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MATHEMATICS IN THE TECHNOLOGICAL' SCHOOLS
~ OF COLLEGIATE GRADE.

I. INTRODUCTION.—PLACE OF APPLIED SCIENCE IN
HIGHER EDUCATION IN THE UNITED STATES.

; DEFINITIONS.

The most striking characteristic of technological as of other forms
of education in the United States from the international standpoint
is doubtless its extreme range of variafion and the impossibility of -
framing general statements and definitions which shall be free from
numerous exceptions. For the purposes of the present report a tech-
nological school or department may be defined as one giving sys-
tematic instruction in engineering and other forms of applied science
to students entering the institution at the average age of 18 or 19,
usually on the completion of a high-school course four years in.
length. This definition would exclude, for example, the lower-grade
technical schools which admit younger students with less prepara-
tion, and which give the training necessary for minor industrial
positions, with little or no usg of the calculus ; it would exclude, again,
.the evening schools for the supplementary training of men engaged
in technical vocations. Neither of these important types is, how-
ever, as yet very much developed in the United States in comparison
with the technological institutioris of collegiate grade which are here
discussed. Tt should be noted, however, ‘that actual technological
instruction is often preceded in the higher institutions, either from
choice or requirenient, by one or more years devoted to academic or
general scientific studies; also that g considerable and- increasing
number of the technological students have previously completed a
college course. The technological instfuction. aims to qualify s
graduates both for immediate usefulness in junior positions ip the .
varipus branches of engineering, in technical chemistry, in archi-

t There is some diversity of usage in regard to the use of the words ““technology !’ utid *“ technological.”
These terms,employed in $he raports of the Bureau of Education and adopted by the eommissionens in
their general acheme, correspond with the titles of thie varieus “‘sohols”” and “institutes’ of technology,

(. and are here nsed as wearly equivalent in meaning with “‘applied science’’ and “‘angineering,’’ being,
¢ however, samewhat more definite and restricted In scope then the Airst and somewhat more comprehen-
sive than thesecond. They seem to the writer to have for the Present purpose the Iniportant advantage
of comparstive freedom froin the vaguenesg or ambiguity which necessarHy attaches Lo such words as
engineering, technical, ete., which are in more general colloquigl nse. H. W. T, ;
: : ] e 3 T : 5 .
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6 . MATHEMATI(‘S IN' TECHNOLOGICAL SCH(I"LS.

tecture. and for ultimate pmfe@smnal responmbxhty proportionate to

individual capacity, etc. The curriculum is usually four years in

lengt.h (with a present tendency to extension), and students com-
pleting. it commonly receive the degree bachelor of science (B. 8.),
with spemﬁcat,mn of the professional department. If thé same -
institutiont gwes also academic -coures leading to the bachelor of
arts degree, it is in general deemed, in what follows, to be a college
or university having a technological department. The bopndary
can not, however, be very sharply drawn, and in some of the univer-
gities the -teoh;xologicul department prepondemtés numerically.

HISTQORICAL SKETCH.

Prior to the Civil War of 1861-1865 technological or 'engineoring

education in the United States was represented chiefly by the

Rensselaer Polytechnic Institute atTroy, N. Y., founded in 1824;
by the work of Union College in civil engmeermg, by the more -
recently established scientific schools of Harvard and Yale Univer-
sities; and in a special sense by the military and naval academies at

"West Point and Annapolis. July 2, 1862, a far-reaching act of Con-

gress provided a national grant of pubh( land to each State for the—

endowmentfsupport, and maintenance of at least one college “where the leading
object sha without excluding other &cientific and classical gtudies, and including

. military tacti®%, to teach such branches of learning as are relamd to agncultum and the

mechanic AT, ,
Somé of these grants proved enormously produ;-ﬁtiva; and subse-
quent acts have largely increased the resources of the institutions.
The rapid subsequent growth of technological education has béen

- due not only to this legislation, but to the economic conditions of the
- times. The ¢lose of the Civil War was succeeded by a period of

extraordinary industrial develupmentb particularly.in the building of
railroads, but also in manufacturing and mining. The natura] re-
sources of the country were so abundant, the demand for immediate
results so keen, the supply . .of trained engineers so scanty, that quick
and wasteful methods were inevitable. The existing institutions and
the methods of apprenticeship could no longer furnish a sufficient
number-of engineering recruits. Engmeermo had to,be taught to
la.rga bodies of students by men apt to be inexperienced elther in
engineering or in teaching, sometimes even in both. The constintly;
qpmdmg subject-matter had te be worked into teachable form by
ten.chmg it, Professional employment was so easily obtained that
many students-were unable-to resist the temptation to curtail their -

- .preparation for it. Yet,on the other hand, there was widespread dis-
. trust of engmee;m.g ‘education in its néwer forms. Manufacturers

tccqatomod to get on by rule-of-thumb methods were slow to realize

i S “the Md of ei:lploynig mechmucal éngmeers tmd chem;sts Educar :

)n. ' . S . = -z‘ 3 ?




I _ ) HISTORICAL SKETCH. , & ;

* tors trained in the classical tradition denied the educational valye of
utilitarian studies. Thus technological education during the past
half century has had to work out its difficult problems sometimes in
independerit institutions, sometimes in‘connection with colleges and
universities with, for a time at least. a conservative lack of sympathy

Ll

for applied science. This relationship has greatly influenced the
~development both of technological education and of the colleges and
universities which have undertaken it. At the present time, while

‘its unsolved problems are numerous and pressing, its honorable status
is established, and a great host of graduates are eagerly absorbed each :
yedr by the industries of the nation. N ’ g

The findamental subjects for technological students have natu rally -

» been mathematics, physics, and chemistrys Of these physics and

chemistry had not been much de\'e,l_gfied-in(the‘older,collcges,-' while &

.- moderate range of mathematics had been widely emiployed as a means
of mental discipline without much emphasis on its applications,

- The early students of engineering were naturaly tayght mathematics
like their fellow cellegians t‘nid by teachers of the same type. It was
necessary for them, however? to attain some facility of mathematical
technique; their time was limited, their éppreciatiop of theoretical .
discussion not keer.. The teachers of engineering, with vague recol-
lections of their own collegiate mathematics (too often studied with-
.out reference t&-its applications), were apt to be successful in avoiding
the use of anything beyend trigonometry, and thus confirmed the
students in a willing belief in\the relative uselessness of analytic
geometry and the calculus to. practical men.- Out of these conditions
have grown severe and ‘sometimes exaggerated criticisms of mathe-
matics and mathématicians, coupled with a tendency to insist that

" mathematics shall be taught merely as a ““tool”” and that the teaching
shall be done by men of engineering training and expeérience.! There
are indications of pregress toward a. better mutual ‘understandi
among the parties to this controversy. Recent active discussion
will assuredly-result in a better understanding and in progressive
improvement, o ,

The extraordinary development of applied science, the continual
specialization of the engineering professions, the immense advances

| in the fundamental sciences, physics and chemistry, the necessity for

* - turning out better and more broadly trained men, have in: Tecent

years caused sevepe congestion  of - the technological curriculym.

 This has been alleviated in some measure by condensstion of subject
. © matter, by time-saving méthods of teaching, by utilization of the
summer vacation for educational purposes, by concentration of
attention on general principles.at the expense of technical processes,
4 Compare SBympoglum of Mathematios for Englagering Students, reprinted ﬁom'm"d July-
. Beplembet, i¥8. & R 3 : , e
- 100859°—Pull, 11— : '




18 MATHEMATION 18 TEOHNOLOGICAL SCHOOLS, - '

Se s - g 4 b e Y

i, Nevertheless, it has-often been found necessary to-restrict the time

/. dadigned even to iathematics to Véry narrow limits, and there is'a

nyerked tendertoy among the stronger institutions to.make the normal

» lengthof the cours five ygars, or even six. The efforts to ecopomize
timé héve led, with other causes, to a critical revisign of the tradi-

- tipnal mathematical program, of which a fuller statement will be

s found' below. , These changes, while supported hff a considerable

- Body of expert opinion, are naturally still in the experimental stage.

- The fact thet each higher institution in the United States has the

" full control of jt8 owh curriculum, With no attempt at standardization

.. on the part of Natjon on State, is naturaily most favorable to the”

.. working out of su¢h experpments.t Excesses in any direction are, on

. the other hand, likely tojbe checked by the inter-relations of the
- ihétitutions and by the usually conservative influenice of the larger
and older among them. * %5~ : . ' . :

#7000 0. PRESENT GENERAL CONDITIGNS.

'_L The Report of the United States Commissioner of Education. for
| 1008 shows that of 101,000 collegiate students reported nearly
] 31,000 were taking engineering courses, 6,000 agriculture, and 12,000

-general . science. ' Of 120 ‘universities, colleges, and technological
-t schools included in the report as giving engirieering instruction about
: l' one-third. are*wholly technoldgical (or agricultural) , and these have

(A

%2

&
e

o

s aboﬁjﬁhz‘ree_—ei’gh‘ﬁhs-of the total number of engineéring students.
E The United States fosters technological education by onsiderable
 annual grants, amounting in 1907-8 to about $2,500,000, not includ-
.. ing geants for the Military snd Naval Acddemies. The control and
msnagement of the institutionis are vested, however, in State (not
o + ndtional) officers, or in carporations which are sometimes wholly
it \private, and sométimes include representatives of the State. :
: The relation of the several States to higher education varies widely.
" In the older eastegp States instrugtion of collegiate grade is ‘mainly
. cartied on by greal private institutions, some of which have received
. 'vast pndowments from private spurces. Inthe rest of the'country,
+1and'partibularly in'the Middle West, the great State universities sro
. liperally supported from the State treaburies. The national grants
.. havé in many cases been assigned by the States to the, State uni-

yersities;. in dotue, however, to separate institations. e RN &
%‘Mﬂm@w;ﬁﬁm@ca'b@m% the ordingry college (or«the |
Aosdemic depsriment) and: th Mhnésﬂé&m?fﬁor opértent |
tuiel mxamwﬂw sim of tha Istter. | efe;g:fn i
Is & wide range from the technologieal setiool Which confines ! -

‘ : o A s




PRESENT GENEEAL CONDITIONS, 9

«its attention to technical subjects and those on which they-ﬁ!iregt,ly
depend, to the university which insists on two or more Years of gen-
eral college work as a prelimi ary to the professional. The inde-
pendent agricultural and mechanical .colleges have often maintained
somewhat lowet standards of admission and graduation,

While most universities and colleges leave their students at, present,

.

a considerable freedom of chojte of subjects, the engineering curric-
ulum is ‘generally laid out with ‘relatively complete definiteness,
During the first year or two the curriculum may be identical for all;
thereafter the student follows the program K has selected, with per-
haps some latitude in respect to the choice among collateral subjects
or professionial specialties. N

The influence of university connection on technological.education

has various interesting aspects. When academic and technological

departments are not very unequal in size and age, and when other

conditions are favorable, each may react advantageously on the
other. The development of work in' applied science has grestly
stimulated interest in the sciences themselves and in laboratory
methods of instruction. University connection has in many cases

- insured a larger and stronger staff, a better library, a more favorable

position for science departments, and a broader educational spirit -

_ and policy. In the larger technological schools many of these ad-

vantages have also been realized, together with somewhat greater
freedom of development. it L .

On the other hand there is danger that in a university the balance
may not always be evenly held between the interests of the academic-
and the technological students, or there may be an excess of emphasis
on abstract science, or the professional spirit of the -technological
student may suffer impairment from the distractions of academic
athletics, etc. R '

An interesting review of present conditions, and particularly of
current criticism of the teaching of mathematics to students of
engineering, may be found in the reports of the joint ‘meeting of the
sections on mathematics and on mechanical science and engineering
of the American Association for the Advancement of Science and the
Chicago section of the American Mathematical Bociety, reprinted

-from Science of July 17, 24, 31, August 7, 28, and Septeznber 4, 1908,

and referred to i thé following pages as the Chicago symposium.,

~ Reference will also be made to & symposiupi ont instruction in calculus
" at the Madison' (1910) meeting of the Society for the Fromotion of °

of which, however, only a preliminary pub-
lication is yet available, LB S b, :
A committee appyinted at the Chicago meeéting to report-to the

Engineering Edueation, of whi

- Society for the Promotion of Engineering Education has courteously
. placed materid] collected by it. at the disposal of the present cominit~ i

ALATIE L b
i TARRH
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ms report-‘ (which is to be published in the bulletin of the society):

18 object of this report is to pfeaent a synoptns of those. fund&menml principles
ahd methods of mathematics which,in the opinion of the committee, should constitute
‘thé minimum mathematical-equipment of the student of enginesring.

- .1t is hoped that this report may be serviceable in .two ways: First, to-the teacher,
b.s #n indicatiqn of where the emphasis ehould bé laid; apd socondly, to the student,
as & syllabus of facts and methods which are to be lus working tools. It does not

- include data for which the student would properly refer to an engineer’s handbook:

:.. any book, the things which-he should have constmtly athis fingers’ ends.
The, teacher of mathematics should see to it that at least:theee facts are porfectly -
familiar to all his students, so that the professor of engineering may présuppose, with
' ‘confidence, at least this much mathematical knowledge on the part of his students.
. ~On the other hand, if the professor of ‘engineering needs to use, at any point, moré
‘2 advanced mathematical methods than thoee here mentioned, he should be careful
B,; to‘oizplmn them to hig'class.
',]Phe defects in, the m&thymaucnf teaining of the student of engineering appear to
;s : y i kmowledge and of fundsmental principles, and the constant effort
b’ of '{Be teacher should be to ground the student thoroughty in these fundamentals,
! which are too often:lost sight of in a mase of details. _
“The cominitted has not found it poesible to propose a demW
Thre order in which theee topics should be taken up must be left largely to the
.+, tion' of the individual teacher, The committee is firmly of the opinion, however,
" that whatever order is adopted, the principal part of the couree should be problems
worked by the students, and timt all these problems should be solved on the basis
: - of s mmhlk number of fundamental principles and methods, such as are Hero suggested.
""" Wit is most needed at the present time is & series of synoptical textbooks, which
shall. pmaent in compact form, first, the fundamental principles of the science, and
v sepond, & clagsified and graded .collection of problems (which would’ naturally be

. this report, which is confined to the first part of the desired .textbook, will stimulate
t.hroughout the country pmcneal contributions wward the second.

II. PLAN OF INVESTIGATION

./ Adetailed questionnaire (reprinted below), prepared by the present
¥ -‘-‘cqmmxttee in cooperation with that on colleges of liberal arts and

7" Commissioner of Education in December, 1909, fo a large number
" of institutions believed to be representamve The accompanying .
- reports: of subsommittees, one on technological schools, the other
4 on techno]loglcml dep&rtments, @,re Ibuaed latgaly on & compurauw

: -to the Commxasx‘bgul
aid, ‘and.to th fello mathemaucnans to.

The s’cOpe of its. workxs ‘indicated by the' followmg preface of °

it includee rather just those things for which he ought never to be obliged to refer to -

subject to continusl change and expansion). It -is the hope of the committée that -

" univensities, Stats and endowed, was issued by the United Statés

3
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r - PLAN OF INVESTIGATION, . 1]

whose painstaking and suggestive replies these reports owe much
of whatever value they may possess: Special mention should also
be made of the cooperation of Professors A.Ziwet, of the Urniiversity

of Michigan and E. R. Hedrick, of the University of Missouri.

P Questionnaire on the Teaching of Mathematics in Universities, Colleges, and, Tech- :
- uological Schools or Departments. ! ¥ !

General Informatz'on.

1. Namo of institution. Place. " \ : ‘

2. Mathematical staff (complete list with present titles, academic degrees, and a
-brief mention of any special preparation of members, e. g., training in physics, dstron-
§ omy, or techmology, or engineering practice). :

Y » 1 )

ORra4

3. List of departments (schools, colleges, efc.) in which mathemaW®¥ of collegiate
grade is taught. ’ | J

4. List of degroes given in these departments for undergraduate wo

5. In these different schools or departments are there separate mat,hebicgl depart-
ments? If not,.what combinations are made? What relations subsist between
different mathematical departments? (Compare with question 2.) :
- 6. Status of mathematical department in its relations—dependence or independ-
ence—to the general faculty or to other poordinate departments,

« 7. Status of mathematical teachers as to internal organization of mathematical
department; influence or control exercised by senior teachers or head of department
over junior colleagues. y

8.-To what extent sre members of the department restricted or directed by adﬁp.in—
 trative officers in the conduct of their instruction, either as to subject matter or

' f . methods? 4 ’ ' |

9. What principles govern distribution of teaching? For example: Do senior
teachers give a large or small proportion of elementary or required instruction, and
are advanced elective subjects intrusted to junior teachers? ]

10. Are department meetings held regularly for discussion of current teaching, or
scientific matters, or both? : ‘
11. To what extent are collegiate ahd technological students taught in the same

classes, and what are the reasons for or against such combinations? (Compare 26.)
12. To what extent are mechanics and descriptive geometry or other branches of

applied mathematics taught by the mathematical department?

13. By what system or method are vacancies in the mathematical staff filled?
-14. What matérial changes, if any, in matters referred to in questions 1 to 13 have

been made during the past 10 years? ‘

15. What tendencies to change are now in operation, and what changes seem to
you disirable? \ ] : :
' CuURRICULUM.

16. Extent of admission requirement. (Preferably in tefms of the ‘definitions
rfecommended by committee of American Mathematical Society and now in use by
the College Entrance Examination Board, 1In case of deviation from these,a brief
statement of reasons is desired.) Basinples of examination papers or ‘certificate
blanks are requested. Age of studenta 8} entriince? . R

. 17. General quality of mathematical preparation aa indicated by the results of your
sdmission system? A brief digcussion of prevalent defects in preparation is invited,

18, What changes of admission requirements in mathqmaga have beer made during

_ the past 10 years, and what changes aro still desible? ©

¢ 5
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12 - MATHEMATICS IN TECHNOLOGICAL SCHOOLS!

19. Outline of mathematics curriculum, with brief statement of conditions which
" have determined it, and of any existing tendencies to change it. It is desired that 1
 time and number of exercises allotted to each subject be shown; that textbooks in use
be mentioned, and any deviation from usual selection or orderof topics be stated, with
reasons. The extent to which subjects ordinarily separate are combined is of particu-
lar interest. Status of mathematics, as required or elective subject, as a major or
minor subject, as requirement for degrees, or for recommendation for secondary
teaching. ' i ISR o

20. What mathematical courses are required or elective in advance of the (first)
course in calculus? Does an extension of this list either as to required or elective
subjects seem to you desirable and ‘probable for teéchnological students? Do you
favor, for example, mathematical requirements equal to those of the continental
technological institutions? 2

21. To what extent is the curriculum detertnined either as to content or aim by the
needs of other departments dependent on mathematical preparation?

22. To what extent is there a tendency in emphasizing applications of the mathe-'
matics to introduce elementary mechanics, physics, thermodynamics, etc., in the
courses in mathematics? 1 : ; '

23, How farand in what manner are mathematics and engineering, or allied subjects,
correlated? '

24. What is the attitude of professional and applied science departments toward
pure mathematics as to time allotment, aims of instruction, etc.? ' Do those depart-
ments prefer to teach such mathematics as they desire?

- 25, To what extent is the mathematical curriculum restricted by congestion of
subject matter in the engineering courses? '
- 26. To what extent does the mathematical curriculum for technological students
 correspond with that for collegiate students? (Compare 11.) '
" 27. What instruction is given in history of mathematica?

28. 'What changes have taken place in the matters covered by questions 19 to 27
during the past 10 years, and what changes are present tendencies likely to cause? °
In particular, any present or projected extension, of the usual four-year technological
course affecting the mathematical instruction should be stated.

Ams AND MeTHODS OF TEACHING—EXAMINATIONS,

Brief description of aims and methods of teaching, indicating relative emphasis,
and in particular— ‘ ,

29, Aimsfin teaching as to relative emphasis on different results—e. g., mathematical
dexterity, analytical power, logical keenness, accuraty in computation. To what
extent are our students—collegiate or technological—gaining from their mathematics
either general culture or mathematical power and resourcefulness?

30. Extent to which lectures, oral recitations, blackboard work, written tests, criti-
cism of student’s work in class or privately, are used. Are so-called seminar methods

- found useful in teaching undergraduates? If so, in what subjects?

* 31. Are definite prograins of elementary courses prepared in advance; and, if 80, are

they duplicated for teachers and students? ‘ ek L

. 32. Manner in which records are made up, and extent to which they depend on

v term _-wm:k or s final examination, , b : A
* 83, Degree of importance atiached to independence in ordinary problem work; énd .

| ' stope takeni 1o securo-or test if. Is problem work criticised and returned?  If so, by
84, Ettent to which personal conference of students with teachers ia employed, A
35. Normal amount of teaching for teachers of different grades, and extent of theit
~_jacidental dutics, AR ‘ i i
/~ 36, Average kize of classes in ptincipal subjects. If instruction is coeducational,

 state proportion of wamen students, | o

RIS Rl G i i SRR AT R S ¥
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+

37. ‘Use made of models. - Are models made by students? \_
38. Is mathematical drawing or other work of laboratory chamcter required gr offered
by the mathematical department? =l g

" | 39.'To what extent are students’allowed, .or advised, to use tables of formulas in

examinations or in the classroom? .
40. What changes in methods of teaching have been made during the past 10 years,
and what are present tendencies?

-

PREPARATION OF TEACHERS.

41. What kind and extent of preparation seems to you most desirable for members
of your stafi? For example: An academic or a technological undergraduate course
(or both) followed by graduate work in mathematics? Do you consider it practicable
and desirable to secure' teachers who either before or after their graduate work: in'
mathematics have had actual engineering experience? What importance do you
attach to previous teaching experience in college teaching? In secondary teaching?
(See also question 13.)

*42._ Do you favor a systematic attempt on the part of techpological schools or depart.-
ments to prepare students for mathematical teaching? Should technological students
of exceptional mathematical ability be induced to specialize mainly in mathematics?

43. Is it your opinion that colleges or technological schools should provide for
undergraduate courses in the pedagogy of mathematics? :

44. State, if possible, the total number of different persons who have given instruc-
tion in your mathematical department, or departments, during the decade 1899-1909.

45. Do you favor permanent or protracted retention of teachers in rank below that
of assistant professor?

III. REVIEW OF REPORTS OF SUBCOMMITTEES ON INDE-
PENDENT TECHNOJOGICAL SCHOOLS AND ON TECH-
NOLOGICAL DE TMENTS OF COLLEGES AND
UNRVERSITIES. ' ’

&

This review is based in part on the actut:l subcommittee reports, in
part on other sources. While the subcommittee reparts are intended
‘to be primarily descriptive accounts of existing conditions .and
tendencies, with incidental expressions of opinion, the present review
undertakes to deal with the subject in'a somewhat broader genaral
manfler in the light of whatever information and expetience are at .
the disposal of the committee, but always with reference to curresit

5 > o
conditions. ‘

ORGANIZATION AND STATUS OF MATHEMATICAL STAFF.

The size, personnel, and proportion of men in different grades are b

in each institution a matter of mord. or less complex evolution,

_ affected by many personal considerations. The ‘mere size of ‘the
- inathematical staff depends for its sighificance mairily on the relation

it. bears to the number of students, a relation not easily determined
in the case of the institutions having a single mathematical staff for
‘academic.and technological students. In the judgment of the com- |

mittee a department should normally have not less than Half its |

s
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;; ‘mbmbers of pmfeesonal grade, including aseistant professors. Com-
E&Iﬁfﬁ on ‘the quahﬁcat\onh desirable in junior teachers will be mada -
A m ]
The departmenmll organization. and the relation of the mathe- -
-matical to the other departments appear to be relatively simple and
, elastic, as is ‘naturally desirable. The extent of departmental
oxgemzet.lon existing or meedful naturally varies wxdely with the
. 8ize of the department and ‘with the range of experience and.attain-
ments among its members. = It appears to be generally recogmzed
*pa it should be, ‘that men worthy of appointment even as junior
" tegchers. are ent.ltled to a high degree of freedom as to methods of
teaching, -On the other hand when large classes are distributed in
small sections among a number of teachers there should ‘be control
or upproxxmate egreement aé to subject-matter, aims; and rate of
progress
- The very limited extent to which theoretical mechanics and descrip-
hve geometry are taught in the mathematical departments seems to
‘the committee unfortunate, and will be discussed in connection with
‘the mathematical curriculum below.

'ENTRANCE REQUIREMENTS IN MATHEMATICS.

The usual entrance r ments in mathematics far technological

- schools and departm a%ude elementary algebra and plane and

" solid geometry. A eonmderable number of institutions require also
plssne trigonometry, & few add advanced a.lgebra, and a few arith-
metic. -The following definitions of the more usual subjects, pre-
pared by a committee of the American Mathematical- Society ini1903,
have been adopted by numerous. institutions and by the College
Entrance Exemmatxon Board. ,

ELEMENTARY Amnm

- e four Mdmneutel operations for rational algebraie exﬁremione, factoring, deter-
mimtlon of highest comnitm factor and lowest common multiple by factoring; frac- -
- .tipms, including complex fractions, ratfo and proportion; linear equations, bot.h
numetical and literal, containing one gr more unknown quantities; problems depend-
ing on linear equations; radicals, including the extraction of the square root of poly-.

‘- nomialsand of numbers; exponents, including the fractional and negative; quadratic

.{ equ@ﬁona both mupencel and literal; simple ¢ases of equations with one.or more

i - -nknpwin; qmtihea, ‘that.can be solved by the methods of linear or quadratic equs- .-

3 ﬂom, ﬁmblemn dependiig upgn quadratic equations; the binomial theorem for

ggaiﬁqe mtegr.;ld pxponents; ﬂ!@‘;ormgl\a@ fortb the 1:th torm and the sum of the terms. .

of ari geometric progre plications, s s

1 iummd that ] y;zﬂl will be required thg;lghnkt ﬁxefcoume o solve. ;mﬁeroue |

problema which fnvolvs. pumng questions into-equations. - Somé offhiese problems - |

" should'be chosen ‘frum mensuration; froxi physits, snd froth comtmercial life, The -
‘use of guphl#gl’ﬁothodund iBustrations, paﬂjcuieﬂy in connectmn with the Tlutmn .

ol W;:\h also ¢
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ENTRANCE REQUIREMENTS, = &, J

PLANE GREOMETRY.
N »

* The usual theorems and constructions of good textbooks, including the general
properties of plane rectilinear figures; the circle and the measurement of .angles;
similar polygons; areas; regular polygons and the measurement of the circle. The
solution of numerous original exercises, including loci' problems. Applications to
the mensuration of liries and plane surfaces. '

: . SoLID GEOMETRY,

_The usual theorems and constructions of good textbooks, including the relations of . .
. Planes and lines in space; the properties and' measurement of prisms, pyramids,
cylinders, and cones; the sphere and the spherical triangle. The solution of numerous
- original exercises, including loci problems. Applications to the mensuration of sur-
faces and solids. : ‘ .

These definitions, eliminating minor variations in the existing defi-
nitions of different colleges, were framed with a'view to simplifying
the elementary algebra by omitting certain ‘non-essentials, and. at the
same time enriching it by the introduction of graphical methods and
of more numerous problems. At present an attempt is in progress
to define geometry less vaguely by means of a standard syllabus.

The current unit-scalé of the Carnegie Foundation and the College
Entrance Examination Board rate these subjects as follows:

Algebra 14, plane geometry 1, solid geometry 3, trigonometry §, a
unit being supposed to represent a year's work in the school with
four or five exercises per week. The total admission requirements of
a college or technological school of normally high standards amount
to 14 or more such units. e .

The few institutions requiring advanced algebra differ very widely -
'in their definitions of it, and it appears to be the general opinion that
this subject is within the proper range only of the exceptionally able
student in an exceptionally strong preparatoly school. As to plane
trigonometry as an entrance requirement there is some difference of
opinion. It is generally recognized thht the concrete trigonometry
with its solution of practical problems is quite within the grasp of pre-
paratory students and of decided interest to them in jts application
of the combined resources,of geometry, arithmetic, and algebra. The

- same can hardly be said, however, of those theoretical portions of the
subject so important for later mathematical work, It is also impor-
tant to bear in mind that in the average secondary school sufficient .

~ emphasis will rarely be laid on accuracy in computation for the needs

- of the future student of engineering. Some institutions prefer that

.all the time availgble for mathermatics in, the high school should. be
devoted to the maximum degree.of thoroughiiess in the elementary
algebra and geometry rather than to a program including trigonom-
etry also. Wherever elementary trigonométry can be completed
without sacrifice of such thoroughuyess, it is probably desirable thatit = -
should be included. It does not appear that any'increase in mathe-
 100859°—Bull, 9—11—38 | ‘ L i
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‘matacal entmnoe requirements beyond elementary nlgeTbra, plane and
solid geomeﬁry ‘and plane trigonometry, as above deﬁned is either
probable or desirable, -

As to a specific requirement in arithmetic, the vital importance of
accurate computation and the marked:inability of entering students
in this direction are generally recognized. Only & few institutions,

- however, seek a-direct remedy for this inability by an entrance require-
ment in arithmetic; some expect the examination in trigonometry to

- ‘be'a more or less ndequnte test; some include numerical computa-

| inarked improvement in textbooks, in the establishment of period-

icals for secondary teachers, and particularly in the organization of °

s .

_tionin the algebra and geomet.ry papers, , The efficacy of any of t,hese :

methods is limited.
As to defective quality of preparation, the causes are probably far
deep-seated to admit of nnythmg more than gradual amelioration.
o demand for preparation in mathematics is so large that the ele-
{ mentary teaching must be oftep entrusted to persons not specially
quahﬁed for successful mathematical teaching either by natural

teachers ‘are usually small. On the other hand there has beén a

1

! Jocal associations of teachers of mathematics—including both school
and college teachers—for the discussion of professional topics.

As to the school programs, it is obviously important that the study " °

of mathematics should not have been discontinued during the final

year of ‘preparation. A candidate who was adequatély prepared a’

year or more before entrance may have lost much during the interval,
and such losses are probably more serious in mathematics than in most
other entrance subjects on which the dependence of later work is less

du'ect
, mnmnumcu CURRICULUM.

In all the institutions mathematical instruction is continued from
the lower limit determined by the respective entrance requlrements

~with more or less review overlapping, through at least a first course in
the caleulus, thus including additional algebra; trigonometry (if not

passed at entrance), plane analytic geometry, as well as the elements

of the calculus.” In the stronger institutions the elements of solidl.

. analytic geometry are usually added, and the above program is ¢om-
pleted by the end of thesecondyear, the calculusextendmg through the

~whole of this year;in them an ¢lementary course in differential equa-,
. tibns s also genemlly required, ‘at least of students in mechanical or

: electngal engineering,  Amdng subjects less - frequently ‘required

" spherigal mgo;ao*inetry and Ié“&sfgﬁ@&m mdy be. mentiofed, A con- 5

fre ng

/' 'sidersble mumber of ‘instititions, mostly unfversitiey, offer 5 wide-

. range of advapced. vlectives mcluding, for example, prgjective geome-

? ,.try, Foqner’s: senes, vector annlysm, theoy of alashcxty, hydro- | _

| ;endowment, interest, or training." The financial rewards of the .
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of func;ion and derivative, as alrendy noted, difiinighs
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dynamics, theory of functions, etc. Few undergraduate engineering
students find time, howéver, in a four-year coursé for such electives,

An interesting analysis of the mathematical curriculum in 17 repre-
sentative institutions may be found in Prof. E. J, Townsend’s.valuable
contribution to the Chicago symposium. It is there shown that ““the
average number of recitations given to each subject far the 17 insti-
tutions is approximately as follows: College algebra 50, plane trigo-
nometry 46, analytic geometry 80, and calculus 130,” this last usu-

| ullj* including also a short course in differential equations. The

range of variation is notably wide, in algebra from 15 to 90 exercises, -
in plane trigonometry from 29 to 70, in analytic geometry from 55 to
110, in calculus from 70 to 180. Ininterpreting these figures it must,
however, be borne in mind that the institutions differ not only in their
entrance requirements but in the strictness with which these are .
enforced, that the boundaries of the various subjects are not invaria-
ble, and that a relatively small time allotment may be compensated
by a large requirement of outside preparation, or by more efficient
methods of teaching, as subdivision of classes into smaller sections, or.
otherwise. The length of recitations is also not uniform and it may
well be doubted whether 6 recitations per week for 15 weeks can be
considered exactly equivalent to 3 per week for 30 weeks, or 2 per
week for 45 weeks.  Only one of the 17 institutions specifies a separite .
course in scientific computation, and this as an elective,

There is no apparent tendency to extend the program of .required
mathematics for engineering students bevond elementary differential
equations. The extension of the %ngineering course to five years
would probably favor such changes as the introduction of more
thorough ‘and extended courses in caleylus, ih mechanics, etc., and
on the other hand the encouragement of elective mathematics.

The total time assigned to mathematics naturally varies with the
general condition of the curriculum as to congestion or the reverse, -
and with the attitude of the administration and faculty as to where
the boundary shall be drawn between mathematics and applied |
science. . The congestion Teferred to, together with the development
of mathematical criticism, and other causes have tended to compel
more or less revision of textbooks in which the following tendencies
may be noted: , '

In college algebra, the omission or postponement of such topics as
series, partial fractions, undetermined coefficients, and the close
articulation of the subject with analytic geometry and calculus, by .
insistence on the use of graphs, and by the early introduction of the
ideas of function and derivativé; . ;
In analytic geometry, a similar tendency to employ calculus

methods and to broaden the range of curves studied;

In calculus, a much earlier introduction of the fundahental ideas

vl R Wy,

. ;
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s sucb ma.tters a5 indeterminate forms, the avoldanoe of defective |
proofs, hnd the use of & much wider rango of apphcatmns, including
such matters as velocity, accaleratxon, attraction, moment of inertia,
etc., a process naturally continued in 'differential equations.

'l‘wo current tendencies already noted have particular interest:

1. A better correlation between mathematics and engineering
| branches by the introduction of numerous and varied applied prob-.
~ lems, or in some cases by insistence upon a thorough course in mathe-

3 matical mechanics, and

> 2. A -unification of the mathematical curriculum involving the -
' redistribution of the whole subject matter according to its difficulty

or its néedfulness as an auxiliary, with little or no referenco to the
" traditional division of subject matter mto algebra, analytic geometry,
and calculus. .

& The former chauge in its limited form has become rather general

: The Iatigris still in the experimental stage.

CORRELATION OF MATHEMATICS WITH TBCHNOLOGI@AL SUBJECTS.

The mtroductxon of applied problems connects ltseff with & gradual .
+ 7 change of attitude on the part of the mathematical teachers, with the
. increasing development of applied mathematics both inside and out-
side the technological institutions, and with the criticism by physi-
cists and enginegrs of the older, more abstract mathematical teach-
ing, a8 1llust1:ateg by the followmg quotatlons from a distinguished =
engineer in the Chicago symposium: i
Abstract mathemstical studies, if purmued -as & kind of inwllectul.l calmthemcs, .
may producea pure mathematiciaz, but they may unfit s man for practical engineering.
Mathematics is used in engineering to express the quantitative relations of natural
phencmena. The mathematician delighta in the relations; he divorces them from the
phenomena and gives them abstract expression, while the engineer is concerned with
the natural phenomena; he demands thq phywical conception; the medium of express-
; _ ing these relations is of secondary consequence. . s

Such passages roight be multiplied mdeﬁmtely from recent dis-
- cussion, oftentimes coupled anfortunately with remarkable exaggera-
“tions and not less remarkable remedial suggestions.
~ For the 1910 meeting of the Society ‘for the Promotion of anx-
: neermg Education the following questions were 1ssugd by the presi- .
f< dentin advance - ! ;
¥ 1. What p pro of the studenta in engineerlng schools, whodhave completed the
| requiredworkin aregblato sply’ that Enowledge axd solvo simple practicat
A ptoblehm? : ""“7"5’ Doy e
Pt ‘2. What prapottion ofthegndu:.tu ot engineenngschooh who receive msm;ctiom
S ln cdqnhmwdin its ppplications to. mechanics, thermodynamxcs,‘and engineering,
e ggpa?ble ot using m}cglgs 8 p tapl, yesdily, with difficulty,-or not at all? etc., etc.
../The. mwers to thesé quési;iqns by members: of hie society. are.

thequeqt.ions fhemsel adnuttin f‘ol 5
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exact answers—and vary far too.widely to have definite quantitative
significance. They leave.no doubt, however; as to the existence of a
serious need. Even if, as is claimed by some of the mathemativians,
the difficulty is largely due to the inherent conditions of stident
human nature, and to the disposition of some of the engineering |
teachers to expect the impossible, it is only the more important tliat |
mathematicians should cooperate in” maintaining the best relation
between.their subject and those which follow it.

Mathematical teachers and textbooks have both made progress
in this direction. The tendency of the best modern texts, particu-
larly in the calculus, is to emphasize the power to anglyze and state
problems mathematically and to interpret the solutions, This
tendency has naturally had its enthusiastic votaries who have gone

~to the extreme of concreteness, including problems not merely of

- mechanies but of technical engineering, The serious objections to -

 this are that under ordinary time limitations such matter can only
be taught at the cost of needful thorouyghness in mathematical
technique, and that the successful dealing with these problems
presupposes wider acquaintance with engineering data than the
students concerned can generally have. Whatever may be appro-
priate for the exceptional student of previous technical experience,

- the average graduate needs a solid foundation in mathematics as
such, and in mechanics, before attempting to deal with engineering
problems.  When he has laid that foundation it is better economy
of time for him to be turned over to the engineering specialist, who
should in turn have a sufficient mathematical training to utilize all
the mathematical power his students bring to him. If not thus
utilized it speedily atrophies. T . '

Something has been accomplished already, and more will probably
be accomplished in this direction by including a larger number and a
wider range of applied problems in the mathematical courses, = It

-seems to the present committee, however, of great importance that
the general course in calculrs should be followed by a thorough
course in mechanics presented from the mathematical standpoint.
Mechanics is commonly taught to some extent as a branch of general
physics, to sonie extent also under the title applied mechanics or
otherwise by one or more of the engineering departments. . The vital
importance and fundamental position of the subject are certainly
such as to make it wise'to present it from all three sides, the mathe-
matical, the physical, and tlie engineering, at whatever expenditure
of time this may require. On the mathematical side the need may
be met either by having a substantial course in theoretical mechanics
given by thé mathematical department, or by the existence of an
independent departinent of mechanics with sufficiently mdthematical ;

_ tendencies. The choice between' these. nlternatives may naturally

f
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depend more or less on personal and local copsideration. Without .
such emphasis on the mathematical side of mechanics the continuance

of a gap between mathématics and ongmm*rmg may be regarded ns
inevitable,

{ The argument for a more ‘mathematical treatment gf descriptive
geometry is similar in kidkl, but the difficulty and the need appear
.to be less serious in degree. It is not of course the opinion of the
committc  that eitler mechanics. or descriptive geometry shoulid be
taught wholly in thg mathematical department, but ratlier that eacl
sliould be strengthened on the mathematical side.

The so-called ““Perry movement’, in hnglund and certain phases of
currént mathematical reform movements in Germany and France
~have aspects in common with this increasing attention to applications
of mathematics, but this is eminently a matter in which local con-
siderations must have great weight. American conditions are so
different from English, German, and French as to preclude exact
mmpanson, much more the ndopuon of foreign models or methods.

A swinging pendulum passes from one extreme ko the opposite, and
the best current opinion in this country is not in awmputln with
chzmges so radical as some which have been advocated in England,
. It is cogently urgod that -while’ mathematicisns must feach their
subjm't to the engineering students always with due appreciation of
the uses to be made of it, with due subordination to abstract theory,
with due care to fumhmte the transition from mathematies thmu«rh
“niechanics to engineering, they should on the other hand .never be
led away from this fundamental and difficult task in an ineffective
effort to teach a little engmwnng prematurely by employing illus-
trative problems which are not yet wholly mtelhglble on the technical r
side. Thirty years ago current mathematjcal texts in the caleulus
‘containeéd none but geometrical applications. Now such physical
subjects as velocity, work, and attraction are not only introduced
‘as applications, but they ar¢ introduced at a very early stage for
the still more important purpose of making the fundamental concep-
‘tions of derivative and integral more completely intelligible and
significant. This wider sweep of applications undoubtedly sacrifices
somethmg of the previous unity and formal simplicity of the subject.

- The gain in interest and significance, to the student far more than
offsets this.

e ToAn exoee(hngl) important form of vorrolutmn, appnrenll) over-

looked or underestimated by some of the engineering critics of current
f mathematical teaching, is that it is at leaat as much their own dut ¥

as that of the mathema.tmmns to teach the use of mathematics as a. }

" tool, or let us say, rather, as an instrument or method. «The teacher

| of mathematics usually, needs all the time he has to teach his own.
| subject and to meet the engineering teacher halfway by teaching |}
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geneml nontechnical upplu'ntlons It is tho part of the teacher of
engineering to familiarize himself with the mathematical subjects, >
the methods, and even the notation his students have learned. Then
he can teach them how to use their mathematics with a success and
completeness not possible to his mathematical colleague. 1t is as
ineffective and uneconommc-al to require a mathematician to teach
onmuoenng as to requjre an engineer to teach mathematics. Each
must aim at the best attainable correlation with the other.

UNIFICATION OF THE MATHEMATICAL CURRICULUM.

The rorustmg of the series of olomt\hurv subjects into a consecu-
tive course in mathematics presents many interesting aspects. In a
striking passage of his L.lomentzmnwtlm_mnuk vom hdoheren Stand-
punkte aus. I, 1908, Prof. Felix Klein draws an interesting contrast
between two systems of mathematical thought and development.
In the first—

L

a particularistic mncoption of mathemuiical acience is fundamental, dividing the
whole into a series of well-defined provinces, In each of these one secks to puin his

« ends with the minimum use of outside means or- dopendenve on allied branches,
The ideal is a smntum of each dl\mmn beautifully crystallized out and logically
complete in itself, z

The other systel.n, on the contrary— .

lays the chief emphasiz on an’ organic iu.!’vra‘-a'l.'mt.ion of the separate branchés, and on
the numerous suggestions they afford each other. It prefers, accordingly, the methods
‘which open up the simujtaneous understanding of several branches from a unifying
stax;dpomt Its ideal is the comprehension. of all mnthematlml science as of one
entity.

Recognizing the great part which each system has’played in the
development “of mathematics he earnestly (loprecntms the predomi-
nance of the former in the mathematics of the schools® under the
influence of Greek geometry and of the great eighteénth century
analysts, who developed algebraic theories of infinite series and the
like, with careful avoidance of the newer calculus methods.
= ‘The recent experiments in unifying the matheniatical curriculum
of the technological course represent a reaction against this preva-
lence of the first system (hstmgulshed by Klein. 1In dmell%mg them

‘it may be noted first that a similar tendency has somé time since led
to the introduction of the elements of tmal) tic geometry in the form
Jof gmphs into the prepnmtory instrudtion in elementary algebra, and .
that thef® is a tendency in recemktextbooks of elementary | geometﬂy
to depart more widely from strict Euclidean traditions.* The revision
of the more advinced program has sometimes taken the partml form }
of merely eliminating college algebra or analymc geometry as a dis-
‘tinct subject.  In one recent case the process has been carried iurthar :
by combmmg the alge’bra, amlytxc geomatry, a first co.irse in culcu

) L
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.} Ius, and elémentary differential équatictis into.a single courss and text-
shokathvalo ek s by 0 G000 MRl e :

"7 Atfiong the characteristics of this révision sre: e Vo
| ' “Theearlisp-itttroduction -and consetjuently more prolonged study -
¢ of thcaloulus idbas aid methods, Tunction, derivative, eto.;
"' “The treatment of analytic ;geometry’ rather 8s a general mathe:
. métical method than as s separate subject, with less emphasis on the
i conigs sections and more on the’ geometric interpretation of a great

i

"' 'variety of equations, including paramefric forms; ,
\+{« . The consecutive: discussion of functions of one variable by the
+|- methods of algebra, analytic geometry, and calculus; L

* /Thesubsequent cambination of solid analytic geometry and partial
“ | differentiation in a briefer discussion of functions of two variables.
= "Theworking out of such & program is necessarily attended with .
. somesmucrifice of formal simplicity, and with occasional apparent loss -
© . oficontibuity; The advocates of it belibye that such thorough revi-.
" slun-has, By testing values and eliminating non-essentials, effected
' % oonsiderable economies in time, and that the advantages of the plan
1" will decidedly ougweigh these defects, particularly as more:prolonged
experfagce facilitates the actual teaching. -The student should for.
. ".example gain power of discriminating attack by the use for each
'\ | problem of the method best adapted to its solution. Such a pgogram .
" | may prove lees easy both to teacher and student, but may at the 4
;| same time be-none the less worth while. The chief difficulties to be-
| gusrded egajnst-are apparent or excessive discontinuity of.subject
| matter; and'the cortesponding dispersion of interest and attention on
.| the part of the student. He finds it difficult to grasp the unity of -
* . mathematical analysis, and easy to lose the thread in passing from.
o thé'methods-ef algebra to those of caleulus and then of trigonometry.
" Tt taust be'bornte in mind, however, that this sort of transition is just
“‘what nust be easily made in any successful application of mathe-
. matics,”and that the relative eiise of completing & somewhat arbi- . |
. trdfily' defined subject #nd then passing to the mext may. be too
- dearly purchdsdd. ‘The result of the experiments in this direction
L wAll eettatnly prove of much ifterest. e i
\ ‘In’ gothparisor ‘with the ‘current reform movement ‘in Germany,
- wehich jilo simb at increaséd and early emphasis on the ideas of func-
§ 1« tion ind deivative, the American institutiond liave e pertain com-
e _ﬁmﬁ;@g,@dmﬁége for the ‘%vre‘linaited mathétnatival prepuration
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| AIMS AND METHODS OF TEACHING—EXAMINATIONS.

Methods ﬁgturally depend upon aims, and a discussion of aims is
essentially a discussion of the relation of mathematics as a part to
“technological education as a whole: The first essential aim - of tech-
nological education is professional efficiency, which must naturally
depend in some measure on command of mathematics as a tool. Aj
less superficial analysfs must recognize the distinction between imme-
diate usefulness and ultimate efficiency, between training for subor-
_dinate positions and education for posts of large professional responsi- |
bility and leadership. A broader view must reckon with ‘the fact !
that the student is to become an educated man and a citizen, not |
merely an engineer, and that his success even as an engineer will be;
incomplete if his education has been too narrow. ,

It is such considerations as these, recognized as they are both by =~
the stronger institutions and by the leaders of the engineering pro- .
fessions, that must be reckoned with in any attempt to determine or
to state the aims of mathematical teachings. In' the limited time
ordinarily available some degree of skill in mathematical technique;-
in computation, in the solution of equations, in differentiation and
integration, some degree of power in applying mathematics to concrete

,roblems must be given to all who are to complete technological
courses. To the more capable student at least the teaching and study_/
of mathematics should not, and does not, confine ‘itself to these -
objects. To them there will come some recognition of the vitality |
of the science and of the.inevitableness of its fundamental notions, as =
expressions of any exact thinking about phenomena, some due !
appreciation of the combined elegance and power of its methods,
some ability to think mathematically. Such results can of course
be accomplished only by teachers who are really mathematicians,
and who therefore, unlike certain critics, see in their science some- |
thing more than an elaboraté computing machine or slide-rule :
It is on teaching inspired by such aims that technological education
must depend in part for that breadth and culture value which it
ought always to have. The historical point of view should naturally
find due recognition in this connection. : ' )

The methods employed in mathematical instruction tend in general .
to hold the student responsible for contintous study of a textbook =
and for the solution of many problems, with relatively little dependence

on final examinations. Lectures are employed but sparingly, larger =
classes are divided into numerdus sections, the averdge: size in the ..
,str'og‘xﬁgar institutions not exceeding 15 to 20. The amount of class- =l
room work per teacher in these institutions is ordinarily 12 to 15 ‘
hours per week, but in others may reach 20. With four or fivesmall
. sdotions the techer is expected to acquire personal knowledge of the |
 individual student and his needs, and special provision for privatecon-
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: ference is not infrequent. So-called '‘mathematical laboratory”

: ( .work, the drawing of careful plots, and the making of models are pre-
Lk cluded in general by lack 6f time, but the student’s work in the labora-

tories of physics, mechanics, and engineering serves a similar purpose.

As to the use of tables of mathematical formutas for integration

and gther purposes, usage varies widely. Mathematical teachers are

generally averse to encouraging the relatively mechanical use of such
aids. It seems fair to suppose, however, that before the completion .

of the mathematical course students may advantageously be instructed

- in the use of such mathematical tables as will be,of most future serv-

ice to them, without which, mdeed their mathematics may remain

ilargely unused. -

PREPAR.ATION AND QUALIHCATIONS OF TEACHERS,

The ldeal teacher of mathematics for technological students, besides
the qualifications desivable in teachers generally, needs on the one
hand to be a mathematician by natural endowment and by training,

- on the other hand to have intelligent appreciation of the mathematical
needs of future engineers, and sympathetlc interest in their point
of view, - This naturally presupposes previous occupation with and
some measure of attainment in applied mathematics.. Capacity for
mathematical investigation, while naturally desirable, is not indis-
* pensable, but some form of scientific productivity may well be insisted
upon. The particular method by which the individual teacher has
acquired the qualifications stated is of minorimportance in comparison
with the personal consideffitions involved. - Under present educa- -
tiondl and industrial conditions the supply of competent teachers will
doubtless long continue to fall short of the déemand; enly a small
minority of technological students will engage in teachmg, and the

’ number of men of engineering experience possibly available for mathe-

- matical teaching may be safely characterized as ‘‘an infinitesimal of
. ‘higher order.” ' In the judgment of the present committee the future
' teacher of mathematics to technologicdl students should have

| taken an undergraduate-course, either téchnological or including a
ksubstantml amount of physxcal science with laboratory work.. Such

a course should be strong in pure and applied mathematics, and should

| be, followed by graduate study, also including both pure and. applied

| ma.t.hemaucs, and leading in general to’ the doctor’s degree.. This
iyt plan is believed to be as simple and economical as possible, but by no
S ‘l“meuns the only one for réaching the normal professional standard.
' | 'The graduate work will in general be taken at a university, and it is
e unpnrbmt that the candidate should be enabled under the rules of the
g umwmty to avml ‘himself of opporturuhes for advanced work in
ol d:thatt,heum,tum] physms, or engineering with full credit

.....
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The lmportance of previous expenencg varies widely with individ- .
uals, and only the stronger mstxtutmns will be able to insist upon it,
-for minor appointments. Experience in secondary teaching, if not
too prolonged, may have partlcular value from its frequently greater
systematization, and still more in giving the future college teacher
intimate knowledge of the conditions and methods obtaining in the
schools from which his students are to come.

IV. CONCLUSION.

The history of mathematics exhibits many alternations of interest -
between pure and applied mathematics. The needs of astronomers
or physicists have stimulated the development of a certain branch of
mathematics, the development has been continued by mathemati-
cians with more or less indifference as to the apphca,tlons until the
vein has perhaps been worked out. At present in the United States
the pendulum seems to be swinging toward increasing interest in
applied mathematics, at any rate up to differential equations, with
probability of resulting advantage both to mathematics itself and to
the allied sciences. Toward this change the technological institu-
tions and the development of technology have contributed much by
presenting problems requiring the development of new mathematical

. met.hods, by creating a need for the thorough mathematical teach-
ing of great numbers of students, and by promoting through their
reaction on the universities and on the: public a widespread interest
in the applied sciences. ~ )
Not many technologwal institutions or departments have yet
encouraged research in applied mathematics, or undertaken to train
future teachers of mathematics. Not many technological students
have capacity for mathematical research or inclination for mathe- .
matical teaching. It is fair to expect that as the stronger schools
gain in resources, and as the excessive demand for their graduates
F slackens with the increasing supply, they will build up graduate
depa.rtment,s in which . advanced work in mathematics will ‘be an
important element. At the same time the graduate schools of the
universities with more liberal recognition of applied science will -
attract a la,rger _proportion of technological graduates.

- There is gvidence that the technological schools and departments
are reacting from over-emphasis on purely professional training and
efficiency in favor of the fundumentals of general scientific education,

~ The leading universities alréady require two years of academic
_insttuction preceding the teqlmoiogwul Whlle it seems imiprobable
that the completion of an academic course will become a prerequisite

' for admission to the technologieal, a considerable and _probably
A mcmmg numbeL of smdents are hlmly to follow tlus plun

L2
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On the whole the situation of mathematics and mathematical
teaching in the technological institutions, if not altogether satisfac-

~ tory, may b¢ regarded as at least relatively so, in the sense that needs-

are recogmzed and conditions are favorable: for steady progress.
There is & just basis for high expectations as to the future develop-"
ment of the science which has owed so much of its past and present
v1ta.hty to the insistent demands of astxonomem phylelSts, and
engineers. In meeting these expectatlons measurably, in building a
solid foundation for their engineering students, and at the same time .
in-doing their. part in that development of the science, it may well
be the unceasing endeavor of mathematicians in the technologlcal
institutions to use their limited time economically and efficiently,
studying the needs of the applied science departments sympathet-
ically, enlisting all possible recxprocal interest, maintaining the dignity
and integrity of mathematical science, not insisting too much on its
rlgomus refinements,

[4

.SU,BC_OMMITTEE.I. INDEPENDENT TECHNOLOGICAL
iy ' SCHOOLS.

The following report consists essentmlly of an analytical study of

M rephes received from 22 institutions, wholly or mainly technological

in their character, to the questionnaire issued on behalf of the com-
mission by the United States Bureau of Education. The text of this
questionnaire and a discussion of the general subject may be found
in the above report of the main committee. Certain statements of

" {act, applicable alike to the independent schools and to the university

- departments, have also been relegated to the main report.

‘

. * 1. ORGANIZATION.

Questmns 2-15: Mathematical staff, degrees, experience, etc.;
divisions of ipstitution and relations to each other; relation of indi-

- vidusl teschers to department and to admmti‘&tlve officers; distri- -

bution of work; method of appointment; tendencies to change.
Mathematical staff.—An examination of the mathemdtical faculties

in the different institutions shows that a large proportion of all the

professors, associate professors, éind assistant professors hold one or

 more degrassmbove the baccalaureath degree. Among the instructors

about half appear to hold such advanced degrees. Nearly half of

- the full professors and about a quarter of the assistant professars and

instructors hold the degree of doctor of philosophy. -Less.th

iR half of the full professors are graduates of classical colleges; some-
. thing less than half seem to be gradua}&ﬁ& of tevhnolog:cal schools-or

of the scwnhﬁc depn;tmants of umvemtles, whﬂé 1t is lmpossnble to
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'tell from the other degrees, Ph. D., etc., whether thosé who hold them ‘

were originally graduates of colleges or of technological schoals. The
degrees would indicate that the associate professors are for the most

‘part graduates of technological schools or the scientific départments

of \colleges. Among the assistant professors there seem to be more
college than technological graduates, although, as in the case of the
full professors, the degree of doctor of philosaphy: does not indicate
the course pursued. The majority of the instructors are from tech-
nological schools, although quite a large' number are from colleges.
There are also a few who have the degree of doctor of philosophy, but

- this 'does not indicate the kind of institution from which they first

graduated.

Among the full professors a very large majority, if not all, have
done advanced, or specialized, work; probably more thqn half of
them in mathrmatlcs and more than half of them in engineering or
related subjects. The others have specialized in physics and chem-
istry. A large proportion of the assistant profeéssors also-have had
university training, and most of these have specialized either in
mathematics or advanced engineering work. The graduate work of
instructors is stated in so few instances that it is impossible to make
any general statement or draw any conclusions.

It is evident from the above statement that the te(hnologlcal
schools expect professors and assistant professors to have done gradu-
ate work usually in the line of mathematics, but the work in engx-s‘
neering is esteemed so desirable that a man who has specialized in
that rather than in mathematics may be appointed to a mathematical
assistant or full professorship. It is also evident that the institu-
tions expect the men who hold full or assistant professorships to have
carrled their advanced work to such a point that they have recelved
)1 advanced degree.

The first degree granted by the technological schools is usuallv
bachelor of science (B. S.), with or without added specification of
department Several, however, give the professional degree civil
engineer (C. E.), etc.

The mathematical department is wholh independent of -other
departments, but generally under the control of the whole faculty so
far as the amount of time to be devoted to mathematics is concerned

- and sometimes as to the individual sub]ects taught.

The depurtment as a riile has a head who 'exercises geperal oontrol

- ~over the other instructors; but, these instructors appear to be practl-

cally indépendent in the coriduet of their chissroom work: s
The members of the department pre not restricted by the uﬂmnﬂu-- s
trative officers either i ?“ the sub]ect matter or in their meth 8, excep(; Y

A




2 frients con‘relatxon with allied subjects; time
" to_change.

:.pn the baqe of high-échool certificates. Nearly all require elementary

-I\v

: ~ of the American: Mathe%txcg Society, in 1903, - (See page 14.)

- tay, may bb offered. ;|
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" In the ma]onty of institutions . the advanced sublects are ts.ught
. by the older professors, but in three institutions the professors and
‘assistant ‘professors meet all classes; in two institutions work is
assigned without reference to rank, but accordlmg to fitness; and in
one institution advanced elective sub]ects like differential equations,
legst squares, etc., aro taught in the engineering departments. e
In the ma]omty of technological schools mestings of members of
the department are held irregularly for the discussion of topics con-
nected with current teaching work and in a few of the institutions o
- Fegular meetings for the same purpose are held. 'These meetings are
generally for no other purpose, but in the case of a few institutions
‘general mathematical subjects are discussed. The tendency to hold . -
such meetings is naturally stronger in the larger institutions where
10 or more men have charge of different sections of a class: In two
institutions there are daily mestings for the teachers of the dxfferent
sectlohs of the same class, | -
In the ‘majority of the teohnologlcal schools the matﬁematncﬂl
: 'de_partment teaches mathematics only. ' In a very few cases mechan-
" ica is taught, and in two instances degcriptive geometry.
Vacancies are usually filled by the board of trustees upon the rec-
commendation of the president. This is virtually an appointment by
- the president. In nearly all cases the head of the department is
consulted by the president, and usually the head of the department
nominates to the president either directly or through the dean.
In most of the institutions cornsidered: there hhve béen no recent
' changes of organization, and no changes are deemed desirable. A
* few institutions express the wish that the different branches of math-
ématics might be hetter correlated, and some desire.a closer correla-
tion between the mathematical depnrtment and the engmeermg
departments.
Ik MATHEMATICAL CURRICULUM.

Quest.lons 16-28: Entrance requirements; outline of curriculum;
elective sybjects; mathematical needs and MQ titude of other depait-
estncuons tendencies

* Entrance requirements.—Nearly all the institutions admit students

§}lge ia, nnd solid geometry for admission, the definition of
these sub]ects corresponding with those recommended by 8 committee

In & few casesutherm thematical womusumy tngonom-, ﬂ,

rsWhem 8 deﬁnite mmimum age ‘lim{t is: élven xtr;s 'usﬁally 16 or. 17
ygarqlq bﬁkgd‘far ag the answers indicate the adtial ﬂge of en;ranoe tl

ta:19, aé for otb@r colleglate courses,w. 4
e s . e s s R
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- As"a-rule the technological schools report, that students are not ‘"
well prepared in algebra and geometry. The students are éaid tobe
inaccurate, to be unable to reason, to have forgotten elementary.
pridciples. -Several institutions call attention to the fact that algebra
being given in the first two years 6f the high-s~hool work, much' is

" . forgotten before the end of the courss. One inst tution states that
it must receive graduates of the high schools beca ise it is a State . |
institution. Some feel obliged to review high-school . Igebra in order
to prepare the student for college algebra. -

Few changes of entrafice requirements have been made during the
past 10 years, except that several institutions which did not formerly
require solid geometry now do so. Several institutions suggest that
trigonometry might be added to the requirements, but some of them

. ¢ 88y that it is so poorly taught in the high schools that its addition is

questionable. . ’» - A i,
. Curriculum.—College algebra, trigonometry, analytic geometry,
snd calculus are usually required of all engineering students: In a
few cases the.subjects taught under algebra are given in -counection -
with analytic geometry'and calculus. There seems to be quite a
tendency to take up analytic geometry and calculus together, and in
some places to begin their gtudy early in the course. A few institu-
tions offer elective mathematical subjects. In some cales special
subjects are required in some courses; thus, differential equations
may be required of electrical or mechanical engineers. ‘

~ The textbocks used are the ordinary modern mathematical text-
books. In a few cases mechanics is taught in the mathematical
department, ‘In two institutions the mdthematical work is very
~heavy, in one of these-7 or 8 hours being required per week during

the greater-part of the freshman and sophomore years;. and in the
other, from 9 to 15 hours per week during the first two years, In’
some instances the elements of spherical trigonometry are given to

.all students, while in others this work is reserved for the civil engineers.

~ Few institutions require mathematical work bgyondfealculus, but
quite a number offer electives. Where more advanced work js - l
required it is usually differential equations-or mechdnics. Most. of

the institutions' do not desire to increasetheir requirements in this
respect. : e “glEn .

. Nearly all the institutions agree that the course in mathematics has

been determinied very largely by the needs of the engineering depart~

" ments.. While the staterlent is not.definitely made; it sppears in ..
.~ many cases that/the colirse of sty bes beomJaid out by-the msthe:
. “matical préfesliorsso as to'pive students a6 much wrathiomatical frain "
‘ing anid power s phssibipy at the same fitfle having in mird that these’
.. mén are to become engineers and. will ﬁ‘égsdw apply their mathe- =
. meftits to engineering work. . . T et 7
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2 :l‘p 'S teﬁ&ency to emphasnze the app]icauons of mathematics -
\ ,by.mt.ro&ucmg pmblems in mechani¢s, physics, ete. The extent to
which this can be done depends upon how much physics, mechanics,
-efe., the student knows, None of the institutions represented claim
- to teach physics or meclmmea in the mathematical department, ’
a few of the depanments distiactly say that they do not give theso: s
apphcamons, as it is their business to teach mathematics.
.. It is difficult to tell from the answers just how much correlatxon
* there i bétween the department of mathematics apd tlie various
ongmeermg depa.rmmnts The impression gdined from reading the
answers ig that there is not very much corra]atmn, certainly not so |
much as would seem desirable. Simple engineering problems are
sometimes givén in conmection with methematical work, but. at.
the time the work is given students often do not understand the
< fundamenta), principles of the engineering sub;ects
) .The professionial departments seem not to, interfere with the time
nllptment for mathematics, nor in’ general with the aim of instruc-
/ tion, although they sometimes desire-to have more applications in-
. cluded in the rdathematical courses. There are one or two exceptions
to this, where it is alleged that the professxonnl departments expect’
fthe mathematical department to teach the principles of éngincering -
and to make ‘applications. The engineering departments do no'o
* wish fo teach mathematics.

Abput half of the institutions report that there is restriction of
time gn account of the congestion in the engineering courses; that
- the time for mathematica has been reduced to a minimum ,,and that
the mathematical departments can not teach the sub]euts as they
.would wish to. .

‘In most institutions no formal instruction in tlle history of mathe—
maucs is given, but many historical points are discussed mformally
in the classroom.

’th.gre -is xmthmg to indicate that many changes have taken place +

/dtwmg .the past. 10 years, or that many changes are contemplated.
There is no indication that any extension of the four-year courses will -
aﬁect mathematical mstruct.mn

. HL AIMS ARD HETHODS OF TEACHING——EXAMINAT!ONS

B Quesﬁons 29—40—-A1ms Dextenty, power, keenness, accuracy, re-
sourcefulness. - Mothods; _Jmc@hres, recitations, blackboard, tests,
eriticism,  records, - o -of work, conferences; amount-of
Wark: chierd; size of qhasa&,gses 6f tables, tendencied to change. !
~seeins ptgbable- that il defining these.aims the pro-
rs of mathematics have gtated the results swhich. they wou d like
-t mcempliah zather than those wiich they. are actusily gbtg.mmg ‘
So y-that. they do not st‘nvegﬁ’bx mathematxgal dexterity a.k. ail*
' h t.hnt def y and & aéc@ru_by recexve t,he most tﬁgnﬁo e B




T | AIMS'AND METHODS OF TRACHING. . K
Severs! give their aims in teaching as follows"An&lytmd ‘power, 2

logi¢al keenness, accuracy, mathematical dexterity. Several state

thibt considerable culture and resourcefulness are obtained.. The ¥

Yuestion has not been answered fully enough for satxsfacbory con- |

clusions. _
Methods.—It is ev1dent that few lectures are given to undergradu- L]

ates in the techmcal schools. Large classes are divided into small
sections receiving independent instruction, but following a common
program and taking’the same final examination. Oral recitations
are held almost every day, with a large amount of blackboard work.

" Written tests are frequent in all of the institutions. Student work
m, criticised in class freely, and in almost all of the institutions stu-
dents have the opportunity to confer with the instructors.

‘Programs of clementary courses are prepared in advance in some -
of the larger institutions, but.not to any extent in the smaller ones.
These programs are intended for the use of the instructors, but are’
changed to suit conditions. 4

.Records; examinations.—Final grades are usunlly based on term -
work and final exammqtlon, although in & very few institutions final
examinations are not given. In some institutions the grade is made
up of results of written tests, daily recitations, and final examinations.

The weight given to each of these parts varies from tests four-fifths,
final examination one-fifth, to daily work one-half, final examination

-, one-half. Several institutions do not allow the final examination to -
cdunt for more than one-third of the final grade.

Problem work.—About half the institutions seem to lay great stress
upon mdepondent problem work, and have problems corrected by
student assistants or by instructors and returned to students. The
answers from the other half would indicate that problems are not
systematically criticized and’ that no special effort is made to secure
independent work. = B

- Conferences.—In the majority of institutions the mathematlcal
professors have regular office hours, and Students are ennouraged or

- «required to havg conferences with the instructors. This is especmlly
true with respect to poor students. In only a few mstltutlons is it
stated that there are no such conferences. )

* v Amount of teachiny.—About half the institutions reqmre from 12
to 16 hours par week of téaching, the others from 18 to 20.hours, It
is evident that professors and assistants professofs often have’ con: .
siderable committee and other addisional work, . Instructors do not .
- 'sebm to have any ,cbmmlttee work, but ‘they are expécted to guzei
. considlerabile time to corvection of papers, etc. T
- Size of classes—~Tir only threg ingtitutions is the average size: of_
sections’ abovp 25Lwhnle m;qmte a mzmber q{ thegg;,nb Bverages fwm 15 ok
© 40 20, Themajority of them do not havis women students, and whers
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Model.s drawing. v-—*In the ma]onty of cases models are used to
illustrate problcms in solid analytics andiealeulus, but in a few cases it
is distinetly stated that no models are used. In very few instances
are the models made by the students. :

' Mathematical drawing and other laboratory work are not required
or offered by mathematical departments with the exception of one
institution,

Tables.—About half the institutions allow their students to use
tables of integrals, while a smallernumber allow tables of logarithmsg,,
and some others. A few do not allow tables at all. |

- Changes,—In the majority of institutions there have. been no -
radwal changes during the past 10 years.

Iv. PREPARATION OF TEACHERS.

Questions 41-45: There seems to be considerable difference of
opinion as o whether an academic or a technological course forms the
better preparation for an instructor of mathematics in a technological
school. A number of institutions suggest that both should be required.
Practically all, however, agree that graduate work in mathematics
i8 necessary. Nearly all believe that engineering experience is very

“desirable, bt that it is almost impossible to obtain. There seems to

be a great difference of opinion alsp as to whetheg previous teathing
- experience is desirable, some of the-answers indicating that it 1s, and
others stating very positively that it is not especially desirable for a
young instructor who can obtain his teaching experlen(-e in the
technological school. Nearly all agree that experience in a sec-
‘ohdary school is not desirable.

The majority of the answers would indicate that a systematic
attempt should be madg on the part of technological schools to pre- .
pare students for mathematical tea(hmg, although quite a large
number have expressed a contrary ‘opinion. Several of the answers
~ call attention to .the fact that the salaries offered mathematice]
- teachers in technological schools are so low that few students care to
consider such posmons About half of the answers favor inducing
technologlcal students’of exceptional mathematical abxhty to special-
ize in mathematics; but some of the answers are decidedly agamst
thig This may be mterpreted to mean that the professors in the
teck nologlcal schools believe that students of exceptlonal mathe-"
matical ability have great opportunities as engineers and should not
be induced to specmhze in mathematxcs, thus glvmg up. engmeenng
careers.

1t is the general opipion thdt technologxcal school;s should not pro-

Tendire.—In the majority of institutions thé total number of differ- )
m‘the pust 10 years hasbeen about twice asgmat J
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h as the number of instructors now in the department. This shows of

L course that the younger instructors change after a few years of service,
presumably for the sake of increased incomes. - .

There is no unanimity of opinion-in regard to the protracted reten-’

- tion of teachers without promotion. About half the answers indi-
cate a belief that instructors should he retained permanently or for
indefinite periods, while the other half indicate the contrary. The
~reasons are not given. There is probably a feeling that a man ought
not to be held as an instructor after a certain period of years, because
the salaries are usually very low, and he ought to find some work
“where he would be better paid. Some of those who do not favor
keeping an instructor for a protracted period imply (‘gmt they think

~if an instructor is worth keeping he should be givén an-assistant
professorship.. '

The Agricultural and Mechanical Colleges.

These institutions were for the most part founded under the act
of Congress of 1862, to which reference has previously been made.
They include some of the separate technological schools on the one
hand, and some of the State institytions on the other. Tt is conven-
ient to group by themselves, however, those which concern themselves
~exclusively with agriculture and mechanic arts, and in which agri-
culture is a relatively ‘important element. The classification is,
however, not at all precise. The following notes based .on replies
from eight institutions may serve as a comparison of these institutions
with the foregoing. s
The majority of the heads of the mathematical departments have
had scientific ‘or technological training, and a majority of the associate
professors seem to be graduates of scientific or engineering institu-
tions; none of the latter are doctors of philosophy, and one has no
degree.  Of the instructors, a majority have had technological train-
ing; none hold the doctor’s degree. In several instances members of
the. faculty give instruction inamore than one department. -,
In one institution mathematics and engineering make one depart-
ment. ' , '
In most of these institutions the requirements for admission are
considerably Yower than those of the technological schools, but there
is & tendency upward. When an ige limit is mentioned it is usually 16.
The mathematical curriculum usually includes some elementary
algebra and solid geometry, followed by ihe subjects usuglly given
in the other institutions. In most of them nothing'is required’ or
offered beyond the first course in the calculus. ‘The agricultural and
textile courses. include less matheématics/than the engineering.
The assignments of teaching average/relatively high, amounting in
§ fome cases to 20 or 25 hours per weeK. -The same is true of the size .
 of sections, which is usyally 20 or 30, fine g et

m g
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. SUBCOHHITTEE 2. TECHNOLOGICAL DEPARTMENTS OF
COLLEGES AND UNIVERSITIES.

INTRODUCTION.

The follomng report is based primarily on the returns to the ques-
“tionnaire prepared by the committee and sent out on its behalf by
the United. States Commissioner of Education, as stated in detail in
the general report of the committee. These returns have been sup-
plemented somewhat from other sources where such material seémed
essential to illustrate the practical aspect of the questlon 1In order
to give full weight to the returns, this material is introduced ‘in the
form of a supplement to the main body of the report.

ORGANIZATION OF DEPARTMENTS.

The replies to the questionnaire indicate a marked uuiformit) in
the mathematical depm'tm(*nts represented with respect to organiza- -
tion as well as method and aim -of instruction. The cause of this
uniformity seems to be that techiological departments of colleges
and universities are very largely a direct outgrowth of the academu
departmentq by which they were preceded. This is evidenced by the
fact that in none of the institutions represented is there a separate

" department of mathematics for teclmology, the mathematical instrue-
tion for all courses being centralized in a smgie department and gjven
by the same corps of instructors. It is also noteworthy lhat the

. ymathematical department is, in general, independent of other depart-

e ments, and not subjected to definite restrictions as regards subject
mattér or methods other than a general limitation as to the time
allowance for-the work,

In the smaller colleges no distinction is made between students of
technology and others so far as mathemutmnﬂ instruction is concerned.
In the larger institutions the engineering students are usually sepa-

- ratéd from the academlc, chiefly for.administrative reasons-and 1ot

because of any essential difference in the method or content of L

- instruetion. The size of the sections into which large classes are sub-
sdivided is usually limited to 25 members, this number seeming to be

| considered the maximum which can be taught to advantage at one
~ time by the ordinary blackboard and recitation method.

In the smaller institutions it is not considered necessary to hold
regular meatmgs of the department. -In the larger universities, how-
ever, such. maetmgs are held with more or less regularity for the pur-
-_pose of encouraging an espnt de corps among the teaching stafl, and
enabling the professor in charge to keep in touch with the work of

. individual instructors and the department in general. « - .
" From an examination of the degrees held by the members of the
vagjous suathematical faculties represented, several interesting facts
m uﬁgaren,t Ims found that an engmemug xingree is a:gceptmnal

" Eh it by 4
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the degrees Sru06t ct}mmonh’ held indicating that the majority of
instructors have had an academic training. There is also manifest
_an increasing tendency to employ only those who have shown special
ability by taking a higher degree, preferably the Ph. D., implying
specializaiiun in pure mathematicss This fact is especially note-
worthy in its bearing on the relations-between the departments of
mathematics and lvclmology considered later.

ENTRANCE REQUIREMENTS.

The returns show that it is the gouem] custom to admit students to

all departments of tho college or ugiversity on presentation of a satis-

factory high-school certificate. The mathematical preparation thus

certified invariably consists of arithmetic, elementary algebra, and

plane geometry, usually with the addition of solid geometry and

sometimes plane trigonometry, as fully explained in the general report
- of this committee. Throughout the Middle West it is customary for
L the university to publish regularly.an accredited list of high schools

~ whose students are thus admitted oncertificate without éxamination.

The principals of the schools on this list are kept informed as to the
requirements of the university and the progress of their gradunws
after entering, by a high-school visitor specially appointed by the uni-
vormty for this {f purpose. Fram theuniversity standpoint this system
is very effective, gs it enables the university to secure a much more
thorough and uniform grade of preparation than would otherwise be
possible. From the high-school standpoint the system was formerly
criticized as unwarranted dictation pn the part of the university, by
reason of the fact that only a small proportion of high-school students
are preparing for university work. - This objection is now obviated
in all the larger high schools by offering a variety of courses, only one
of which is college preparatbry.

In some cases, ‘eajpocmlly where the system of accredited schools is
not in vogue, the universities rgport that the high-school preparation
in mathematics is deficient for university purposes. This deﬁcmncy
is. usually credited to the fact that high<school mathematics is ordi-
narily given in the first two years of the course, and that in the two
years which intervene befdve éitering the university much of the
work is forgotten or “obscured. Under the system of accredited
schools, however, it is customary to specially strengthen the college
preparatory course in this respect by thoreughly reviewing dunng
the last year all the mathematics previously learned. = :

" In'this connection it is- of interest to contrast the Amencan ays!;em i
of teaching elementary mathematics for a short period and then
dropping it completely with the continental method as exemphﬁnd.
by the French lycée and the German and Austrian Gymnasium, Real-
~ Gymnasium, and Ober-Realschule, where' the study of elementary
L mthmﬁm is camed on continuouslys tor e;gm o mne ym's |
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%8  maTHEMaTIcS 1y TECHNGLOGICAL SCHOOLS,
u . MATHEMATICAL CURRICULUM.

Thé_ﬁxtentxof the mathematical ¢urriculum is largely a question of
breadth and ﬁhordﬂghgags_of training, the subject matter being nomi-
nally the same in all the institutions represented. The customary
program of instruction includes algebra, trigonometry, and analytic
geometry for four or five periods per week during the freshman year,
and the elements of differential and integral calculus for the same
number of periods during the sophomore year. During these two
years fuch of the student’s work is academic, whereas at the end of
this period it becordes almost wholly technical. Mathematics is thus
classed as an academic subject, at least so far as instruction is con-
cerned, although ﬁxathematical -principles are of course universally
recognized as the basis of technology. As a matter of fact, only a
small proportion of the mathematics actually taught is ordinarily used.
in engineering practice or in the succeeding courses in technology. As.

evidence of this fact the following statement may perhaps be as con-
"clusive as any single fact that could be mentioned. )
In returning a purely technical article that had been submitted to
~* him for publication, the editor of one of the largest and most infly-
- ential engineering journals in this country wrote as follows:

While we find this an admirable treatise on the subject, we regret that it is too
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highly mathematical for our columns, due to the fact that it presupposes a thorough

- . umderstanding of the principles of the calculus. It is our experience that the average
mpe designér has no, or at least only a vague, idea of the use of calculus,

. ~This statement should perhaps be regarded as a criticism of the
eugineering profession in this country rather than'as evidence that
mathematical instruction is inefficient, or that a datisfactory technical
education can be built up. on such a limited mathematical bgsis as
here implied, : | U .

Thig condition of affairs is no doubt as true for civil as for mechan-

jcal engineers: ‘In electrical engineering, however, a somewhat

higher ‘degree of mathematical attainment is' demanded, which is
ustally recognized by including diﬂ‘qrentinl‘ equations as a required |

. subject in this course. g iy |

o . The fact that ordinarily more mathematics is taught than actually

. used is"sufficient reason why the returns to the questionnaire indi-

/. ‘caté no tendency to extend the mathematical requiremients or to . |

. encourage electives in this subject. , £ '

' e CORRELATION OF DEPARTMENTS. = -
.. In the majority of institutions the needs of technological depart- |

B ments aré at least nominally considered in arranging the work of @e
' departrent of mathematics. ‘Further than this there is no correlation

- of departments i any of the institutions represented in the returns,
In' fow,of the smallr nstvut ot the depastmens o el
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- and engineering sre administered by the same  head for reooi;omig
‘reasons. In onme instance it is specifically stated that not only is
separate discipline without reference to its technical applications,

, UNIFICATIOH OF THE CURRICULUM. .
Within the mathematical departments themselves there seems to
be a general tendency toward rearranging the subject matter into a
'more compact and unified course. Effort is-directed toward obliter-

ating the formal boundaries which have been raised between the
various subjects in the course of their historical development, and to

separate and somewhat unrelated courses in algebra, trigonometry,
analytic geometry, and calculus. The most notable instance of this

of Technology. 3 ‘
= CORRELATION OF MATHEMATICS AND TECHNOLOGY.

. It is generally believed that the introduction of technical applications

* elementary and familiar as 1ot to destroy the integrity of the mathe-
" matical éourses or diminish their educational value by obscuring

or readily explainable to him, as the introduction of unfamiliar ¢on:
cepts merely offers the student two difficulties to surmount instead
of one. _The chief difficulty seems to be in finding technical illus-
trations which are sufficiently familiar, as the mathematical courses

are confined to the first two years of the curriculum, and thys precede - *

the student’s professional trainingt® |

3

~ In one instance the objection is raised that by enlarging dpplica- - ‘
tions the concrete tends to fill so large a place in the mind that the’

principle in hand is obscured as one of general application. The
‘general opinion, thgaver, is that if it is possible to arrange courses
in' parallel, so as to furnish material for illustration, a training in

gives depth of understanding, stréngth of grasp, and freedom of use

!

- students.

. CORRELATION OF MATHEMATICS AND TECHNoLoeY. 87

there no attempt at correlation, but that methematics is taught asa, -

construct a single course in mathematics in place of a succession of .

experiment is that being carried out at the Massachusetts Institute

The consensus of opinio;x on this topic is that in mathematical -
courses mathematics should be taught rather than applied science. |

in the mathematical classroom is advisable only when they are so -

" general principles. All agree that no illustration should be used
which requires a technical knowledge not possessed by the student .

formal mathematics in connection with its technical applications .
most. conducive to the production of _efficient ‘and progressive i

 The majority of replies state that technologioal departments are:
 satisfied to lesve the mathematical preparation of their students fo
_ tho departmentof pure mathematics o8 at present constifuted. In .
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a few mstancea it ey be inferred from the roturns, howe er, that

. tecBnological departments are not wholly satisfied with the present

preparation in mathematics as a basis for their work and would
prefer to have the subject taught by men more familiar with its
technical applications. In connection with this, there is a tendency
to diminish the amount of pure mathematics required of technological
students, ene Teply going so far as to say that the subject (as now
taught) is regarded by engineers as a necessary evil.

. There is a substantml agreement that there is no reason why
engmoem should be given essentially different elementary tralmng
in mathematics from others, but that all mathematical training is
simply & question of teaching the subject thoroughly and in such a:.
way that the student shall be able to use it freely. From the stand-
point of mathematicians separate departments of mathematics for

~ different classes of students are regarded as narrowing and hurtful to

all concerned, and regret is expressed that specmhzed professional
courses are occupying an increasingly large place in the curriculum
to the exclusion of a more thorough grounding in broad fundamentals

METHODS OF INSTRUCTION.

The method of instruction ordinarily pursued is based on the use
of a textbook. Instruction then proceeds by assigning definite por-

tions of the text, with daily recitations on the portion assigned,

usually in the form of solvmg the accompan problems in the text.

. 'The chief differences in applying this met. od ‘consist in the manner

of seeyring the required amount of problém wm‘k some instructors

~ relying. chxeﬁy on blackboard work during the class period, while

others require independent outside work. The textbook method has
the advmtage of being simple and easy to follow, and from the point
of view of the instructor doubtless produces more nmform results

. vt.han cguld be obtained otherwise. It is open to criticism, however,

a8 bemg convbmaonal and stereotyped, and from the student’s sub-

i m uent récord ‘in i‘,achnglogy it develops that he is usually tied to

range of problems, and even the notation, given in the text

‘studied, and is deficient in the freedom of use which comes from an

actual mastery of fundamental pnnmp}es
Models are seldom used in’ the classroom. and & mathematlcal

la.boratory is pm@f:icglly unknmvn

e AIM AND usm:rs orms'rxucnom Aptlisasd i
Thé returns ind;cate that in, defeﬁence t thp opxmens of depart-'

i ;imnta of technology  an. eﬂ’ort is madet differentiate between
mﬁthemétwal instruetion given to engineers and to others. For

' mgmeem the mn is to prepare for their profemoﬁal courses by

on acouracy in _,_"taftion ﬁnd emphuimg auéh pnncxplu_-




PREPARATION OF TEACHERS, s

"88 are of immediate and practxcal application. ‘At the same time it

is the general opinion that there is a. broad cultural value in mathe-
matical training which engineers almost wholly miss by reason of the
limitations to which their work in mathematics is subject. The
cultural value of mathematics is defined in this connection as con-
sisting in the concentration of attention on definite concepts and their
inferences.

There are exceptions to this view, however, the replies havmg the ;
greatest weight of experlence back of them asserting that when mathe-
matics is properly "taught, although limited to téchnical subjects,

- éngineers profit largely by this training aside from the specific velue

of the subject as a profeseuonal tool. This opinion, expressed by
several, is summarized in one reply as follows:

v

Our successful students are gaining clearness and accumcy -of thought, power of
attack, and fertility of invention that place them far above men not thus trained.
Almost invariably those students who have risen most rapidly to high positions of
power and usefulness have been among the most brilliant mathematicians so far, as
they have chosen to cultivate mathematical subjects.

PREPARATION OF TEACHERS.

The consensus of opmlon on this point is that it is desirable that
teachers of mathematics in technologlcal schools shall have had some

* technical training or experience, or at least be interested in the

technical and practical applications of mathematics. It is not'con-
sidered practicable or even desirable,'tor secure teachers who have
had . actual engineering experlence One reason advanced is that
the pecuniary rewards in engineering practice are so much greater

- than in teaching that it is 1mposslble to secure desirable expenenced

engineers as _teachers. It is also thought that practical experience
extending over a number of years would actually dlaquahfy one for
teaching by putting him out of touch with college life and out -of
sympathy with the best educational methods and ideals. It is
admitted, however, that the teacher of mathematics to engincers

“ should have an adequate knowledge of the applications of the sub-

ject, as otherwise he would be out of sympathy with the aims of the
school.
The tause of the difficulty" expenenced in securmg Satlsfactory

tedchers in this field probably lies in the natural scarcity of men who
preéfer teaching to professional work, the preference naturally con-
nectmg iteelf with aptitude,

The most efficient training for o teacher of mathemaﬁea in s

: »tachnologlca.l school is believed to consist of & technical collegiate
_education, or academpc course with-the electlon of numerous technical

courses involving the ~applications of mathematxcs, followed by :

z;ughi‘. to be wr&bh b‘ut nat esaential.

1ate work in pure mathematics, Previous teachmg empenance_
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"‘hlly asserted that mathematics should‘ be taught by
skilled ‘mathematicians. The argument is that - .greater technical
skill is xequired in mathematics than in any department of technology,
and if the latter requires the services of specialists, mathematics can
.,also be best imparted by experts in this partlcular lme

SUPPLEIENT ON SPECIAL IETHODS OF INSTRUCTION., !

/I, THE TWO-HOUR SYSTEM AT HARVARD UNIVERSITY.
) E. V. Huntington. |

In certain courses in mathematics for underg aduates at Harvard
University a special plan ‘of instruction is fodowed which meets
several important requirements in a large umversxty -

Each large course (50 to 100 students) is in charge of a permanent
member of the staff, assisted by two or more instructors recruited
~ each year from theé ranks of the graduate students, The course
.meets three times a week for two consecutive hoursiy In the: first

part of the period the professor in charge lectures to the entire class,
explaining the method for solving the problems of thé day. In the
second part of the period the elass moves into a large draftmg.
room, where the students work out their problems under the imme-
“diate supervision of the mstructots That is, the three instructors,
mcludmg the professor in charge, pass about the room from man to-
man, glvmg each man a brief individual conference on his work while
the work is being done. These conferences are partly in the nature
of a quiz, to make sure ‘that the student is able to explain intelli-
gently what he is doing; partly to give assistance over. special indi-

" vidual difficulties; and partly to'record the problei work. ~ For this

~ last purpose specml individual record cards are kept. With these

- cards in his hand, the instructor has the complete record of each

student before lnm ‘when he approaches that student for his con-
ference. No problems are “ handed in"” to be corrected out of hours;

_all the problem work done by the student remains in his ‘notebook

‘and is inspected and recorded by the instructor in his presence. .

The work in the drafting room is quite informal, and the studerits
are at liberty to discuss their probIems with their neighbors. An
essential feature of the plan, therefore, is. a series of frequent, short
tests, usually every two weeks, in which each student, works by him-
self. The marks for the course are ch,;eﬂy based on these tests and
on, the usual mid-year and final examinations.

. The chief advn,ntuges of the plan are that any dlﬂiéultms the

. student may experience are cleared up at once; the instructor 1s

énabled to keep in clgse and constant touch with the work of the
class; and the university is able to avail itself of ‘the services of
Bl expmenced teachers who are taking graduate work on leave of
B sange from their own mstltutiong, and are thus ahﬁble for such

wintmmh
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II. REDIRECTION OF EDUCATIONAL AIMS.
A 8. E. Slocum, - : .

From the facts brought out by the questionnaire it would seem
that mathematical . instruction . in technological departments *of
colleges and univérsities has not yét diverged very widely from the
lines laid down as orthodox half a century ago or more; and originally
intended as preparatory for one of the so-called learned professions,
The rapid industrial development of recent years, however, has
created a demand for a highly efficient and specialized form of tech-
nical training, in response to which a new type of school has arisen,
known variously as trade, technical, manual, v8cational, commercial,
industrial, continuation or cooperative. This has been accompanied
by a radical revision of academic standards, the popular ideal, at least,
being that of a training which fits directly for industrial and social

‘efficiency. This is evidenced not only in individual efforts at modi-
_ fication of the curriculum in many of our own institutions, but also in
recent government legislation in Great Britain, France, and Ggrmany.,

The appointment of this commission is, in*itself, a recognition of
the fact that a new educational situation has arisen which demands
special consideration, and the value of its reports will consist largely

in informing teachers generally of the trend of our American edu-
~ cational policy and in harmonizing cultural ideals with the practical

demand for industrial and social efficiency. To further supplement
the returns to the questionnaire it therefore seems desirable to point
out the most salient features of the new problem in technological
education as apparent in the scheme of industrial cooperation, with
special reference to its practical effect on mathematical instruction,

THE COOPERATIVE SYSTEM AT THE UNIVERSITY OF CINCINNATI.

The effect of any popular propaganda, such as the demand for

vocational efficiency referred/fo above, is of course first appsarent in

secondary education, but, although of comparatively recent origin,
the movement alreddy shq_w']élfan‘ outcropping at the university level
in several places, notably'in ‘the cooperative system established at
the Lewis Institute, Chicagp, and at the University of Cincinnati.

“ The basis of this innovation is usually supposed to consist in the

simple faot of mecha.nical’{?;ii}l@égnation between school and shop,
whereby a manual as well gs an intelléctual development is secured,
and & trade acquired simultaneously with a.profession. A more

i

‘adequate and characteristic summary of the ideas underlying the

5 ey e, A
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cooperative system, however, is'that given in the followipg extract =
- from a réeent article on the subject: s o

‘A defiite line of communication has boen setablished from the school to the forge

and shop and railroad; from the laboratory aud Jecture hall, where the laws uaderlying
. and governing the work-kre formulated aud made clear, to whete men sctually face




~t.ht) problm of progress. . The embryo engineer travels back and forth*between the
~ two weekly, and always faces the task before he is brought to the science. The laws

“which we call character, and a safe mental development based on physical effort is

ally the principles of elementary mechanics will be used for unifying

. mathématics, long thought to be desirable, but difficult of satisfactory
attainment. i ; T e |

‘bring te the clissroom for solution each week some pragtical problem

. obseryation inthe shop during the previous wéek. This simple plan
for.securing the active cooperation of the studertt in his own instruc-

greatly increased the practical and informational value of the course.
- By this method, individudlizin
 boen an idéal rother than o rea

49 ' MATHEMATICS IN TECHNOLOGICAL SCHOOLS, ‘ I

of nature, then, have for him an increased significance. Literature and the humanities
have life. Fact and theory are in constant juxtaposition. That strength is gained |

obtained in conformity to nature’s laws. “Going to college™ every other week fro.
the workshqgp has a different meaning from ‘‘going to college” once from the hi
school. It becomes an opportunity that is denied other men in overalls and jumpe
and a corresponding feeling of indebtedness to the one not so favored develops. Tt
means futyre cooperation rgther than future misunderstanding and mutual distrust.
We have applied the term “cooperative system” to this method of training as miich
in hope of its future results as in description of the method.

EFFECT OF THE COOPERATIVE SYSTEM ON MATHEMATICAL INSTRUC- r
TION., ’

It is obvious that such an intimate correlation of the ¢oncrete with
the abstract is bound to affect both the form and content of instruc-
tion, especially in"the case of a basic science like mathematics. ‘ As
an ingtance of this, the result of five years’ operation of the coopera-
tive system at the Umiversity of Cincinnati shows an ‘increasing
tendency to break down the barriers between departmental instruc-
tion in mathematics and allied subjects, particularly mechanics.
Increasing emphasis is thereby laid upon mathematics as a general

‘method, or, from another point of view, as the ‘unifying principle
- underlying all branches of technology. The practical development
of this idea in mathematical .instruction in connection with the

cooperative system has been gradual, accompanying the growth of
the general scheme of correlation of departments and shops. Suffi-
cient progress has already been made, however, to show that, eventu-

mathematical instruction and correlating it with the manual experir
ence of the student, as wgll as with other branches of technology.
Effectudl prevision will thus be made for laboratory.instruction in

" Jn mechanics, which is taught by a separate department of applied
mathematics, the cooperative viewpoint was adopted at the outset,
although improvements in method are still being made. In detail,
the method consisted primarily in urging each cooperative student to

in mechanics or the strength of materials which had come under his

tion put him in a receptive mental attituds, and at the same time

of ‘Instruction, which hitherto has

hEl AR it
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effort on the part of the teacher, and the elimination of ‘'memory
work is accompanied by a concentration of attention on methods and
processes rather than their outcome. The most important features
of this plan are that the student and his activities become the center

“of interest and his intellectual and manual activities so articulated as

tq act as mutual stimuli.

« There can be no doubt that the current of modern educatjonal’
‘thought is setting strongly jn the direction of practical cooperation

such as here indicated, as shown, for instance, by the results of the
investigation carried out by the Manuel Général in France, and the

* impression which such men as Dr. Kerschensteiner, of Munich, are
. making upon the educational policy of Germany. The changes advo-

cated, however, are not as radical as may appear at first sight, and no
fear need be entertained as to the loss of any of the so-called cultural
value of mathematical instruction if by cultuge is understood a well-
rounded development of the individual rather than intellectual con-
formity to a rigid Procrustean standard. i '

s

CONCLUSION.

The facts here presented indicate that orthodox instruction in

: mathematics does not entirely harmonize with present ideals of mate-

rial development. In justice to present methods it should be said,
however, that this by no means ifnplies that instruction in mathe-
matics is less efficient than in other subjects, A comparison of results
with those obtained in other departments, such as Englishor physics,
will show no greater returns for a given expenditure of time and
energy. - The greater*prevalence of criticism of mathematical instruc-
tion arises chiefly from the fact that ny deficiency in this subject is
more apparent than in others, as mathematics precedes technological
subjects and serves as their basis. Moreover, the inability to use
mathematical principles once taught may be more apparent than
real, since it will often be found that when these principles are needed
for application a brief explanation by the instructor in technology
will suffice to recall them with all their original force.

There is perhaps more ground for the criticism that mathematical
mstruction at present is'too formal and better suited to the needs of
& specialist in mathematics than to a student of technology. The .
idea of formal discipline as an educational aim is, in fact, a ‘thing of
the past. A sufficient evidence of its futility in the present case is
the difficulty which the average student experiences in making even

~ simple technical applications of mathematical principles in which he
has been carefully drilled, On the other hand, the fear that technical
_ applications will lessen the ¢ultyral valye of mathematics is ground-

less, as & principle or problem loses none of its theoretical importance

Do i o & o s e, For a3
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mmgement the well-known Taylor sya-

tem has:resulted in thé development-of a slide rule for handling 12
-varibles simultaneously; and the fact that its use increases the out-
putof a.machine.50 per cent by no means lewens lts mpomnco as an
mhisvament. of mathematical gemius. . .

- The whole ‘question seems to resolve itself mbo t,he problem of mak-
mg mathematics more. expréssive of modern conditions. Herbart
asserts that interest is-of fundamental pedagogical importance, and
that interest is based on apperoept.non by which he means that no

. instruction cdn be assimilated until its relation to ‘congepts already

familiar is. fully. apparent.’ . This indicates that even from a-purely
‘pedagogical standpoint mathematical instruetion should proceed
slowly and each new idea be followed out into as many of its ramifica- -
tions aa possible in order to-provide the connective tissue needed to
mske education organic. . It is ‘suggested, therefore, that effort be
directed. toward - making. instruction’ in ‘mathematics. .cumulative; .

" -that is to eay, instead of placing the chief emphasis-on-the logxcal

‘development of the aubject and relying for practice.on sets of unre- -
lated -problems illustrating ‘merely ‘a single phase or principle, its
xmportanco as the unilying principle underlymg all exact methods of
expressxon should be made apparent by. a series of original applica- -
tions of increasing complexity, each of which shall embody as much
a8 possible of all precedmg instriiction in the sub]ect A graded series
“of practical problems in mechanics and engineering design arising ont .
‘of the student’s growing experience is typical of what is meant, Less .
ground might apparently be covered in this way, ‘but there can be no
.doubt that the ordmarv student woul(l muke more substantml and

lastmgprogrem o T | .
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