonometric functions of angles.

o use the table of the log function of angles.

Finding of areas and volumes of common geometric shapes.
Ex: To find the number of square inches in a triangle or other form.

Using literal or negative nents.
Ex: (x™ + x—2)(2 + x» + x2*)

Proving or deriving a formula involving three dimensions.
Ex: To show students HOW the volume of a n'ﬁht cylinder equals the area
of the base times the altitude, i.e. V = = R*H

Using the locus of points or lines in two dimensions.
Ex: A point moves such that it is equidistant from the sides of an angle.
i.e. The bisector.

Solving an equation by the use of the quadratic equation formula.
Ex: To find the value of xin 2x* + x = 7

Doing multiplication and division of decimals.
Ex: 3.67 divided by .024

Using l%%:\rithms, (base 10).
Ex e use of logarithms in solving problems.

Involving the focus-directrix properties of conic sections.
Ex: do plot or discuss a hyperbola or ellipse in terms of the focus or
irectrix.

Extracting s%uare root.
Ex: To obtain the square root of 15129 or similar quantities.
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16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Computing the sizes of spheres that could be cut from cubes, or rectangular
solids from cylinders.
Ex: To find the sizes of square or hexagonal bars that could be cut from
round stock.

Multiplying and dividing mixed numbers.
Ex: 334 times 5%

Solving simultaneous equations.
Ex: To find the dimensions of a rectangle whose width is 2/3 of its
length, and the perimeter is 80 yards.

Understanding the properties of tangents to a circle.
Ex: The use of the center-head square to find the center of round bars.

Solving fractional equations.
Ex: To find the value of x in ;—- x:-Z

Solving Tproblems in which lines meet a plane at specified angles.
Ex: The construction of braces for an upright.

Using determinants. ,
Ex: Find, by determinants, the area of a triangle having the vertices:

(_l» —2), (3v —2)) (lr 5)'

Deriving or showing the relationships of the sides of common figures.
Ex: To prove that the area of a triangle is the product of one-half of the

base times the altitude.

Multiplying or dividing denominate numbers.
Ex: To find the number of board feet in a piece of wood 1 ft. 4 in. wide
and 3 ft. 7 in. long.

Using the properties of isosceles triangles.
Ex: Constructing the bisectors of lines or angles.

Solving quadratic equations by factoring.
Ex: Factor to find the value of xinx? — 7x + 12 = 0

Determining Kercentage relationships.
Ex: 4 is what percent of 567

Using the theory of equations.
Ex: To find, by synthetic division, the quotient of
(2x*+6x* — 8 + 10) ~ (x + V2)

Using the relationships of similar shapes, such as triangles, squares, circles,

or other shapes.
Ex: To construct a larger triangle similar to a given triangle.

Using the equation y? = 4px to describe or plot a parabola.
Ex: To plot or describe the figure represented by the equation y* = —8x

Constructing equal or proportional parts or ratios.
Ex: To divide a board into three equal widths.

Using radians.
Ex: To find the number of degrees in 2.3 radians.
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33. Solving problems relating to conic frustums.
Ex: q‘o find the area of the side of a funnel or the side of a conventional

pail.

34. Finding the areas of triangles by the use of the tables of the trigonometric
functions of angles.
Ex: To find the area of a triangle when you know two angles and a side

of the triangle.

35. Exiaxnding a binomial by the use of the theorem.
: To expand or multiply out the following expression by the use of the
binomial theorem. (A — 1)¢ =

36. Using relationship of the altitudes and the areas of sections formed by the
intersection of planes parallel to the base of pyramids. ‘
Ex: To find the dispersion or intensity of light, sound, or other forms of
radiation at given distances from the source.

37. Finding the ancglles or sides of obtuse triangles.
Ex: To find the other sides of a triangle when you know two angles and
an adjoining side.

38. Recognizin% and manipulating of monomial factors.
Ex: To factor expressions similar to 37 + 6x*

39. Determining the slope of a line from its coordinates. Y—Y
Ex: To find the slope of a line from the expression M = g Xl
1

40. Adding and subtracting raixed numbers.
Ex: Toadd32/3, 41/3, and 51/3.

41. Solving of right triangle problems using the trigonometric function of the
angles.
x: Finding the taper angle.

42. Solving first degree equations.
Ex: Tosolve forxin 5x —1=3x+ 7

43. Using graphic solution of systems of non-linear equations. -
Ex: To graph two second degree equations on the same axes to determine
the common values of x and y.

44. Involving complex numbers. _
Ex: To represent, graphically, such quantities as 2v/3 + 2i

45. Using letters to represent unknown values.
Ex: To use 3L plus 34” to represent the length needed for three pieces
L inches long and the allowance for kerf and finishing.

tion of angles.

46. Recognizing or plotting of curves involving a table of the trigonometric func-
Ex: TEF

e plotting of such curves as those representing the alternating cur-
rent cycle.

47. Adding and subtracting of fractions when they must be changed to a common

denominator.
Ex: toadd 3/4,1/2,and 1/16.

48. Using fundamental operation involving literal terms.
Ex: The addition, subtraction, multiplication, or division of values rep-
resented by letters.



PERSONAL DATA CONCERNING INDUSTRIAL
ARTS PROFESSORS

TABLE XVIII
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Drafting Electricity Metalwork  Woodwork
Classification
No. Pect. No. Pct. No. Pct. No. Pect.
Rank:
Instructor 24  24.2 21 33.4 30 28.6 30 29.4
Assistant .
professor . . 26 26.3 23  36.5 40 38.0 31 30.4
Associate
professor . . 22 22.2 14 22.2 22 21.0 26 25.5
Professor 27 27.3 5 7.9 13 12.4 15 14.7
Degree:
Bachelor's . .. 9 9.1 8 12.7 13 12.4 12 11.6
Master's 62 62.6 41 65.2 68 64.8 70 68.0
Doctor's 28 28.3 14 22.1 24 22.8 21 20.4
Range of teach- 1-46 1-48 1-46 1-48
ing experience: T T
1-9 ........ 30 30.3 33 53.3 34 32.1 34 33.0
10-19 ... ... 32 32.4 17 27.4 38 35.8 35 34.0
20-29 ...... 24 24.2 10 16.1 25 23.6 22 21.4
30 and over .. 13 13.1 2 3.2 9 8.5 12 11.6
Average . . . .. 17.2 12.2 15.7 15.4
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Mount Pleasont, Michigan

Follow~-up Letter to Chairmen of Departments

Approximately three weeks ago | sent out requests for data on mathematic
requirements to all industrial arts teacher preparation colleges or universi-
ties in the United States. The response has been excellent and a great deal
of interest has been shown. In view of the public interest in mathematics at
this time, many industrial arts departments are studying their mathematic
requirements. A great many have asked for the results of the study.

Will you accept my thanks and extend them to the men in your department
who have been so cooperative? In a few instances individuals may have
been too busy to complete the forms. If so, | will gladly wait. Because of the
interest shown | want to make this study as nation-wide as possible.

| appreciate the addresses of the outstanding industrial arts teachers in the
high schools. | feel the chairmen and department heads are the most qual-
ified to make the selection in their state.

Again, my sincere thanks to you and your men.

Cordially yours,

James E. Bowman
Industrial Arts Education
Central Michigan College
Mt. Pleasant, Michigan
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Mount Pleasant, Michigan

Questionnaire to Public School Industrial Arts Teachers

To an Outstanding Industrial Arts Teacher:

Because you have established yourself as an outstanding industrial arts teacher, one or more heads
of the industrial arts departments of your state colleges have provided me with your name and ad-
dress. Congratulations on your success and recognition.

I need data concerning the mathematical abilities and usage of the outstanding industrial arts
teachers in each state as part of a doctoral study at Michigan State University. The opinions of
several groups, connected with industrial arts teaching, have been obtained. Now, as a major part
of the study, I want to know the mathematical skills that outstanding, experienced teachers, like
yourself, actually HAVE USED. Opinions are desirable but actual usage seems to be more signifi-
cant.

To acknowledge the source of my information, I need:

Name of college from which you graduated . ____________________________________
Degree held, plus semester or term (underline) hours ________________________________
Number of years teaching experience - _________________________________
Now teaching mainly in area of: Wood —___, Metal ____, Electricity ____, Drafting ____.
Please check the mathematics courses taken prior to graduation:

Ninth Grade Algebra ___, Plane Geometry ___, Solid Geometry ___, Third Semester Algebra. __,
Trigonometry — . _, Analytic Geometry ___, College Algebra ___, Calculus ___, Shop Math.___,

Do you feel you should have taken more college mathematics in place of some of the other
courses? More —___, Less —___.

Thank you for the time and effort involved in answering this request.

Sincerely,

James E. Bowman, Asst. Professor
Industrial Arts Education

Central Michigan College

Mt. Pleasant, Michigan
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Mathematical Usage in High School Industrial Aris

Scoring:

E Represents a situation in which the skill is encountered, but the students are able 10 do the mathematics, and
no time or effort on the teacher’s part is required,

T Is when you must stop and TEACH the mathematical ability before the students are able to progress to new
assignments. More comprehension and skill are required in this situation.

R Is when you encounter the mathematics in your related READING, More complex mathematics may be in-
volved in this case.

migh] encircle E o1 T and R in any o sl of he subject matter areas. Blank spaces tignify the mothematios was not
o or any or all of the
Qneountuod.!-lavoyaumdthhrmuhomaﬂcal lkizl? or aross : o was not
1. Changing from fractions to decimals. Wood  Metal  Electricity  Drafting
Ex: 57/64 is equal to what decimal? ETR ETR ETR ETR
2. Solving problems in which a value in the answer may be imaginary. Wood  Metal  Electricity  Drafting
Ex: Solvefor Rin R2+ 1 =0 ETR ETR ETR ETR
3. Plotting an ellipse from an equation. Wood Metal  Electricity  Drafting
Ex: Plot the ellipse represented by 16x* + 9y* = 36 ETR ETR ETR ETR
4, Using the slide rule. Wood  Metal Electricity  Drafting
Ex: To use the slide rule for more efficient solution of problems. ETR ETR ETR ETR
5. Determining the probability. Wood  Metal Electricity  Drafting
Ex: If ten coins are tossed in succession, what is the probability that exactly ETR ETR ETR ETR
three will be heads?
6. Using lglgarithms of the trigonometric functions of angles. Wood  Metal  Electricity  Dratting
Ex: To use the table of the log function of angles. ETR ETR ETR ETR
7. Finding of areas and volumes of common geometric shapes. Wood  Metal  Electricity  Drafting
Ex: To find the number of square inches in a triangle or other form. ETR ETR ETR ETR
8. Using literal or negative nents. Wood Metal Electricity  Drafting
Ex: (x* 4+ x2 —2)(2 + x* + x*) ETR ETR ETR ETR
9. Proving or deriving a formula involving three dimensions. Wood  Metal  Electricity  Dratting

Ex: To show students HOW the volume of a n’&ht cylinder equals the area ETR ETR ETR ETR
of the base times the altitude, i.e. V==zR*H

10. Using the locus of points or lines in two dimensions. Wood Metal Electricity  Drafting
Ex: A point moves such that it is equidistant from the sides of an angle. ETR ETR ETR ETR
i.e. The bisector.
11. Solving an equation by the use of the quadratic equation formula. Wood  Metal  Electricity  Drafting
Ex: To find the valueof xin 2x* + x = 7 ETR ETR ETR ETR
12. Doing multiplication and division of decimals. Wood  Metal Electricity  Draft'ng
Ex: 3.67 divided by .024 ETR ETR ETR ETR
13, Usmgl arithms, (base 10). Wood  Metal  Electricity  Drafting
Ex: The use of logarithms in solving problems. ETR ETR ETR ETR
14. Involving the focus-directrix properties of conic sections. Wood Metal [Electricity Drafting
Ex: To plot or discuss a hyperbola or ellipse in terms of the focus or ETR ETR ETR ETR
directrix.
15. Extracting square root. Wood  Metal Electricity  Drafting
Ex: To o%tain the square root of 15129 or similar quantities. ETR ETR ETR ETR
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16. Computing the sizes of spheres that could be cut from cubes, or rectangular Wood Meial FElectricity Drafting

solids from cylinders. ETR ETR ETR ETR
Ex: To find the sizes of square or hexagonal bars that could be cut from
round stock.
17. Multiplying and dividing mixed numbers. Wood ~ Metal  Electricity  Drafting
Ex: 334 times 514 ETR ETR ETR ETR

18. Solving simultaneous equations. Wood  Metal  Electricity  Drafting
Ex: To find the dimensions of a rectangle whose width is 2/3 of its ETR ETR ETR ETR

length, and the perimeter is 80 yards.

19. Understanding the properties of tangents to a circle. Wood  Metal  Electricity  Drafting
Ex: The use of the center-head square to find the center of round bars. ETR ETR ETR ETR

20. Solving fractional equations. Wood  Metal  Electricity  Drafting

Ex: To find the value of x in §_=x:-2 ETR ETR ETR ETR

Wood Metal Electricity Drafting
ETR ETR ETR ETR

21. Solving problems in which lines meet a plane at specified angles.
Ex: The construction of braces for an upright.

Wood  Metal Electricity  Drafting
ETR ETR ETR ETR

22. Using determinants.
Ex: Find, by determinants, the area of a triangle having the vertices:

(_lt _2)» (39 _2)) (l’ 5)°

23. Deriving or showing the relationships of the sides of common figures. Wood  Metal  Electricity  Drafting
Ex: To prove that the area of a triangle is the product of one-half of the ETR ETR ETR ETR

base times the altitude.

Wood Metal Electricity Dratiting

24. Multiplying or dividing denominate numbers.
Ex: To find the number of board feet in a piece of wood 1 ft. 4 in. wide ETR ETR ETR ETR

and 3 ft. 7 in. long.

Wood Metal Electricity  Drafting
ETR ETR ETR ETR

25. Using the properties of isosceles triangles.
Ex: Constructing the bisectors of lines or angles.

26. Solving guadratic equations by factoring. Wood  Metal Electricity  Drafting
Ex: Factor to find the valueof xinx* — 7x + 12 = 0 ETR ETR ETR ETR

Wood Metal Electricity Drafting
ETR ETR ETR ETR

27. Determining percentage relationships.
Ex: 4 is what percent of 567

28. Using the theory of equations. Wood  Metal  Electricity  Drafting
Ex: To find, by synthetic division, the quotient of ETR ETR ETR ETR
(2x*+ 6x* —8x + 10) -~ (x + ¥2)

Wood Metal Electricity Drafting
ETR ETR ETR ETR

29. Using the relationships of similar shapes, such as triangles, squares, circles,

or other shapes.
Ex: To construct a larger triangle similar to a given triangle.

Wood Metal Electricity Drafting
ETR ETR ETR ETR

30. Using the equation 5” = 4px to describe or plot a parabola.
Ex: To plot or describe the figure represented by the equation y* = —8x

31. Constructing equal or proportional parts or ratios. Wood  Metal  Electricity  Drafting
Ex: To divide a board into three equal widths. ETR ETR ETR ETR

32. Using l'adians. Wood  Metal  Electricity  Drafting
Ex: To find the number of degrees in 2.3 radians. ETR ETR ETR ETR



33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Solving %‘roblems relating to conic frustums.
Ex: :il find the area of the side of a funnel or the side of a conventional
pail.

Finding the areas of triangles by the use of the tables of the trigonometric
functions of angles.
Ex: To find the area of a triangle when you know two angles and a side
of the triangle.

anding a binomial by the use of the theorem.
: To expand or multiply out the following expression by the use of the
binomial theorem. (A — 1)® =

Using relationship of the altitudes and the areas of sections formed by the
intersection of glanes arallel to the base of pyramids.
Ex: To find the dispersion or intensity of light, sound, or other forms of
radiation at given distances from the source.

Finding the angles or sides of obtuse triangles.
Ex: To find the other sides of a triangle when you know two angles and
an adjoining side.

Recognizing and manipulating of monomial factors.
Ex: To factor expressions similar to 37 + 6=°

Determininithe slope of a line from its coordinates. Y — Y,
Ex: To find the slope of a line from the expression M = §—x

Adding and subtracting raixed numbers.
Ex: Toadd32/3, 41/3, and 51/3.

Sol\iing of right triangle problems using the trigonometric function of the
angles.
x: Finding the taper angle.

Solving first degree equations.
Ex: Tosolveforxin 5x — 1 =3x+ 7

Using graphic solution of systems of non-linear equations.
Ex: To graph two second degree equations on the same axes to determine
the common values of x and y.

Involving complex numbers. _
Ex: To represent, graphically, such quantities as 2v/3 + 2i

Using letters to represent unknown values. )
Ex: To use 3L plus 34” to represent the length needed for three pieces
L inches long and the allowance for kerf and finishing.

Recognizing or plotting of curves involving a table of the trigonometric func-

tion of angles. ) )
Ex: The plotting of such curves as those representing the alternating cur-
rent cycle.

Adding and subtracting of fractions when they must be changed to a common

denominator.
Ex: toadd 3/4,1/2,and 1/16.

Using fundamental operation involving literal terms.
FEx: The addition, subtraction, multiplication, or division of values rep-
resented by letters.
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TABLE XIX

EDUCATION AND EXPERIENCE OF
PUBLIC-SCHOOL TEACHERS

Area No. Pct. Hours Teach.
Beyond Exper.

Bachelor's Degree

Drafting® .. ........... 32 42.7 10.1 15.6
Electricity .. ... ... .. .. 13 56.5 8.4 12.9
Metalworkb ........... 33 43.5 12.1 11.8
Woodwork ............ 54 54.0 11.3 15.4

Master's Degree

Drafting® . ............ 42 56.0 2.5 14.3
Electricity .. .. .. e 10 43.2 1.6 10.2
Metz-).lworkb ........... 42 55.3 3.1 17.2
Woodwork ............ 46 46.0 3.6 14.3

——
— ————

Note: The percentages refer to the ratio of the number to
the total respondents in the teaching area.

aOne drafting teacher had earned the Doctor of Education
degree. He had nine years' teaching experience.

bOne teacher of metalwork had not earned a college degree.
He had earned sixty-two semester hours of college credit. He had

taught for twenty years.
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TABLE XX

SITUATIONS IN WHICH EXAMPLES OF MATHEMATICS
COURSES WERE USED

Mathematics Situ- Drafting Electricity Metalwork  Woodwork

Course ation@

No. Pect. No. Pct. No. Pct. No. Pect.

E 49 65.4 3 13.0 55 72.5 61 61.0
Arithmetic T 72 97.3 18 78.4 67 88.2 82 82.0
R 17 22.6 4 17.4 19 25.0 17 17.0
Elementa E 17 22.6 3 13.0 14 18.5 18 18.0
algebra Ty T 42 56.0 8 34.8 34 448 47 47.0
R 10 13.3 3 13.0 15 19.8 9 9.0
E 22 29.4. 10 13.2 17 17.0
Pl :
eznmeet T 65 86.7 3 13.0 61 80.4 81 81.0
g Ty R 11 14.7 2 8.7 15 19.8 12 12.0
Inter- E 4 5.3 1 1.3
mediate T 27 36.0 9 39.2 20 26.4 29 29.0
algebra R 11 14.7 2 8.7 12 15.8 9 9.0
, E 14 18.7 11 14.5 11 11.0
Solid :
:Olmet T 52 69.3 3 13.0 40 52.7 50 50.0
g ry R 9 12.0 4 17.4 13 17.1 11 11.0
E 2 8.7 3 3.0
1 .
Sfle:fz T 6 8.0 3 13.0 6 7.9 4 4.0
g R 14 18.7 4 17.4 14 18.5 10 10.0
, E 5 6.7 3 3.9
A::Ilg';c T 27 36.0 4 17.4 11 14.5 15 15.0
g ry R 11 14.7 2 8.7 9 11.8 8 8.0
e ————

®Situations: E = a situation in which the skill was encoun-
tered, but the students were able to do the mathematics with no
time or effort on the teacher's part. T = a situation in which the
teacher found it necessary to stop and teach the mathematical ability
before the students were able to progress to new assignments. R =
a situation in which the skill was treated in the related reading.
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TABLE XXI

RESPONSES OF OUTSTANDING INDUSTRIAL ARTS TEACHERS

— e
—_— —

Question-
State Nam.es naires Responses
Received Sent
Alabama .............. 18 10 2
Arizona .. ............. 10 10 5
Arkansas ... .. ... .0 ... 22 10 4
California .. .......... . 42 10 6
Colorado .............. 5 5 1
Florida .. ............. 30 10 4
Georgia .. .......... ... 14 10 5
Idaho . ............... 10 10 3
Illinois .. ............. 21 10 4
Indiana .. ............. 18 10 9
Iowa ... .......¢00.0... 10 10 8
Kansas ............... 17 10 5
Kentucky .............. 40 10 6
Louisiana .......... ... 10 10 2
Maine .....¢.¢. v 5 5 4
Maryland .. ... .¢.. ... 19 10 6
Michigan ... .. et s e e e 47 10 8
Minnesota .. ...... .. ... 47 10 5
Mississippi . .. ¢« v v oo v v 10 10 3
Missouri ... ...¢o. oo 48 10 5
Montana . .......... ... 25 10 5
Nebraska . ... .......... 48 10 4
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TABLE XXI (Continued)

State Nan?es Qﬁiisf'le?sn- Responses
Received Sent
New Hampshire ......... 10 10 8
New Jersey ...... e e e 5 5 2
New Mexico ... ......... 29 10 7
New York ..... 26 10 5
North Carolina ... ... e 22 10 6
North Dakota ... . ... . oo 3 3 0
Ohio .......... e e 36 10 3
Oklahoma .. ........... 51 10 4
Oregon ...... e e e 8 8 4
Pennsylvania .. ......... 15 10 8
South Carolina .......... 10 10 2
South Dakota ........... 1 1 0
Tennessee ............. 20 10 2
Texas ... .. e s o s e e e s e 64 10 7
Utah ... ... 13 10 7
Virginia .............. 19 10 5
Washington ........... . 9 9 3
West Virginia .......... 19 10 5
Wisconsin .. ......... .. 10 10 4
Wyoming .. ... .v oot 6 6 3

Total for 42 states ... . ... 892 382 189
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Gentlemen:

As part of a doctoral study at Michigan State University I need to
contact the authors of industrial arts textbooks that are suitable for
use in high schools in the areas of drafting, electricity, metalwork,
and woodwork. I have secured the following names of authors for
which you are listed as the publisher. Would you supply me with
their mailing addresses? I would also appreciate the names and
addresses of any authors or co-authors in the above classification
that I may have inadvertently omitted.

Name Street City State

P—

©C O 0O N 00 bW

[-—

[
—

12.

Thank you for the courtesy in supplying this information.

Sincerely,

Couwrmas

James E. Bowman
Industrial Arts Education
Central Michigan College
Mt. Pleasant, Michigan
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Mount Pleasant, Michigan

Questionnaire Sent to Industrial Arts Textbook Authors

Dear Sir:

I am attempting to secure data concerning the mathematical needs and usage of
high school industrial arts teachers as part of my doctorate work at Michigan
State University. As one approach to the problem I need the expert opinion of the
authors of text books used in high school industrial arts classes in the areas of
metalwork, woodwork, electricity, and drafting.

The accompanying list of mathematical abilities are typical of those required
of industrial arts students while in college. Will you, as author or co-author, of
____________________________________ give me your opinion concerning
the abilities you consider essential for the teacher to possess in order to obtain
the maximum benefits from the use of your book as a reference or text? Will you
check (/) those abilities you think the teacher should have when using your
book as a text or reference?

For what grade level was your book written? .___________________________

What formal mathematics courses do you assume the student to have had prior
to the use of your book as a text? ______________________

Thank you for your time and courtesy in supplying this information.

Sincerely,

James E. Bowman, Asst. Prof.
Industrial Arts Education
Central Michigan College

Mt. Pleasant, Michigan



10.

11.

12.

13.

14,

15.

Mathematics Needed to Use
High School Industrial Arts
Text Books

DOES YOUR BOOK INVOLVE MATHEMATICS OF THE FOLLOWING TYPES?

Changing from fractions to decimals.
Ex: 57/64 is equal to what decimal?

. Solving problems in which a value in the answer may be imaginary.

Ex: SolveforRin R2+1=0

Plotting an ellipse from an equation.
Ex: Plot the ellipse represented by 16x* + 9y? = 36

Using the slide rule.
Ex: To use the slide rule for more efficient solution of problems.

. Determining the probability.

Ex: If ten coins are tossed in succession, what is the probability that exactly
three will be heads?

Using l%garithms of the trigonometric functions of angles.
Ex: To use the table of the log function of angles.

Finding of areas and volumes of common geometric shapes.
Ex: To find the number of square inches in a triangle or other form.

Using literal or negative exponents.
Ex: (x* + x*—2)(2 + x*™ + x*)

Proving or deriving a formula involving three dimensions.
Ex: To show students HOW the volume of a n‘l%ht cylinder equals the area
of the base times the altitude, i.e. V= =xR?2H

Using the locus of points or lines in two dimensions.
Ex: A point moves such that it is equidistant from the sides of an angle.
i.e. The bisector.

Solving an equation by the use of the quadratic equation formula.
Ex: To find the value of xin 2x* + x = 7

Doing multiplication and division of decimals.
Ex: 3.67 divided by .024

Using logarithms, (base 10).
Ex: The use of logarithms in solving problems.

Involving the focus-directrix properties of conic sections.
Ex: dl: plot or discuss a hyperbola or ellipse in terms of the focus or
irectrix.

Extracting square root.
Ex: To obtain the square root of 15129 or similar quantities.

192






16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Computing the sizes of spheres that could be cut from cubes, or rectangular
solids from cylinders.
Ex: To find the sizes of square or hexagonal bars that could be cut from
round stock.

Multiplying and dividing mixed numbers.
Ex: 334 times 512

Solving simultaneous equations.
Ex: To find the dimensions of a rectangle whose width is 2/3 of its

length, and the perimeter is 80 yards.

Understanding the properties of tangents to a circle.
Ex: The use of the center-head square to find the center of round bars.

Solving fractional equations.
Ex: To find the value of x in ;— =I : 2
Solving problems in which lines meet a plane at specified angles.

Ex: The construction of braces for an upright.

Using determinants.
Ex: Find, by determinants, the area of a triangle having the vertices:

(_lv _2)1 (3; —2): (1; 5)‘

Deriving or showing the relationships of the sides of common figures.
Ex: To prove that the area of a triangle is the product of one-half of the

base times the altitude.

Multiplying or dividing denominate numbers.
Ex: To find the number of board feet in a piece of wood 1 ft. 4 in. wide

and 3 ft. 7 in. long.

Using the properties of isosceles triangles.
Ex: Constructing the bisectors of lines or angles.

Solving %uadratic equations by factoring.
Ex: Factor to find the value of xinx* — 7x + 12 = 0

Determining percentage relationships.
Ex: 4 is what percent of 56?

Using the theory of equations.
Ex: To find, by synthetic division, the quotient of
(2x* + 6x* — 8x + 10) ~ (x + ¥2)

Using the relationships of similar shapes, such as triangles, squares, circles,
or other shapes.
Ex: To construct a larger triangle similar to a given triangle.

Using the equation y> = 4px to describe or plot a parabola.
Ex: To plot or describe the figure represente(iJ by the equation y* = —8x

Constructing equal or proportional parts or ratios.
Ex: To divide a board into three equal widths.

Using radians.
Ex: To find the number of degrees in 2.3 radians.
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33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Solving problems relating to conic frustums.
Ex: q!: find the area of the side of a funnel or the side of a conventional

Finding the areas of triangles by the use of the tables of the trigonometric
functions of ancfles.
Ex: To find the area of a triangle when you know two angles and a side
of the triangle.

Exgnding a binomial by the use of the theorem.
: To expand or multiply out the following expression by the use of the
binomial theorem. (A — 1)¢ =

Using relationship of the altitudes and the areas of sections formed by the
intersection of planes parallel to the base of pyramids.
Ex: To ﬁng the cﬁspersion or intensity of light, sound, or other forms of
radiation at given distances from the source.

Finding the angles or sides of obtuse triangles.
Ex: To find the other sides of a triangle when you know two angles and
an adjoining side.

Recognizing and manipulating of monomial factors.
Ex: To factor expressions similar to 3= + 6#*

Determining the slope of a line from its coordinates. Y—Y
Ex: To tind the slope of a line from the expression M = = Xl
1
Adding and subtracting ruixed numbers.

Ex: Toadd32/3, 41/3, and 51/3.

Solving of right triangle problems using the trigonometric function of the
angles.
: Finding the taper angle.

Solving first degree equations.
Ex: Tosolveforxin 5x — 1 =3x+ 7

Using graphic solution of systems of non-linear equations.
Ex: To graph two second degree equations on the same axes to determine
the common values of x and y.

Involving complex numbers. Lt

Ex: To represent, graphically, such quantities as 2V/3 + 2i

Using letters to represent unknown values.
Ex: To use 3L plus 34” to represent the length needed for three pieces
L inches long and the allowance for kerf and finishing.

tion of angles.
Ex: The plotting of such curves as those representing the alternating cur-
rent cycle.

Recogni;i'EF or plotting of curves involving a table of the trigonometric func-

Adding and subtracting of fractions when they must be changed to a common

denominator.
Ex: toadd 3/4,1/2,and 1/16.

Using fundamental operation involving literal terms.
Ex: The addition, subtraction, multiplication, or division of values rep-
resented by letters.
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