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CHAPTER I

INTRODUCTION

1.1 Stetement of the problem. In recent years,
great emphasis has been placed on the revision of the
mathematics eurriculum, In September, 1957, a pamphlet
published by the Commigsion on Mathematics of the College

Entrance Examination Board made these comments on cure

rieculum revision and teacher proparation:l

An important consideration in any discussion of
curricular revigion in mathematics 1ls the availa=
bility of teachers able and willing to offer instruc-
tion in the subject matter included in the curriculum

“ end to give it the spirit of contemporary mathe-
matics,

Almost from its inception, the commission has
pointed out that nelther its recommendations nor
those of any other group can be accepted, acted upon,
and implemented except by the efforts of teachers of
mathematics throughout the country.

Only a small percentage of teachers can possibly
have had the up-to-date training required for the
task, Only those who have begun their teaching
careers recently have had an opportunity to take
modern college courges, and even many of these
teachers have had collegiate training of a more
traditional character,

If teachers are going to accept this addition of
new mathematics into the curriculum, they will find it

1Gmmnission on Mathematics of the College Ene

trance Examination Board, The Ed on of Second
Sehool Mathematics Tegob‘ggﬂe%‘?mp-p-.tgx
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necessary to become more familiar with the new mathematics
and become better prepared nloné those lines,

Some of the ways a teacher can become better pre-
pared are as follows: (1) by addltional course work dur-
ing the sumﬁor months at their own expense, (2) by
applying for and receiving scholarships to in-service
and summer ingtitutes sponsored by the Naticnal Sclence
Foundation, (3) reading professional journals received
through belonging to professional orgenizations, and (l)
receiving literature from committees such as the School
Mathematies Study Group (SMSG), or the Commission on
Mathematies of the College Entrance Examingtion Board,

In summary, the problem may be stated briefly
as a study of the effect of new mathematies on teacher
preparat ion,

1,2 Purpose of the Study. Thls study will attempt
to answer some of the questions which have arisen since
this new emphasis has been placed on mathematics, Some of
these questions aret

l, How has the mathematics curriculum already
been affected?

2, What are the recommendations of the schools
of Kansas who prepare her teachers?

3. How well prepared are the teachers in 1960
as compared to 1957 wlth respect to the total col-
lege hours held?
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e What is the training of the teachers wlth
regpect to the kinds of degrees held and their ade
vancement toward new degrees?

5. When and what has been thelr most recent
training and in what direction has that training
been?

6. Are the teachers perticipating in in-ser=-
vice and summer institutes sponsored by the Wational
Science Foundetion?

7. How well do the teachers satisf{y the levels
recently set forth by the CUPM of the Mathematlecs
Assoclation of Americe?

1.3 Definition of Termss The term "mathematics

teacher" as used In this thesis will refer only to those
teachers teaching full-time mathematiecs in Class A publie
high schools of Kansas with an enrollment of 200 or more
students,

"New Methematics" does not necessarily infer the
mathematic s has been discovered recently, but will refer
te the new courses belng offered at the high school level
as well as the new ldeas aend toplcs that are being intro-
duced into the traditional courses.

"Mathematics Curriculum" refers to the mathematics
for the college bound students,s This thesls in no way
minimizes the importance of mathematies for the non=-
college bound student,

l.t Limitations. This study is limited in many

ways., First, it 1s limited to the number of respbnses

recelved in answer to the letter sent to the heads of the
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mathematic departments of Kansas who are assigned the task

of preparing her mathematics teachers, BSecondly, it 1ls
limited to the number of mathematics teachers who completed
and returned the questionnalre thet was sent to them,

Twelve of the twenty heads of mathematics depart-
ments replied to the letter sent to them requesting thelr
recommendations for the necessary course work to prepare
a teacher to teach the new mathematics,

Of the 285 mathematics teachers contacted, only
153 teachers returned their questionnaires, This gave a
regsponse of 52% of the teachers contacted, Three of these
had to be ommitted due to inaccuracy in filling out the
questionnaire, In some of the tables, there will be less
than 150 teachers included due to inaccuracy in filling
out that part of the questionnaire,

It is regrettable that more teachers could not
find the few minutes of time necessary to fi1ll out the
questionnaires 1f they had, very definite conclusions
could have been made,

1,5 Method of Procedure. An issue of The Emporia
State Research Studles published by Kansas State Teachers
College of Emporia written by John M, Burger, was examined

to find the colleges and universities of Kangas preparing



her mathematics teachers,2
g R The heads of the mathematics departments were

then sent e letter asking them to glve theilr recommenda=-
tions for teacher preparation in the realm of the new
mathematics,

The high school prineipals organization reports
on file In the accreditation office of the State of Kmnsas
Department of Publie Instruetion were then examined to
find the names and addresses of the mathematics teachers
of Kensas., A questionnalre wes sent to each of the 285
mathematics teachers asking them to fill in the necessary
infarmation and return the questionnaire in the enclosed
gelf addressed, stamped envelope, As was stated pre-
viously, only 153 teachers responded limiting the scope
of thils study econsiderably,

A copy of the letter sent to the department heads,
to the mathematics teachers, eand the questionnaire the
teachers were asked to fill out and return appears in the
appendix of this thesis,

1,6 Related Studies, Previous studies of a compar-

able nature made at Emporia are:t Weldon V, Baker and Merle

E, Brooks, "Background and Academie Preparation of the

2Dr. John M, Burger, Backsround and Academic
Preparation of the Mathematics Teachers in the Publlic
HIEE !ohooIi of Kenses, 195(-1950, Emporie State Re=-

gsearec tudies, D. .
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Teachers of Sclence in the High Schools of Kensas, 1955«56";
Harold V, Sare, "Background and Academic Preparation of the
Soclal Science Temchers in the High Schools of Kensas,
1956-57"; and John M, Burger, "Background end Academiec
Prepa.ration.of the Mathematics Teaschers In the Publie

High Schools of Kansas, 1957-58,"

1,7 Orpenization of the Thesls, Chapter II con-
tains a table showing the kinds of courses that were taught
by the mathematics teachers during the school year 1960-61,
The table 1s used to show the number of students enrolled
in the varlous courses, the number of teachers for the
courses and number of classes being taught. It 1s also
used to show new courses being offered at the high school
level,

As has been stated, teacher preparatlon is very
important to the success or fallure of a curriculum re-
vision, Chepter III shows the recommendations of the
colleges and universities of Kansas that prepare her
mathematics teachers as well as the recommendat ions of
the Commission on Mathematies.

Chapter IV contains a table showing how well the
mathemat ics teachers have been preparing themselves since
1957.

Questions that arise when camsidering teacher
preparation are (1) what kinds of degrees do the teachers
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hold, and (2) what kinds of degrees are they working for?
Chapter V contains three tables, one showing the kinds of
degrees held by the mathematics teachers and two tables
showing the directiocn the teachers are taking when working
towards a higher degree,

In order to show that the mathematlics teachers have
recognized the importance of the new mathema tics, Chapter VI
containg tables showlng the kinds of courses the teachers
have taken durinpg thelr entire schocling and two tables
show that most of the recent schoolling has been along the
lines of the new mathematies,

The National Science Foundation as well as other
organizatlions have made it posgsible within the past few
years for a teacher to receive a stipend for attending
Ingtitutes sponsored by the organlzationg, Chapter VII
shows how well the teachers have responded tc this op~
portunity to further their educatlon,

In January, 1961, the Mathematics Assoclation of
America presented a new eriterlion about teacher preparaticn
with emphasis on the new mathematles. Chapter VIII presents
a summary of those recommendations as well as showing how
well the teachers satlsf{y those recommendations, What the
teachers lack to fulfill the recommendations are also con=-

tained in this chapter,
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The final chspter, Chapter IX, presents a summary
of this thesis end the conclusions based on the Iinforma-
tion presented in the previous chapters,




CHAPTER II
CURRICULUM TAUGHT BY TEACHERS

This chapter contains a table sghowing the mathee
maties curriculum offered at the schoocls where the mathe-
matics teachers taught., The table 1s based on the replies
of 115 teachers correctly completing that portion of the
guestionnaire, The table shows the number of students
enrolled in each course, the approximate number of classes,
and the number of teachers for each course,

An aversge of 25 per cent of the t eachers neglec=
* ted to put down the number of classes taught in each
course, The approximate number of classes was estimated
in the following manner:

1l - 30 students - 1 class
31 = 60 students - 2 classes
61 « 90 students = 3 classes
91 = 120 students - ! classes
121 = 150 students = 5 classes
If a teacher listed a total of 56 students en=

rolled in Algebra, 1t was consldered he taught two classes
of Algebra, ’
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In a pamphlet copyrighted in 1958, the Commission
on Mathematics states:3

The traditional secondary school program in mathe-
matics, made up of elementary algebra, plane geometry,
intermediate algebra, solld geometry, trigonometry and
advanced elgebra consists entirely of mathemat ics de-
veloped over 300 years ago, gradually introduced into
the schools over the past 150 years and crystallized
into essentially its present form spproximately 60 years
ago, The subjJect matter chosen and the presentation
organized Iin accordance with an attitude toward mathe-
maties that 1s now entiquated and has been dlscarded
by present day working mathematiclans. The curriculum
containg obsolete materlial and instead of being oriented
to the needs of the second half of the twentieth cen-
tury, 1s designed to meet the needs of sclence and tech-
nology as these needs existed some 75 years ago.

Thls study does not attempt to show what should be
contained in a revised curriculum, The table shows only
that a revigion of the mathematics curriculum 1s in prog-
ress, by the introduction of new courses into the mathe~
matics curriculum of the secondery schools contacted, This
introduction of new courses into the curriculum has made
it necessary for the teachers of mathematlecs to become

better prepared IiIn their teaching field,

3commiaaion on Mathematics of the College Entrance

Exemination Board, Modernizing the Mathematics Curriculum,
New York' 1958, Pe 2l.
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Table I ghows the effect of new mathematies on the
curriculum of the secondary schools of the responding
teachers, It shows new courses appearing along with the
traditional cowrses as described by the Commisslion on
Mathematles, such courses as a combined course in plane
and solid peometry, eliminating waste material from each
course, Calculus and Analytiecs, as a combined course,
has been introduced at the high school level by some
schools showing an increased preparation by the high
school student, A course in Probability and Statistical
Inference has also been introduced at the secondary level
within the past few years,

Other courses not included in the table are Prine
c¢iples of Mathematics, Modern Mathematics and Beginning
Analysigs One one class was offered in Modern Mathe=
matics to 25 students, two elasses of Principles of
Mathematics was offered to 21 students, and two classes
of Beginning Analysis was of fered to 25 students,

Table I alsc shows a high enrollment in the col=

lege preparatory mathematlics courses indicating a deslire

of students to become more proficient in mathematics in
the place of just satisfying the state requirement of one
mathematies course for graduation, This 1s exemplifiled
by only 1,38l students enrolled in General Mathematics as
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compared to the li,385 students enrolled in Elementery
Algebra and 5,09k students enrolled in Geometry.

The increased number of students in Geometry ine
dicates the drop out of mathematiecs students between
Beginning Algebra and Geometry is not as great as it
has been in the past,

The following statement appears in a pamphlet
published by the Commigsion on Mathematies in Octobepr,
19571+

It is essential that the potential sclentist

or engineer study mathematiecs throughout his full
four years of high school, for only then can he en=-
ter a college, university, or engineering school
properly equipped to handle the teechnical courses
which he must master. Students plamning to major
in other subjeects in college will find that the
mathema tical requirements of most flelds have
sharply risen in recent years,

Although the enrollment in the courses in higher
mathematies 1s less than that in the beginning courses,
1t is still substantial enough to indicete some students
are continuing with the advanced programs offered by the
schools, These advanced progreams should prepare those

students for thelr college work,

hCammilsion on Mathematics of the College Entrance
Examinat ion Board, Objectives of the Commigsion on Mathe=-
matics of the Collepge trance Examingtion Board, New York,
2 DP» .
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Teble I does not include courses for the non=-
college bound student, Examples of these courses are
General Mathematics II, Refresher Arithmetic, Consumers
Mathematics and Business Arithmetle.




CHAPTER III

RECOMMENDATIONS FOR TEACHER PREPARATION

In a report of the Commigsion on Mathematies of
the College Eritrance Examination Board, copyrighted 1959,
the following statement was madesd

Future graduates of institutions engaged in

teacher education must not find it necessary to
£111 gaps in their training, It is imperative
that the under-graduate programg of such insgtitu=
tions be modified at once to provide a sound back-
ground of contemporary mathematical material and
to produce teachers adequately equipped to deal
with the new curriculer patterns.

It was ettempted in this chapter to ghow what the
colleges and universitles of Kansas, who prepere the
mathematice teachers, are doing to satlafy the above state-
ment made by the Commission,

In order to find what the institubtions are doing
towards this purpose, a letter was sent to the heads of
the mathematics departments of the institutions listed in
Table II, The persons contacted were asked for their
recormendations as to the courses necegsary to prepare a
teacher to teach the new mathematics, The letters were

gent during the latter part of the summer session at

Scomminaicn on Mathematies of the College Entrance

Exgminatlion Board. nggggg for College FPreparatory Mathe=-
matics, New York, 1959, Dp. 1
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This may be the reason only 13 of tle 20 persons

urned thelr recommendations,
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TABLE IX
PERSONS AND SCHOOLS CONTACTED

# Professor Ronald G, Smith Pittsburg 3tate College
# Professor John M, Burger Kansae State Teachers College

Professor Willian C, Foreman Baker Univergity

# Professor Jean Jenking Betheny College

# Professor Arncold M, Wedel Bethal College
Professor Ancil R, Thomas Friends University

# Prof'essor Gllbert Ulmer University of Kansaas

# Professor Robert H, Thompson Sterling College
# Professor Leonard L, Laws Southwestern College

# Professor Mary Nicholas Arnoldy Marymount College

Professor Kenneth S, Carman Kansas Wesleyan University

# Professor Joseph L, Bowman MePherson College

# Professor P, S, Pretz 5%, Benedict's College
Professor Helen Sullivan Mount Scholastica College

# Professor W, David Bemmels Ottawa University
Professor John R, Sherman College of Emporia

# Professor R, G, Sanger Kensas State Collepge
Professor Paul Eberhart Hashburn'Untverslty
Professor W, Toalson t., Hays State College

# Professor C, B, Read Wichita Unlversity

# Deaipgnates the persons answering request




18

The responses of the department heads were varled,

All department heads agreed that courses up to and inclu-
ding Integral Caleulus should be required., Eight of the
twelve responding required combined courses in Caleculus
and Analytics in place of the traditlonal courses of
Anglyticel Geometry, Differential Calculus end Integral
Caleulus, Beyond the Caleulus, the recommended courses
were vaerled as to names and types of courses.

Table III shows the recommendations of the depart-
ment heads beyond Calculus, The table shows the number
of hours beyond the Calculus and the courses from which
the selectlons should be made,

Included in the table are the recommendations

set forth by the Commission on Mntbemtic:.6

GGommilsion on Mathematics of the College Entrance

Examination Board, Pro for College Preparatory Mathe-
tics, New York,'!.‘) > Ps 51s
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TABLE III
RECOMMENDATICONS FOR TEACHER PREPARATION

e .o ¢ . 1o E
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Number of hours _ :
beyond Caleculus 2, 1 15 92012 517 12 15 12 2, 12
ADDITIONAL COURSES SELECTED FROM THE FOLLOWING$

Adv, Calculus x X x z x X x x 8
+ NHoneEueclideen Geo, X X X X X X X X x9
History of Math. X X x 4 X x x 8
Diff, Equations x X X X X X X 7
Modern Algebra x X = x X x x7
Prob, & Stat, X X x 3
College Geo, 2 x x 3
Statisties b 4 L
Theory of Wumbers x x 2
Theory of Equations X Z x3
Higher Algebra X x x X 2
Logie 2 = ) L
Finite Math. x 1l
Fund. Concepts x x x 3
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Table III includes only the mathematles courses
reconmended by the responding department heads, Almost

all recommended some kind of a methods course in teaching
mathematics,” but the names were so varled, it was hard to
determine whether the course belonged in the mathematics
curriculum or the education curriculum,

Taking the courses recommended the preater numbepr
of times In Table III, a strong preparatary program for
the teaching of mathematics would be as follows: Twenty=-
one college hours beyond the calculus and analytics cone
sisting of Advanced Caleulus which received eight recom=
mendations, Nonebueclidean CGeometry which received nine
recommendations, Hlstory of Mathemetlics which received
eight recommendations, Differentlel Equations which ree
ceived geven recommendatlong, Modern Algebra which ree-
celved seven recommendations,; Probabllity and Statistical
Inference which received seven recommendations and Logle
which received seven recommendaticns,

Although Probability and Statistlcs received only
three recommendations itself, when grouped with the four
recommendations for Statistlcs, the total trecommendations
would be seven, The same 1s true for Logle. Logle it:eir

received only four recommendations but when ecmsldering the
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course content of Finite Mathematics and Fundamental Cone
cepts, it could be considered Logile recelived a total of
seven recommendations,

It ut_mld be interesting to note here how well the
above recommended program more than utiufiu Level II of
the recommendations of the Mathematics Association of Amer=-
ica, The Mathematics Assoclations of America's recormenda=
tions are taken up in Chapter VIII of this study and were
published in 1961, while the recommendations of the heads
of the departments were made in the summer of 1959,




CHAPTER IV
TOTAL COLLEGE HOURS

This chapter eontains a table showing the prepara-
tion of the mathematiecs teachers with resgpect to total

numb_ar of college hours, It was felt that the table would
show how well the teachers have accepted the responsibility
of ﬁeooming better prepared if the total hours for 1957 and
1960 would be conteined in the table.

| TABLE IV

URS TEACHERS 957 1

0=-9 ik 0
10 - 19 16 5
20 - 29 33 25
30 = 39 32 39
4o = 49 15 17
50 = 59 ) 18
60 « 69 1 113
70 = 79 2 10
80 -« 89 1 . 5
90 - 99 0 1
100 -« above 1 1

TOTAL 131 135
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0f the total 150 teachers returning their questione
nalires, 15 had to be discounted for the preceding table,
Eleven teachers indicated the courses they had talen by
check marks qnd four had discrepencies as to the value in
number of hours of the courses they took, The total num-
ber of hours for these 15 teachers could not be determined
and were not ineluded,

The discrepency in Table IV of 131 teachers in 1957
and 135 teachers in 1960 was accounted for by four teachers
who indicated only the total number of hours and not the
year the courses were taken, Tlese four were placed in the
year 1960 due to the fact that the number of hours they had
in 1957 eould not be detemined,

O0f the 1l teachers in the Q0 = 9 group for 1957, the
teachers indicated thelr first mathematics course was taken
in 1959, four teachers indicated their first mathematiecs
course was taken in 1958 and five indicated their first
mathemat ies course was taken in 1957.

Teble IV shows a definite Increase in the prepara-
tion of the mathematics teachers with respect to the total
number of college hours in mathematlies from 1957 to 1960,
This inerease would be more apparent had the groups been made
smaller, Eighteen of tile teachers had increased thelr nume
ber of hours by additional course wark but not enough to
change to a higher group.
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An example of this was one teacher in the group
30 « 39 with 30 hours of mathematics in 1957 end 36 hours
of mathematics in 1960,

!'hrog questions that arise from the table are:
(1) What kinds of degrees do the teachers hold?; (2) When
was their most recent training?; (3) What has been the di-
rection. of thelr advenced training? The answers to these
three questions will be given in later chapters,




CHAPTER V
DEGREES HELD

In Chapter IV, Table IV revealed the mathematies
teachers were, on the whole, well qualified with respect
to total college hours in mathematiecs. One question arls=
ing from the table was: "What kinds of degrees do these
teachers hold?" That questlion will be answered here by
Table V showing the kinds of degrees held by the respone
ding teachers and thelr major fields.

Within the past few years, many schools have
placed great emphesis on the higher degrees, Thls emphasis
cen be seen by obtaining and examining the salary schedules
from different schools. These salary schedules sghow a
higher salary for those teachers with the higher deprees,
In many cases, the schedules do not specify the major
field the teacher muast have with the higher degree. For
this reason, 1t was felt necessary to include in Table V
the major flelds of the teachers as well as the degree
held.

With emphasis being placed only on the higher dee
gree, end not on the major field, there has been a tendency
for some teachers to choose some fleld other than mathema-

tics for thelr major fileld,
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0f the 150 teachers replying, one teacher neglected
to £111 in thig portion of the questionnalire end therefore
eould not be included in Teble V,

Upon examining Table V, 1t is found that 8l of the
149 teachers holds a Masters Degree whille 65 of the teachers
held only a Bachelors Degree,

Of the 65 teachers holding a Bachelors Degree, it
was found that 51 or 78 per cent majored in Mathematics.
In the case of the Mesters Degree, it was found that only
39 or 116 per cent of the teachers majored in Mathematics
or a combination major of Mathematies and Education, Forty-
three per cent of the remaining 56 per cent with a Masters
Degree majored in either Education or Administration lsaving
11 per cent of the teachers majoring in some other field,

Because of the high percentage of teachers changing
their ma jor flelds uwhen working for a Masters Degree, it
was felt necessary to investipate the direction those teach-
ers with Bachelor Degrees were taking when working towards
a higher degree,

Table VI-A shows the number of hours the 65 teachers
had obtaine d toward a higher degree while Tabls VI-B shows
the major field declared by the teachers,
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TABLE VIeA TABLE VIeB
HOURS TOWARDS
HIGHER DEGREE DECLARED MA JORS
Wumber of Number of Wumber of
Hours Teachers Ma jor Teachers
0= 1 23 Tone 25
5= 9 Vi1 Mathematics 27
10=1); 5 Math,=Edue, 3
15«19 6 Administration 2
20=2l; 8 Physlcs 1
25«29 5 Education L
30«above I Guldance 2
TOTAL 65 Library 1
TOTAL 65

In Table VI-A, eighteen teachers had not completed
eny work towards a higher degree, FEleven of these teachers
had graduated from college within the last two years, leave
Ing little opportunity for work towards a higher degree.

Table VI-B shows that 75 per cent of those declaring
major fields are continuing thelr work in Mathematics or a
combination major of Mathematlies and Education, Only 20
per cent of the teachers have declared Educatlon, Adminigtra=-
tion or Guidance as their major fleld, Considering some
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teachers may choose Administration or Guidance for thelr
life work, 20 per cent does not geem too high a percentage
of change in majors,

It is believed the new emphasis being placed on
mathematics is the reason more of the teachers are remein-
ing in their ma jor field of mathematics,

Another reason for people continuing their work in
mathematies i1s probably due to the availability of in-service
and summer Institutes sponsored by the National Secilence
Foundations and other organizations, How well the teachers
have responded to this opportunity will be taken up in
Chapter VII,




CHAPTER VI
COURSES TAKEN BY TEACHERS

This chapter contains tables to answer the two
remaining questions posed in Chapter IV, 1. When was
the most recent training of the teachers? 2., What has
been the most recent training of the teachers?

In answer to question 1, it was found that 38 or
26 per cent of the teachers indicated the year 1957; 15
or 10,3 per cent indicated the year 1958; 29 or 19,9 per
cont indicated the year 1960 as the last year they were
enrolled in a mathematlcs course,

Because the treining of the teachers has been re-
ecent, question 2 becomes an important consideration, In
order to answer question 2, Table VII-A was constructed
to show the kinds of courses enrolled in, the year a
teacher was enrolled In a particular ccurse, the total
teachers enrolled in any particular course, the number
of teachers enrolling in the course during the years 1957
or before and the number of teachers enrolled in that
course since 1957, To further emphasize the direction
the training has taken, included in Table VII-A is the
per cent of teachers enrolled in the years previous to
1958 and the per cent of teachers enrolled in the same
course in 1958 or after,
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Because only six persons had not completed the
courseés up to Integral Calculus, they were not included
in the teble, Also not included in the table of the
original 150.touhon were the four teachers who indicated
only the total number of hours and not the individual
courses,

To obtain the percentage of teachers enrolled in
each course for the years previous to 1958, the total 146
teachers was used, and to obtain the percentage of teachers
enrolled in 1958 or after,100 teachers were used as the

totel since 38 teachers had not enrolled in a course since

1957,

p——




TABLE VII=-A
COURSES TAKEH BY TEACHERS

1957 % 1958 1959 1960 Total Since %
to 1957 of

1&6 1960 108

Abstract Algebra (Mod,) 15-1# 11,0 12 20-1#d;-1# TL=3#56=2¢ 53,7
Higher Alrebra 29 19.9 5 6 0 1 10.2
Theory of Equations 66 Lt 8 5 2 15 13,9
Finite Mathematics L=l S 8.9 8 27qu*23 21.3
Group Theory Z.g L'. 2 1 11 6.5
Functions and Limits 3=l L, 0 l-la 2-3* 7= h-h* 7.4
Theory of Sets g 2.3 2 3 i) 10,2
Theory of Numbers %.1 2=1:2 i3 U=l 8-1* 8.3
College CGeometry 38 26,0 5 5 % 52 1% 13.0
Modern Ceometry 11 7 5 S 29 1 16,
Solid Anal, Ceometry 3% 2&.2 2 1 0 37 26
Higher Geometry «1l# Dh,1l 2 lelwl w2t Lel®t L,6
Projective Geometry 31 21,2 2 2 2 37 5.6
Non-Euelidian Geometry L 2:7 L 6 2 16 12 11.1
History of Mathematies 59 o0 2 9 6 76 17 15,7
Methods of Teaching |

Mathematics 86=30% it QuBit 11-8% 520 111 =181 2510 st |
Pundamental Concepts ° 1l Te5 5  10=2u#9=1 3&—3# d1=3% 25,0 |
Modern Develop.I & II  § 5.5 13 17 & 55 51,0
Prob, and Statistics 15 103 11 13 12 50 % 36,0
Elem, Statlistics Ll 30.0 L 7 6 61 17 15.7
Probability 7 1,8 0 o0 1 8 1 0.9
Business and Edue,
Statistles 1 17 11,6 1 1 1l 20 2.8
Adv, Caleulus 35 21,0 6 L Lelw hoelxli-1x 13,9
Diff. Equations 58 398 5 ¥y & 72 13 12,0
Theory of Functions 12 8.2 1 1 3 17 5 lie6
Astronomy 39 26,7 3 3 2 L7 8 Tt
Descriptive Ceometry 19 13,0 1 0 O 20 1 9.2
Math, of Finance 30 26,0 5 L 2 9 1 10.1
Slide Rule 17 11,6 L 0 0 21 Ly 3.7
Field Work 17 11,6 2 0 0 19 2 149
Adv, Math, Statistics 2 2:3 - 3 2 1 G 6 5.5
Vector Analysis 1l 2 o 1 9 3 2.8
Programming Computers 0 0,0 © 2 1 3 3 248
Applied Mathematics 8 55 & 1 2 15 7 6.5
I11, Program or .

SMSG Materials 0 00 1) 1 1 3 3 2.8
# Similiar Courses but different titles
## Many teachers enrolling in more than one course
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From Table VII-A, 1t can be peen that enrollment
in courses which are congldered as preparation for teaching
new mathematics has greatly inecreased while those along
traditional lines are decreasing in enrollment, Two ex-
amples of thi; are Abatract Algebru as compared to Higher
Algebra, and Yodern Geometry or Won=Euclidian Geometry as
compared to College Gecmetry and Solid Analytical Geometry,
Abstract Algebra increased progressively from 11 per cent
in 1957 to 53,7 per cent in 1960 whlle Higher Algebra de-
creased progregsively from 19,9 per cent in 1957 to 10.2
per cent in 1960, Other courses in the fleld of Algebra
such as Finite Mathematics, Theory of Sets, and Group
Theory alsc show increases in enrollment,

While Modern Geometry shbwed an increase Iin en=-
rollment from 7.5 per cent in 1957 to 16,7 per cent in
1960, Won=Euelidian Geometry, also consldered a Modern
Ceometry course, was showing a greater increase in enrolle
ment from 2,7 per cent in 1957 to 11,1 per cent in 1960,

To better exemplify the change in enrollment from
the traditional courses of study to the more modern courses,
Tebles VII-B and VII-C were constructed to show respectively
thoge courses showing en increase in enrollment sinee 1957
and those courses showing a decrease in enrollment since

1957,




TABLE VII-B
COURSES SHOWING INCREASED ENROLLMENT

"ABSTRACT ALGEBRA (MODERN) ~ 11,0 5347
FINITE MATHEMATICS 5.5 2l.3
GROUP THEORY 2.; 6.5
FUNCTIONS AND LIMITS Le Tolt
THEORY OF SETS 2.3 10.2
THEORY OF NUMBERS Lol 8.3
MODERN GEOMETRY Y5 16,
HIGHER GEOMETRY L.l Le
NON-EUCLIDIAN GEOMETRY 2.7 11.1
FUNDAMENTAL CONCEPTS 7«5 25,0
MODERN DEVELOPMENTS 5.5 51,0
PROBABILITY AND STATISTICS 10,3 36,0
APPLIED MATHEMATICS 5e5 64f
ILL, PROGRAM OR SMSG MATERIALS 0.0 2.

TABLE VII-C
COURSES SHOWING DECREASED ENROILMENT
Aftepr
COURSE Or Before 1957

HIGHER ALGEBRA 19.9 10,2
THEORY OF EQUATIONS 45.1 13.9
COILLEGE GEOMETRY 26,0 13,0
SOLID ANALYTICAL GEOMETRY 23,3 2.8
PROJECTIVE GEOMETRY 21,1l Seb
HISTORY OF MATHEMATICS L0.0 15,7
ELEMENTARY STATISTICS 30,0 . 15.7
PROBABILITY L8 0.9
BUSINESS OR EDUC, STATISTICS 11.6 2.8
ADVANCED CALCULUS 21140 13.9
DIFFERENTIAL EQUATIONS 33.8 12,0
THEORY OF FUNCTIONS o2 lLe6
ASTRONOMY 26,7 Tt
DESCRIPTIVE GEOMETRY 13.0 9.2
MATHEMATICS OF FINANCE 26,0 10,1
SLIDE RULE 11.6 3.7
FIELD WORK 11.6 1.9
VECTOR ANALYSIS hel 2.8
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Taeble VII-B ghows the effect of new mathematies on
teacher preparation, Those courses showlng an incresse in
enrollment since 1957 are all backpround courses for the
new mathematics with the exception of Applled Mathematlcs,
The courses showlng the greatest enrollment since 1957,
Abstract Algebra (Modern), Finite Mathematics, Theory of
Sets, Modern and Non-Euclidian Geometry, Fundamental Cone
cepta, Modern Developments and Probability and Statlstics,
are all courses recelving recommendations in Chapter III,

It 1s more difficult to conclude from Table VII-C
that all courses showing decreased enrollment are tradie
tional courses, However, the courses. in Higher Algoﬁrl.
Theory of Equations, College or Solid‘Analytieal Geometry,
and Elementary Stetlstics are courses which were once
strongly recommended for teacher preparation,

Many eourses showing a decrease in enrollment--
Projective Geometry, History of Mathematies, Probability,
Advanced Caleulus, Differentlal Equations and Theory of
Functions, are still considered favorable preparatory
courses, Thelr decrease could be partly due to the larger
number of teachers already having these caurses in their

undepr=graduate programs,
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Although the results of Tables VII-A, VII-B and
VII-C may leave a favorable impression, 1t can still be
recognized that many teachers must still f1ill1 in geps in
their preparation towards the new mathematies,




CHAPTER VII
INSTITUTES ATTENDED BY TEACHERS

This chapter contains a table designed to answer
the question stated in the introduction: "How well are
the teachers partielpating 1In insgtitutes sponscred by the
National Science Foundation?"

In the Report of the Commission on Mathematies,
"Program for College Preparatory Mathematics", the fol=
lowing statement agbout teacher preparation was mades

New courses must be designed for the needs of
secondary school teachers, Departments of education
and departments of mathematics must ccoperate 1n set=-
ting up and adminigtering suech programs, Cooperation
often will bpring about more effective recruitment of
participants, Iimproved communication between depart-
ments concerned, and increased understanding of their
mutual responsibility for the improvement of gecondary
instruetion,

The report goes on to make the following statement
ebout inegervice and summer institutes:

There have been some efforts in this direction in
recent years, Some universitles have recognized the
necessity of providing pubject matter courses for
teachers returning after a considerable abgence from
formal mathematical studies, Certain industries and
foundations have supported conferences, summer ine-
stitutes and ecademic year instlitutes for secondary
school mathematics teachers, Funds have been pro=-
vided to relieve the teacher partiecipants of financial
concern and enable the Ingtitute directors to engage
the best scholars and teachers of mathematics from all
parts of the country.

Tcommission on Mathematics of the College Entrance
Examination Board, Program for College Preparatory Mathe=-
maties, New York, 1959, p. 5.
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Teble VIII is designed to show ths number of
teachers who have participated in the above-mentioned
Institutes as well as the kinds of institutes they had

attended,
TABLE VIII
INSTITUTES ATTENDED
SUMMER a
INSTITUTES , o o @ o
Q (3] [3]

o ol i ol o © e
%% 5& E& Eu &g g é >
PEOBR PR BS 9y 8 gf
éu HN HM HO < dg < =z 0w
H|5 : 2 5 E el 0N SN o
6 3226 7T 1 7 0 1 L 1l 65 150

As can be noted from the table, all 150 respondents
were consldered for the above table, If a respondent diad
not £ill in this portion of the questionnaire, it was cone
sidered he had not attended any type of institute,

As ean be noted from Table VIII, all but 65 of the
150 teachers had attended at least one institute with most
having attended more,

Another 1mportant question to be considered, re=-
sulting from the table, was what had the 65 teachers who
had not attended an institute done since 19577
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Upon investigation, 1t was found that 32 of the 65
teachers had been enrolled in at least one course of mathe=-
matics since 1957.

Although the institutes have been a contributing
factor towards the additional education of the teachers,
some teachers have found 1t necessary to continue their
education at their own expense.

Table IX shows the places and number of partici-
pating teachers at each of the schools listed in the re=-

plies on the questionnaire,

TABLE IX
PLACES SUMMER INSTITUTES WERE ATTENDED

SCHOOL NO. SCHOOL NO.
Univ, of California 2 Louisiana State Univ, 2
Carleton College 2 Univ, of Massachusetts 2
California University Univ, of Michigan 1
et Daviag, Calif, 1 Univ, of Minnesota 1
Univ, of Colorado 3 Univ, of Missouprl 2
Drake University 1l Montana State Univ, 2
Duke University 1 Univ, of New Mexico 1
Florida State Univ, 1 Univ, of Nebraska 2
Univ, of Illinois 2 Oklahoma Univ, 6
Univ, of Indiana 1 Oklahoma State Univ, I
Iowa State Tchr. College g Southwestern, Durant,
KSTC, Emporia, Kansas 1 Oklahoma 1
Kansas University 32 Oregon State Unlv, 1
Kansas State University 5 Univ, of South Dakota 1
Washburn Univ,, Topeka 2 South Dakota School
Ft. Hays State, Hays 6 of Mines 1
Kansas State College, S8tanford Univ, 1
Pittsburg, Kansas 1 Texas Christian Univ, 1l
Wichita University 1 Univ, of Vermont 1l
Leoti 2 Univ, of Wisconsin 1
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As Table IX shows, the places where the institutes

were attended were widely scattered with the schools of
Kensas having over half the attendance,

In the case of the inegservice institutes, ten
teachers 1ndicated they had attended one at Kansas State
Teachers of Emporia and four teachers indicated they had
attended one at Kans as State College of Pittsburg,

In the case of the academlc year institutes, three
persons indicated they had attended one at Kensas Univer-
sity, one person indlicated they had attended one at Okla=
home State University and one person indicated he had
attended an academic year Insgstitute at Stanford University,

According to the tebles, the teachers of Kansas
have been making pood use of the opportunity to further
thelr education, with the help of sponsored institutes
and doing it in many sectlions of the cowmtry.




CHAPTER VIII

RECOMMENDATIONS OF THE MATHEMATICS
ASSOCIATION OF AMERICA

In this chapter, the recommendations of the Com=
mittee on Toachar Training of the Mathematlcs Association
of America and how well the mathematlcs teachers satiasfy
the recommendations of the Committee are considered,

In Januvary, 1961, the Mathematics Association of
America published a gummary of thelr recommendations for
the training of mathematics teachers, Becasuse this study
is primaprily concerned with the preparation of secondary

lnehool teachers only, that portion of the summary per-

taining to the secondary schools was considered,

The Associatlion divides the teaching of all mathe-
matics into five levels., The three levels pertaining to

the secondary schools ara:a

LEVEL II, Teachers of the Elements of Algebra
and Geometry,

Included here are teachers who are assigned the
task of glving introductory year courses 1in either
Algebra or Geometry or the less formal preliminary
material in these fields, The introductory courses
are now commonly taught in grades 7-10,

Mathematics Assoelation of America. Rocommengﬁ-
c

tions for the Train of Teachers of githomnt oi. gan
State University, Oakiand, January, 1961, pP. 1l=13.
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LEVEL III, Teachers of high school mathematics,

Thege teachers are qualified to teach modern high
school mathematies in grades 9 -« 12. Such sequences
have been recommended by the Commission on Mathematles,
the School Mathematies Study Group, the University of
Illinois Committee on School Mathematies and others.

LEVEL IV: Teachers of the elements of Calculus,
Linear Algebra, Probabillty, etec.

This is a mixed level, consigting of teachers of
advanced programs in the high school, junior college
teachers and staff members employed by universities
to teach in the first one or two years: These teach-
ers should be qualified to present a modern two year
college mathematics program,

In April, 1961, Professor John G, Kemeny of Dart-
mouth College and Chairmen of the Committee on Teacher
Training presented the following summery for teacher trein-
Ing at a joint meeting of the Esnsas Assoclation of Mathe-
matics Teachers and the Kenses Section of the Mathematics
Assoclation of America, This meeting was held at Ottawa
University, Ottawa, Kantal.9

(1) Preparation for teaching at Level II,

To teach courses at level II, & teacher must have

had three years of high school mathematics, a Bache-
elors Degree with a mathematics minor eand seven courses

;t the college level, These courses should be as fole-
ows?

9Addrona by John G, Kemeny at a joint meeting of
the K.A.T.M, and Kansas Section of M,A.A.
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3 courses of Caleulus and Analytics,

1 course of Modern or Abstract Algebra,.

1 course of Modern Geometry.

1 courgse of Probability and Statisties.

1 elective, This elective should be either
introduction to real variables, number theory,
topology, history of mathematiecs, or numariui
analysis, including the use of high speed com-
puting machines,

(2) Preparation for teaching Level I,

The preparation for teaching Level III 1s the
same as for Level II with these added ecriteria.
A Bachelars Degree with a mathematics major, eleven
courses in place of 7 and 2 courses from each of
the four groups after calculus.

(3) Preparation for teaching level IV,
In order to teach Level IV, a teacher must
d have a Masters Degree in mathematies, fulfilled
all requirements for Level III end at least two
courses of theoreticel analysls 1ln the spirlt of
the theory of functions of real and complex vari-
a.blﬂl.
In order to see how well the mathematics teachers
of Kansas fulfill the i.bon recommendat ions, 1t was necesg=
sary to group the courses en the questionnalre, The

courses were grouped in the following mannepr:

(1) ANALYSIS: (2) ALCEBRAR
Calculus and Analytics Abstract Algebra (Modern)
Functions end Limits Finite Mathematics
Advanced Calculus Theory of Sets
Differential Equations Group Theory

Theory of Functions
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(3) GEOMETRY: (l}) PROBABILITY AND STATISTICS!
College Geometry (after 1957+) Probability and Statisties
Modern Geometry Elementery Statistlca
Projective Ceomebtry Advenced Statistics

Non=Euclidlian Ceometry Probabllity
(5) ELECTIVES: |
Higher Algebra
Theory of Equations
Theory of Numbers
S0lid Anal, Geometry
History of Mathematles
Fundamental Concepts
Modern Developments

# Since 1957, meny college geometry courses have been
presented in the modern trend,

After checking each questionnalre, it wes found
that 3 of the 150 teachers setisfied the recommendations
for Level II, 8 teachers satisfled the recommendations for
Level III, and 2 teachers satisfied the recommendations
for Level IV,

When consldering those teachers who could not quale
ity for at least Level IT, it was found that 17 teachers
lacked a course in the fisld of Algebra, 9 teachers lacked
a course In the fileld of Geometry, 12 teachers lacked a
course in the fleld of Algebra and Geometry, 13 teachers
lacked courses in the flelds of Algebra and Probability,
10 teachers lacked courges in the filelds of Geometry and
Probabllity, and the remainder lacked more then the amount

already mentioned,
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It should be pointed out here that the recommen=
dations of the Assoclation have not been adopted as re=
quirements, In hig speech to the teachers at Ottawa,
Professor Kemeny pointed out that, "These recommendations
have received wlde spread approval wherever they had been
preaontod.“lo

From the results of thls chapter so far, it ap=-
pears that if the recommendations of the association are
adopted,; the mathematics teachers of Kanses will again

have the task of bolstering their inadequate preparation,

100p1n10n expressed by Professor John G, Kemeny
at a joint meeting of the Kensas Association of Mathematics
Teachers and the Kansas Section of the Mathematics Associla=-
tion of America, Ottawa University, April 15, 1961,




CHAPTER IX
SUMMARY AND CONCLUSIONS

9.1 Summary., It was the purpose of thls study
to gather information showing the effect of the new
mathematics on the preparation of the mathematlics teach-
erg teachlng in the Class A publiec high schools of Kansas
with enrollment of 200 or more students,

The importance of a study of this kind can be
seen when examining the recommendations of the meny or-
ganizations recommending a new mathematics curriculum
for the hilgh schools and thereby new preparatory courses
for the high school teachers., Soms of these organizations
are the Commigsion on Mathematics of the College Entrance
Examination Board, the School Mathematics Study Group
sponscred by the National Science Foundation, the University
of Illineols Committee on School Mathematics, and the Mathe=-
matics Association of America.

When investigating the kinds of courses being
tavght Iin the high schools, 1t was found that the schools
where the responding teachers taught had begun to introduce
new and advanced courses into their currliculums. Courses

like a combined course in plane and golld geometry in place
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of the one year of Plane Geometry and one half year of
Solid Geometry, College Algebras, Probabillity end Statis-
tical Inference, and & combined course in Calculus ard
Analytics. Other courses being introduced, but not to as
great an extent, were Principles of Mathemst ics, Modern
Mathematics,; and Beginning Analysis.

Teble II also shows e large number of students
taking the full four years of high school mathematlecs,

A recommended program of preparation for teach-
ing the new mathematics was found to be 21 hours of cole
lege mathematics beyond the Celeulus and Analytics
consisting of Advanced Caleulus, Non-Eucllidean Geometry,
History of Mathematies, Differential Equations, Modern
Algebra, Probability and Stebtistieal Inference and Logile,

The data in Table IV, of Chapter IV, revealed
that the teachers had done econsiderable work in bettering
their mathematicel background, In 1957, 48 per cent of
the teachers had less than 30 hours of college mathematics
wile in 1960, the per-entage had decreased to 22 per cent,
It was also found that L9 per cent of the teachers had
more then L0 hours of college mathematlics by the end of
1960, One teacher, Mrs, Lot techen L, Hunter, had as much

as 120 hours of mathematiecs,
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It was found that by 1960, 56.5 per cent of the
responding teachers held a masters degree and one person,
Mprs, Hunter, held a doctorate, Of the 84 persons with
masters degrees,; L6 per cent majored in mathematics or a
combination 61‘ mathematics and education, and 43 per cent
majored in either education or administration.

When investigating the direction the 65 teachers
with bachelors degrees were taking when working towards an
advenced degree, the Investigation revealed that 35 per
cent had 15 hours or more towards their degree and of
those deelaring majors, 75 per cent had declared mathe=-
maties or a combined course in mathematlecs and education
as thelr major fleld,

The courges showing the highest enrollment since
1957 were found to be the courses consldered as preparation
for the new mathematics, Such courseszs as Modern Algebra,
Finite Mathematics, Group Theory, Functions and Limits,
Theory of Sets, Theory of Numbers, Modern Geometry, None
Euclidean CGeometry, Fundamental Concepts, Modern Devel-
opments, Probabllity and Statisties, Programming High Speed
Computers, and courges in the study of the.Illinols ma=-
terial and the School Mathematies Study Group materials.

It was found that the teachers have been making
good use of the opportunity to participete in institutes
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spongored by the WNatimal Science Foundation, Over half,
57 per cent, of the teachers had attended an institute
of some kind, Of the 65 persons who had not participated
in some sort of institute, 32 teachers indicated they had
done advnnned work at their own expense,

The most discouwraging portion of the study was
found to be the fulfillment of the recommendations of the
Mathemat ics Association of Amerieca, Over 71 per cent of
the 150 teachers could not qualify for Level II, which is
the level for teaching elementary Algebra and Geometry.

There were 3l teachers qualifying for Level II,

8 teachers for lLevel III, and 2 teachers qualifying for
Level IV, For those teachers not qual ifylng for Level II,
1t was found that the teachers lacked courses in the filelds
of Algebra and Probability and Statistiecs more than eny
other field,

Perhaps the standings of the teachers would have
been better if the names of the courses and the recommens
dations could be made more specifile,

9.2 Conclusions, It is regrettable that more
definite eonclusions cennot be made, Because of the small
percentage of return from the questionnaires, 52 per cent,

any conclusion must be made only for the responding teachers
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and not for the entire group of full-time mathematiecs
teachers,

Of the teachers responding, it was found that
taken as e group, the teachers have recognized and accep=
ted the tlct-th.t new mathematlics has entered the high
school curriculum within the past few years and have
attempted to better prepare themselves to teach this new
mathematics,
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Enclosed in this appendix 1s a copy of the letter
gent to the heads of the departments of the schools
contacted, the questionnaire and the letter of explana-
tions that were sent to the mathematies teachers.
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Date

Departmont Chalrman

Dear Sir:

I am seeking some information for a masters thesils.
The thesls concerns the new mathematics and teacher
preparetion,

Will you please send me a list of the courses you
require your students to take for preparing to teach
mathematlics at the high school level, If you feel that
this is not enough pragnrabion for teaching the new
mathematies, will you list the additional courses you
think ghould be required,

I realize this will require some of your time and
hope it will not inconvenience you too much. Your sug=-
pestions will be very lmportant for my thesis. Please
feel free to offer any other sugpestions you feel should
be congldered along this line,

Thank you for your help and coocperation,

Sincerely,

Charles L, Crane
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Date

paration of the mat les teachers of Eans This
Re & Followiup of Shat. stody. um:m:"m

Iﬁ.pzctm uhct thed for

dam tho comp ummcthnmh\nhuhu

Wo hope to ghow that since the advent of the. moderni-
gation of -th-uim the -tbntm teachers of Kansas
have at ted to pre lves by additional course
work in ool, ln-nl'vln tutes and summer institutes,

ru.nrmmmuwm..mumm.
unn&nﬂnn 1f-gddreased envelope, Do not

mun. ioptoltmul’ir
‘dlhnm n-l'“ of courses taken dwm‘or
wmmmmumn hmtzam

ol e 20 q:::m e
semncy s duksy Smge' i
that have u‘t.‘o-
Thank you for your holp and cooperation,
Sincerely,

Charles L, Crane
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NAME

BACHELORS DEGREE FROM, YEARS SINCE_____
MAJOR___ MINORS

NUMBERS OF HOURS COMPLETED TOWARD MASTERS __MAJOR_____
MASTERS DEGREE FROM __JMAJOR___
PLEASE LIST HERE THE COURSES YOU ARE TEACHING THIS YEAR
AND THE NUMBER OF STUDENTS?

HAVE YOU EVER ATTENDED THE FOLLOWING!

(PLACE) (YEAR)
a, IN-SERVICE INSTITUTE
b, SUMMER INSTITUTE

(If more than one
please 1list all)

PLACE IN THE BLANK THE NUMBER OF HOURS YOU RECEIVED IN
EACH OF THE FOLLOWING COURSES YOU HAVE TAKEN

(COURSE) BEFORE
I, PREPARATORY: 1957 1958 1959 1960 G or U

INTER., ALCEBRA
COLLEGE ALGEBRA
TRIGONOMETRY
ANALYTICAL CEOMETRY
##CALCULUS I AND II
##CALCULUS AND ANALYTICS,
I, 11, III

##PLEASE LIST THE TOTAL NUMBER OF HOURS IN THESE COURSES,
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III,

Ve

VI.

VII.

##MODERN DEVELOPMENTS I & IY

1957 1958 1959 1960 G or U

ALGEBRAS!
ABSTRACT ALGEBRA (MODERN)

59

HIGHER ALGEBRA

THEORY OF EQUATIONS

FINITE MATHEMATICS

GROUP THEORY

FUNCTIONS AND LIMITS

THEORY OF SETS

THEORY OF NUMBERS

GEOMETRIES:
COLLEGE GEOMETRY

MODERN GEOMETRY

SOLID ANALYTICAL GEOMETRY

HICHER GEOMETRY

PROJECTIVE GEOMETRY

NON«EUCLIDIAN GEOMETRY

TEACHING OF MATHEMATICS@
HISTORY OF MATHEMATICS

METHODS OFH, 8., MATH
FOR TEACHERS

FUNDAMENTAL CONCEPTS

PROBABILITY AND STATISTICS:
PROBABILITY AND
STATISTICS

ELEMENTARY STATISTICS

PROBABILITY

BUSINESS STATISTICS OF
EDUC, STAT,

ANALYSIS?
ADVANCED CALCULUS

DIFFERENTIAL EQUATIONS

THEORY OF FUNCTIONS

AFPPLICATIONS:
ATRONOMY

DESCRIPTIVE GEOMETRY

MATHEMATICS OF FINANCE

SLIDE RULE

FIELD WORK
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