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FIRST YEAR MATHEMATICS COURSES,

"A critical study of the purpose, form, content and organi-
zation of first year mathematics courses at the Uni-
versity of Missouri and elsewhere, with a view

to finding the courses best suited for
use in first year callegiate and
higher mathematics work".

FOREWORD:

The writer of this paper is at present connected with
a Chinese Government schcol in Peking China, it is his
privelege to determine, to a great extent, the form and con-

elementary

tent of the mathematics courses from fourth grade , school
to sophomore university grade of work. The problem immedi-
ately to hand in the Peking school is the more complete or-
ganization and motivation of that mathematics material usual-
ly found in first year university and college mathematics
courses, These first year courses, it ssems, form the key to
the whole mathematics situation, in that they reflect back
onto and essentially depend upon the seccndary school mathe-
matics and also -distinctly prepare for and color further
university work in mathematics and in other subjects as well,
Hence the selection of this subject of study: Kathematics
courses, because Nathematics is the writer's special depart-
ment in the whole field of Education; and First Year courses,

because they control, in a way, the whole mathematics situ-

ation.,



A brief description of the purposes and working of the
Peking school will serve to better show the relation of the
writer's work in that school to this study, and will also
serve as a description of a unique unit in the field of Edu-
cation at large.

In 1908 the United States Congress voted to return to
China a portion of the 1900 Boxer Indemnity, each year,
just as the money was paid in to the United States by China.
About eleven million dollars of the assessed twenty four
million was to be returned, the period of this Boxer Indem-
nity extending over about forty years. China appreciated
this act of national good-will, and for the purpose of
furthering friendly relations between the two countries,
decided to use this returned money in educating Chinese
young men (and women) in the universities and technical
schools of America. Accordingly, a Board of Educational Mis=
sion to America was established, acccerding to the directions
drawn up by H.E.Yuan Shih=k'ai, in Peking, for the purpose
of selecting and sending out tHe students on this fund. It
was olanned to send an average of about fifty students each
year, these students to remain in the United States for
five years of study. In carrying out this scheme it was found
necessary to establish in .Bking a special school for pre-
baring these students to get most out of their allotted time
in America. Hence the establishment of TSING HUA COLLEGE,
to which school the writer returns after this (1915-16)year's

leave of absence,



This fund mentioned above supports the school at Peking
very generously and provides liberally for the fifty students
sent to America each year during their five years' study in
the best American colleges and universities. At present the
students sent out enter easily into second year university
work. Upon returning to China they are put into government
and civil positions, the opportunitiss and responsibilities
of which far exceed those of the positions into which Ameri-
can young men of ccrresponding school training are able to
place themselves.

Fifty students only of the one hundred sixty who enter
the school at Peking are allowed to go on to the completion
of the course and consequent study in America. The average
Chinese students compare favorably witthmerican students,
and these specially selected students in the Feking school,
with a considerable material incentive, form an exceedingly
teachable group of students.

The purpose of the school, as indicated, is to prepare
these studgggsfgg be sent to America to get most out of
their five years' study, and to inspire them to find and to
bring back to China that which shall be «f most lasting
value to the people of China, This preparation means more
than the mere teaching of subjects pre-requisite to second
year university work. It means a motivation of study in the
largest sense, a developing and directing of ideals and am-
bitions, and the inspiring of the students to seek out that

in America which they can carry back and USE in their own

land,



The curriculum and general teaching plans follow roughly
those of the American public school system from about fourth
grngmeTtargchool to second year university grade of work,
the students entering at about twelve or fourteen years of age
and completing the course in eight years. In these eight years
they master the English language to a high degree of efficien+
cy, acquire a fairly liberal Chinese education, build up a
strong, healthy physique from the proverbial Chinese scholar's
frailty, and also cover all the subjects pre-requisite to
second year university work in America.

We have, in the Peking school, a field very much freed
from 'traditional' bounds, and as such it can contribute,
and is contributing, some things of value to the whole field
of education in China. Thus we see the scope of the field
of the Peking school is as wide as the scope of education it-=
self. But to pick from this whole field of educational prob-
lems one within the limits of this study, the writer has
settled on that of the First Year Nathematics Courses for
Colleges and Universities, since this field of investigation
will not only be.of value to the writer in his work in the
Peking school, but it is a field well wcrthy of investigation
within the University of Missouri itself and throughout the
whole field of collegiate mathematics.

The re-organization of the "American Mathematical Monthly",
and the recently organized "Mathematical Association of
America" point out the recognized need of investigation and

study in the field of collegiate mathematics. Hence this study
is made,



5.

PURPOSES OF THIS STUDY:

To summarize and state definitely the general purposes
of this study, we find them to be these:

I. To find out and to record the actual purposes, form,
content and organization of first year mathematics courses
at the University of Missouri and elsewhere, this study
necessarily leading back into a survey of the secondary
school mathematics situation and anticipating certainly the
students' further university work.

2. To discover to what extent the courses as now organized
fulfil their purposes.

3. To suggest, where possible, some constructive methods
for making first year mathematics courses more fully realijze
their purposes, and to carefully formulate what these pur-=
poses are and suggest wherein they might be modified or
enlarged.

4, To contribute to the University of Missouri and to the
field of mathematics and education at large, any positive
results of interest in the field of collegiate mathematics.

5. To further prepare the writer to more fully and effici-
ently serve his oppartunity and responsibility in that phase
of educational work which demands a professional knowledge
of the subject, the field of work lying in the conduct of
the Department of Mathematics in the school at Pekinqj Tsing

Hua College.



CHAPTER I,
A survey of the status of mathematics in the Peking school
and in the high schools of Missouri.
Introduction:

Any study of the first year university mathematics courses
demands, it seems, some knowledge of the secondary school
mathematics courses preparatory to the university courses. In
this survey of the status of mathematics in the secondary
schools we cannot avoid meeting up with the general problem
of secondary school courses in general. Here we cannot hope
to do more than point out some general tendencies in second-
ary school instruction and point out some lines of work in
this important field.

. Mathematics in the Peking school:

One purpose of this study being that of preparing the
writer to more efficiently organize the first year univer-
sity grade of mathematics work in the Peking school, it will
be highly desirable at this point to give a rather careful
review of the mathematics work now being done in that school.
The mathematics work in each of the eight grades will be de-
scribed, this work beginning with about fourth grade elementary

school Arithmetic and finishing with Analytic Geometry. So

far as mathematics is concerned, the students completing these

courses are fully ready for the Calculus.

I. First year 'Middle School'. Here is given a 3-hour course

in Elementary Arithmetic in Chinese by an English-speaking

Chinese teacher. The learning of Arithmetic and the learning



of English thereby occupy about equal portions of the student’s
energies. The subject matter of this year's work is similar
to that found in the Stone-Killis Intermediate Arithmetic.

2. Second year 'Middle School': In this year the 3-hour
Arithmetic course is given in English by an English-speaking
Chinese teacher. The Stone-Xillis Intermediate Arithmetic is
used as a text along with application problems from Chinese
every-day life..

3. Third year 'Middle School': The work in this year is in
process of organization., It purposes to complete the sub-
ject of Elementary Arithmetic as usually understood, to in-
clude some commercial and business phases of Arithmetic, to
infroduce manual training by way of lighter manual arts work
and to make excursions into the activities in and outside
the school,

4, Fourth year 'Middle School': This grade corresponds rough=
ly to first year American high school. The farmal study of
Algebra is here taken up, the arithmetic phase being most
fully emphasized. The Hawkes+=Luby-Touton First Course in Ale
gebra is used as a text, and American teachers entirely con-
duct the class Work. entirely in English.

5.. First year 'High School': Algebra is continued in this
year, the class completing in a 2-or 3-hour course the Second
Course in Algedbra of the above authors. The students seem to
be more mature and more capable of appreciating this grade
of work than are American students of corresponding school age..

6. Second year 'High School': Here is given a 4-hour standard

7.



course in Plane Geometry, correlating with advanced manual
training work and elementary mechanical drawing work. The
Stone-¥illis Plane Geometry is used as a text. The exer-
cises and outside problems are worked out carefully and neat-
ly,unruled loose-leaf note book paper being used,

7. Third year'High School': The writer has given special
attention to the work of this year, the other courses more
nearly following the traditional lines. But in Solid Geo-
metry and Trigonometry there seemed to be found the most
fruitful and most imperative field for careful analysis and
organization of purpose and form of the course. A full semester
of 4 hours a week is allcwed for each of these courses. The
students, moreover, have ample maturity and capacity for de-
veloping very liberal courses.

The Solid Geometry course includes not only all the usual
facts of this subject, but it also includes a wider range of
topics such as those primarily connected with the conceptian
and measuremant and representation of space objects. The
logical training aspect of geometry is made less the feature
of the course than is the development of the powers of s mce
rerception, and the study of mathematical processes and facts
worth while.in themselves. The Stone-Killis Solid Geometry
is used as a text for reference mainly. Many of the topics
of the text are widened and generalized and carried over into
other fietds. The method of presenting the THEOREXS often
differs widely from that of the text. Instead of stating all

the facts of a theorem and then asking the student to 'prove'



that which has just been stated as a fact, the proposition is
put tc him in this way, taking a special case to illustrate:
"Consider the line running from the vertex of a pyramid to

the middle point of its (triangular, parallelogram, rectangle,
polygon) base. Is there any relation between the length of this
line and the lengths of the lateral edges and the edges of the
base", The study of this proposition will lead the student

to actually discover the fact for himself that the length of
this line can be found in terms of the edges when the base is
of a certain shape. A rroposition of this kind arouses within
the student a thirst for individual discovery, the development
and agrganization of which is of far greater value to the
student than is his mere possession of the facts of the theorem
or his ability to gc through an apparently futile proof.

The Trigonometry course follows a standard text, Rothrock's
plane and Spherical Trigonometry, covering not only the
solution of triangles, but including as the fundamental basis
of the course that phase of mathematics which has to do with
problems of ROTATION and consequent ANGLE FORMATION{ The
course is quite complete and thorough,since the students
cone into the course with more liberal and more uniform
preparation than is the case in first year university Trigo-
nemetry courses..

8. Fourth year 'High School': Only the scientific course
students take mathematics in this year. In the first semes-
ter is given a 5+hour course in Advanced Algebra, using Fite’s

Colleg¢e Algebra as a text with Fine's College Aldebra for



supplementary work. More topics are covered and in a more
rigorous and complete manner than are covered in the A|-
gebra part of the first year mathematics course at the Uni=
versity of Missouri. A full semester is allowed for the
Algebra alone, The students have uniform preparation in
preceding subjects.

The second semester is given to Analytic Geometry. A
standard course is at present given. From this course the
students enter into the Calculus in American universities,
their equipment being uniform, complete and liberal.

The more complete organization and motivation of these
fourth year 'High School' courses is the writer''s immediate
problem in the Peking school. Moreover, higher courses are to
follow these in succeeding years as the school expands, year
at a time, into a full-course university. Hencq)partlj,this
particular study at a representative American university is mads.
I1. Mathematics in the Ameﬁnan secondary schools:

The status of mathematics in the secondary schools cannot
be discussed as a topic independent and complete in itself,
Mathematics work must be considered as a part of the whole
scheme of the secondary schools. This would lead us into a
study of the whole field of secondary school education, which
field, isteresting and fruitful as it is, we cannot here enter..
We can, however, well afford to observe some cf the general
tendencies, these guiding the study ef any particular subject.
What follows here should be taken to indicate lines f study

rather than the results of any complete study.



A significant change is taking place in the very purpose
and form of the public secondary schools. There is a change
from the conception ani organization of the high school as
a 'college preparation' or a 'cultural and intellectual develop-

ment' type of school, to the conception and organization of the
high school as the "boys' and girls' university" type of school,
using the word University in the sense in which it identifies
State unive;sities of America. Both the State Universities
and the Public high Schools are supported by the people of the
State, for the needed training of the young people of the

State, all for the ultimate service of the reownle of the State
as well as for the service of the individuals themselves.

Just as the State universities, with their 4definite and
imperative purposes have grown up cut of the more purely
'cultural' and 'intellectual development' colleges of the past
and of to-day, so also is the new high school growing up out
of the 'preparation for college'and more purely mental disci-
pline'and 'intellectual development' high schools of the past
and of the present. Certainly intellectual development and
preparation for - college are not to be lost sight of; we only
insist that this new form and purpose of the public high
schools be not too reluctantly given its place in the free
and impartial public educational system of the State.

This new spirit in the high schools-==-with its result-
ant change in curriculum of the high schools=--= might easily
be mistaken for all sorts of deteriorations by various per-

sons viewing the situation from the standpoint of one par-



ticular subject. For instance, the mathematics man might be
alarmed upon learning that the percentage ¢f pupils in the

high schools studying mathematics is, in the last three years,
four percent less than it was in the 07-(8-09 three year
period. And if the mathematics man be alarmed because of this
dropping off in mathematics, more so the science (older sciences)
and Latin people upon learning that there has been a nine fer-
cent. and a fifteen percent, respectively, droppning off of
pupils in the high schools studying these subjects. The table
below shows the percentage cf all pupils in the high schools

of Missouri studying the different groups of subjects listed,
at three different periods of time, viz. 07-08-Q9, 10-|1-]2

and |3-14=15. The group of subjects headed Science’includes
all sciences EXCEPT Agriculture and Domestic Science. The group
of subjects headed Vocational includes such subjects as Draw-
ing, Book-keeping and Type-writing, Manual Training, Teacher
Training and Pedagogy, etc. (Compiled from Missouri Repcrt of

Public Schools, 1915, page 341).
TABLE NO. I,

Percentadges of pupils studyiné dirfferent subjects in the
3-year periods 07-03+089, 10=-11-12, 13-14~15,

Percent Studying: 07-08-09 10-11-12 13-14-15 PRatio 14:08

Mathematics 95% 93% 91% .96
Sciences (older) 41% 37% 32% .78
Latin 54% 47% 39% .72
English 95% 95% 95% .00
History & Economics 69% 69% 71% 1.03
Modern Languages 1 7% 19% 19% .12
Vocational 30% 32% 45% 1.50

Agr.& Dom.Science 12% 18% 35% 2.92

- - - — - - —— > - - T - T =" - - - - ———-



The table on the preceding page explains itself. As has

been pointed out, the high school is changing from the more
purely college preparation type to the more nearly life-prepara-
tion type. The table fully bears out this observation. Mathema=-
tics and Latin and the older sciences are losing pupils to
the newer subjects--<-if in consequence of the poor teaching of
these subjects, then there is cause for worry. But there should
be no wild attempt made to turn mathematics courses into car-
pentry, or Latin into a study of Roman hair-dressing or a sub-
Ject like €hemistry into a course in candy-making. Let these
subjects in themselves be improved and made of most consequence,
by the proper teaching of the subjecuizbot force them into
fields already adequately taken care of by the proper courses,.
This again is for the student of the pedagogy of each individual
subject, working in sympathetic and understanding connection
with the student of the purpose and form of the high school
organization in general.

| One more paragraph regarding secondary schools in general:
This study is concerned particularily with the studénts who
enter the #niversity, hence we shall here note the preparation

in various subjects with which students come into the yni-
versity. The table on the following page shows the number of
units (and percentage of whole) in the various subjects, offer«
ed at various times, for entrance to the University .of Missouri,

in the i
These figures are calculated from the entrance cards‘ieogf'sltoroa;;:i s
¢

whose names begin with M, .
studentsyschosen at random, for each period of time mentioned.
(These recprds cover the years to 1915.
More entrance units were offered in 1915 than prior to 1909,



This total increase in number of units offered makes it

necessary to compare the percentages for each subject, of the

number of units offered. (Units pner student listed below).

TABLE |1,
Number and percentage of entrance unlits in various subjects
offered by students entering at three periods of tinme.

RSOOSR -1 36 T30 -1 Dt ettt bbbt
Units Offered: Prior to.1909 In 11-12-13 In Fall 1915
Mathematics 3.0 = 21.6% 3.0 = 19,4% 3.0 = 18,0%
Sciences (older) 1.6 = 11.9% 1.8 = 11.5% 1.8 = 10.7%
Latin 2.4 = 17.8% 2.2 = 14.6% 2.4 = 14.5%
English 3.4 = 24.6% 3.8 = 24.9% 3.9 = 23,5¢%
Hist & Economics 2.6 = 19,2% 2.9 = 19,0% 3.7 = 22.5%
Modern Languages 5= 3.5% 1.0 = 6,3% .8 = 4.,7%
Vocational 2 = |.5% .5 = 3.3% .6 = 3.6%
Agr.& Dom, Sc. 0.00= 0.0% 2 = |.2% 4 = 2,49
Total per student 13.7 = 1004  15.3 = 100¥ 16,5 = |00%

From the above table we readily see that the greatest de-

crease in percentage of all subjects offered for entrance in
_ (1902 tp 1909)

1915 as compared with the years prior to 1909,, occurs in
Nathematics and Latin. The percentages of Aistoryg Economics,
Vocational Subjects, Science (all sciences), and Nodern Langua-
¢es, have increased in corresponding years. Thus studehts are
now coming to tﬁe university with less of the former and more
of the latter named subjects. So far as mathematics is concern-
ed, the writer sees in this no serious cause for alarm, A
student's maturity and diversity cf training are bigger assets,
It seems, than the mere knoweledge of a little more of any

one subject, as preparation for further work in that subject,

Notice the magnitude of the percentages for different syb-

jects.



TABLE NO. t1l, (numbers)

Divisions of students according to units in mathematics offered for entrance.

OFFERING: TI. Less 3 Units IT.dust 3 Units III.lore 3 Units IV.1otal consid
Part A. a¥en bHom cBoth aken bHom cBoth aken bFom .cBoth aken bKom cTot
?.Math 8f 44 16 60
2.Logic 1I. 84 24 108
Part B. aken bFom cBoth a¥en bHom CcBoth aken bFom cBotb' aken bHom cTot
1.Enter '!5 200 70 270
2.Frior '14 270 180 450
Eart c. alrt bEng cBoth adrt tEng cBoth adrt bEng cBoth adrt bEng cTot
l.Enter '15 270 180 450
2.Prior 'l4 450 90 540
Part D. adrt bEnég cBoth adrt bEng cBoth adrt bEnd cBoth a4drt bEng cTot
l.Fast | 27 27 54
2.Norm 3 23 42 75
3.Slow 3 15 23 38
4.All 5-hr 65 102 167
gart E. aAdrt bEng cBoth adrt bEng cBoth adrt bgng cBoth adrt bEng cTot
l.Fast | x x 87
2.N.crm 3 x x 228
3.Slow 3 x x 38
4.All 5=hr 147 206 353

*d 9ded

*Gi



TABLE NO. 111,

Division of students according to units offered in mathematics flor entrance..

..... e e o - - - e - o = o o e = e = e = - = S - = -

ITI.Nore 3 Units

SEaoaomeaancmamceaemeaes

OFFERING: I.Less 3 Units IT.Just 3 Units
Part A. aken biom cBoth aMen bKom cBoth
|.Math 8 30% 69% 409% 34% 25% 32%
2.logic | 36% 75%  45% 394 12%  33%
Part B. aken bAom cArts alen blom cArts
l.Enter' 15 31% 43%  34% 33% 294  30%
2.Prior 'l4 30% 42%  35% 46% 43%  44%
Part C. adrt bEné¢ cBoth adrt bEng cBoth
l.Enter ''5 34% 23% 32% 30% 29%  30%
2,Prior '14 35% 2194  33% 44% 48%  45%
Part D. adrt bEng cBoth adrt bEng cBoth
1,Fast | 7 15% 4% 9% 19% 19% 19%
2.Norm 3 26% 27%  27% 39% 33%  35%
3.Stow 3 33% 17%  24% 129 224 18%
4, Al g-hr 23% 19% 20% 25% 26% 26%
Part £, adrt bEng cBoth adrt bEng cBoth
|.Fast | X X 23% X X 46%
2.Norm 3 X X 20% X X 45%
3.S1aw 3 X X 29% X X 26%
4,All 5=Hr 29% 17% 22% 46% 41% 43%

aNen

36%
25%

aken

36%
24%

adrt
34%
21%

adrt
66%
35%
53%
52%

aArt
X
X

bAom
6%
13%

bFom
28%
15%

bEng
48%
31%

bEng
78%
40%
63%
55%

bkng
X
X

cBoth
28%
22%

cArts
34%
21%

cBoth

38%
22¢%

cBoth
72%
38%
58%
54%

cBoth
31%
35%
45%
35%

JV.Totalconsidered

aken
44=73%
84=78%

allen
200=74%
270=60%
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270=80%
450=83%

adrt
27=50%
23=31%
15=38%
65=40%

adrt
X
X
X

147=42%
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bWom cToT
27% 60=100%
22%108=100%

bFom cTot
26%270=100%
40%450=100%

bEng cTor
20%450=100%
17%540=100%

bEns  cTOT
50% 54=100%
69% 75=1(0%
62% 38=100%
60%167:1.00%

bEng cTor
x &7=100%
x 228=100%
X 38=100%
58%353=100%
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CHAPTER 11,

The amount of mathematics offered by fifferent groups of
students for entrance to the University of Missouri,
and some observations on the significance thereof.

Introduction:

Leaving speclal studies in the field of secondary school
instruction to the students of secondary schoal problems, we
now proceed with the tabulation and discussion of the mathematics
offered by different groups of students entering the University
of Missouri at different times. The table'faclnq this page is
a condensed summary of data taken from different sources, this
data being more fully explained and justified in the discussions
of succeeding chapters. In this chapter we shall explain the
general mechanism of the table, shall name the sourees of the
data, and shall make some general observations upon the data,
|. Mechanism of TABLE NO. I11.

This table shows the fercentages of students entering the
University at different times and in different groups, ®fferingnts
certain amounts of mathematics for entrance, these amounts being
grouped thus:

Cobumn 7.Less 3 Units, means the students offered Algebra and
Plane Geometry only for entrance. A very small percentage offered
Algebra only shed both were required.

Column 17.Just 3 Units, means the students offered Algebra, Plane
and Solid Geometry for entrance. In a few instances Higher
Artthmetic or Trigonometry was' offered instead of Sélid Geometry,
Column 177,X0re 3 Units, means the students offered Trigonometry

(or HEigher Arithmetic) in addition to the above subjects for entrance,
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preceding

Column I¥. Total Considergd,shows the totals of the threescotumns.
The total numbers are shown in red, and from these totals the
actual numbers in ény column can be readily computed. The actual
numbers only (not percentages) are shown in TABLE NO. II1*. { pree.rage
In the sub-columns ¥en refers to men students who are not Engi-
neering students; Wom refers to women students; En¢ refers to
Engineering students; 4rt refers to men an& women Arts students.,
In gotumns |, Il, and |Il the sub-columns ¢ are the sums of the a
and b subscolumns. In Column |V the sub-columns a, b and ¢ are
the sums, res fectively, of the a, b, ¢ sub-columns in |, |1, II1.

The whole table is divided into five parts: "
part 4. In this part are consid;red all the students taking
mathematics Course 8 and.loqic Coirse | in the first semester
of this (1915-16) school year. The names of the students were
furnished by the chairman of each department and the amount of
matheﬁatlcs offered for entrance was found from the entrance
cards In the Registrar's Office.

Part B. In this part are considered the non-Englineering students,

men and womenj; . o i
who entered the University In the Fall ¢f 1915 (row |.) and

who entered during'the years prior‘to 19§£?:s2¥;r back as the
entrance cérd records go, i.e. back to the year iggg;

part . This part correéponds to Part B exactly excépt that
here we consider the non-Engineering (Arts from above Part B)
and the Engineering students.

Part D. In this part are considered all the students who were

taking the five=hour first year mathematics courses in the Fatlidfw

1918. In the sub-columns they are separated into non-gEngineering (Art}



and Engineering (Eng) groups. The three rows |,2,3, represent,
respectively, the students in Course | (Elementary Analysis, the
fast course), in Course 3 (Norm) (TItigonometry and Algebra, the
normal section), and in Course 3 (Slow) (Trigonometry and Al-
gebra, the slow section). Row 4 is the total of rows |,2 and 3.
The registrar's records were not available when this data was
being collected, hence the students were asked to give the data
regardind the amount of mathematics offered for entrance. This
data was subsequently checked in part and was found to coincide
with that found in the Registrar's Office.

all the
part E. In this part are considered,students who took the five-
hour first year mathematics courses in certain years during the
past seven years and who graduated from the University or are
still in the University. Those students who took the courses and
dropped out of school bef cre graduation are not congidered..
The names of these students were secured from records in the
Mathematics Office, from the student directory agg?The aktumni
directory; the amount of mathematics offered by each.for entrance
was then found from the entrance cards in the Registrar's 0ffice..
The rows and sub=columns of Part E correspond exactly to those
of Part D.

An example or two in the use of Table No. 111 will show its
general use. (a) Suppose we are interested in the mathematics
preparation of the students in Course 8. We refer to Part A, row Foe
Column |, sub-column a shows that 30% of the 44 men taking the

course had offered less than three units mathkematics for entrance.

69% of the ¢ (60+44) women in the class had offered less than
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3 units mathematics for entrance; and 40% of all the 60 men and
women students in the class hud offered less than j units for ens
trance. From Column IV we learn that there were 44 men and |6

women in the course in the Fall of [915. Thus the class was

made up of 73% men and 27% women students. 69% of the women were
required to take mathematics (or logic) having offered less than
three units of mathematics for entrance (See catalog:eof :Univ.),6 Only
304 of the men in the course, however, were required to take
mathematics (or logic) for this reason. (The last statements are
from Column 1I..) (b). Suppose we want to compare the amounts
of mathematics offered for entrance by men and by women. students.
This can be observed in Parts A and B rows | and 2, by compar-

ing sub=columns a and b in each of the first three columns.

Thus, in the Fall of i9i5,36% of the men entering the University
over agalinst 28%_of the women had studied Trigonometry in the
secondary school's, (From Part B, row |, Cotumn 111, comparing
sub;cotumns a and b.) ('studied Trigonometry'means 'offer more 3 unite|
Il. Observations from TABLE NOu I11.

The data of this table will be used ¢rimarilly in support of
the discussions of .the following chapters. Parts of this condensed
table will be elaborated and more fully explained. There ares
however, some general observations which might best be made just
here. These are noted.under paragraphs nymbered ly 2o
. Comparing rows | and 2 of Parts B and C we find in Column |||

entered in the Fall of 915 and
that the percentage of students who,offered Trigonometry
for entrance (more 3 units) is higher than the percentage of

students who entered prior to 1914 (i:e.ig@@,to 1914) and offered



Tridonometry for entrance. Copying from Table No. (1l, Part C,
Columns 11| and Iv, we have the following table:

TABLE NO. IV,
Comparing percentages cf students offering more than three units
for entrance in Fall of 1915 and frior to 1914 (19 02to 1914).

@ e - - - - - - = " S "> P % W em % W e e e = S SR MR G SN TS D NS D NS MmO S e e e = e -

STUDENTS: Ofﬁef more 3 [nits fotal Considered
. Enter 'I5 171 = 38% 450 = 100%
Z. Prior 'l4 119 = 22% 540 = 1005

— o ——— " " e - =" "= - = = . e - — - - . - - e - e -

>. It is generally supposed that boys planning ENGINERRING work

take more mathematics in the high school than do boys NOT planning
Engineering work; also that BOYS in general take more mathematics
in the high schools than do GIRLS. TABLE NO IIl. enables us to

test out this supposition for students who enter the University.
Let us consider the students entering the University at different
times and in different groups (Various Parts and rows of Table [1})
under these fou heads: |. Engineer, meaning Engineering students;
2. Men Non=Eng, meaning non-Engineering men students; 3. Womens-
_ueaninq women students; and 4. Men & Mom, meaning non#Engineering
men students and women studentsi Let us now set up a né@ table

from TABLE NO. I1ll..

TABLE NO V.
Comparing amounts of mathematics offered for entrance by Engineer-
ing students, by non-gngineering men students, and by women studeént8e

OFFERING: I, Less 3 Units II.Just 3 Gnits [I].Kore 3 Units
f.Engineer 23% 214 178 x 29% 48% 41% x 48% 31% 42% x

2.Men N-EJ 31% 30% x 30% 33% 46% x 34% 36% 24% x 36%

3. Women 43% 42% x 69% 29% 43% x 25% 28% 15% x 69
4.MensWom. 34% 35% 29% x  30% 44% 46% x  34% 21% 25%

Enter?
B. Priortiy
B.Part £ r
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In using the above tabte, we make the comparisons verticallly,
Thus in Cotumn |, fjrst sub=-cotumn, we see that 238 of the Engl-
neering students of%ered l'ess than 3 units mathematics for entrance,
whereas 43% of the women offered less than 3 units for entrancel
In Cotumn ll?lfgab-column, we see that 48% of the Engineefs
offered offered more than 3 units, whereas but 284 of the women
entering at a corresponding timevoffered more than 3 units. The
first sub=columns are taken ??gmngﬁt C and Part B. The second
sub=columns are taken ngg,ga?{s C and B. The third sub=-columns
are taken from row 4 of Part E. The fourth sub-columns are

taken from row | of Part A.

In every one of these sub-columns we see that the Engineer=-
ing students lead in amount of mathematics offered for entrance;
non-Engineering men students are next in amount of mathematics
offered for entranceyr and women students offer deast mathematics
for entrance. Thus our supposition is boe€ne out. |

Here again is a problem for the students of high schoot
mathematics.courses and for the students of university mathema-
tics courses: Shall we differentiate mathematics courses (or
amounts of mathematics requirgd) for BOYS and for GIRLS and for
boys planning ENGINEERING work?

Résuﬁé of Chapter |1,

‘The above general observations from TABLE NO. I!| are minor

in importance and significance. The fundamental purposes of the

tabie will appear in the féllowing chapters.



CHAPTER 111,
The actual form, content and purpose of the first year
mathematics courses at the University of Missouri.

Introduction:

The mathematics department of the University of Missouri
serves three rather non-clearly defined groups of students,
viz. those students going into engineering work, for whom
mathematics is a requirement; those students taking mathematics
by rfree election, coming from every department of the Univer-
sity, some of them planning to go on into higher mathematics;
and those students who, having offered less than three units
entrance mathematics, are required to take at least three
hours of mathematics or logic in the University. Some students
of this third group may bevirtually members of the second.

The first year mathematics courses consist of three grougs,
or rather three different courses, one of which is made up .of
students separated into two classes according te ability. These
three courses are? General Kathematics, Course &, a one-sem-
ester, 3-hour course, meeting the mathematics-logic require-
ment mentioned abovep Elementary 4nalysis, Course 1, a one-
semester 5-hour course in Algebra,lTrigonometry& Analytic
Geometry, followed in secangT:emester by Caliculus, the students
being picked studentsy Trigonometry and Algebra, Course 3, a
one-semester, 5-hour course followed by Analytic Geometry in the
second semester. Students in this course are divided into two
sections, accerding to ability, the;ggg;;ggsknown in this paper

as Course 3 (Norm) and Gourse 3 (Slow). In detalil we have:



20,

I. General Mathematics, Course 8.

This is, as stated, a 3=hour gener&l mathematics course,
best defined by the contents of the course as |listed below?
fABLES, of Squares, of Square Roots, cf Cubes, of Cube Roots,
of Logarithms, cf Trigonometric Functions. These tables are
useq in solving problems of area and volume, problems involving
long multiplications and divisions, problems of triangle solu-
tion, and rroblems of areas in general. The slide-rule is made
the basis of the study of Logarithms..

GRAPHIC REPRESENTATION, dealing with plotting tabulated (statis=
tical) data and data given by a functional relation of two
quantities.

STATISTICAL TOPICS, including principles and uses of averages,
chance, combinations, prabability, insurance, and scientific

use and lnterprqtation of statistics in general.

From the content of the course we see that it is of the
‘practicat’ or ‘commercial' or rather 'citizenship' type. The
course is primarily 'arithmetical' as distinguished from the
‘gqeometricad' type: Students desiring more mathematics take
Course 3 or Course'l or.{and Courses in Probability or {amd)
Business Mathematicsi | |

TABLE NO. !Il‘shows the previous mathematicé training of
the students in this course. The rreparation, in extract
table o::?ollowing page, is grouped aleess 3 Units and 3 or yore
Units, meaning student is or is not required to take mathema-

‘ . offered
tics (or logic) on account of the mathematics in entering,

(From Table No. III, Part 4, row 1).
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TABLE NO. VI,

OFFERING: Less 3 Units 3ierXePelnits Total in &.

Men students 13 = 30% 31 = 70% 44 = 100%
Women students Il = 69% 5=31% 16 = 100%
Men and Women 24 = 40% 36 = 60% 60 = 100%

- ——— - T T - T " T T - T > S T - = S . S0 G S G > S S > —— - - -
—— - - -

Thus we see that 60% of the student§ in this course are
taking it by rfree election, being free from the University
requirement. The remaining 40% are certainly required to take
mathematics (or logic), yet some of these are also virtually
taking the course by choice as well as by requirement. Ne see
also that most of the women in the class have not studied
Solid Geometry (offered less than 3 units entrance mathematics).
The course being, as stated, 'citizenship fraining' in nature,
it Is suited toyand of value to, any student. The question
arises, however, as to whgthe; or not this citizenship train=
ing course is best suited to that 40% of the class (inciuding
69% of the women in the class) who have not studied Solld Geos
metry In the High Schooll. Because they have not studied Solid
Geometry, the Uniéerslty requires them to take mathematics or
logic. Woubd it not seem reasonable to meet the students' de;
ficiency In Solid Geometry by means of a course more similar
to Solid Geometry than is Course 82 The logic meets, apparentdy,
one phase of the Solid Geometry, but not the real one, for the
essence of Solld Geometry is not primarily 'logical’*

training

but rather 'space perceptlonal’*in purpose and content. This

appear
phase of mathematics, Course 8 does not inciude, Dlscuss?on‘fater;
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tt. Elementary Analysis, Course |.

All students desiring a 5-hour first year mathematics
course enroll in Course 3. After three weeks spent in review
of Elementary Algebra, a written examination of one hour is
given over this work., According to the grades made in this test,
the students are separated into three groups; Thése making
the highest grades (32% of all) go into Course |; those making
the lowest gfades go into course 3 (Slow), and the remaining
ones (44% of all), go into course 3 (Norm). Practicalty nothing
other than the test in Elementary Algebra entered into the
selection of the students for these three classes. Courses 3
(Norm) and 3 (Slow) being the same type of course we shall discuss
these under the general title of Course 3; Course | shall be
generally known as the Fast Course, since it covers the topies
of Algebra, Trigonometry and Analytic Geometry in one semes~
ter, whereas Course 3 requires a year for these three subjects.

Elementary Analysis, Course |, 'is followed in the second
semester by The Calcutus, Course 2, and these are fallowed in
the next year by Differential Equations, Caurse 120. This suite
meets the Engineering mathematics requirement, The students in
this suite are, as stated, those standing highest in the Als
gebra test. The Analytic Geometry laps over intd the second
semester samewhat, and the greater part of the Integral Catw
cubus Is done in connection with the‘DifferentIai Equatians
course in the next year. It Is then the purpose of the rast
sutteyto give to students in 16 hours of mathematics wark these

subjects: Trigonometry, Algebra, Analytic Geometry (5=-hrs),



23.

The Calcutus (5-hrs) and Differential Equations (6-hrs). The
ordinary courses give te the students in 20 hours these sub-
jects: Trigonometry and Algebra (5<hrs), Analytic Geometry
(5-hrs),and Differential and Integral Calculus (10 hrs). This
fast course suite, then, would seem to give to picked students
in 16 hours work Differontia]-Eqﬁat?ggs?'gf the subjects covered
by the other students in 20 hours work. But does the .present
organization of the courses produce all these desired results?
In answering this, let us first observe more in detail the
ccntent and organization of the fast course suite.

The one-hour test on Elementary Algebra review work mentioned
above as a basis for serarating students into the three groups
is certainly necessary but is not é shfficient test. It dces
not take into account the previous training of the students In
mathematics.' And -in Course | the time allotment for each of
the three subjects In the first semester is so ifmited that
it is almost absolutely necessary to cut down the time for
Trigonometry to about a week. This could wel} be done, but
for the fact that 28% of those put into the fast course (Fallt
1915) had ﬁot previously studied Trigonometry. The presence
of these students necessitated giving more time to Trigonometry
than was needed fdr the remaining 72% who had previously
studied Trigonometry. If, however, Trigonometry in the High
School, be made a pre-requisite to Gourse |, then we could
more efficiently apportion the time to the different sﬁbjects.

The test atane leaves out all the PERSONAL element in making

the selection af students for the different courses. It is not
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known, Iin making the separation, what previous training the
student has had; it is not known whether he be Arts or Engi-
neer or Education or Agriculture; it Is nat known what further
mathematics work he intends to take or Is required to take;
ngthing Is known of the student except his accomplishment or
standing in Etementary Algebra at the end of three weeks review
aof this subject. This, then, Is an evident weakness in the or-
ganization of Course |. Further reference to this and remedies
for it, will be discussed in the fillowing chapter. Here we
mereky point out the facts.

In order to get an idea of the student’'s view of the fast
courses, a questionaire was sent to all students now in the
University whoe have taken one or mofe of the fast
courses. Forty two of the ninety students to whom the question-
aire was sent responded. The replies were unsigned thus increas-
ing the probability of their representing the students' honest
opinions. The question asked was this: "Are you satisfied, or
do you regret, having taken the fast courses inestead of the
ordinary courses in corresponding years?"...... "Why?" ...
Below are given some typical replies: ...."!| am satisfied...
| feel that to have spent a whole semester on Algebra and
Trigonometry (ordinary courses) would have been time wasted.
But for thase who have ngt had Trigonometry in High Bchool,
it might be advisable that they take'the ordinary courses",,,
Another reply runs thus:..." | regret it....! might have |
majored In mathematics had | had a good thorough foundation

1n ordinary courses...!| had nothing past Plane Geometry in
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preparatory school. | should advise only thcse students who
have had Trigoncmetry or Analytic Geometry previously to try
Course |"... Still another: .."| have always been satisfled
with the fast courses....Time was left for advanced mathema=
tics courses"...

It is difficult to tabulate the digest of these replies,

It was found, however, that 40% of the students answering the
questionaire preferred the ordinary courses, the reason in-
variably given being the lack of preparation in Trigonometry
and Geometry. Those preferring the fast courses did so on the
basis of time being saved from the Trigonometry and Algebra for
more advanced courses (Dafferential Equations).

The positive conclusions to be drawn from the questionaire
are these: For students of inadequate mathematics preparation
the fast course i§ not satisfactory, and for students of good
preparatiqn too much time is given to the Trigonometry, thus
robbing the other subjects of time necessary for them. Most of
the students quite distinctly appreciated the general plan of the
fast courses, some, however, being almost bitter toward the
plan of arbitrarily assigning students to the fast course, which
they felt was not suited to their need.

As regards the content of Course |, we might here note that
three separate text bdoks are used in the one semester's work:
Rietz & Crathorne Ccllege Algebra ($1.40), Kenyon & Ingald
Trigonometry ($1.35) and Zivet & Hopkins Analytic Geometry ($1.60).
Much pf the material of the texts is necessarily omitted or

differently treated. There can result only loss of time and
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energy in changing from the notation of one text to that of
another and in picking from a rather voluminous text only
isolated topics. The number of different texté used and the
appreciable cost thereof, wauid seem to point strongly to
the need of a single text comb!ninq all these topics. The
proposition af Ccmbination Texts will be discussed in the
follaowing chapters. (Cf. pages 88,34,44,52,55,and 56).

I1l, Trigonometry and Algebra, Course 3.

This caurse, as stated, is run in two types of sections,viz.
the Wormal'sectlon, made of the students making medium grades
in the test, and the 'Slow' section, made up of students making
the lowest grades in the test. These courses are followed, in
the second semester, by Analytic Géometry, and in the second
year by Differential and Integral Calculus. The topics covered
In both sectlons-ére practically the same, the work differing
mainly In lntensify and number of exercises.

The content of the Algebra part of €ourse 3 is about that
of a standard College Algebra course, omitting, however, such
toplics as: Complex.Numbers, Horner's Method and Decartes' Rule
df Signs, General Treatment of Logarithms, Limits and Infinite
Sofles, and Theory of Determinants., Some special attention is
given to Graphlc'Approxfmatton to Roots and to some of the
problems of Probabllify, Permutations, and Combinations.

The content of the Trigonometry is also about that of a
standard Plane Triganometry cohrse. topics omitted being:

' Trigonometric
Trigonometrkc Equations, Imyersd , Functions, De Moivre's Theorem,

Comblex Numberé, and topics of Analytic Trigonometry.



Analytic Geometry, Course 4, follows Course 3, in the
second semester. This is a standard course in Plane Analytic
Geometry with two weeks spent on Syace Analytics. Determinants
of Any Order and Compiex Numbers are omitted. The text now in
use includes some processes of the Calculus which, It seems,
had best be left to the Calculus.

IV. Distribution and grades of students in first year courses.

Numbers and percentages of Arts a&g FF ﬁ;ﬁ;feering students
a

in the various 5-hour first year courses,®F€ shown below: (From

records in the MathermAaBtLiEcsNOOffvi.c'e‘).

Distribution of Arts and Endéineers in first year 5-hr coursesé
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IN FIRST YEAR: Course 1(F) Course 3(¥) Course 3(S) All Courses

Arts students 26 = 33% 37 = 47% 15 = 20% 78=100%
Engineers 25 = 24% 48 = 47% 30 = 29% 103=100%
All students 51 = 28% 85 = 47% 45 = 25% 181=100%

Thus we see that the jercentage of all A¥ts students in Course
is higher than the perventage of all Engineers in the course;
in course 3(N) the percentages are the same; and in €Course 3(S)
there is a higher percentage of Engineering students. We should
expect just this thing, since the Arts students are taking the
course by free election whereas the Engineering students are
al}] required to take the courses.

On the following page is tabulated the numbers and percent-
ages of Arts and of fngineering students taking first semester
5-hour courses, who do take and who do not take the follow-

ing second semester courses. (From records in Mathematics Office).
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TABLE NO. VIIFI.
Students in first semester and in corresponding second semester
mathematics courses, separated as to Arts and Endineers.

P B B oD E BB D E DD DD DD VD DB DD B BB DD DD DD B DD DD BB DD DD BDD D DD DD DD DD - ww

TARING MATA: First Sem Secnd Sem Drop Nath

Arts €ast t,  26=100% 16=62% i0 = 38%
Arts Norm 2. 37=100% 16=43% 21 = 57%
Arts Slow 3. 15=100% 4%27% 1 = 73%
ALL ARTS 78=100% 36=46% 42 = 54%
Engs Fast 1. 25=100% 24=96% | = 4%
Engs Norm 3,  48=100% 39=81% 9 = 19%
Engs Slow 3.  30=100% 16=53% 14 = 47%
ALL ENGS 103=100% 79=77% 24 = 23%
------------- e e e e s e e e e e e e e e e e e e e e e e e

Thus we see that but 46% of the Arts students taking the
first semester mathematics courses continue with the foliow-
ing second semester courses,; whereas 77% of the Engineering
students continue with the second semester courses. The Engi-
neering students are supposed to go on with the second semes-
ter courses, those dropping out having ffatled ~:t or left
school. But not all the Arts students who dropped out of the
mathematics courses fflalled -~ t——<they merely did not elect

[}

mathematics the sec.«nd semester. But what of it? The fact is,
S4%; of éggistudents,who elect mathematics the first semester
~do not elect mathematics the second semester. This being the
case, we naturally ask, are the one-semester mathematics
courses taken by these students,the courses which, in the one
semester only, give them the best mathematics training. This

propasition will be discussed in the next chapter. Here we merely

point .wt the facts, to which reference will be made later,
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Let us ;
observe now the distribution of GRADES among the three
courses, Course |, Course 3 (Norm), and Course 3 (Slow), Keeping
in mind that Course | is made up of the (supposedly) best
third of all 5+hr. mathematics students; €ourse 3 (Slow) is
made up of the poorest fourth of all 5-hr. mathematics students;
office).

and Course 3 (Norm) is made up of the rest. (Records, Mathematics,

TABLE NO, IX.
Distribution of ¢rades among courses:s Course 1, Courses 3(N) & 3(S)

GET GRADES: £ ¢ S K I F I §F Total

Arts Course | 16=62% 10=28% 0= 0% O= 0% O= 0% 26=100%
Engs Course | 15=60% 10=40% O= 0% O= 0% O= 0% 25=100%
All Course | 31=61% 20=39% O= 0% O= 0% O= 0% 51=100%

Arts Course 3(N) 21=57% l6=43% O= 0% 0= 0% O= 0% 37=100%
Engs Course 3(N) 6=13% 30=63% 12=24% 0= 0% 12=24% 48=100%
A(r Course 3(N) 27b32% 46=54% 12=14% 0= 0% 12=14% 85=100%

Arts Course 3(S) 0= 07 3=20% 7=87% 5=33% 12=80% 15=100%
Engs Course 3(S) 2= 8% 9=27% 12=39% 9=28% 21=67% 32=100%
Al1 Course (3S) 2= 4% 12=26% 19=40% !14=30% 33=70% 47=100%

Total sfhr Math. 60=33% 78=43% 31=17% 14= 7% 45=24%183=100%

The pooling of grades of all 5-hour mathematics students
‘agrees fairly closely with the normalized percentages, these
being: E&S to 25% of students; M to 50%; and |&F to 25%.

We expect, frozﬁﬁcrm of division of students, that those
in Course | will make highest grades and those in Course 3 (S)
will make lowest grades. The effect of this 'predestining' of
grades will be discussed later..

If, in the above table,we calculate percentages vertically,

we get the percentages of each of five grades going t.o each

course,
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TABLE NO. X.

Vumber and percentage of E4S,N,I,F, grades to each 5«<hr course.
GRADES GIVEN: EgS X I F T§F No.Students
Course | (F) 31=52% 20=26% ®= 0% O= 0% 0= 0% 5| = 28%
Ccurse 3(N) 27=45% 45=56% 12=39% O= 0% 12=27% 85 = 46%
Course 3(S) 2= 3% 12=15% 19=61% 14=100% 33=73% 47 = 26%

All Grades 60=100 77=100 31=100 14=100 45=100¢% 183

- e e o e e e o e e e S St S o T e e e o e S o o e e e e e o S o e B e e S e s o e o o o

Here again we see that Course | (F) absovbed a big percentage
of the E&S grades, while fo Course 3(S) fell the big percent-
age of |&F grades. This theme will be discussed later.

Résume of Chapter |11,

In resumd of this chapter, notice that the chapter con-
tains tabulations of FACTS, definitions of ISSUES, and announce-
ments of PROBLEMS, all relating to the study of the fprm,
purpose, and organization of first year mathematics courses.

In the next chapter these FACTS will be used in meeting ISSUES
and in sclving PROBLEMS raised in this study.

SOME EXTRA DATA:

The féllowing data may be of interest to some, hence is given:

TABLE NO. A. (From records in Nathemggfég?)

Qrades in Calculus of Endineering and of Education graduates.

- e G - TN @ = S e e . S G = G e G e T Gh G G G e R G TE e e e R N G G G G e Gm e AR e G e

GET GRADES: Eg¢S ¥ T§F Total Observed
Education Grad 95=59% 56=35% 9= 6% 160 = 100%
Engineer Grad 146=29% 280=56% 75=15% 500 = 100%
Ed & Eng Grad 241=37%-  336=50% 84=13% 660 = 100%

............... > e o e e o e o o g e o e e o o 2

BOTH{qucation amﬁ En%Jneer graduates 3re above normal in humber of
E&S and below in~ ?&F %Pat students getcbalacing |&F grades?
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CHAPTER IV,

How the first yaar mathematics coyrses might be made to more
fully realize their purposes, and, some additional pur-
poses might be served by the present courses
and by courses to be proposed.

Introduction:

Taking up the issues .«f the preceding chapter, we shall
here more fully analyze and discuss the situations, shall
propose and justify some positive recommendations for making
the present courses more fully realize their purposes, shall
propose : some modifications and extensions of these purposes,
shall suggest some new mathematics courses, and shall discuss
more fully'the question of the form and content of the present
and the proposed courses,

l. Regardiﬁq Geﬁeral Mathematics Courses:

As pointed out in tﬁe preceding chapter, there is an
appreciable sized group of:students now in General Mathematics
Course 8, (half of whom are women) , who, having not studlied
Solid Geometry, are required t.o take mathematics or logic in the
University. The most practicable course open to these students
is General Mathematics Course 8, a citizenship training type
of course. This course has a valuable and needed purpose and
is adequately fulfilling its purpose. |t cannot, moreover, be
materially changed without loss of efficiency. Hence in order
to meet the apparent need of a Space Perception type of course,
it seems necessary to establish an entirely new‘course, cosordi=-

nate with Course 8, this new course covering the more liberal
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field .¢f Sotid Geometry and including some elements of the
Descriptive Geometry and any other subjects which will help
to develop in the student the 'power of space visualization'.
(Cf. paragraph regarding Solid Geometry in the Peking School,
page 8, and also quotation from letter of Professar Roever,
regarding value of Descriptive Geometry, page 54. ).

A course of this tyge would be cf value [in itself, would
be more in keeping with the spirit of the University require-
ment, and would relieve Course 8 in its 'citizenship training'
aspect of that cgntingent of students desiring a different type
of course. Some students now taking logic by University
requirement might prefer this new mathematics course to the
logic.

Administrative considerations need not interfere with the
scheduling .of this new course. The three sections of Gourse 8
scheduled for next year (1916-123) could be replaced by two
sections of the same type of Course 8 and one or two sections
of the new course. Two sectlons wou?g 3 bt?ess be needed, for
three sections of Course 8 are now scarcely adequate to
acc anodate the students desiring the course. Moreover, by
relieving Course 8 cf those students desiring a s.pace type cf
course, Course 8 itself could possibly. draw more rree election
students to itself. Further discussion of the scheduling of
these courses will occur later. This new course as proposed
just here, shall be known as the proposed SPACE COURSE, abbre-

viated to Course (%). Do not confuse with Course 3 (Slow).
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1, Regarding selection of students for Course |:

It was shown in the preceding chapter that the present
method of selecting students for the fast course lets into
the course students with no knowledge of Trigonometry. The
attempt to glive even the briefest course in this subject, robs
the other subjects to be presented in the one semester of the
time allotment necessary for them. A pre<requisite of Trigono-
metry for Course | would permit of * . cutting doWh the time
allotment for Trigonometry to a single week of review, thus
liberating two or more weeks for the other subjects. This
Trigonometry pre~requisite would not cut out an undue number
.of students from Course |, since this year, without reference
to prefrequléites. but 28% of those in the course had not
studied Trigonometry previously. A mgre careful and personal
selection of students for the course would yield as large a
class and as well prepared a class as does the present method
of selection by examination only..

I, Regarding TEXTS for Course |:

Course | at present uses three separate texts in the éne
semester's wcrk, The Trigonometry pre-requisite would all but
eliminate the Trigonometry text, yet something for review and
reference would still be necessary. Hence it would seeﬁ highly
de;lrable to use in this course one of theyrecently published,
or about.-to-be published, Combination texts. combining.in a
unified whole the subject matter of Algebra, Trigonometry and
Analytic Geometry. Wider application of each of the subjects,

better correlation, and avoidance of time loss would result,
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IV. Summary of Rresent and proposed plan of fast courses:

The present pltan and proposed plan far the fast suite of

cpurses are given below in parallel column,

Present Plan

Three weeKs' Algebra review,
I-hour test, highest 28% go
tp course |, no pre-requisite
or rersonal element in selec-
tion,

Trigonometry given short
time for 28% of class; inade-
quate for these and for others
more than necessary.

Three separate texts in one
semester's work. Continuity

Proposed Plan

Same review and test, high-
est 35% with knowledge of Tri-
gonometry considered further
for course |. Personal element
in selection.

Trigonometry pre-requisite
permits of l-week review only,
and saving time for other sub=-
jects.

Combination text, procuring
correlation and preventing

loss results.

Calculus second semester,
Integral part running over in
to next year. Poorer students
drop to ordinary Andlytiesat
end of Ist. semester.

Complete Calculus and Dif-
ferential Equations 2ndJ year
Calculus-completed students
enter begin Ist. semester.

notation-change loss.

Completion of Analytics sec-
ond semester, Then Differential
and introduction to Integral
Calculus. Poorer students drop
to ardinary Calculus end Ist.sem,

Finish Calculus Ist,semester,
Differential Equations proper in
second semester. Compteted~calicu~
lus students enter begin 2nd.sem,

- - - T T - G T T = - = - - - - —— - - - - - G T - - G -

The above summary shows a few simple alterations lﬁngform
and organization of Gourse | which, it seems, uoild make the
fast courses more fully realize thelr exceedlng]y worthy
purposes. More of the.personal element In the selectian of
students for the course, and the use of a combination text in

the first semester's work are the essential recommendations.
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V. Regarding one-semester mathematics courses for Arts students.

Attention was called ta the fact that 54% of the Arts,

l.e. all non-engineering, students who elected the first semester
of five-hour mathematics, did not elect the corresponding or
rather the following second semester mathematics caourses.

Those who dropped out of Course |,did so with the better prepar<
ation in mathematics, having t o their credit three subjects
instead of but twc as is the case where a student drops out

at the end .of the first semester of Course 3. |In case of

those taking only Course 3, it seems that this is not the

best possible course., The student gets, in Algebra, little

more than a review of good High School Algebra. In Trigonometry
he gets the merest fundamentals of Flane Trigonometry, even this
being review work far 45% of the students.

But what Is to be done? Cne suggestion is this? Transfer
to Course 8, general mathematics, those desiring only one
semestor .of mathematics. If a student thus transferred has not
had Splid Geometry in the high 8chool, he might with profit
teke the prapased Space Gourse, in adetlon to Course 8.
Administrative considerations need not prevent‘thls as will be
shown later.

Anpther way of solving the problem Is this: Explain more
careful liy in the cataiogue and t.o the students in person, the
exact nature and purpase of the first year courses, thus
avolding some of the 'misfits'. There should be no difficulity
in the way of having enough of the mathematics men in the office

during registration week to exptain the courses to the; stydents
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Perhaps the most satisfactary way of making the five-
hour first semester mathematics course :best suited to the
needs of Non-Engineering students who take only the one sem-
ester of mathematics, is this: Establish a five-hour one-
semester course, complete iIn itsel}, yet having a closely
connected second semester sequel, the two semesters' work pre-
paring adequately for the Calculus. This course would run co-
ordinate with the regular Coursg 3, This would mean, virtually,
separating the Arts and Engineering students. This plan
was in operation in the Mathematics De.partment of the Unliversity
some ten years ago, the Arts course then being a three-hour
Algebra and Trigonometry course in the first semester and a
three-hour Analytics course in the seccnd semester. The speed
of this first semester course was about that of the present
Coursel, At that time only 12 of the 68 students taking the
first semester wotk did not go on with the second semester
work. Thus at that time but 18% of the students ellecting the

(Trigonometry and Algebra)
first semester mathematics} did not elect the second semester

Analytics
course, whereas at present 94% of those electing the first
(Trig.& Alg.) Analytics

semester.course do not elect the second semester.course-« This
is perhaps due to the technical difficultty at that time of not
continuing a course through the year. For then the University
courses were on the Year basis, whereas now they are on the
Bemester basis. The study of the relative value of the year
basis plan and the semester basis plan for different courses
would make a valuable study In itself, Here we merely note the

facts regarding first year mathematics caourses. Under the year
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basis plan the greater part of the students starting with a
first year 3-hour mathematics course got, in the YEAR (total
of 6 hours), the three subjects, Algebra, Trigonometry and
Analytic Geometry. Under the semester basis plan over hal§ of
the students starting with a first year S5-hour course get, in
(total of 5-hours} .
the one SEMESTER.only two subjects, viz. Algebra and Trigonometry.
Thus, in 6 hours spread through the YEAR, the students got three
different subjects, whereas,under the semester basis plan, the
students get in the 5 hours of the one semester bot two differ-
ent subjects. The final proposals concerning this matter will
be shown up in better rerspective at the close of this chapter(p.48).
VI. Regarding segregation of students in first year mathematics.
The students taking first year mathematics come into the
courses with varied preparation and more varied needs and pur-
posés. Evidently various types of first year courses are needed,
each individual course being designed to meet the needs of a
particullar group ¢f students.' The working out of these various
courses and the separation of the students for the courses has been
receiving carefuli and persistent attention in the Department of
Mathematics for several years. A large portion .¢f this study is
concerned with this very same problem. The writer's plan of or-
'ganization of first year courses calls for some wholly new courses,
calls for certain re-adjustments in selection of students for
various courses, aalls for some changes in the content of the
courses, and for expediency in making the re<adjustment, it calls
for replacing certain courses with their peculliar organization

by different courses with a different basis of organization|
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This last remark refers particudarly to Course 3 (Norm) and
Course 3 (Slow). The purposes of these courses the writer be-
lfeves can best be fulfilled by means of a different selection
of students and by different types of courses. We now proceed with
the writer's criticisms of the princigle of selection of students
for these courses. The purpose of making the segregation always
remalns the same, viz. the best adjustment of instruction to
the needs of the students through the medium of differentiated
courses and differentiated grouping of students.

Referring to TABLE N@. IX, page 29, we find that 61% of the
students in Course | (Fast) received the grades E&S; 54% of the
students in Course 3 (Norm) received the grade M; and 70% of the

students in Course 3 (Slow) received the grades [&F. (Ist.sem.i&-ﬁe)

This is as we would expect from the plan of dividing the students
idbo good, medium and poor groups for the three courses méntionod.
We see that we have placed in the fast course (Course |) a group
of good students,61% of whom are to receive the grades E&S. In

the slow section of Caurse 3 we haye a graup of poor étudentsy

70% of whom are to receive the grades 1&F. And in the normal
section of Course 3 we have a group of medium ability students,
544 of whom are to receive the grade M. What effect will this
grouping of students with virtually presdetermined grades have
upon the actual work of the students in each group? THe writer
believes that the actual accomplishment, regardless of grades,

of fhe poor students will be less because of the tack af inspiras
tion In the class given by better students and because of the nresq

ence of such a 1arge proportion of students unable ta da the work.
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The actual accomplishment of the good students will be less be=-
cause the class . .

as a whole will tend to lag in eneray, knowing full well that

the E's & S's will be plentifub and the |'s & F's exceedingly
sparse. Grant all the advantages of this type of seagregation

by way of araduation of content and conduct of the class to

the ability of the students, yet the pbsychological effects in
this seqregation will outweioh atl other considerations. A

to be defeated by the method used for getting the results
principle of recognized merit sesms , The whole gquestion is deslred,
very much a matter of personal ooinion and observation of the
actual effects on the students themselves..
The real solution of the proolem lies, perhaps,, not in
"seqregation or non-segregation into %ood, medium, and poor
sections of practically the same course, but the solution lies,
perhaps,. in establishing different courses,and then put into
. ability,

these courses the students,sgo00d, medium and poor in ,, accord-
ing to the fitness of the student for the particular course
recommended for him. This again will be fully outlined and

discussed in later oaragraohs..

VIl. Regarding the need for a Prevaration Course:

Part D,
Referring to TABLE NO. 111!, ,we find that 26% of the students
in Fall 1915

in Courses 3(Norm) and 3(Stow)ahave not studied Solid Geometry

in the high school (i.e. coffered tess than 3 units entrance math).
The very fact, moreover, of the establishment of the Slow sec-
tion of Course 3 confesses the inability of the students in this
section te do standard eslementary Trigonometry and College Alge-
bra work. Also we saw that 70% of the I's & F's given to the
5-hour mathematics students went to students in this Slow

section(2 sections) of Course 3. From these facts we can but
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concliude that there is an appreciable sized group of students
taking first year mathematics who are not doing satisfactorily
the most elementary standard Trigonoemetry and Colleae Algebra
wark. What can be done? One solution is, to let things stand
as they are, the students not being able to do the work in
Course 3 (Stow) being automatically and in due time eliminated
from mathematics. But we.must keep in mind that etimination
from a 5-hour mathematics course carries with it a strqnq posSsSi-=
bility of the elimination of the student from the Universityy
for failure in 6 or 7 hours work means dismissal from the
University entirely. Another possible solution is this: Estab-
tish a PREPARATION COURSE in mathematics for students who, for
any reason, promise to be not able to make a grade in a fully
standard Trigonometry and College Algebra course. Let this
Preparation @urse be what the name signifies<=-==-a course de-
'sianed to prepare an inadeaquately prepared, or a poor ability,
or a tazy, indifferent, student to make a agrade in a fullly
standard 5=hour course when once he is admitted to such a
course as Course 3 (Standard). To the inadequately prepared
student such a course would give that orevaration which would
enable him to compete un-handicaoped with the better orepared
students in Course 3 (Standard). To the poor ability student
such a course would give added prevaration and increased con-
fidence which vwould put him in a better position to make good

in the Standard Course 3 if he must take it. And to the lazy
student this course would altlow no shadow of doubt as to the

justice of his elimination in case he faits in this or later

courses,
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The mere proposal of this Prevaration Course put us at
the very core of the question now before the University, vizJ.
the question of the division Ifne between university courses
and high school coursss. Bcth universitiesand secondary schools
now give first courses in German, French, Greek, History,
Physics, Chemistry, Domestic Science; Advanced Algebra, Trigo-
nometry, etc, etc. The University of Missouri has just thrown
ooen its various departments to students offering almost any
combination of subjscts, studied in an aporoved high school
course of four years. Hence next year, or surely the next,
students may be exoected to enter the Univarsity with no know-
ledge of mathematies beyond elementary sehool Arithmeticipe
University admits these students to, say, the Engineering De-
partment (virtually does so, if not technicatly). The Engineer-
ing Devartment then reauires of its students for graduation
a knowledage of mathematics including the Calculus. The most
elementary course offered these would=be Engineers, is Advanced
Algebra and Triagonometry in Course 3, Evidentlly mathematics courses
betwe:Jemfnti;gﬁool Arithmetic and Coltege Algebra are, or
soon will be, needed.

Combining then the oresent need of a Preparation Course
for poorly prepared and poor ability suadents, with the near
futute need for an intermediate course, we have a doubled
necessity for the establishment of the pbrovosed Prevaration
Course.

The Administrative situation to be met is this: The seqre-

gation of students into $oo0d, medium and poor groupns for
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Courses | (Fast), 3(Norm) and 3(Slow), OR the proposed sepa-
ration of students for the three distinct courses, viz.,
Course | (Fast), Course 3(Standard) and the Preparation Course,
demands that a suite of these three courses be run at each of
two morning hours, with overflow sections of Course 3 (Undivi-
ded) in the afternoon. The only administrative difficulty in
the way of establishing this Preparation Course might be be-
cause of an insufficient number of students for filling two
sections of the course. This difficulty, however, is met in
this way: Make the Preparation Course a three-hour course-
This in itself is good, in that it automatically reduces the
number of hours on the weak student's schedule- Then
schedule the three-hour courses, Course 8, the proposed Space
Course, and the .Reparation Course, all at the same hour with
the five-hour courses., The schedule of the three-hour courses
Miqhgfarranqed thus:

TABLE NO, B.
Day schedule of three 3-hour first year Hathematics Courses.

- . e S N P TR W WS W WS WS WS WD D U S WS W We TS WS G WS M WS WS WS D WS Gh P G EP WP G R We R WS TP P WS G WP WS W WS WS W W e W W W W W e

ON THE DAYS: Hon Tue Fed Thu Fri Sat
At Ist.Morn Hr, 84&4P S 8&P S 84&P S

At 2nd.Morn Hr, S 84&P S 8&P S 8&P
At Both Hrs. 143 143 143 &3 | &3 ——

- - . W T D T G T T S WS R T TS T G D W R WS W T Wm e D . S W P D - . - - - . = e - -

"8" above means Course 8, General Mathematics.

"P" above means the proposed Preparation Course.

"S" above means the proposed Space Perception course.

"|" above means Course |, Elementary Analysis.

"3" above means Course 3, Trigonometry and Algebra, this course,
shown later, to be divided into "Arts" and "Eng" sections.
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The above scheduling permits a Preparation Course student,
by increasing his schedule by but one hour, to get the Space
Course on the day-hours liberated from his original schedule
by changing from his scheduled 5-hour mathematics Course 3 to
the Preparation Course (3-hr course). Also, a student desiring
both Course 8 and the Space Course, could get both these courses
in at the same hour of the day, running all six days. Again,

a student found not suited for Course 8, could be readily

transferred to the Preparation Course reciting at the same hour,
The above scheduling calls for ten sections of mathematics

(first year) in the morning. The rresent schedule (1916-17)
calls for nine corresponding sections, there being one less
3=-hour section, With the new courses proposed, enough new
students will come in to fill this one extra section. A fuller
outline of the scheduling will be found at the end of this
chapter. Here we note that the proposition regarding the
filling up of the Preparation Course is satisfied by making
the Preraration Course a 3-hour course, thus bringing into it
the misfit students of Course 8, and perhaps some students
who atherwise would choose logic in preference to Course 8 for
meeting the University mathematics-logic requirement.
VIII,. Regarding Segregation of Arts and Engineering students.
In section V of this chapter it was shown that the present
Course 3 is not the best 5-hour course for those students who
dc not go on with the second semester's work. Administrative
considerations make the establishment of a special course for

these students impracticable (even if it were known before-
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hand which students would nct go on with the second semester
work). It is, however, possible to divide the Arts and Engineers
in the two sections of Course 3 (Standard) at each of the two
morning hours, filling up the Arts sections with Engineers if
need be for balance. We would then have two courses, viz,
Course 3 (Arts) and Course 3 (Eng). As subject matter for this
Course 3 (Arts), use one of the Combination Texts, dividing the
material included in such a text into two parts, such that the
ohe semester's work would give the student a greater variety
of topics and more valuable topics than he now gets from the
one semester's S-hour Trigonometry and Algebra course; and
dividing the material so that there would be offered to the
student a strong incentive to continue the work into the
second semester. The course could be a complete one-semester
course, yet having a smoothly connected second semester sequel,
which weuld draw the student on to the completion of the year's
work., The year's work would prepare adequately for the Calculus.
But this same Combination Text Scheme has been, or will be,
proposed for the reqular Course 3 (Standard), regardless of
whether students be Arts or Engineers, hence the need of the
separation of Arts students into a special class would seem
to be obviated. This brings us, however, to the bigger and
more essential proposition, namely that of the general princi=-
ple of segregation of Arts and Enéineers in mathematics. This
proposition we shall here proceed to discuss.
Separation of the two types of students makes possible

greater specialization for each, and permits a closer follow=-
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ing c¢f the interests of each group. Non-separation fosters
mutual broadening, each group coming in contact with the view=-
points of the other, But in first year mathematics groups,

there are not present distinctly Arts and distinctly Engineer-
ing view-points, by conjunction of which mutual broadening might
result. The students in first year courses have not yet de-
ve!oped De partment view-points and basic interests in mathematics,
origny other subject, in fact. Hence it would seem best to
separate Arts and Engineering students in the first year courses
in order to allow the distinct view-points to develop and

take formJ and then in the second year put the Arts and Engi-
neering students todether, fcr the purpose of this mutual
broadening through ccntact of the two view-points. The attutude
of the Engineering student and the attitude of the lon+Engineer-
ing student towards mathematics, are distinctly different---

and rightly so. The Engineering student in mathematics should
hever lose sight of the fact that he is an Engineering student,
nor should the Non-Engineering student in mathematics fail

to realize that he is not an Engineering student., Hence in

rirst year mathematics courses we should foster the Engineering
and the Non-=Engineering view-points separately, combining

these in the second year courses for the purpose of broadening
the view-=points and purposes and methods of bath Engineer

and Non+Engineer. Hence the separation of Arts and Engineers in
Course 3 is proposed. Administrative considerations prevent

separation in Course | (Fast), even were it desired.



IX. Regarding the factors at work in producing possible changes

in the content and intensity of first year mathematics courses.
During the past few years several changes have taken place

in the organizating of the University as a whole and in the or-

ganization of the mathematics courses. Some of these changes

might very well tend to bring about improvement (or possibly

deterioration) in the content and intensity of the first year

mathematics courses. For this reason some of these changes are

|listed here in the hope that their effects may be further in;

vestigated.

|. Frevious preparation of studeﬁts ceming into the mathematics

courses.

2. Introduction of a ranking grading system.

3. Change in the University from the YEAR basis to the SEMESTER

basis.

4, Elimination of separate mathematics courses for Arts and

Engineering students.

5, Introduction of the fast course suite, and of two sections of

Course 3, the material in the two sections befnq very similar, the

sections differing essentially in respect to ability of the students.

6. Intrpoduction of a series of text books embodying, to a certain

extent, certain pedagogical principles.

Some of these propositions, not in exactly the form stated
here, are discussed somewhat in this study. All of the policies
of the University and of the Department of Mathematics listed above
?ggd to bring about improvement or deterioration in the first

year mathematics courses. For this reason further study is suggested.
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X. Regarding the Problem reader system,

It is not the intention of this study to go into the fine
details of class conduc???eaching plans. The proposition,though,
of Problem "eading is, from the standpoint of the problenm
"eaders at least, of some interest, The problems handed in
daily by students in first and second year mathematics courses
are checked and recorded by student problem readers. These po=-
sitions pay only scantily for the actual time spent in going
over the note books. Both Engineering and Arts studente, who
did good work in mathematics courses, are employed in this work.

It would seem advisable to put this workon a basis other than
that of
the financial recompense only, . It might be put on a sort
of scholarship basis, Education students planning to teach
mathematics being employed for the work. This problem reading
work would be excellent training for these readers.. The writer
values very hithyvhis'experience as a problem reader in
Mathematics while an undergraduate student. An Education
student reader could, moreover, afford to spend time in getting
in closer touch with the class work, fThis Mou$§,o¥ oracticaluse
to bceth the reader and to the instructor of the class.

The problem reading for the correspondence courses
in mathematics has been put on a basis similar to the one
just proposed for the problem reading in first and second
year Universify mathematics courses, The educational value -
of the problem reading (to an Education student) weuld make
the position desirable and would secure more attention and

time for the actual money expended.
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Xl. Comparing the present organization of first year mathematics
with the proposed organization,

By present organization we shall here mean the courses
as scheduled for the 1916-17 school year. The purpose of this
summary is to show the nature and scheduling of the proposed
courses, and to show how the present organization and schedul-
ing of courses can be made, by slight alterations, to accomo-

date the proposed Organization and scheduling.

I Present Plan T Proposed Plan ]
Three sections of 5-hr Ist- One section at each of two
year courses at each of two morning hours of Courses: | (Fast)
morning hours. As many after- 3 (Arts), 3(Eng), 8(Gen Math),
noon sections as needed.,. Space, and Preparation. As many
Each group of morning sec- afternoon sections of Course 3
tions breaks into one scetion  (Standard) as necessary, prob-

each of Courses | (Fast),3(Nor- ably not divide. Separation at
mal), and 3(Slow). Afternoon end of 3 weeks same as at pres-
sections probably not divide. ent. See Table X schedule. for

Three sections course 8,no0 inter-transfer possibilities.
provision for inter-transfer. of various courses.

15 hrs undergraduate math 24 hrs first-year math at 9
at & and at 9 o'clock. 16 hrs o'clock and at Il o'clock. 5 to
at 10 o'clock. 21 hrs at I, 10 hrs at afternoon hour, for
16 hrs at 2, 8 to |8 hrs at 2. overflow 5-hr students.. ‘

Total of 47 to 52 hours of Total of 53 to 58 hours of
mathematics f.or first year mathematics for first year

Lfourses. l courses. l

Thus we have before us not only the proposal of what would
seem to be a very servicable set of first year mathematics
courses, but we also have the corresponding possible schedu-
ling of these courses, this scheduling not at all outreaching

the administrative possibilities.
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Resume of Chapter IV,
It is not at all .the purpose or intention of this study
to offer suggestions to the Department of Mathematicssas such,
relative to the organization of courses for that Department.
The actual situation in a representative university is used
in order give material form and an efficiency test to the
general principles and propositions set forth in the study.
The argument of the study becomes of concern when it is
shown to be capable of being put into actual operation through
the agency of the actual machinery 6f an actual institution.
The Academic principles underlying this particular and
local study will be enunciated and discussed somewhat in the

following chapter.
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CHAPTER V.,

A resume of the general principles involved, and the conclu-
sions to be drawn from this study.

Introduction:
The discussions of this paper thus far have centered close-

ly about the first year mathematics courses at the University

of Missouri, even taking note of the last detail of putting the

suggestions into operation through the actual existing adminis=-

trative machinery. The analyses and propositions have, how=-

ever, been based first and fundamentally on educational prin-

ciples, the administrative considerations serving as a prac~

ticability test. The study thus far seems local and particular,
which are in._value

yet there stand out some general principles ~enhanced.-by the

fact that they can be put into actual operation. The contribution

of this study, as manifested in the discussions of the pre-

ceding chapters,cgns}sﬁﬁ the discussions 1 of the above mentioned

courses with the purpose, form, content and organization

suggested for them.. A'particular situation has been analysed.

It has been shown wherein certain first yéar mathematics

courses do meet the situation, and wherejn certain courses

do not meet the situation, in the latter instances we proposed

the form of courses which s"ouldmeet the situation. Let us here,

then, recall and restate some of the general educational prin+

ciples underlying and fundamentally directing this study.

I. The fleld of first year mathematics and the types of
courses neeJAln this field.

There is throughout the United States a growing tendency

and necessity for the universities to teach anything anyone
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misht care to learn. |In mathematics this means the tendency
and necessity of teaching to maturer students those subjects
generally considered as belonging essentially in the second=
ary schools. The local solution for meeting this situation
lay in the three proposed 3-hour, one-semester, first year
courses, viz, General Mathematics, Course 8, a citizenship
training type of course; Preparation Course, for those students
not able or prepared to do standard Trigonometry and College
Algebra work; Space Perception Course, designed to give a
more liberal space training than is usually given in a high
school Solid Geometry course.

One or all of these courses, Perhaps , should be taken by
every university student who has not previously received the
equivalent training. This is the least mathematical training
and equipment with which a university student should presume
to meet his obliqationg to society. Quantitative thinking is
essential to intelligent citizenship. And this is the service
of mathematics---not primarily service to the individual for
his individual needs~-~but service to society.{hrouqh trained
citizens. |

The technical presen{ation: of mathematics, pre-supposing
the ideals and information mentioned above, demandé?%he courses be
so organized as to give the most adequaté amefficient service.
Algebra, Trigonometry and Analytic Geometry are the courses
usually included in the first year mathematics work. For
specially prebared students, Calculus is sometimes taken up in

the first yeér's work. The question of the best form for pre-
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senting these subjects is well worth considering. The local
solution of this proposition, discussed in preceding chapters,
lay in the proposed suite of 5-hour first year courses:

|. Elementary Analysis, Course | (Fast), for students of special
mathematics preparation and exceptional ability, covering in
one semester the essential material and processes of Algebra,
Trigonometry ( review and orientation) and Analytic Geometry,
this course serving for both Arts and Engineering students.

The second semester would then include a good half of the Cal-
culus, the year's work to be followed by a 3~hour course

running through the next year, completing the Calculus and
Elementary Differential Equations and Applications.

2. Course 3, Trigonometry and Algebra and possibly some Analytic
Geometry, for ARTS students, in the_first semester, and the
completion of this in the second semestefm This course would haver
practically the same material as is covered in the Ffirst sem-
ester of the Elementary Analysis course described above, more
time being required on account of the students not having as
extensive mathematics preparation as have the above students.

A combination text is recommended so that a single semester

of this course might give the studéot greater variety and

more useful material than is found in the one semester of
Algebra and Triqonohetry alone.

3. Course 3, Trigonometry and Algebra,.for ENGINEERING students,
the same general type of course as the above, the students

here being Engineering students. This separation of Arts and

Enginéering students will be summarized in later paragraphs.
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The two groups of mathematics courses described above, each
representing a fundamental phase of mathematisc, point out to
us at least two fundamental tendencies in the field of mathema-
tics. The one is the humanizing of mathematics, typified by the
citizenship trainind and the space perception types of courses
now existing or herein proposed. These are the result of .....
"a certain unrest and tendency toward investigation of the
purpose and meaning of the subject matter that we teach and its
relation to the |life of the community. There has been a change
from the older scholastic attitude throughout our colleges
toward a more critical attitude regarding the usefulness and
the ultimate justification of our instruction, This does not
imply an attitude of commercialism or utilitarianism, but only
a purely scientific inquiry into the grounds for giving in=
struction with respect to the larger divisions of knowledge
and with respect to the minor topics in each subject". ”

A second fundamental tendency in mathematics and in educa-
tional discussion in general, indicated in the above quotation,
lies in the examination of the actual topics and processes of
mathematics courses most suitable for the mathematical training
of different students...... "In so far as the purely vedagodical
questions are concerned, many have labored and are laboring to
solve these questions. With respect to those more technical
questions which involve a professional knowledée of the par-
ticular subject, however, only those trained in that subject
could be expected to solve the problems or even to fully com«
prehend them".* Here we shall mention but one such topic,viz.

*E.R.Hedrick in School and Society,
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Descriptive Geometry., Is it a course valuable only to

Engineers and as such to be kept a technical, rrofessional
subject in a professional Department, or is it a subject of
more than professional, engineering concern? If it is funda-
mentally and exclusively a professional,engineering subject,
then it does rightfully belong exclusively in the Engineer-

ing Department. But is the subject, by its very nature, strictly
limited in its service to the engineering profession and
practice? Mathematics men at Washington University are inter-
ested in a movement toward putting Descriptive Geometry in

some of its various forms into a field not wholly restricted

to the énqineerinq profession. In answer to a request of these
men for a discussion of this proposition, Professor Roever

says this:...."Now the object of Descriptive Geometry is to

a way that the correspondence is unigque and unambiquUOUS.eesea
Certain branches of Descriptive Geometry enable us to make
pictures which help to develop the power of swace visualization,
and this power, as every mathematician knows, is a great asset
at least in certain branches of mathematics. An examination

of the books on Pure and Applied Mathematics shows clearly

that the authors of mathematical works pay very little atten-
tion to the proper drawing of figures.".....From the stand=
point of mathematics per se, it would seem, from the above,
that Descriptive Geometry is of some importance to other than
Engineering students. The teachers of all space subjects

should possess a goad knowledge of Descriptive Geometry. But
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this again is a proposition on the border of the field of this
study. The ¥athematical Training of Teachers of Kathematics is
a subject well wothy .of further study. The "American Mathemati-
cal Monthly" has called for a symposium on this very question..
(See March 1916 issue of the "American Mathemat Ical Monthly".)
It, Regarding text books for first year mathematics courses,
and their essential characteristics.

This study is nct concerned with any particular text or
texts for first year mathematics courses. But it is concerned
with some of the general Dringiples involved in,and represent-
ed by,various texts for vhrioqs course;. - As has already been
pointed out, any multiciplicity in number of texts used in a
given course, means a éorrespondjng multiciplicity in termi-
nology and'a cdnsequent diffusion of energies andidis§ipation
of continuity. The writer has just read the manuscript of a
Combination Text for first year mathematics, about to go to
press; also a text of the same general type, recently pub-
lished, has been carefully and critiéale examined. Two or
three more such texts are well under way of preparation. All
these typify a distinct movemenf in the field of first year
collegiate mathematics. This whote movement represents the
mature effort of men standing high in the profession of con-
structive, scientific, mathematical progress. These texts
represent, in their field, the spi}It of careful, scientific,
educational activity, founded on and demanding a professional
knowleddge of the subject under consfderationu

Relative to the actual working of a first year mathematics
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course using a Combination Text, Prpfesscr Slichter 2f Wis=-
ggnsigfggfgathSFf?:.}ghghglgéggfgfy Analysis (combination
text) is taught to all first year Engineeriing students at Wis<
consin. We spend about two weeks in a review of high school
Algebra, after which we give a written examination in Algebra.
Those students that show that they need more work in Algebra
(about 20%) are given that work in regular classes, and the
rest go ahsad with the text in Elementary Analysis. We are
much pleased with the results. We feel that much time is gain-
ed, that the students take a greater interest in their work,
and that a more scientific attitude and poise is attained by
them, compared t o the results of routine courses of the usual
freshman type"....... This is quoted not as the personal
views of a certain person, but as expressing happily the
claims of all Combination Texts and of all courses based on
them. This raises the question of the method of procedure in
the presentation of any subject. A combination text represents
fsomewhat the idea of working from the more general proposition
toward the specific details, whereas the separate course texts
represent somewhat the idea of working toward the more general
aoropositions from the specific details scientifically and
logically presented. This again is a general pedagogical
proposition, demanding a proessional knowledde of the subject
under sonsideration.

In the f.oregoing discussion,‘the writer's idea of a Combi-
nation Text calls for a real unified course, not a mere 'tandem’

affair of three subjects in a single binding.
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IVl, Regarding sedredation of students.

Seqregation of students .or separation of students into
various groups for various purposes is a principle applied
in all phases of Administrative Educational Roblems. As re-
gards first year mathematics, the local ccnsiderations in
the preceding chapters led to this:
l. Dne type.of segregation is made @n the basis of ability
of the students, the courses being then somewhaf modified
in content and conduct acc.ording to the quality of the student
group put into the different courses. The principle proposed
by the writer in this study is not a sedéredation ¢on the basis
of ability alone with the consequent unfortunate results point=
ed out, but rather a separation of students called for by
establishing different courses into which students are di-
rected according to the fitness of the student for the course
and the suitability of the caurse for the needs of the student.
Fundamentally distinct courses are established, and students
of all abilities are directed into the course for whfch they
are best prepared and which are mathematically best suited to
the needs and purposes of the studentsy Jegregation on tihe basis
of ability alone places = the students who are most likely to
NOT succeed in a given course into that course. It also ‘groups
the students most likely to do exceptionally good work in a
glven course into that course. The writer's criticism of thisis
scheme i§'basdd:dn«2?£tiftha? \its psychological effects' 'tend to
gecure v an actual intellectual accomplishment on the part of

the students which is less extensive and intensive than
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that which might be attained by the different principle of
separate courses., The proposed separation sets up standard,
distinct courses, open to all studatsto whom the courses
are considered best suited, On this basis it is maintained
that each student is served by a course properly graduated
to his needs and purposes, and that he will ge%ﬁgcst actual
mathematical knowledge out of the course, (n any event, the
actual érades qgiven, évedently , under a ranking grading
system, will always be the.same. |

The proposition of separating ARTS and ENGINEERING
students was quite generally discussed in tggT}recedinq ;
chapters. The conclusion was this: Separate Arts and Engi=-
neering students in the first year courses in order to foster
the development of the two view-points; then in the second
year put them together for mutual broadening and vitalizing
of view=-points and purposes.

At a round-table discussion of the proposition of dif-
ferent mathematics courses for Arts and feor EHqineerinq students,
various well known mathematics men present made the following
remarks, in substance: (From the writer's notes taken at tw?gting).
"Same work for all (Arts and Engineering) students".
"Professor ====—-—--="'s Elementary Analysis for Engineers; Arts

take mathematics pure and unadulterated",
"Messrs., ---- and ---- are making a general mathematics book!
"Mathematics for all that will prepare for higher courses".

Thus we see that opinion was divided on this question, the

administrative considerations perhaps controlling oarfly.
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Resume of orientation of this study and of further studies.,

Cnly within recent years, and in fact, within recent months,
have the undergraduate university mathematics courses been re-
ceiving effectually organized attention. One of the early

. o , , vol.3X, p.102)
activities in this field was the presidential address of Pro-

(published in the Bulletin of the American Mathematical Society,
fessor E.H.Moore,before the American Mathematical Society in

the 1902 meeting, The names of Perry and Borel and Klein are
connected with like movements in England and France and Germany,
Another indication of desired activity in this field was the
joint meeting of mathematicians and engineers at Chicagc in 1907.
The re-organization of the "American Mathematical Monthly" for
the purpose of meeting the needs of the collegiate mathematics
field, marks, perhaps, the most effective efforts in this field.
The partial fruition of the efforts of the men back of this
journal is found in the organization of the "Mathematical
Association of America". (Organized January 1916). This organi-
zation stands for 'mathematical research' in the broader

sense of the werd 'research'. This study has been encouraged,
inspired and cold red by the ideals and principtes for which

the Association stands. As a member of the Association, wijh
field of work in China, the writer feels an added responsibility
attached to his work in the Peking school----not only as con-
cerns the mathematics work in this particular school, but

also as concerns the proposition of having a part in helping

to formutate and organize the mathematics work in all the

schools of China. tlerein lies a large field for study and ac-

tivity. The field is comparatively fallow, and upon those
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now engaged in establishing a mathematics system therein,
rests the responsibility of the efficiency of the system es-
tablished, and the responsibility of the 'traditions' set up
fcr mathematics in the whole school system of the country.

The public elementary schools, imtermediate schools, high
schools, colleges, technical schools and universities of China
are just now in process of re-crganization along lines of the
best things in the educational systems of America and Europe.
Western Sub jects are being put into the schools along with
the best portions of the older Chinese subjects. American text
books of History and Science and Mathematics are being translat-
ed directly into Chinese; also, these American texts are being
re-edited both in English and in Chinese, to suit the needs
of the Chinese schools; and some texts are being written en-
tirely for the Chinese schools, both in English and in Chinese,
All this demands many new words and definitions in the language,
the Chinese language not lending itself readily to expressing
scientific ideas in scientific terminology. A great deal of
progress has beeh made in the way of developing a Kedical
terminology and literature. Work of this nature in all the
sciences and in mathematics is much needed. As stated
before, the field is fallow, and America should have a part in
the work.

It is in this field of mathematics and education that the
writer purposes to continue this study and carry on mathematical

research in some of its many professional and educational phases)
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BISLIOGRAPHY AND OTHER SQURCLS OF INFORMATION:

This study is experimental and statistical in nature, hence
it has a peculiar bibliography. The articles bearing on this sub=-
ject which were not consulted are manked(*).
|.Books..

Various high school mathematics text btooks of the different types.

First year university mathematics text books consisting of:

a.Several standard texts such as Rothrock's Trigonometry, Ken-
yon and Ingold Trigonometry, Fite's College Algebra, etc, etc.

b.Two combination texts for first year university mathematics
courses, viz. Slichter's Elementary Analysis, and the manuscript
of a combination text about to go to press.

Missouri Public School Report for 1914 and for 1915,

Yule's text book on Statistics and Probabilities.

Descriptive Geometry text books, books on the Psychology of Space
Perc etion, and various psychological and pedagogical discussions
of mathematics.

Catalogs of the University of Missouri and of various other
colleges and universities.

Foreign mathematics text books and school catalogs.

Easy Mathematics by Sir Oliver Lodge.*

Several combination texts in preparation.”
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|l. Magazines and publicatiocons.,

The American Mathematical Monthly, all issues since i9i2.'§spec§élly
the latter issues of 1915 and the January, February, Marchkaﬁﬁv
April lssues of 1916.

School Science and Mathematics, (a monthly journal dealing with
secondary school mathematics and sciences), all issues since 1209.
School and Society, article by Professcr E.R.Hedrick in issue.

Bulletin of The American Mathematical Society, 1915 and 1916.

Student and faculty publications of Tsing Hua College at Peking China..

Magazine articles rgead or discussed in a seminar course in

Current Problems, (Dr.Pyle, Fall 1915).



I1i. Cther sources of information.

Correspondence relative to the organization and purposes of the
Mathematical Association of America, in the hands of Frofessor
F.R.Hedrick, first president of the Asscciation.

Correspondence of the writer with professors of mathematics in
various universities and colleges.

Meetings attended by the writer this (i9i5—i6) school year:

a.The American Mathematical Society, in St. Louis, November |95,

b.Call meeting for discussing the proposition of organizing a

new mathematical association (Mathematical Asspciation of America
in preliminary form .
was temporarly organized), in St. Louis, November [9]5.
c.Conference of College Teachers of Mathematics, in St. Louis,
November 1915.
d.Conference of Superintendebts and Principals, Maégh School Day,igie,
Manuscript submitted for publication in the American Mathematical
Monthly which has not yet been published.
Records in the Registrar's (Office.
Records of the Department of Wathematics----courses given at

various times, grades of students, etc.

Work as head of the mathematics department in a high school of

1910 tp I91F
Missouri, in a college of Missouri, and in a college of(Ch{na.pAl,9L

Work as an assistant in mathematics at the University of Missouri
1915-16 and as a problemr reader in mathematics in [908-0¢

v

and 1909-10.
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