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CHAPTER I
INTRODUCTION AND THE PROBLEM

During the past twenty years, there have been tre-
mendous changea in the secondary school mathematics curric-
ulum,. Many reasons have been given for these changes. One
reason, of course, being the launching of Sputnlk I by the
Russisns in 1957 and the realization by many Americans that
we were lagging behind in science and mathematics. But the
"new mathematics” movement was underway before 1357. Other
factors contributing to the changes were the rapid growth of
mathematica during the peat one hundred fifty years and the
revolutionary development of science and technology. Also,
theres was a growing concern about the neglect of the super-
lor student, And finally, imaginstive lsadership in mathe-
matics education began to emerge in various universities and

professional organlzatibna.l

I. NATIONRAL GROUPS IN MATHEMATICS

College Entrance Examination Board. One of the groups

most influential in mathematics chsnge waa the Commission on

Mathsmatica of the College Entrance Examination Board (CEEB).

lyohn J. Kinsella, Secondary School Mathematics (New
Ybrk; The Center for Applied Hesearc ducatlon, 1965),
pP. 15.



The Commission begsn its study in 1955 asnd published its

nine-point program in 1959,€
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Its program called for:

Preparation for colleze mathematics at the level

of calculus and analytic geometry;

Understanding of deductive reesoning not only in
geometry but in other flelds, such as algebra;
Appreciation of mathematical structure i{llustrated
by properties of sets of numbers;

Judicious use of unifying ideas, such as sets, vari-
ables, functions, and relations;

Treatment of Inequelities 2long with equations;
Inserticon of some coordinste geometry and solid geo-
metry intc the plane geometry course;

Introduction in Grade 11 of fundamental trigonometry

centered on coordinatea, vectors, and complex num-~
bers:

Emphasis in Grade 12 on elementary functions (poly-
nomiel, exponential, circular);

Recommendations of additional alternative units for
Grade 12: either introductory probabllity with sta-
tistical applications, or an introduction to modern
algebra.

School Methematics Study Group. Another influential

group, the School Mathematics Study Group (SMSG) was formed

1a8)

in 1950 under the leadership of Professor E. G. Begle of Yale

University.

of mathematics in the secondary schools, to persusde more

studenta to study more mathematics, and to snsure that the

mathematics they astudy is sppropriate to the world of

2Commission on Mathematics, College Entrance Examin-

ation Board, Program for College Preparatory Methematics
and Appendices, (Princeton: rducetlon Testing Service, 1959)

Pe Xlie

Ita fundementel aim was "to improve the tesching

’
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today.”3 Through the activitles of its summer writing
Zroups, 1t has produced student textbooks and teacher commen-
taries for grades 7-lc and other books to aid the tesacher in
presenting the new material, Its worx has served as 3 model
for suthors of commercial publishing houses to build and im-
provs upon.

Cambridge Conference on School Mathematics. A third

group, the Cambridze Conference on School Mathematics (CC3X),
met in June, 1963, in Cambridge, Massachusetts. This group,
composed of twenty-five profsessional mathematicians, met un-
der the auspices of Iducatlional Services, Incorporasted, and
The Hational Sclence Foundetion., The purpose of the meeting
was to conslder problems of curricular reform for grades
kindergasrten through twelve. Their proposed thirteen-yesr
program was the most ambltlous of all, VWhen leaving high
school, the student would have 8 level of tralining compar-
able with & current three-yesr college program. This would
include two years of calculus sand one semester each of modern
algebra and theory of probability. This would be made pos-
gible by the extension of many high school subjescts down into
the elementary gradses. A spiral approach with the emphasis
on discovery would be adapted and the traditional drill-for-
L

drill'as-~-aake would be abandoned.

35.G. Begle, "The School Mathematics Study Group,"

Ihe Bulletin of the Nstionsal Aasociation of Secondary-School
Principals, KLIII No. 247 Zﬂay, 359), p. <7.

Tugene D. Nickols, '"The Many Forms of Hevolution,'
The Continuing Revolution in Mathematics (Waahin ton The
Wational -ounciT ol Teachers ol Mathematics, 1 ), p. vi.




II. PROGRAMS PFOR GRADE TWLLVE

There is no unifora secondary school mathematics pro-
gram in the United States. There are variations among states,
within states, and according to aize of achool. The grade
placement and content of the course may vary. The name of
the course may be the same but the actual content depends
upon the teacher, the textbook used, and the course of study
prescribed. It is not the name, but the treatment of the
subject that distingulshes the "new mathematics' from the
treditional.

There la more varlation among the programs for the
twelfth grade than at any other level., For college-bound
seniors, Algebra I is usually taken in grade nine and Geometry
in grade ten. In grade eleven the course will be Algebra II
or an integrated course in algebrs and trigonometry. But in
the twelfth grade, many different courses are being taught and
gtill others are in the planning stage. Huch more content
has been proposed than can be taught in any given program.

The programs proposed for grade twelve by the CFIB,
the S5M3G, and the ICSM are not in complete agreement. Both
the CEEB and the 3iM3G would teach the trigonometry of tvi-
anglea in grade eleven. For the first half of grade twelve,
both groups would emphasize the treatment of functions.

This would include circular, polynomisl, exponential, and
logarithinic functions. For the second half of grade twelve,

the groups chose different coursea. The SMSG proposed



teaching & course in metrix algebra while the CE"B recom-
mended either probability and statistics or an introduction
to modern algedbrs. The Cambridge Conference proposed snaly-
els for grade twelve. Frior to his senior yser, the student
was to have completed algebra, geowmetry, probsbility, lineer
algabra, snd one course in calculua, Calculus was to be
started in the ninth graise.

Another propossl for grade twelve is the Advanced
Flacement trogram. Four ysars of mathematics study 13 com-
pleted by the eleventh grale, In tha twelfth grade, a8 col-
lese-1avel courae in snalytic goomotry‘and caloulus is pre-
sented to select stulients, These students then take nation-
ally edsinisterel advenced placeasnt exsminations and elther
receive creldit for a comparable college course or are ercused

4
from taking a required course,”

I1I. THE FROBLEM

Statemsent of the problem. It was the purpcse of this

study (1) to survey the twelfth srede methematics programs
in Kansas publié hi h schools for the 1970-71 school yesar,
(2) to examine the varistions in regsrd to school slze

anJd prepevstion of teachers, (3) to compere what is baing
done in Kenasa with the reccmmendetions of natiocnal groups
and, (L) to present opinioneg of teachers and lssdin math-

enaticians &8 to whet coures should be ofteread,




Source of materials for stu@z. The material for this

study was obtained through the use of questionnaires. Let-
ters were sent to 325 teachers in 31l different high schools.
These teachers had taught an asdvanced mathematics claas in

1969-70. Their names were obtained from the 1969-70 Direct-

ory of Mathematics Teachers, compiled by Lucile Asher, Math-

ematics Consultant, Ten more lettsrs were mailed to the
mathematics departments of ten of the larger high schools.
If a sachool did not offer advenced mathematics in 1969-70, a
letter was not sent.

From the 335 lettera that were sent out, 245 answers
were received. This was 73 per cent. Information was re-
ceived on 218 schools or 67 per cent of the achools con-
tacted. There were 101 achools that did not respond.

The informetion on these 101 schools was obtained from
the Principsls Reports on file with the Kansas State Depart-
ment of Education in Topeka. Ten of these schools did not
have an advanced mathemetics course in 1970-71. A check
was &lso made on the schools who did not offer advanced
mathematics in 1969-70. It was found that twelve of these
schools #ere teaching a course in 1970-71. The information
for these schools was a&lso obtsined from records in the
Department of Education.

The informstion from the questionnaires and from the
Education Department records has been combined to arrive at
the total mumber of students in advanced mathematics, 1In all

other cases the information was compiled separately and the



figures compared. It has been stazted in the paper from

which source the information was obtained.



CHAPTER I1
STUDENTS IN ADVANCED MATHEMATICS

Part of the aim of the School Mathematics Study Group
was "to persuade more students to study more mathematics.”
This is still a needed objective. Twelfth grade mathematlcs
is not a popular course with students. In 1970-71, approxi-
mately 5,500 Kansas seniors were enrclled in an advanced
methematics course. This wes only 16 per cent of the

34,53, seniors in Kensas public high schools.
I. RIZILATIONSEIP BETWSEN SCHOOL NUMBTER AND STUDENT NUMBER

No advanced methematics. In 65 schools, or 17 per

cent of all Kansas public high schoola, there were no ad-
vanced mathematics courses taught in 1970-71. This figure
:may seem high until it is compared to the percentage of stu-
dents who had no opportunity to tske an advanced course.

The 65 schools had a total enrollment of L,953 students in
grades 10-12, which is only L per cent of all Kansas students.
This difference can bs accounted for by the fact that these
65 schools sre among the smallest in the astate.

Method q{_claasification. In order to make compari-

sons by school size, some method of classifylng schoola was
needed. The classificatlon system of the Kanaas State High

School Activities Assoclation has been used. Thls system is
given in Table I.



TABLE I

CLASSIFICATION OF SCHOOLS BY NUMB
OF STUDENTS FNROLLED IN GRADES 10-1&

CLA3S NUMBER OF STUDLNTS
1-A 22 - 112
c-A 113 - 237
3-A 238 - 636
-4 638 -1589
5-A 162 -2561

Some idea of the relationship between number of
schools and number of students 1s presented in Figures 1
and 2. The 5-4 high schocls have almost one-third (30 per
cent) of the students but only represent one-twenty-fifth
(4 per cent) of all schools. While on the other hand, the
1-A schools represent over two-fiftha (42 per cent) of the

achools while enrclling only 10 per cent of the students.
II. NUMBER OF 3TUDSNTS IN ADVANC D MATHIMATICS

Comparsion by school size. It wss surprising to find

that school size did not greatly effect the percentage of
students enrolled in advanced mathematics courses. The mum-
ber of students in mathematics courses was compared with the

tetal number of students (grades 10-12) in the schools. The
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FIGURE 1

DISTRIBUTION OF KANSAS PUBLIC HIGH SCHOOLS AMONG THE FIVE
CLASSIFICATIONS OF THE KANSAS HIGH SCHOOL ACTIVITIES
ASSOCIATION

FIGURE 2

DISTRIBUTION OF HIGH SCHOOL STUDENTS IN KANSAS AMONG THE
FIVE CLASSIFICATIONS OF THE KANSAS HIGH
SCHOOL ACTIVITIES ASSOCIATION
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data are presented in Table II. On the basis of this infor-
mation, a prediction eould be made that for any given high
school in Kanses, between I} and 5 per cent of all students

will be enrolled in advanced mathematics classesn.

Students in the verious courses. Table III is pre-

sented to give an idea of the number of students in the var-
ious mathematics courses, This informetion was taken from
computerized lists in the Curriculum Department of the Kansas
Office of liducstion.

The total number of students in Table III is slightly
higher than the total given in Table II. The number in Table
II was compiled from questionnaire cards aﬁd included only
senlor students. 1If 8 school offered two one-semester cour-
ses, the number of students was counted only once. On the
Zurriculum Department's lists, there was no distinction made
between courses of one or two semesters. Therefore 1if a
student took two one-semester courses his senior year, he
would have been counted twice. This would account for part
of the difference.

- Another possibility would be errors on the Principals
reports. There are only six llstings lor mathematics on the
report--Algebra I, Algebra II, Basic Math, Plane Geometry,
Solid Géometry, and Trigonometry. COther names mey be typed

in. In checking questionnaires against reports, it was



TABLE II

NUMBERS AND PERCENTAGES OF KANSAS HIGH SCHOOL STUDENTS
ENROLLED IN ADVARCED MATHEMATIC3 CLASSES, 1970-71,
BY SIZE OF 3CHOOL

SIZE OF TOTAL STUDENTS IN PEAC ENTAGL
CHOOL ENROLLMENT ADV. MATH ENROLLED
1-4 11,095 481 .3

2-A 19,649 95 4.9

3-A 20,747 338 4.0

5-A 3L,872 1,908 5.5
All schools 114,559 5,47 L.75

TABLE III

NUMBER OF STUDENTS IN ADVANCED MATHEMATICS3 COURSES IN
KANSA3 PUBLIC HIGH SCHOOL3, 1970-T71 (FiOM
KAN3A3 STATE DTPARTMENT OF TDUCATION

STATISTICS)
COUR3E NUMBER OF STUDENTS
Introduction to Analysis 1,279
Probability and Statistics 66
S0lid Geometry 374
Jomputer Math <0l
Introduection to Zazleulus hWeT
salculus with Anal. Geometry L7h
Anslytic Geometry 95
Elementary Functions 151
Trigonometry 1,405
Algebra IIX 1,418

TOTAL 5,893
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discovered that the course listed was not always the course
taught. Also, in checking schcols picked at random, it was
found that some Algebra III courses were actually Algebra II.
The number of students given in the table appears much too
large to be the &ctual enrollment in Algebra III.

If the Algebra III enrollment is not consldered,
trigonometry is the most popular course with 1,405 students.
Anslysis 1s in second place with 1,279 students. The combined
enrollments oi Introduction to Calculus and Cslculus with
Anelytic Geometry put the calculus course in third place with
901 students. The other courses have much smaller enroll-
ments,

Since thére is some doubt as to whether the course
listed was the course taught, the conclusion reached from
this information would concern only the number of students in
advanced mathematics. Both the questionnaire results and the
Tducation Depasrtment records reveal that around 16» of Kansas

students are in advanced mathematics.



CHAFTIR III
TYPIS OF COURSES OFFZIRED AND TEXTBOOKS

There 1s a growing emphasis on the integration of
secondary school mathematics courses, For erample, twenty
vears ago sclid geometry waes a standard course for grade
twelve. Today, plane and solid geometry are integrated in
a tenth grade course. A new course for grade tWwelve, ele-
mentary functionsa, 1s an example of the integretion of alge-
bre end trigonometry. 1In this course, the trigonometric
ratlos are considered as functions.

Much of the integration and reorganization of course
content is not appasrent from looking st course titles. Also
the frequent appearence of the term "mathematics"” in twelfth
year course titles evidences the trend to neame courses with-
out ettempting to describe the content. These two fects

meke 1t difficult to clessify courses according to content.
I. COUR3ES TAUGHT IN KANSAS HIGH S3CHOOLS

The questionnaire assked for the name of the advanced
mathematics course taught. An accompanying letter explained
thet an advanced mathematics course was to be defined as a
course presupposing three years of mathematicas beginning
with elementary algsbra. Since many course titles sre gen-

eral terms, such as Senlior Math or Advanced Math, the teacher



wag 8lso asked to give the name of the textbook used and to
1ist briefly the materisl covered in the course.

The most popular name was Advanced Mathematics with
6l4 schools using this title. A close second was the term
Senior Mathematics with 56 schools. Other schools also
used general terms, such as Maeth IV, Modern Topics in Math-
ematics, or Principles of Mathematics. But more than one-
half of the 218 schools surveyed did attempt to name the
course according to content.

Results of the survey. Figure 3 gives the number of

schools offering each course based on results of the survey.
In some cases the textbook and list of material covered was
used to classify the course. For example, to be classified
ss analytic geometry, the ma jor part of a semester had to be
spent studying analytic geometry. Several achools covered a
variety of subjects, meklng it impossibls to classify accord-
Ing to content. These courses sre listed under combination.

Analysiz was the moast popular with 72 schools listing
it as a full-year course while 23 taught it for one semeater
only. In most of these 23 schools, trigonomestry was taught
the firat semester. This indicated that if trigonometry was
integrated with algebra in the eleventh grade, then anslysis
became & full-year course.

Trigonometry was offered as a full-year course in 13

achools while 79 schools listed it as a one-semester course.
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Calculus

Anal. Geom.
Adv. Algebra
Cale. with A.G.
Prob. and Stat.
Solid Geometry
iComputer Math

Elem. PFunctions

Limits

Analysis ! f’) ) ;ﬂy l I”‘ L:JQS
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Trigonometry | i ' ' 192
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FIGURE 3

NUMBER OF XANSAS EIGH SCHGCOLS OFFERING COURSES IN ADVANCED
MATHEMATICS, 1970-71 (BASED ON A SURVEY OF

218 SCHOOLS)
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It was noted that in some of the larger school systems in
the state that trigonometry had disappeared as a separate

course, It had been integrated with other courses,

Courses listed by Department of Education. Figure L

glves the number of schools offering each course sz listed
with the Kansas State Department of Education. This includes
all Kensas public high schools, 1In checking a few quesation-
naires picked at random, some discrepasncles were found. For
example, one school with the course title of Senlor Math,

using Modern Introductory Analysis as a textbook, was listed

ag calculus in the Educatlion Department recorda. The main
difference in the two tables is in the relationship of the
analysias and trigonometry courses, This would suggest that
some analysis courses are listed either as trigonometry or

as third courses In algebra,
II. TEXTBOOKS

The choice of a textbook greatly influences the ap-
proach and presentation of course content. A liat of the
most frequently used textbooks is presented in Table IV. By

far the most popular textbook was Modern Introductory Ansly-

8is by Dolciani, Beckenbach, Donnelly, Jorgensen, and Wooten
and published by Houghton-Mifflin., This book, used by 77

schools, emphasizes the treatment of functions. Polynomial,
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Trigonometry
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Algebra IIT
Calculus with A.G.
Intro. to Calculus
Anal., Geometry
Computer Math
Elem. Functions
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STATE DEPARTMENT OF EDUCATION
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TABLE IV

TEXTBOOKS FOR ADVANC ID HMATHFEMATICS AND TH™ NUMBTR OF
KANSAS HIGH 3CHOOLS IN WHICH THEY ARE USED
{BASED ON SURVSY OF 218 SCHOOLS, 1970-T1)

NO, OF
TEXTBOOK PUBLI3HER 3CHOOLS
Modern Introductory Analysis Houghton-Mifflin 77
Advanced High School Mathematics HMerrill b
Foundations of Advanced Math. American 17
¥odern Trigonometry Ginn 2l
lodern Trizonometry Houghton-Mifflin 20
Hodern Alg. and Trig., Book 2 Houghton-Mifflin 9
Anal, Geom, and CTalculus Prentice-Hall
Tlementary Functlons Addison-Wesley i
Jollege Trizonometry MscHMillan 5
Anslytic Geometry MacMillan b
Principles of Mathematics MeGraw & Hill s
Pre-Caleculus Addison-Weslay i
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exponential, logsrithmic, clrcular, and trigonometric func-
tions are covered. There is also a chapter for each of the
following topics--vectors, complex mnumbers, snalytic geometry,
solid geometry, induction, and probability.

For trigonometry, two texts were equally populsar,
Twenty-one schools used Ginn Publishing Company's Modern

Trigonometry by Welchons, Pearson, and Krickemberger, while

twenty schools listed Houghton-Mifflin's Modern Trigonometry

by Wooten, Beckenbach, and Dolcieni. Nine other schools said
they were using the unfinished sections on trigonometry in
Houghton-Mifflin's textbook for Algebra II.

Twenty-g8ix schools indicated they were using Merrill's

Advanced Hizh School Mathematics by Vennatte, Csrraham, and

Fawcett. American Book Company's Foundations of Advanced

Mathematics by Kline, Oesterle, and wilson was listed by

seventeen schools. All other textbooks listed were used by
fewer than ten schools.

There was very little sgreement on & calculus text.
For the 33 courses of calculus and calculus with analytic
geometry, ten different textbooks were used. The most pop-

ular wag Analytic Geometry and Calculus by Schock and War-

shaw, It was listed by eight schools.
IIT. COMPARISON OF RESULTS WITH RECOMMENDED PROGHAMS

On the questionnaires, the teachers were asked to
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list the materiel covered in their courses. This informa-
tion is given in Table V. Any topic that was listed G or
more times has been included. Some of these topics are gen-
eral such ag trigonometry, calculus, or analytic geometry.
Others are nore specific and would be included in the brosad-
er terms. These have been tabulated exactly as listed on
the questionnaire cards.

It 18 evident that the recommendations of the CEEB
and the SMSG are reflected in Kansas mathematical prograems.
Recalling the CEEB's nine-point progrem, point eight calls
for emphesis on slementary functions in grede 12, HNearly
every teacher listed functions, either the broad term or
specific typea. Other points in the recommended program
called for the treatment of inequslitiesn, use of unifying
ideas such as sets, variables, functions, and reletions,
and sppreciation of mathematical structure illustrated by
properties of sets of numbers. A check of the liat of topics
indicates that these ideas have begun to permeate the Kansas
programs.

But on ths other hsnd, some of the recommendstions
have met with only limited success, Foint seven called for
trigonometry in zrade 1l. In the survey, almost every
teachef listed trigonometry as a topic covered in the
twelfth grade and 92 sepsrate courses were offered. The

recommended probability eand statistics course hes been used



TABLEE V

TOPICS LISTHED BY TRACHTRS AS BEING INCLUDED
IN THAIR ADVANC D MATHEMATICS COUR3IES

——————

ll

TOPIC NUMBER OF TIMES
LISTID

Trizonometry 156
Analytic Geometry 106
Functions 94
Vectors 90
saleulus 75
Limits 70
Frobability and 3Stat. 67
Sequences snd seriss 573
Complex numbars 50
Matrices L1
Induction 37
Circulsr functions 35
Filelds 34
Derivatives 31
sets and set theory 31
Theory of equations 29
Advanced algebra 26
Loz snd erponential functions 23
Logic e3
Graphing z2e
Conlc sections 19
Logarithms 16
Trigonometric Munctions 13
Slide rule 12
Inequalities 11
Number theory 11
Folar coordinstes 11
Determinants

Analysis

Ffermutations and comblinations
501id Geometry
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only sparingly. According to Department of Education re-
coris, there were six courses offered with an enrollment of
66 studenta. But 67 teachers indicated they were teaching
some probability and statistics. Some teachers noted that
two or three weeks were devoted to probability.

The elternate recommendation, introduction to modern
algebra, has met with some success. Although there were only
15 separate courses in sdvanced algebra, many algebraic
toples are included in the list. This indicated that this
subject also has been integreted into the twelfth grade
course.

Calculus has become one of the more popular twelfth
grade subjects. Almost every teacher stated that the
subject was at least introduced. The Commission of Mathe-
matics of the CIZTB recommended that calculus in the high
school be restricted to the advanced plecement program,

The influence of the School Mathematics Study Group
i3 most evident in choice of textbooks, Although only two
schools indicatsd they were using SM3G texts, the most pop-
ular textbooks were Houghton-Mifflin's, Nesrly all of
Houghton-Mifflin's writers have been members of the SM3G,
have participated in SM3G writing projects, or have served
as conéultants for teachers of SM3G msterlala, This line

of textbooks reflects the SM3SG viewpoint.



CHAPTER IV
THACHER FPREPARATION

The effectivensss of a hizh school mathematics pro-
gram depends to a large extent upon the teacher of mathemat-
ica. The teacher must have an adequate baciground in ab-
stract algebre, modern geometry, lozic, number theory, lin-
sar algebra, principles of methematics, probability, and
modern analysis. He must have a broad and deep understand-
inz of mathematics and must realize that the ability to
discover and to prove are Jjust as'essential aa competence
in techniqgues.

The leadera of the movement to change hich school
mathematics curriculum realized that the chanse would be
slow unless the preparation of the teachers was improved,

A serious wesiness lay in the teachersa' mathematical back-
grounds. A Y. S. Office of uducation study based on a gample
of 799 teachers who tsu;ht one or more courses in mathemat-
fcs in 1957-53 revealed that the average number of senester
hours wag 3. Only 61 per cent of the teachers had studied

the calculus or a moire advanced course.
I. RICOMMENDATIONS OF M.A.A.

In 1960 the ilathematicsl Association of america (M.A.A.)

®kinsella, op. cit., p. 97.



presented its recommendations for the training of mathemat-
ics teachers at every level, from the primary grades through
the college sophomore year.7 The key l1dea was that the
amount of mathematics preparation should lneresse with the
level of mathematics to be taught. To teach et the third
level, grades 9-1<, the teacher should have 33 semester
hours of mathematics. This should include 9 1in analysis,

6 in geometry, 6 in abstract algebra, 6 in probability and
statiatics, and 6 electives. To teach st the fourth level,
zrades 1l2-1ly, or teaching such courses as elements of cal-
culus, linear algebra, and probability, the teacher should
have 5l semester hours. The additionsl hours should include
3 more hours of both snalysis and geometry and 15 more hours
of electives. These recommendations were approved by the
Netional Assocliatlion of State Directors of Teacher Zducation
and Certification and have helped upgrade the preparstion of

3
high school mathematics teachers.
II. PRYTFARATION OF KANSAS TEACHERS3

The preparation of Kansas teachers comperes fav-

orably with the recommendations of the M.A.A. This

7Mathematical Associetion of America, "Recommendations
of the Mathematlcal Association of America for the Training
of Teachers of Mathematics,” The American Mathematical
HMonthly, LXVII, No. 10 (December, I560), pp. 70e-91.

8
Kinsella, op. c¢it., p. 95.



cb

sonclusion was based on returned questionnaires received
from 239 teachera of advanced mathemstics in Kensss hi:h
schools, 'These teschers were tesching subjects on the
third and fourth levels of the M,A.A. report.

Nunber of semester hours, The aversge number of hours

of the Kansas teschers was S5&. In grouping the teachers by
school size, the results were as expect d. The teachsra in
1-A schools averaged almost L, hours whille those in 5-A
achools hal 80 hours, The teachers in £-A and 3-A achools
had sbout the seme amount of prepsration, The largeat Jjump
was fron L-A to 5-A schools, zoing from 57 to 30 hours.

The minimum mendstory requirement for teacher cert-
ificetion in mathematics in Kensss 1z 18 houra., Only & of
the <37 teachers had the minimu=z requirement, Forty of the
teachers, or sbout 17 per cent, were under the 33 hours
recommended by the M.A,A. for grades 9-12, Of these };0
teachers, 3¢ were teaching in 1-4 or £-A high schools.

When questionnsires are sent out, there are alwaya
some that are never returned. The ressons for not complet-
ing end returning are never unown. A study was mede to see
i1 there would be any difference in preperation between
the sroup of teachers who returned the cards and those who
41d not,

Thers were 10% teschers of sdvsnced mathemetics in the

schools which 414 not respond., Thelr names were taken from
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the Principals Reports on file at the Kansas State Depart-
ment of Education. The number of hours in mathematice

comes from records in the Teacher Jertificatlion section,.
This will be the number of hours the tescher had when the
certificate was grented. Therefore, it is possible that
this number is not current. These teachers averaged 43.5
hours which is 8.5 hours less than the teachers in the other
group. The largest differences were between the teachers

in the 3-A group and the 5-A group. In the 3-A schools, the
drop was nearly £3 hours while the 5-A schools dropped 25

hours. Table VI comparas the hours of the two groups.

TABLE VI

AVERAGE NUMBER OF 3EMESTER HOURS IN MATHEMATICS
OF KANSAS TEACHERS WHO WERE TEACHING ADVANCED
MATHEMATICS COURSES IN 1970-T71

P ]

ALL
GrOUP 1-4 - £2-A 3-4 Li-A 5-A SCHOOLS
Teachers who
returned L3.7 51.8 51.9 G56.8 80.3 52.0
uestionnaires
eachers who
did not return Ll.0 36.6 29.0 55.0 55.4 L3.5
ques tionnaires

Year of last mathematics course. The rapld chsnge in

mathematics haas made it essential that teechers continually
update their education., The teschers questioned were ssked
to give the year they had taken their last mathematics

course, It was found that 12 teachers were currently en-



rolled in a course and 55 others had completed courses in
1970. Only 3 teachers, or slightly more than one per cent,
had taken their last course prior to 1960.

The data In regards to year of last mathematics course
sre presented in Figures 5 and 6. Figure 5 shows the number
of teachers who had their lest course in the glven vesr,

In FPigure 6, the average number of years since the last
course is compared according to school size., The slight
difference among schools indicates that school size had no

bearing on teachers returning to the college clasaroom,
III. SUMMARY

The results from the survey indicate that Kansas
teachers are very well-prepared. The average for the teach-
ers questioned was 52 houra. This 1s only 2 hours under
the 5L recommended by the M.A.A. for teachsrs of advanced
mathematics. The &average wes lowered by teachers in the
1-A schools., In the smaller schools, the teacher may not
have ma jored or minored in mathematics, but is teaching the
course becsuse no better qualified teacher 1s available,
Omitting the 1-A teachers, the sverage would be 56 hours.

The survey also indicated that Ksnsas teachers are
concerned with keepingz their training updated. More thzan

87 per cent have taken courses in the five-year period
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beginning with 1965, The teachers are also interested in
course content. The next chepter will deal with the opin-

ions of teschers concerning the twelfth grade program,

31



CHAPTER V
WHICH TWELFTH GRADE PROGRAM IS BEST?

In no other secondary mathematics course does the
opinion of the teacher influence the content as much as
in a twelfth grade course, This was evident from answers
given on the questionnaires. Such expressions as "sections
from other texts which I feel sre needed” or '"selscted top-
i¢s from my college texts'" appeered on the cards., This in-
dicated that most teachers were free to pick and choose
content and textbooks. The content, length of time for each
topic, and textbooks were selected upon the basls of what

each teacher felt was most important.
I. OPINIONS GIVEN ON SURVEY

The teachers were asked this question, "In your opin-
lon, which course best preperes students for college mathe-
matics?” Seversl choices were listed end 8 apece was pro-
vided for any additional choice to be written in., More
then one-half of the teschers did not limit themselves to
one choice. They believed that & combination of subjects
should be tsught. In compiling the data, the opiniona of
the 113 teachers who did 1list only one cholice were given
separate treatment. This information is presented 1ln Table

VII. The chosen subject, the number of teachers selecting
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it, and the average number of semester hours in mathematics
are all given. It was noted that the ten teachers selecting
calculus had from 9-17 fewer hours than the teachers in the

other groups.

TABLE VII

OPINIONS OF 113 KANSAS TEACHERS REGARDING WHICH COURSE
BEST PREPARES STUDENTS FOR COLLEGE MATHEMATICS AND
AVERAGE NUMBER OF SEMESTER HOURS IN MATHEMATICS
FOR EACH GROUP

SUBJEéT CHO3SEN NO. OF TEACHERS AVE, NO. OF
3EM. HOURS
Analysis 46 52 hours
Trigonometry 32 43 hours
Functions 19 53 hours
Calculus | 10 39 hours
Anslytic Geometry 6 56 hours

A compilation was also made for all subjects based on
all 239 questionnaires., No distinction was made between one
choice or several choicea., Each choice was counted once.
Table VIII gives the total numbsr of times each subject was
checked, With the exception of algebra, the two subjects
with the fewest votes were calculus and probabllity and
statistics. The algebra votes do not present a true picture
since algebra hed not been included on the card, and these

22 votes were write-ins.
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TABLE VIII

SUBJRCTS CONSIDERED ESSENTIAL IN PREPARATION
FOR COLLEGE MATHEMATICS (BASED ON A SUR-
VEY OF 239 KANSAS TEACHERS)

SUBJHCT NUMBER OF | SUBJECT NUMBER OF
TIMFS CHUCKED TIMES CHRCKED
Trigonometry 131 | Limits 5h
Analysis 99 ,% Calculus 49
Functions 88 |  Prob. & Stat. 26
Analytic Geometry 75 i Algebra 22

The consensus of the teachers was that no one course
was best, but that a twelfth grade course should include in-
troductions to several topics. Trigonometry, analysis, and
functions were considered essentlal while a course iIn prob-
abllity and stetistics could be omitted as far as college
preparetion was concerned. Only about one-fifth of the
teachers believed that some celculus was necessary. Thils
mesns that the majority of the tsachers hold the viewpoint

that pre-college mathematics is pre-cslculus mathematics.
II. CURRENT LITERATURE

Calculus in the high school. The question that often

arises in discussing the twelfth grade program is "Should
calculus be taught in the high school?” This question sust
be answered by the individual school on the basls of whether
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or not the school has an adequate number of students who can
profitably study a minimum of one year of calculus, and
whether there is a quslified teacher for the course. Jerry
McIntosh and Philip Peak of Indians University give some
guidelines for the school considering teaching calculus, If
the school has suitable students and teacher for the course,
if the school'a enrollment is about 1,000, and if it offers
a comprehensive instructional progrem, then it can provide &
quality course in caleulus. From L to 10 per cent of the
seniors in an academic high school should probably be enroll-
ed in calculus,

Albert A. Blank of the Courant Institute of Mathemati-
cal 3ciences, New York, claims that we no longer need to ar-
gue the case for calculua, The case hses been made snd people
are convinced. He then gives the following reasons for cal-

10
culus to be in the high achool:

Jaleculus is a natural cep to the hisgh school cur-
riculum, It reinforces by utilization all the concepts
and techniques learned esrlier. In its manipulative
and problem-solving aspects the calculus 1s entirely in
the spirit of secondery mathematics. No alternative to
the calculus is superior for opening ao many avenues to
hizher mathematics, to physiesl sclences and technology,

and even to the biological, menagement, and social
sciences,

9Jerry McIntosh end Philip Peak, "Meteriel of In-
struction,”" The Continuing Hevolution in Mathematics (Wash-
ington: The National Council of Teachers ol Mathematics,
1960), po 157-

10A1bert A. Blank, "The Case for Calculus,"” The
Twelfth-Grade Pre-College Mathematics Program (Washling-
Ton: The Nationerl Counc?I of MTeachers of ﬁa?ﬁemstics, 196%5),
p. 13.
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Dr. Blank, who helred write the 3MSG calculus text,
believes that the high school textbook should be rigorous,
yet not ignore spplications. He claims that the SMSG text
could serve as 8 honors course in many colleges.

Arthur P. Mattuck of the Massachusetts Institute of
Technology dlsagrees with this viewpoint, He belleves that
a first course in high school celeulus 1s no place for math-
ematical rigor. He states that & course does not have to be
rigorous to be good mathsmatica. He further statea that a
good pre-calculus course should come first. He suggesats a
course in analytic geometry and elementary functions. This
course would give the student a broad experience with funct-
ions and variables to enrich and make the calculus course
more meaningful. Calculus should be taught only if there is
still time after the student has an edequate background in
pre-calculus mathematica.ll

Probability and atatistics. A high school course in

probabili ty has many supporters, IEven severe critics of
changes in school mathematics will concede the importance of
this subject for our time. The Commission on Mathematics of
the CTEB belleved that for college-capable students with

interests in the biological, behavioral, and social sciences,

1larthur P. Mattuck, "Some Remsrks About the Caleulus
Course for Grade Twelve," The Twelfth Grads Pre-College Math-
ematics Program (Washington: The National councll of Taachers
of Mathematics, 196%), pp. 16-17.




probability and statistics had more interest value and ap-
plications thaen courses slented in the direction of calculus
and snalysis,

Franklin A. Graybill of Colorado State University
discussed probability and statiatica for grade twelve at the
joint meetingz of the Mathematical Association of America and
the National Council of Teachers of Mathematics in 1965. BHe
recommended that if there were a cholice betwseen teaching
probability and calculus, probability should be taught, He
also recommended that probability, based on set theoretical
i1deas only, not be taught as a separate course, but included
in an enriched course in mathematics, Descriptive statistics
could also be included in some other course., He did recom-
mend that in some of the larger schools, probability and
statistica be made available to twelfth grade students as
an elective.

A course covering several topics. Jeveral schools

have experimented with a course which consists of a series
of units having 1little 1f any loglcsl or organic inter-
relation, Ones model for such & course i1s the Mathesmatlics

12X Program, developed by the State Department of Tiducation

12pranklin A. Graybill, "Probabllity and Statistics
for Grade 12," The Twelfth Grade Pre-College Mathamatics Pro-
sram (Washington: The National GCouncll of Teachers of Math-
ematicas, 1955), pp. 28-29,
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of the State of New York. The intent of such a course 13 to
open doorg and to indicate vistas in hi;zher mathematics.13

MeIntosh and Peak would disagree with the teaching of
many toplcs. They claim that the most important consider-
ation in selecting mathematics content for the last year of
school mathematics is that 1t provides for and encourages
study of a topic in depth. The student should become in-
creasingly concerned with axioms, undefined terms, defini-
tions, and theorems and with the interdependence of struct-
ural elements as a man-made check and balance system.lu
They recommnended the following &3 toplca that lend them-
selves to study in depth; probability and statistlcs, alg-
ebra structures, linear algebra, and geometry. The geometry
course should be an axiomatic appraisal of seversl kinds of
geometry.

The teacher of advanced mathematics must face and
answer the question of what to teach in the senior year,
fYfuch more content has been proposed than can possibly be
taught. The answer can be found by carefully considering
all factors involved. What is the ability of the students?

“hat are their plens for the future? What type of mathe-

13ulius H. Hlavaty end Harry D, Rudermsn, "How Pro-
vide for the Mathematically Talented?", The Continuing Revo-
lution in Mathematics (Washington: The Natlonal Counclil of
Teachers of Nethematics, 1963), p. 103,

1uMcIntosh and Peak, op. cit., p. 158,



matical background do they have? How much time 1s provided?
In what areas 1a the teacher best qualified? 'What is the
philosophy of the mesthematics department? The answers to

these questions and others will aid the tescher in planning
and teaching & twslfth grade course.



CHAPTER VI
SUMMARY AND CONCLUSIONS

It has always been sasumed in American education that
public schools exist to serve the needs of all the children
- of all the people. It is doubtful if the new high school
mathematics programs are in agreement with this aim., These
programs 8re definitely concerned with the college-capable
student. It has been estimated that over the nation as a
whole, the college-capable constitute about one-fourth of
the studenta.ls And even among thils azroup, there sre
different levels of ability. They will not all lesrn math-
ematics at the same rate.

Schools have partially solved this problem by offering
two or more “tracks.” The needs of the most talented seg-
ment of the twelfth grade are met by the Advanced Placement
Program., These studenta are recognized early and sre placed
in an accelerated program. When they enter colleze, they
will have completed a year or more of calculus., Another
program 1s provided for the college-bound student who plans
to begin his college work with calculus. And still another
"track' is followed by the under-aschiever in methematics.

But this solution does not help the smaller high

schools. It is impossible to offer two '"tracks"” when the

1SKinsella, op. cit., p. 101,



average aenrollment of the twelfth grade course is four
gtudents. One writoer clsimed that s hi.h school needed 1,000
students to offer & quality course in calculus.l6 In kanasas,
there are 359 public high schools with enrollments under
1,000. “hile 1,000 students may be too high, there mmust be
enoush students to provide two programs so the talented
student can complete hils pre-calculus work before the twelith
prade.

Using this resasoning, it would seesn best for small
hi:h schools to offer & pre-calculus course, 1In ihansas 1-A
schosla, the averaze enrcllment in advanced wmathematics was
L.5 students., In 2-A schools, it was 5.7 students. And

even in a small class, there will be diiferent levels ol

2]
(g

i

1it7. The teacher can best decide what the course content
should be. He itnows the abllity and background of the
stuldents.,

The twelfth grade course must include adequate work
with functions and varilables to give the student the needed
evperience 3and store of examples for his calculus course. A
cOmmon'pitfall is including too many topics in the twelfth
srade courgs, It is possible that in trying to cover so
mach material in a year's tise the student does not have

& thorough understanding or 'good feeling™ lor any of it.

16.. . . .
icIntosh and Pexk, loc. cit.

G Sr———



I. CSUMMARY OF SURVEY RESULTS

The data from the survey indicated that some of the
racommendations of the nationsal groups in mathematics are
reflected in the Kansas program. Some of the recommended
topics, such as functions, inequalities, vectors, gnd conm-
plex numbers have been integrated into the coursesa, And
as recommended by thses Commission on Mathematics of the CEEB,
the objective of most Kansas programs 1s to prepare the stu-
dent for colleze methematlics at the level of calculus,

The most popular courses for the twelfth grade in
Kansaes were snalysis and trigonometry. Trigonometry still
remains as a separate course. This is true, not only in
Kensas but in other atates.17 The ma jor problem seems to be
lack of time in the junior yeasr to cover extensively both
alzebra and trigonometry. FPerhaps in the future, trigonome-
try will be presented in the elementsry grades and spiraled
teaching will eliminate the necessity of a sepsrste course.

Kansas has around 5,500 students enrolled in advsnced
mathematies or 16 per cent of all seniors. This number com-
pares favorably with the estimate gliven by James Bryant Con-

eant. He wrote in e national article in 1959:

| 75onn w. Alspsugh, R.D. Kerr and Robert E. Reys, "Cur-
riculum Change in Secondary School Mathemstics," School
Science and Methematics, (February, 1970), pp. 171-I73.




I am convinced that on & national basis something
11kze 17 per cent of the youth of high achool agze have
the ability to §tudy e?fectively and reggrdingly ad-18
vanced nathematics, sclence, anl a foreign lan~uage.

¥anses teschers of sdvanced mathsmatics sre well-

rrrepareld, They have sn avevage of L& semester hours in
mathematics and more than 96 pesr cent have taken mathematics
courses within the past ten years., The size of school does
affect the number of hours, with teachers in the 5-A schools
sveraging 36 hours more than the teachers in the 1-A schools,
However the size of school did not seem to havs any besring
on takin: adiitionsl work in mathematics.

The me jority of the teachers favored a twelfth grade

course that covers a variety of topics. The emphasis

should be on functions, but & sclid background in trigonome-

try was Jdeemed essential.
II. SUGGEZ3TIONS FOR FURTHER STUD

This study of twelfth grade mathematics was considered
from the teacher's viewpoint. It was concerned not only with
inds oI courses snd number of students, but with the pre-
raration and orinions of the teachers. An efliective courase
ig Jud;ed by the knowledge and skill of the students who
complete it, If the question, 'which course most adequately
prepares students for college mathematics?"” is to be answered,

‘then it should bte considered from the student's viewroint.

13 - . .
“James Bryant Conant, 4 Hard Loow at Qur High
Zeohools,’ Loo., &3 (Febsuary 3, 19E89), pp. 21-3E.
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A suggested study would be a survey of college fresh-
men in mathematics courses. This would be made during the
second semester and would include only those freshmen who
had gradusted from Kansas high schools. They would be
asked to list the courses taken in high school and to give
the name of the high school ao comparison could be mads by
achool size. PFrom a 1llst of topica common to twelfth grade
mathematics, the atudent would check the ones covered and
indicate to what extent. He would also be asked the grade
received in his high school course.

In relation to his college work, the student would be
asked the grade received and to list any problems he had
encountered. In regard to his high school courses, the
student would be ssked to evaluate (1) the amount of ap-
plications of mathematical ideas, (2) the amount of time apent
in scquiring skills in computation, and (3) the rigor of the
caﬁrae. He 2lso would be asked for any suggestions he might
have for changes in the high school program,

A survey of this nature would give some indication
88 to whether the present program is fulfilling its purposs.

The twelfth grade mathematlcs program will continue
to change. There will be more experimentsl texts and teach-
ing. The sdvanced thinking of the Cambridge Conference Report
may well be the guldeline for the future. At any rate,

downward movement of course content can be expected, And if



the present trend continues, the mathematics courses will
be less compartmentalized, more integrsted and spirsled.
The college freshman of the future may begin his college

work with courses hls father took at the graduate level.
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