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CHAPTER I 

Ill'1'RODUCTIOIf AND THE PROBLEM 

During the past tvent7 years, there have be. tre

mendous change. in the aecond8r'J 801'1001 mathematic. curric

ulum. Man7 J-e.aona have been given tor the.e change.. One 

reason, ot cour.e, being the launohing ot SputnUt I by the 

Russians in 1957 and the realization by many Americana that 

ve vere lagging behind in science and mathematics. But the 

"new mathematics" movement vaa underll." betore 1957. Other 

tactors contributing to the oharJge. were the rapid growth ot 

m.thematics during the past one hundred titt,. Tear. and the 

revolutionary development ot science and tecbnology-. Also, 

there vas a growing concern about the neglect ot the super

ior .tudent. And finally, imaginative leadership in mathe

..	 matics education began to emerge in various universities and 

prote.lional organizations. l 

I. NATIONAL GROUPS IX MAmEMATICS 

College Entrance Examination Board. One ot the groups 

most influential in Mathematics change vas the Commisslon on 

Mathematics ot the College Entrance Examination Board (CEEB). 

lJohn J. Kinsella, Second.u School Math..tiea Clew 
York: The Center tor Appliea Re••arch !Ii EdUcation, 1965), 
p.	 15. 
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The Commission began its study in 1955 and published its
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nine-point program in 1959.

Its	 progra!ll called for: 

1.	 Preparation for college mathematics at the level 
of calculus and analytic geometry; 

2.	 Understanding of deduotive reasoning not only in 
geometry but in other fields, such as algebra; 

3.	 Appreciation of mathematioal structure illustrated 
by properties of sets of numbers;

4.	 JudiciouB ume of uniiring ideas, such 8S sets, vari 
ables, functions, and relations; 

s.	 Treatment of inequalities along with equations;
I,
-.J. Insertion of some coordinate geolt!etry and solid geo

metry into the plane geometry course; 
7.	 Introduction in Grade 11 of fundamental trigonometry

centered on coordinates, vectors, and complex num
bers; 

8.	 Emphasis in Grade 12 on elementary functions (poly
nomial, exponential, circular); 

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

School Mathematics Study Group. Another influential 

group, the School Mathematics Study Group (SM3G) was formed 

in 1958 under the leadership ot Professor E. G. Begle of Yale". 
University. Its fundamental aim was llto improve the teaching 

or mathematics in the secondary schools, to persuade more 

students to study more Mathematics, and to ensure that the 

mathematics they study is appropriate to the world of 

2commission on l'iathematies, College Entrance Examin
ation Board, pro~rarl1 for COllefie PreJ2sratory Mathematics 
~ Appendices, PrInceton: EducatIon TestIng §ervIce, 1959), 
p. xl. 
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tOday.::) Through the activities of its summer w.citi1l6 

groups, it has produced student teKtbooks and teacher commen

taries for grades 7-12 and other boo1ts to aid the teacher in 

presenting the new .uater131. Its worx has served as 3 model 

for authors of corrmercial publishing houses to build and im

prove upon. 

Cambridge Conference ~ School Mathematics. A third 

group, the Cambridge Conference on School Mathematics (CCSM), 

met in June, 1963, in Cambridge, Massachusetts. This group, 

composed of twenty-five professionsl mathematicians, met un

dar the auspices of Educational Services, Incorporated, and 

The Nationsl Science Foundation. The purpose of the meeting 

waB to consider problems of ourricular reform for grades 

kindergarten through twelve. Their proposed thirteen-year 

program was the most ambitious of all. ~ben leaving high 

school, the student would have 8 level of training compar

able with B current three-year college program. This would, 
include two years of calculus and one semester each of modern 

algebra and theol'y of probability. This would be made pos

sible by the extension of' many high school SUbjects down into 

the elementary grades. A spiral approach with the emphasis 

on discovery would be adapted and the traditionsl drill-for

drillts-aake would be abandoned. 4 

3E.G. Begle, liThe Sehool Mathematics Study Group,ll 
~ Bull~tiB £! ~ National Association £t SeqQndary-School
Principals, XLIII, No. 247 (May, 19S9), p. 27. 

4:E:ugene D. Nickols, liThe Hsny Forms of Revolution, If 
The ContlnuiD§ Revolution in Mathematics (Washington: The 
E'il'ionaijouncil of Teachers of Mathematics, 1965), p. vi. 
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II. PHOGRAHS F'OH GRADE Tl";ELVE 

There is no uniform secondary school roathe~atics pro

gram in the United States. There are variations among states, 

within states, and according to size of school. The grade 

placement and content of the course rllay vary. The name o£ 

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 distinguishes the !lnew mathematical[ from the 

traditional. 

There is more variation among the programs for the 

twelf'~ grade than at any other level. For college-bound 

seniors, Algebra I is usually taken 1n bTsde nine and Geometry 

in grade ten. In grade eleven the course will be AlgEibra II 

Ol~ an integrated course in algebra and trigonometry. But 1n 

the twelfth grade, many difforent courses are being taught and 
",. 

still others are in the planning stage. Much more content 

haa been proposed than can be taught in any given program. 

The programs proposed for grade twelve by the CI~BJ 

the Sl-lSG, and the CCSM are not 1n complete agreement. Both 

the CEEB and the 3HSG would tea.ch the trigonometry ot: t:i'i

angles in ~'ade eleven. For the first half or grade twelve, 

both groups would emphasize the tJ'eatment 01' functions. 

This would include circular, polynomial, exponential, and 

logeritrunic ~lctions. For the second half of grade twelve, 

the groups chose dirferent courses. The SMSG proposed 
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teach1ng 8 courae in matrix algebra while the CE}~:B reco:n

mended either probability and statistics or an introduction 

to moJern algebra. The Cambridge Conference proposed analy

sts for' grade twelve. Prior to hia lenior 'Ye.r, the student 

wa. to have completed algebra, geometry, probability, linear 

algebra, .n~ one cour•• in calculQI. Calculus wa. to be
 

started in the ninth greie.
 

Another proposal tor grade twelve 1s tile Advanced 

Placement rr·:>gram. Fou.r years oi'mathamatics study 1. eom

plated by the eleventh grs1e. In the twelfth grade, 8 e01

le~e-l~v.1 course in analytic ~.om.try an~ calculus 18 pre

a.nt~d to select st~j.nts. These atudents th&n t.ke nation

ally atiminie ter-od od,,'8nced placeaent eX&n1inationa and e1 the!' 

rec.h-. creJit for a comparable eollttge course or are e;v:cuae·j 
[' 

from taking a l~.quh·.d course.;J 

III. THE Ff\OBLEM 

'It 

;jtatement 2! lli problem. It W3B the pu.rpose of th1s 

stUdy (1) to surv_! the twelftb grede mathematics programs 

1n Kansae rubl~c hi~h schools for tbe 1970-11 school feer, 

(2) to e~8Mlne the variation. In regard to school a1z. 

anJ pl'.pil''' t1.on 01' teacher" (.3) to COalpere what 1a being 

done in l<'an&&8 with the recommend.tiona of' netional group. 

and, (4) to p.{\tHllent opinions of teachers anJ leading math .. 

8.J18t1elana 88 to what course should be offered. 

5Kinsella, ~. 2i!., pp. ~j-~$. 



6 

Source ££ materials !2! study. The material for this 

study was obtained through the use of questionnaires. Let

ters were sent to 325 teachers in 314 different high schools. 

These teachers had taught an advanced Mathematics cla8s in 

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

ory ~ Mathematics Teachers, compiled by Lucile Asher, Math

ematics Consultant. Ten more letters were mailed to the 

mathematics departments of ten of the larger high schools. 

If a school did not offer advanced mathematic! in 1969-70, 8 

letter was not sent. 

From the 335 letters 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 schools con

tacted. There were 101 schools that did not respond. 

The information on these 101 schools was obtained from 

the Principals Reports on file with the Kansas State Depart

~ 
ment of Education in Topeka. Ten of these schools did not 

have an advanced mathematics course in 1970-71. A check 

was also made on the schools who did not offer advanced 

mathematics in 1969-10. It was found that twelve of these 

schools were teaching a course in 1910-71. The information 

for these schools was also obtained from records in the 

Depar~~8nt of Education. 

The information from the questionnaires snd from the 

Education Department records has been combined to arrive at 

the total number of students in advanced matnematics. In all 

other cases the information was compiled separately and the 



fieur'ss compared. It has been stated in the paper from 

which source the information was obtained. 

7 
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CHAPTER II 

STUDEliTS IN ADVANCED MATHElUTICS 

Part ot the aim ot' the School Ivl&thematici Study Group 

was lito persuade more students to study more mathesnatics. If 

This is still a needed objective. Twelfth grade mathematics 

is not a popular course with students. In 1910-71, approxi

mately 5,500 Kansas seniors were enrolled in an advanced 

msthe!llst1cs course. This was on1'1 16 per cent of the 

34,534 seniors 1n KansBs public highschool•• 

I. HELATIQN03HIP BETWEEN SCHOOL NUMBER AND STUDENT NUNBER 

No advanced mathematics. In 6,5 schools, or 11 per 

cent of all Kansas public high schools, there were no ad

vanced mathematics courses taught 1n 1970-11. This figure 

" may seem high until it 1s compared to the percentage of stu

dents who had no opportunity to take an advanced course. 

The 65 scbools had a total enrollment or 4,953 students 1n 

grades 10-12, which is only 4 per cent of all Kansss students. 

This difference oan be accounted for by the fact that these 

65 schools are among the smallest in the state. 

Method of classification. In order to make compar1. 
sons by school size, some method of classifying schools was 

needed. The classification system ot the Kansas State High 

School Activities Association has been used. This system 1s 

given in Table I. 
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TABLE: I 

CLASSIFICATION OF SCHOOLS BY NUNBI~\ 

OF STUDENTS ~rlOLLED IN GRADLS lO-l~ 

CLASS	 NUMBEH OF STUDENTS 

1-A 22 - 112 

2-A 113 - 237 

3-A 238 - 636 

4-A 638 -1589 

5-A 1642 -2561 

Some idea of the relationship between number of 

schools and number or students is presented in Figures 1 

and 2. The 5-A high schools 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 
to.	 I-A schools represent over two-fifths (42 per cent) of the 

schools while enrolling only 10 per cent of the stUdents. 

II. NUMBEH OF STUnri:NTS IN" ADVANC2;) i<1ATHE'.::.'1ATICS 

Comparsion £l school~. It was surprising to find 

that school size did not greatly effect the percentage of 

students enrolled in advanced mathematics courses. The num

ber of students in mathematics courses was compared with the 

total number of students (grades lO-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 could be made that for any given high 

school in Kansas, between 4 and 5 per cent of all students 

will be enrolled in advanced mathematics olasses. 

Students 1n the various courses. Table III is pre

sented to give an idea of the number of students in the var

ious mathematics courses. This information was taken from 

computerized lists in the Curr'iculwn Department of the Kansas 

Office of I::ducation. 

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 qu~stionnaire cards and included only 

senior stUdents. Ii' a school offered two one-semester cour

ses, the number of students was counted only once. On the 

Gurriculum Department's lists, there was no distinotion made 

between courses of one or two semesters. Therefore if a 

" student took two one-semester courses his senior year, he 

would have been counted twice. This would account for part 

of' the difl"erence. 

Another possibility would be errors on the Principals 

heports. There are only six listings for mathematics on the 

report--Algabra I, Algebra II, Basic Math, Plane Geometry, 

Solid Geometry, and Trigonometry. Other names 1l1ay be typed 

in. In checking questionnaires against reports, it was 
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TABLE II 

NUNBERS AND PE..l1CENTAGES OF KANSAS HIGH SCHOOL STUDENTS
 
BNH.OLLED IN ADVANCED ~1ATHE'MATIC3 CLASSES, 1970-11,
 

BY SIZE OF 3CHOOL
 

SIZE OF TOTAL STUD:SNTS IN PEHCENTAGE 
SCHOOL ENHOLLL'lENT ADV. ¥J..ATH E.1fROLLED 

I-A 11,095 481	 )~. 3 
2-A 19,649 95,	 4.3 
3-A 20,747 038	 4.0 
~-A 2J,196 1,275	 4.)" 
5-A 34,872 1,908	 5.5 
All schools 114,559 5,447	 4.75 

TABLE III 

NurmER OF STUDlilfTS IN ADVANC ED MATHEMATIC;3 COURSES IN 
KANSAS PUBLIC HIGH SCHOOLS, 1970-11 (FHON 

FJ.N3AS STATE DEPAItTMENT OF ~DUCATION 

STATISTICS) 

COURSE	 NUMBER OF STUDENTS
 

"	 Introduction to Analysis 
Probability and Statistics 
Solid Geometry 
:-:omputer M,ath 
Introduction to ~alculus 

Calculus with Anal. Geometry 
Analytic Geometry 
E1ementar'y Functions 
Trigonometry
Algebra III 

'rOTAL 

1,279 
66 

374 
20h 
421 
474

95 
151 

1 ,It 0':; 
1,410 

;;,093 
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discovered that the course listed was not always the course 

taught. Also, in checking schools 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 actual enrollment in Algebra III. 

If the Algebra III enrollment is not considered, 

trigonometry is the most popular course with 1,405 students. 

Analysis is in second place with 1,279 students. The combined 

enrollments of Introduction to Calculus and Calculu5with 

Analytic Geometry put the calculus course in third place with 

901 students. The other cour'ses have much smaller enroll 

ments. 

Since there is some doubt aa to whether the cow'se 

listed was the course taught, the conclusion reached from 

this information would concern only the nwaber of students in 

advanced mathematics. Both the questionnaire results and the 

"	 '.~ducation Department recorda reveal that aI'ound 16;.) of Kans&s 

students are in advanced mathematics. 



CHAPTER III 

TYPr3 OF COURSES OFF~RED AND TSXTBOOKS 

There is 8 growing emphssis on the integration of 

secondary school mathematics courses. For example, twenty 

y'ears ago solid geometry was a standard course for grade 

twelve. Today, plane and solid geometry are integrated in 

a tenth grade course. A new course for grade twelve, ele

mentary functions, 1s an example of the integration of alge

bra and trigonometry. In this course, the trigonometric 

ratios are considered as functions. 

Much'of the integration and reorganization of course 

content is not apparent from looking at course titles. Also 

the frequent appearance of the term llmathema tics n in twelfth 

year course titles evidences the trend to name courses with

'"	 out attempting to describe the content. These two facts 

make it difficult to classify courses according to content. 

I. COUl(3~;;.3 TAUGHT IN KANSAS HIGH SCliOOLd 

The questionnaire asked for the name of the advanced 

mathematics course taught. An accompanying letter explained 

that an advanced mathematics course was to be defined 6S a 

course presupposing three years of mathematics beginning 

wi th elementar;j'" algebr·a. Since many course titles 8re gen

eral term~ such as Senior Math or Advanced Math, the teacher 
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was also asked to give the name of the textbook used and to 

list briefly the Material covered in the course. 

The most popular name was Advanced Mathematics with 

64 sehools using this title. A close second was the term 

Senior Mathematics with 56 schools. Other schools also 

used general terms, sueh a8 Math IV, Modern Topics in Math

ematics, or Principles o~ Mathematics. But more tbsn one

half of the 218 schools surveyed did attempt to name the 

course according to content. 

Results .2! ~ survey. Figure 3 gives the number of 

schools offering each course based on results of the survey. 

In some cases the textbook and list or material covered was 

used to classiry the course. For example, to be classified 

8S analytic geometry, the major part of a semester had to be 

spent studying analytic geometry. Several schools covered a 

variety of subjects, making it impossible to classify Bccord

t ing to content. These courses are listed under oombination. 

Analysis was the moat popular with 72 8chools listing 

it 88 a full-year course while 23 taught it for one semester 

only. In most of these 23 schools, trigonometry was taught 

the first semester. This indicated that ir trigonometry was 

integrated with algebra in the eleventh grade, then analysis 

became a full-year course. 

Trigonometry was offered as a full-year oourse in 13 

schools while 19 schools listed it 8S a one-semester course. 



FIGURE 3 

NUMBER OF KANSAS E=GH SCHOOLS OFFERING COURSES IN ADVANCED 
MATHEMATICS, 1970-71 (BASED ON A SURVEY OF 
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It was noted that in some of the larger school systems in 

the state that trigonometry had disappeared as B separete 

course. It had been integrated with other courses. 

Courses listed ~ Department ~ Education. Figure 4 

gives the number of schools offering each course as listed 

with the Kansas state Department ot Education. This includes 

all Kansas public high schools, In checking a few question

naires picked at random, some discrepancies were found. For 

example, one school with the course title of Senior Math, 

using Modern Introductory Analysis 8S 8 textbook, was listed 

88 calculus in the Education Department records. The main 

difference 1n the two tables is in the relationship of the 

analysis and trigonometry courses. This would suggest that 

some analys1s courses are listed either ss trigonometry or 

aa third courses In algebra, 

II • TEXTBOOKS
'" 

The choice of a textbook greatly influences tne ap

proach and presentation of course content. A list of the 

most frequently used textbooks is presented in Table IV. By 

far the most popular textbook was Modern Introductory Analy

sis by Doleien!, Beekenba ch, Donnelly, Jorgensen, and Wooten........
 
and published by Houghton-Mifflin. This book, used by 11 

schools, elnphasizes the treatment of functions. Polynomial, 
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I 
"IiTrigonometry Jf(J7 

~.-. - ..~LAnalysis 60
'r-i' 

Algebra III 15J 

]3'1Calculus with A.G. 

Intro. to Calculus 31 

Anal. Geometry '13 

Computer Math r- ID 
i---

Elem. Functions =3 
Probe and Stat. r"16i..-...l 

o 10 20 30 40 50 60 70 80 90 100 110 

FIGURE 4 
NUMBER OF I~NSAS HIGH SCHOOLS OFFERING COURSES IN ADVANCED 

¥lliTHElfWTICS, 1970-71, AS LISTED WITH THE 
STATE DEPARTMENT OF EDUCATION 
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TABL.E IV 

TEXTBOOKS FOn ADVANC CD IrIATHEr-1ATIG3 AND TH::~ NmffiER OF 
KANSAS HIGH SCHOOLS INWHICB THEY ARE USED 

(BASED ON SURVEY OF 218 SCHOOLS, 1910-71) 

NO. OF 
TEXTBOOK PUBLISHER SCHOOLS 

Modern Introductory Analysis Houghton-Mifflin 77 

Advanced High ~chool l\lathematics 

Foundations of Advanced Math. 

Merrill 

American 

26 

17 

Modern Trigono~etry Ginn 21 

!1odel~n Trizonometry Houghton-Mifflin 20 

Anal. Geom. 

~1odsrn Alg. 

and Calculus 

and Trtg., Book 2 

Prentice-Hall 

Houghton-Mifflin 

8 

9 

• 
~ollege Trigonometry 

~lemantary Functions 

Analytic Geometry 

Principles of Mathematics McGraw &Hill 

Addison-Wesley 

MscHillan 

MacJ.1illan 4 

5 

s 
!i 

Pre-C Illcu1us Addison-Wesley 4 
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exponential, logarithmic, circular, and trigonometric func

tions are covered. There is also 8 chapter for each of the 

following topics--vectore, complex numbers, analytic geometry, 

solid geometry, induction, and probability. 

For trigonometry, two texts were equally popular. 

Twenty-one schools used Ginn Publishing Company's Modern 

!rigonomet£z by WelchonB, Peerson, and Krickenberger, while 

twenty schools listed Houghton-Mifflin's Modern Trigonometry 

by wooten, Beckenbech, end Dolcleni. Nine other schools said 

they were using the unfinished sections on trigonometry in 

Houghton-Mifflin'a textbook for Algebra II. 

Twenty-six schools indicated they were using Merrill's 

Advanced ~ School Mathematics by Vannatta, CarraheM, end 

Fawcett. American Book Company's Foundations 2f Advanced 

Mathematics by Kline, Oesterle, and Wilson was listed by 

seventeen sehools. All other textbooks listed were used by 

l fewer than ten schools. 

There was very little agreement on a caleulus text. 

For tbe 33 courses of calculus snd calculus with analytic 

geometry, ten different textbooks were used. The most pop

ular was Analytie Geometry !!!2 Calculus by Schock and War

shew. It was listed by eight schools. 

III. GOMPAHISON OF RESULTS WITH RECOMMENDED PROGRAMS 

On the questionnaires, the teachers were asked to 
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list the material covered in their courses. This informa

tion is given in Table V. Any topic that was listed 9 or 

more times has been included. Some of these topics are gen

eral such as trigonometry, calculus, or analytic geometry. 

Others areroore specific and would be included in the broad

er terms. These have been tabulated exactly 8S listed on 

ths questionnaire cards. 

It is evident that the recommendations of the CEEB 

Bnd the SMSG are reflected in Kansas Mathematical prograMs. 

Recalling the CEI~1S nine-point program, point eight calls 

for emphasis on elementary runctions in grade 12. Nearly 

every teacher listed functions, either the broad term or 

specific types. Other points in the recommended prograM 

called for the treatment of inequalities, use of unifying 

ideas such as sets, variables, functions, and relations, 

and appreciation of mathematical structure illustrated by 

f, properties of sets of numbers. A check of the list of topics 

indicates that these ideas have begun to permeate the Kansas 

programs. 

But on the other hand, some of the recommendations 

have met with only limited luccess. Point seven called tor 

trigonometry in grade 11. In the survey, almost every 

teacher listed trigonometry 88 8 topio covered in the 

twelfth grade and 92 separate courses were ofrered. The 

recommended probability and statistics course bas been used 
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TABLB Y 

TOPI(J3 LI~Tfm BY TBACHT.'1{S AS BEING- INCLUDED
 
In THBIH ADVANCED HATHl~MATICS COURSES
 

TOPIC NIDffiER OF TU!ES 
LISTI::D 

'rrigonometry 
Analytic Geometry 
Functions 
Vectors 
Calculus 
Limits 
Probability and Stat. 
Sequences and series 
Complex numbers 
Matrices 
Induction 
Ci!'cular functions 
Fields 
Derivatives 
3ets and set theory 
Theory of equations 
Advanced algebra 
Log and ey.ponentis1 functions 

~ Logic 
Graphing 
Conic sections 
Logarithms 
Tri30nometric l'unctions 
Slide rule 
Inequalities 
Number theory 
Polar coordinates 
Determinants 
Analysis 
Fermutations and combinations 
SolL:1 Geo~net17 

156
 
106
 

96
 
90
 
75
 
10
 
67
 
53

50

41
 
37
 
36
 
34
 
31
 
31
 
29
 
26
 
23
 
23
 
22
 
19
 
16
 
13
 
12
 
11
 
11
 
11
 

9
 
9
 
9
 
9
 



23 

only sparingly. According to Department of Education re

corls, there were six courses orfered with an enrollment of 

66 students. But 67 teachers indicated they were teaching 

some probability and statistics. Some teachers noted that 

two or three weeks were devoted to probability. 

The alternate recommendation, introduotion to modern 

algebra, has met with some suocess. Although there were only 

16 separate courses in advanced algebra, many algebraic 

topics are included in the list. This indicated that this 

subject also has been integrated into the twelrth grade 

course. 

Calculu8 has beeoIne one or the more popular twelfth 

grade SUbjects. Almost every teacher stated that the 

subject was at least introduoed. The Commission of Mathe

matics of the CErn recommended that calculus in the high 

school be restricted to the advanced placement program. 

J-
The influence of the School Mathematics Study Group 

is most evident 1n choice of textbooks. Although only two 

schools indicated they were using sr~G texts, the most pop

ular textbooks were Houghton-Mifflin's. Nearly all of 

Houghton-~~ffllnfs writers have been members or the ~MSG, 

have participated in SMSG writing projects, or have served 

as consultants for teachers at SMSG materiels. This line 

of textbooks reflects the SMSG viewpoint. 



l 

CHAPTER IV 

TE~CHER PREPARATION 

The effectiveness of B high school mathematics pro

gram depends to a large extent upon the teacher of roathemat

lea. The teachel' must have an adequate b8c~ground in ab

stract algebra, modern geometry, logic, n~~bertheory, lin

ear algebra, principles of Mathematics, probability, and 

modern analysis. He must have a broad and deep understand

1no of mathematics and must realize that the ability to 

discover and to prove are Just as essential aa competence 

in techniques. 

The leaders of the movement to chanGe hiSh school 

~athematicB curriculum realized that the chan3e would be 

slow unless the preparation of the teachers ..jas improved. 

A serious wea~nleaB lay in the teachers' mathematical back

grounds. .A U. S. Office of ~~duca tion study ba sed on a sample 

of 799 teachers vlho tausht one or more courses in mathemat

ics in 1957-53 raves lad the t the average nu;,11bel' of sables tar 

hours was 23. Only 61 per cent of' the teachers had studied 
6the calculus 01' a mor-e advanced couJ'se. 

I. atir:OMMENDATIONS OF M.A.A. 

In 1960 the Mathematical Association of America {M.A.A.} 

~insalla, £E. £l!., p. 97. 
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presented its recommendations for the training of mathemat

ics teachers at every level, from the primary grades through 

the college SOPhoiUoreyear. 7 The key idea was that the 

amount of mathematics preparation should increase with the 

level or mathematics to be taught. To teach at the third 

level, grades 9-12, the teacher should have 33 semester 

hours of mathematics. This should include 9 in analysis, 

6 in geometry, 6 in abstract algebra, 6 in probability and 

statistics, and 6 electives. To teach at the fourth level, 

f~rades 12-1.4, or teaching such courses as elements of c81

culus, linear algebra, and pI'obabili ty, the teacher should 

have 54 semester hours. The additional hours should include 

3 more hours of both analysis and geometry end 15 more hours 

of electives. These recommendations were approved by the 

National Association of state Directors of Teacher Education 

and Certification and have helped upgrade the preparation of 
8

high school mathematics teachers •.. 

II. Prl1~~ARATION OF KANSAS TEACHERS 

The preparation of Kansas teachers compares fav

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

7i<lathematical Association of America t "Recommenda tiona 
of the Mathematical Association of America for the Training 
of Teachers of Mathematics,fl The American Mathematical 
Monthly, LXVII, No. 10 (December; I9bol, pp. 982-91. 

8 ~ Kinsella, 2£. cit., p. 9~. 
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conclusion waa baaed on l'etUX'neJ quest10nnaires received 

from ~J9 teachers of advanced ,r.l8the.tlcs in Kansaa h13h 

achools. Thea. teachers were teachlna sUbjects on tbe 

third end fourth levels ot' the M.A.A. repol-.t. 

;;;.;..tfuab....... of seme.ter bou.rl. 'lb. average number or hours
........... I·
 _ -... u 

of the f ••naa. t ••ehers va. 52. In grouplng the teaohere by 

school 81z., the results w.re as expect d. The teachera in 

I-A schools averaged ·a!mo.t 44 nOl.1ra while thole in 5..4\ 

aohoola bILl RO hours. The t ••ohere 1n 2-.& and 3-A achool. 

had about th3 saDle amount ot proparatlon. The largest JUMP 

was rro~ 4..A to 5-A sehoole, go1ng from 57 to 80 h~8_ 

The mlnl~u~ mandatory requtrement tor teacher oert 

ification 1n matbematios in Kans•• 18 18 hou~.. Only Z or 

the '39 teachera had the minlinu~ requIrement. Forty of the 

teachers. or about 17 p.r cent, we're under the .J3 hl'urs 

reoonuunded bl the M.A.'. for g'rade.9-12. Ot'th••• 40 

teachers, J' were t.ecn1ng 1n 1-4 or 2-A hl6b .chaola •.. 
Jiben questionnaires are .ent out, there are always 

SOLlie that are novel' re'tul·ned. The ressons tor not co~pl.t

ina; end retur-n1ne:; are never known. A l!Jtudy was made to ••e 

ii:' there would be all;; difference in preparat10n between 

the group of teaeh.u-s wbo returned the cards and those Who 

dl/:j not. 

There were lOe teachers or advanced mathematics in the 

schools wh1.ch did not respond. Theil'" name. were taken trom 
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the Principals Reports on file at the Kansas State Depart

ment of Education. The number of houri in mathematics 

comes from records in the Teacher Certification section. 

This will be the nU!llber of hours the teacher had when the 

certificate was granted. Therefore, it is possible that 

this number is not current. These teachers averaged 43.5 
hours which 1s 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 23 hours while the 5-A Bchools dropped 25 
hours. Table VI compares the hours of the two groups. 

TABLS VI 

AVrnAGE NUMBER OF SEMESTER HOURS IN MATHEMATIC S
 
OF KANSAS TEACHfftS lolHO HERE TEACHING ADVANC ED
 

MATHEMATICS COURSES IN 1970-71
 

" 
GROUP 

Teachers wno 
I-A 2-A J-A 4-A S-A 

ALL 
SCHOOLS 

returned 43.7 51.8 51.9 56.8 80.3 52.0 
~uestionn8ires 

eechers who 
did not return 
Questionnaires 

41.0 36.6 29.0 55.0 5.5.4 43.5 

I 

!!!!: £! ~ e..... 8..;;;t,,;;;i,.;,o..... course. The rapid change~. _m_8..;;;t..-h...M... s in 

mathematics has made it essential that teachers oontinually 

update their education. The teaoher. questioned were asked 

to give the year they had taken their last mathematics 

course. It was found that 12 teachers were currently en



2<5 

rolled in a course and 55 others had cornpleted courses in 

1970. Only 3 teachers, or slightly more than one per cent, 

had taken their last course prior to 1960. 

The data 1n regards to year of last mathematics course 

are presented in Figures 5 and 6. Figure 5 shows the number 

of teachers who had their last course in the given year. 

In Figure 6, the average number or years since the last 

course is compared according to school size. The alight 

difference among ~chools indicates that school size had no 

bearing on teachers returning to the college classroom. 

I I I • SUl-lHARY 

The results from the survey indicate tbat Kansas 

teachers are very well-prepared. The aver'age for the teach

ers questioned was 52 hours. This 1s only 2 hours under 

the 54 recorr~ended by the M.A.A. for teachers of advanced 

~ mathematics. The average wss lowered by teachers in the 

l-A schools. In the smaller schools, the teacher may not 

have majored or minored in msthernatics, but is teaching the 

course because no b9tter qualified teacher 1s available. 

Omitting the 1-A teachers, the average would be 56 hours. 

The survey also indicated that Kansas teachers are 

concerned with keeping their training updated. More than 

87 PSI' 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 chapter will deal with the opin

ions of teachers concerning the twelfth grade program. 

,
 



CHAPTER V 

WHICH TWELF'TH GRADE PROGRAM IS BEST? 

In no other secondary mathematics course does the 

opinion o~ the teacher influence the content as much a8 

in a twelfth grade course. This was evident from answers 

given on the questionnaires. Such e~pressiona as Il sec tions 

.from other texts which I feel are n.eded" or "selected top

ics from my college texts ll appeared on the cards. This in

dicated that most teachers were free to pick and choose 

content and textbooks. The content, length of ti1~ for each 

topic, and textbooks were selected upon the basis of what 

each teacher felt was most important. 

I. OPINIONS GIVEN ON SURVEY 

I.	 The teachers were asked this question, "In your opin

ion, which course best prepares students for college mathe

matics?1I Several choices were listed and 8 space was pro

vided for any additional choice to be written in. More 

than one-half of the teachers did not limit themselves to 

one choice. They believed that a combination of SUbjects 

should be taught. In compiling the data, the opinions of 

the 113 teachers who did list only one choice were given 

separate treatment. This information is presented in Table 

VII. The chosen subject. the number of teachers selecting 
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it, and the average number of semester hours in mathematios 

ere all given. It was noted that the ten teachers seleoting 

calculus had from 9-11 fewer hours than the teaohers in the 

other groups. 

TABLg VII 

OPINIONS OF 113 KANSAS TEACHERS REGARDING WHICH COURSE 
BEST PREPARES STUDENTS FOR COLLEGE MATHEMATICS AND 

AVERAGE NUMBER OJ!' SEMESTER HOURS IN MATHEMATICS 
FOR EACH GROUP 

SUBJECT CHOSEN NO. OF TEACHERS AVE. NO. OF 
SEM. HOURS 

Analysis 46 52 hours 

Trigonometry 32 48 hours 

Functions 19 53 hours 

Calculus 10 39 hours 

Analytio Geometry 6 56 hours 

I. 

A compilation was a180 made tor all subjects baaed on 

all 239 questionnaires. No distinction was Made between one 

choice or several choices. Each choice was counted once. 

Table VIII gives the total number of times each SUbject was 

checked. With tn. exception of algebra, the two subjects 

with the fewest votes were calculUB and probability and 

statistics. The algebra votes do not present a true picture 

since algebra had not been included on the card, and these 

22 votes were write-ins. 
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TABLE VIII 

SUBJ'"F.nTS CONSIDERED ESSENTIAL IN PREPARATION
 
FOR GOLLEGI~ ~.ATHEMATIC S (BASED ON A SUR


VEy OF 239 KABSAS TEACHERS)
 

SUBJECT NUMBER OF 
TIMF.S CREG KED 

! SUBJECT NUMBER OF 
TIMES CHECKED 

Trigonometry 

Analysis 

Functions 

131 

99 

88 " 

Limits 

Calculus 

Probe & Stat. 

54 

49 
26 

Analytie Geometry 75 " ~ i 
I Algebra 22 

The consensus of the teachers was that no one course 

was best, but that 8 twelfth grade course should include in

troductlons to several topics. Trigonometry, analysis, and 

functions were considered essential while a course in prob

ability and statistics could be omitted as far 8S college 
I. 

preparation was concerned. Only about one-fifth of the 

teachers believed that some calculus was necessary. This 

means that the Majority ot the teachers hold the viewpoint 

that pre-college Mathematics is pre-calculus mathematics. 

II. CURRENT LITERATmtE 

Calculus !!! ~ !'!!..E school. The question that orten 

arises in discussing the twelfth grade program is !1Should 

calculus be taught in the high schoolf tl This question must 

be answered by the individual school on the basis of whether 
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or not the school has an adequate number of students who oan 

profitably stUdy a minimum of one year of oalculus, and 

whether there is a qualified teaoher for the course. Jerry 

McIntosh and Philip Peak of Indiana University give some 

guidelines for the Bchool considering teaching caloulus. If 

the school has suitable students and teacher for the oourse, 

if the sehool's enrollment is sbout 1,000, and if it offers 

B comprehensive instructional program, then it oan provide a 

quality course in calculus. From 4 to 10 per cent or the 

seniors in an academic high school should probably be enroll
9 

ad in calculus. 

Albert A. Blank of the Courant Institute of Mathemati

cal Sciences, New York, claims that we no longer need to ar

gue the ease for calculus. The case has been made and people 

are convinced. He then gives tne following reasons for cal
10

oulus to be in the high Bohool: 

J.	 ~aloulus is a natural cap to the high school cur
riculum. It reinforces by utilization all the concepts 
end techniques learned earlier. In its manipulative 
and problem-solving aspects the calculus is entirely in 
the spirit of secondary mathematics. No alternative to 
the calculus is superior for opening 90 many avenues to 
higher mathematics, to physicsl sciences and technology. 
and even to the biological, management, and social 
sciences. 

9Jerry McIntosh and Philip Peak, IIMaterial of In
struction," The Continuins: Revolution in Mathematics (1rJ8Sh
ington = The litionsl Council of Teacners of Miiithe.matlcs, 
196b), p. 157. 

lOAlbert A. Blank, J'The Case for Calculus, 11 The 
Twelfth-Grade pre-CoIle,s Mathematics Pro~ram (WashIng
ton: The NatIonal Caunc 1 of Teachers ot i.s£hematics, 1965), 
p. 13. 
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Dr. Blank, who helped write the SMSG calculus text, 

believes that the high school textbook should be rigorous, 

yet not ignore applications. He claims that the SMSG text 

could serve 8S a honors course in many colleges. 

Arthur P. Mattuck of the Massachusetts Institute of 

Technology disagrees with this viewpoint. He believes that 

9 first course in high school calculus is no place for math

ematioal rigor. He states that a course does not have to be 

rigorous to be good mathematics. He further states that a 

good pre-calculus oourse should come first. He suggests 8 

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 meaning~l. Calculus should be taught only it there is 

still time after the student has 8n adequate baokground in 
11

pre-calculus mathematics. 

I. Probabilitl ~ statistics. A high school course in 

probability has many supporters. Even severe critics of 

changes in sohool mathematics will concede the importance of 

this subject for our time. The Commission on Mathematics of 

the GE;."EB believed that for oollege-capable students wi th 

interests in the biological, behavioral, and social sciences. 

llArthur P. Mattuck, "Some Remarks About the Calculus 
Course for Grade Twelve," The Twelfth Grade fre-colle~e Math
ematics profCam (Washingtonr-Tfia Natrona! Council ofaacners 
of Mathemat cs, 1965). PP. 16-17. 
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probability and statistics had more interest value and ap

plications than courses slanted in the direction of calculus 

and analysis. 

Franklin A. Graybill of Colorado state University 

discussed probability and statistics tor grade twelve at the 

joint meetin3 of the Mathematical Association of America and 

the National Council of Teachers at Mathematics in 1965. He 

recommended that it there were a cboice between teaching 

probability and calculus, probability should be taught. He 

also recommended that probability, based on set theoretical 

ideas only, not be taught 8S 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 

statistics be made available to twelfth grade students as 

12 
an elective. 

A course covering several topics. ~everal schoolsJ. 

have experimented with 8 course which consists of s series 

of units haVing little if any logical or organic inter

relation. One model for such e course is the Mathematics 

12X Program, developed by the State Department of Education 

12Frank1in A. Graybill, "Probability and Statistics 
for Grade 12,1: ~ Twelfth Grade pre-COIle,s Mathematics Pro
'!:ram (Washington: The NatIonal eouncli or eachers or MStn=
;matics, 1965), PP. 28-29. 
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of the 3tate of New York. The intent of suoh a course is to 
13 

open doors and to indicate vistas in higher mathematics. 

McIntosh and Peak would disagree with the teaching of 

loony topics. They claim that the most important consider

ation in selecting mathematios oontent for the last year of 

school mathematics is that it 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

14urel elements as a man-made check and balance system. 

They recommended the following a8 topics that lend them

selves to study in depth; probability and statistics, alg

ebra structures, linear algebra, and geometry. The geometry 

course should be an axiomatic appraisal of several kinds of 

geometry. 

The teacber of advanced mathematics must face and 

, answer the question of what to teach in the senior year. 

Huch more content has been proposed than can possibly- be 

taught. The answer can be found by carefully considering 

all factors involved. What 1s the ability of the students? 

,,;That are their plans for the future? What type of msthe

l3Julius H. Hlavaty and Harry D. Ruderman, l!Iiow Pro
vide for the Hathematically Talented?", The GOntinuinf Hevo
lution ~ Mathematics (Washi~ston: The NitTonal Counc l-or
Teachers of Mathematics, 1963), p. 108. 

H~r-lclntosh and Peak, ££. ill,., p. 158. 
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Uletical background do they have? How much time is provided? 

In what ar'eae is the teacher best qualified? ':ihat is the 

philosophy of the mathematics department? The answers to 

these questions and others will aid the teacher in planning 

and teachln~ e twelfth grade course. 

A 
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SUMMARY AND CONCLUSIONS 

It has always been assumed in American education that 

public schools exist to serve the needs of all the children 

of all the people. It is doubtrul if the new high school 

mathematios programs are in agreement with this aim. These 

pr'ograms Bre definitely conoerned with the college-capable 

student. It has been estimated that over the nation as a 

whole, the college-capable constitute about one-fourth of 
15the students. And even among this group, there are 

different levels of ability. They will not all learn math

ematios at the S8me rate. 

Schools have partially solved this problem by offering 

two or more Htracks.:' The needs of the most talented seg

/. ment of the twelfth grade are met by the Advanced Placement 

Program. These students are recognized early and are placed 

in an accelerated program. \inen they enter college, they 

will have completed a year or more of calculus. Another 

program is provided tor the college-bound student who plans 

to begin his college work with caleulus. And still another 

"track ll is followed by the under-achiever in mathematics. 

But this solution does not help the smaller high 

schools. It is impossible to ofter two "tracks 11 when the 

15Kinsella, 2£. cit., p. 101. 
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average enrollment of the tHelfth gl'sde course is four 

stuJents. One writer claimed that F.i hi;:::h school needed 1,000 

16
students to offer a quality course in calculus. In Kansas, 

thel~e are 3)9 public high schools with enrollments under 

1.000. '/Jhile 1,000 stuJents ma:r be too high, there ~uust be 

enough students to provide two programs so the talented 

stuJent can cOi:aplete his pre-calculus work berOI's the twslt'th 

crade. 

1)3 LUb this r~easoning, it would see.n best fol' small 

ht~h schools to offer a pre-calculus course. In i~dnsas I-A 

schools, the avera3B enrollment in aJvanceJ mathematics was 

4.5 stUdents. In 2-A schools, it was 5.7 students. And 

even in 8 small class, there will be different leveln of 

C1bi,lttJ. The teacl,er can bent decide what the cow'se content 

shoul::} be. He knows the abili ty and backi;round of the 

:, tuJentn. 

;.I'het-welf'th grade course :nust include adequate work 
.. 

\'Ji th l'lfficti':)ns /-3nJ variables to give the stuJent the needed 

e~:peri.ence 3nj store of e,'temples for' his calculus COUl'se. A 

e():i:fJon pi tEall is incluJing too L:1any topics in the twelfth 

Grade course. It is possible that in trying to cover so 

much:nater'La 1 in a year IS tLn6 the student does not have 

& thoPout.::h understandine; or "good feeliIl6~ Lor' any of' it. 

16~':cIntosh anJ Pe,:JI{, lac. cit. 
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I. SmlfHAHY OF1 SUHVEY RESULTS 

The data from the survey indicated that some of the 

recommendations of the national groups in mathematics are 

ret'lected in the Kansas pl'ogre!11. Some of' the recommended 

topics, such ss functions, inequalities, vectors, and com

plex numbers have been integrated into the courses. And 

as recommended by the Commission on Mathematics of the CEEa, 

the objective of most Kansas prograMS is to prepare the stu

dent tor college mathematics at the level of calculus. 

The most popular courses for the twelfth grade in 

KanSBS were analysis and trigonometry. Trigonometry still 

remains as a separate course. This is true, not only in 
17Kansas but in other states. The major problem seems to be 

lack of time in the junior year to cover extensively both 

algebra and trigonometry. Perhaps in the future, trigonome

try will be presented in the elementary grades and spiraled 

~ teaching will eliminate the necessity of a separate course. 

Kansas has around 5,500 students enrolled in advanced 

mathematics or 16 per cent of all seniors. This number com

pares favorably with the estimate given by James Bryant Con

ant. He wrote in 8 national article in 1959: 

17John W. Alspaugh, R.D. Kerr and Robert E. Reys, IICur_ 
riculu!f1 Change in .secondary School Ha thematic!,!l School 
Science ~ Mathematics, (February. 1970), pp. 171-113. 
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I a:n convinced that on a national basis sornethin; 
like lr~ pep cent of the youth of high school ale have 
the ability to study effectively and rewardingly aJ
vance1 :.r.!othernatics, scLence, anJ a foreisjn lan:::uage.18 

Kansas teachers of advanced lTIl:lthemattcs Bre wel1

J:n·ep:H·ec1. They h3ve sn 81e('oge of ~)2 SEhr16ster' hours in 

mathemstics and more than 96 per cent have taken mathematics 

courses within the past ten years. i~e size of school does 

affect the nu~ber of hours, with teachers in the 5-A schools 

8versfing 36 hours more than the teachers in the I-A schools. 

HOHever the size of school did not seem to have an-;j' bearing 

on takin3 adjltional work in Mathematics. 

The majority of the teachers favored a twelfth grade 

course that covers a variety of topics. The emphasis 

should be on ~ctions, but a solid background in trieonome

tr~ was jeemed essential. 

II. SUGGESTIONS F'OH FUJ.THE11 STUDY 

This stu,1y of twelfth grade mathe~llAtics was considered 
\-

fl'jtn the teacher's viewpoint. It 'w9S concerned not only i-iith 

}dnds of cour'ses and number of students, but wi th the pre

paration and ortniona of the teachers. An effective cow:,se 

is jUd~ed by the knowledge end skill of the students who 

complete it. If the question, IlWhieh course moat adequately 

prepares student! for college !nathe,matics?" 1s to be answer-ed, 

then it should be considered from the studentls viewpoint. 

1J T ", 1(James Bryant Conant,·! Herd Loo',;, at Our H gh 
~'·",\.-,"·-1 '" 'T".,,· ~") (Feb"'uan,.. ":l lQrr)) np ?l- ~.""..,' .~., L... -.1 •.J __ •..1 t -~~~ \...... -'..1 ...... , l-.) - v.:.. _ ,! -', .I ~ _ , ..,J. -l ./ c: • 

. 
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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 end would include only those freshmen who 

had graduated 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 so oomparison could be made by 

school size. From s list of topics common to twelfth grade 

mathematics, the student would check the ones covered and 

indicate to what extent. He would also be Bsked the grade 

received in hie high school oourse. 

In relation to his oollege 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 asked to evaluate (1) the amount of ap

plications of mathematical ideas, (2) the amount of time spent 

in acquiring skills in computation, and (3) the rigor of the 

course. He also would be Isked tor any suggestions he might 

•	 have for changes in the high school program. 

A survey of this nature would give 80me indication 

as to whether the present program is rulfilling its purpose. 

The twelfth grade mathematios program will continue 

to change. There will be more experimentsl texts and teach

ing. The advanced thinking of the Cambridge Conference Report 

may well be the guideline for the future. At any rate, 

downward movement of course content can be expected. And if 
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the present trend continues, the mathematics courses will 

be leas compartmentalized) more integrated and spiraled. 

The college freshman of the future may begin his college 

work with courses his father took at the graduate level. 

~ 
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