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The first Inter-American Conference on Mathematicel Edueau;
?ion was held at Bogota, 001ombia, from December 4 to 9, 1951 :
thie conference,_the first of its kind in. convening mathe-jgg
maticians from twentyathree countries of the We$tern Hemisphere,

_ohe'primary purpose vas to bring to the attentlon of all the

erticipants the changes in mathematical knowledge that
ht il a need for reform of'school and university curriculﬁms
thus to motivate all countriee to initiate reform activitiee
‘ deliberations of thie conference were published in the repj

-éthematical Education in the Americas.;.

“fAfter a period of four yeare of intense efforts in some
t ies and sporadic activity 1n the other countriee, the

fter-American Gommittee on Mathematical Education, establieped
Bogota in 1961, felt the time had come to make an evaluation
heee activitiee There was need to establish coneolidation;
efforts, means of inter—country communication and to plan,ft
ﬁg ‘tinent wise, for the mathematical education that muat be
_rovided for economic and social growth of each natlon In o
he late Fall of 1965, the COmmittee began seeking funds and :i&i;
ther means for a second Inter-American Conference on Mathe-s- “f;
atical Education. Tnis conference was to eddress itself to P

'three Speclal themee. A rev1ew and an, examination of the current

lmathematical Eduoation in the Americes, Edited by
Hnward F, Fehr, Bureau of Publications, Teachers College,
Columbia University, New York, 1962, c
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problems involvéd in developing mathematical education,
especially in Latin America; an examination of the desired
curriculum for secondary and undérgraduate university study
of mathematics; and the concomitant problem of educating in
sufficient quaﬁtity and quality the teachers and professors
of mathematics for schools and universities,

To achieve this purpose, the Organizing Committee selec
outstanding mathematicians and mathematics educators from
Europe and the American cbuntriés to present papers on the
themes. Following the presentations there were informal
discussions, groﬁps of the participants were organized to
study and report on the three particular aspects of developiny
mathematical education, From each country there was solicited
and distributed to the participants a paper which summarized
the activities in the country during the last five years and

the status of mathematical education as of the end of the

year 1966,
The addresses presented in the conference are published

in Part II of this report. In Part I there 1s presented the
opening address and charge to the participants. Part III con-
tains a set of abbreviated country reports on the status

of mathematics, Part IV gives the concluéions of the conference
in a form of a set of resclutions, and the basis on which fhe

new Inter-American Committee on Mathematical Education will

operate in the years ahead.
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Both the Conference and the publication of English,

 gpanish, and Portuguese editions of this report were made

possible by grants from a number of philanthropic and.

scientific organizatiohs. The debt of the Organizing Committee

and the participants in the Conference for this generous

~ support is duly acknowledged in Part IV. An appendix lists

the program, the committees, the participants, and invited
speakers and observers. The preparation of the report was
under the direction of Howard F. Fehr (U.S.A.), Executive
Secretary of the Conference,

The editor acknowledges a greaﬁ debt to Professor-
Mordecail Rubin of Teachers College, Columbia University,
for his Spanish-English and English~Spanish transiations.
To his wife Gisela; he - “uresses his dgep appreciation of
the hundreds of hours of critical reading and typing of

the nmanuscript.
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PART I
OPENING ADDRESSES



professional mathematicians who, about 25 years ago, vérified

REFORM IN MATHEMATICAL PEDAGOGY
Carlos Cueto Fernandini |
Minister of Education
Lima, Peru-
The pedagogical work of the second half of the twentieth
century is still reeling from that combination of events

which we refer to as the Revolution in the Teaching of

Mathematics, This revolﬁtion First arcse in the minds of

once again-- that the schools of all countries were still
dealing with the most obsoclete notions in the mathematical
sciences. Thé nearest thing to "new" in school mathematics
programs was two hundred years old. Even today, in spite of
everything, we still fail to take advantage of the new and
marvelous contributions made by mathematical science to the

perfecting of ‘the human spirit as well as our material en-

vironment. If one of the essential aspects of education_is

the integration of man and the system of knowledge contem-

porary to him, how can we turn our back on'modern mathematics?
How can we move back our horizons to the time that knew
nothing, for example, about set theory? To take no notice

of recen£ discoveries in mathematics is like teéching the
histofy of humanity and stopping at the French Revolution,

It is clear that the mathematicians are right. We do
not t.

have to introduce new ideas into the teaching programs of
our present schools or at least give new meaning to the to kn
withit

teaching of traditional mathematics. Otherwise, our present-day



ﬁcivilization mﬁy.weii'turh oﬁt to'appéaf 55;ﬁniﬁt3111gible

5 en eighteenth century city presented in a retrospective
?tl as equipped With electronic dev1ces to regulate
_.omobile tra.ffic:. e

The epecteculer appearance of Sputnik wae not unrelated

ifié&; cee. This has invariably happened 1n timee of intense o
" urel.crieie or rapld social and economic trensitlon. .
e it is a eymptom of e process thet has been repeated
itimes before, the revolution in the teaching~of methe—
cs 13 one of the mejor diecdveries in the hietory of
rn:educational thought.t; - | p

What makee up such a revolution ‘that in nearly twenty-
ears seemsto have opened oountless poseib111t1es9'f-
of-its-be31c elements is, of course, the modern mathe;
ioel sciences, which, in their varied branches, represent.
cs? dey more . than ever) the ebility of the humen mind to create

| ahguage of symbols that is not tied to the pertlculer and
'eeGOntingent_but is.capeble of rising to necessary rational,
ﬁtonirersal, reietionshipe. The eeme'symbolic language is
peble of generating endlessly new technical forms. |
3-From the point of view of education,'howerer, this‘ie

t the fundamentel point. For educators it is more importent

_know that the new mathematics is orlented toward stlmulating

lay thln the Chlld thinking and 1nvent1ve cepacltles for loelce1'



investigation., Under this_new pedagogy, mathematics serves to’
promote the human individual, making the student reason with |
himself, draw on an inner discipline to confront the most
rigorous and demanding symbols, and maintain his freedom -
before logical-struétures. \ | |
Educatioﬂ is vital to any 5cience; The'greatnesé of
. education lies ih the fact that it_takes & general view of
~ knowledge, culture, society, and history, not as unrelated
reélifies, but rathér as-elémenfs of a 8ingle camplex,inseﬁéfa
from the human.being - his daily probiems, his final deétinj
and his essential liberty. Actually, the new ﬁathemafiCs-(or
the'traditional, if taught with ﬁresent-day aims) seeks to
restore the Platbﬁic pedagogical-idedl'of the sla?e,who is gui
by the teacher to discover for himself & mathematical thépfem;
and to fdrmulate it with discipline and_precision,.It could
~ be maintained, then;}that tdday?s.re#olutibn reﬁives very
old bits of Platonic doctrine . This is true, in part, but
there 1s more. And th_is ‘extra that lies at the bottom of our
current revolution is the fact that the new pedagogy for
maihematics has no less a goal than the prepa:ation of todayis
child for a life of_dignity in a technologically based world
which constantly threatens his spontaneity and his freedom,
It is basic to the new pedagogy that we underline a need

~to understand logical structures of our own inventiveness as

a bridge betweenythe education of the individual and the
~objective culture of the societies that figure in the history

- of the world. Above all, the new teaching affimms the reasoning f-
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- powers of the individual and tries to develop this individual

to his fullest capacities. Mathematics is not primarily an
educator's instrument for controlling nature or society nor

a model for other sciences nor a universal sclence. It is |
merely an opportunity through which today's man'can face the
problems of his time and the threat of enslavement by machines,
maintaining the initiative of free logical thought.

._ The discovery of a new pedagogy for mathematics has
carried over into'othér fields. Physics and other natural
sclences are alsd beginning to be taught with other critéria
and new content, as are grammar, history, and philosophy. In
spite of the force of these pedagogical currents, and notwith-
standing their virtues for the history of modern man, we
educators.still offer considerable'resistance to the new. Our
profession, too, has its misfortunes and its defects. One of
them is the conservative spirit which stubbornly permeates

our activity. It will be difficult to banish the age-old

‘dogma that academic mathematices is merely a collection of

procedures employed to find the right answer for a mathematical
operation, Traditional teaching only sought formal accuracy

in procedure, the observance of strictly mechanical acts.
Everywhere the ideal student is still the one who - in
contradistinction to thl.Platonic idea - operates gquickly,
accurately and blindly with numbers through the decimal

system of notation {the lonly system that he knows),

]
|



era, it Was thought that_mathematics should simply be the

instrument for controlling the world. And still, in our-

This pedagogy, S0 out of place for the new times, upset
the relationship between the child and the knowledge he
réquires and therefore between the person and the cultural
significance of knowledge, The child becomes a counter who
"does sums" with wholly practical ends, rather than a human
belng who SowWs in his mind the seeds of knowledge. So much
mathemafical talent has been frustrated by these procedures'
which séparaté the man from that which is truely most |
significant for him. All of this practice has.undercurfents'
of ideas that have greatly influenced western culture during

the last few centuries. For example, at the beginning of our
"hand maiden of physics,”" or in other words, & practical

examinations, mathematics is measured by its pragmatic
efficacy. Thereby, it has been losing its meaning for
academic teaching. The false idea of Kant that all mathematical
concepts have an intuitive counterpart in pure space or time
can also be seen in the teaching of our science for a long
time past, that is, the idea that all mathematics is bound up
with the world of intuition and in the final analysis with ‘ ?_f_
practical and technical consequences. =
_ Another basic aspect of a new pedagogical current in the
teaching of ﬁathematics is the teaching of apparently difficult
concepts ﬁo children in the elementary school., It has been

répeatedly shown that very young children may grasp these

. concepts with considerable pleasure. I recall once
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posing the following problems to a six year old child of
ﬁormal intelligence' What numbers are at the same time less
;;fhan five and more than ten? The quick answer cautiously
;éexpressed in childish language was "there aren't any." Those
" words led him by the hand of the discovery of the concept
;-of the null set. The same problem was passed to grown-up
"‘I_'persons, including engineers with traditional mathematics

 lbackground Everyone tried to find the requested numbers,

Fincapable of logically solving a problem that was not at all
ﬁ diffiCult for a child. The child, with certainly little

knowledge of inequations, was able to integrate his personal

logic with the objective and universal logic of mathematics.

j-‘.%’-‘t«i‘«?{‘?'g.-'»)i;-:'q‘ie}t';i s

In summary, we may say that if technology and the drive
for power with which man Seéks to dominate nature and society
has beéome so powerful in today's world, let us use the new
pedagogy of mathematics to develop in man the initiative
;that will permit him to maintain his freedom df thought and
;. 1life in the face of these powérs. If technology and power
2 ~have made our material circumstances easy, let us seek out
the difficult paths that cén be found before us if we wish
to live in personal freedom with civic responsibility., The
individusal man educated to exercise the initlative of hié
thoughts and the spontaneity of his will along the rigorous
paths of internal discipline 1s always a free agent. The
crucial problem of present-day education i8, in my opinion,

tc seek to reconcile general and speciallized educari~n -
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spiritual initiative of the individual so that he may be
able to serve society with the efficiency of a specialist
and 8till for himself maintain the capacity to think in
universal terms and to respect the norms of his society and
the values of his culture. The revolution of the teaching o
mathematics promises us much as & path toward these
objectives.

In the name of the govermment of Peru I am pleased to
extend a cordial welcome to the scientists and teachers who
have come to our country to consider problems which profound
affedt the destiny of humanity in our times ~ notwithstandin
the asseverations of certain so-called practical minds.

x have confidence in the capacity, the spirit, and the good
will of all those gathered here on your ability to uproot
prejudices and to universalize new methods to bring ahout

new progress for modern education.
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THE WORK OF THE CONFERENCE

Marshall H. Stone
Chairman, ITACME

Mr. Minister, Colleagues, Ladles and Gentlemen: On..

 ;beha1f of the second Inter-American Conference on Mathematical

B Education, it is my privilege to thank our Honorary President

moet warmly for his gracious words of welcome and for his

very penetrating analysis of some of the important problems

" esonfronted by all those interested in the future of mathe-

”matical education. I would like to add my own welcome to

all the participants and observers who are gathered here

in the opening session of this Conference and to wish you

every success in your endeavors,

The remarks that foliow are directed toward the work

we hope to carry out during this conference. It is obvious

that the problems of education are so broad, so extensive,
and so difficult of practical solution, that we can touch
here upon only & few of them. For that reason, the Organizing
Committee, after careful consideration, chose a limited
number of topics for study in this meeting. There are m&ny

more topics which need to be talked about but which will

not be discussed here, although they may well be mentioned

because they bear some cléar relation to one or another of
our prihcipal themes. They are not to be the things given
the first place in our present discussiong, not because
they lack importance but merely because we do not have

the time to treat them adequately. For example, I think

everyone realizes that the promotion of adwvancad edndwr s



 We therefore have to turn for advice in curriculum planning

‘exactly five years ago, in Bogota, Colombia. We must now ask:

10

research in the rield of mathematics is an essential actlvity
which has an important bearing on what is dane in the pedagogicaﬁ*
field. What we teach in our schools must be oriented according . e
to the directions of progress in mathematics and the dlrections ?_

in which the applications of mathematics are being'extended.

to mathematicians, physicists, and other scientists who know
at first hand where the frontiers of mathematics are being
pushed forward and whither man is moving in his effort to
deVélop his scientific and teéhni¢a1 hold upon thé_physicgl
universe. The fact that we are putting to one side s&ufar as
this conférence i1s concerned thése questions of advanced
teaching and research does not ﬁean'that we ignore them
nor that we elimirate them altogether from our thinking,
Iﬁ simply means that we want té turn to three othér QuestionS 
which seem to us particularly important; even urgent, at
this particular time. _

In the firet place, it is natural that we wish to review
what has taken plaée in the hemisphere since the first Inter-

American Conference on Mathematical Education, held almost

"What had the report of that conference to do with what has
taken place in the last five years? Have its recommendations
had any influence at all? Have some of them proved to be less

practical than we had supposed at the time when we formulated

them? In which countries has progress been most marked? In
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'$§ dQné, we'wish to take up two particular themes which
to bé-%ﬁrésses as eiéeptionally impdrtant at this juncture -
S“ﬁhiéhhare important for every country represented here
though they may appear under quite different aspects in
erent regions ' _

First, we wish to take up the very difflcult problem
d by tﬁe'students"passage'fram the secondary school into
uriiw}éxfsity.- This means looking at the s@:’ﬁdent fram two
_s’of;view. Naturally,'we_mnst-ask "Whathdoes the student
fin'the secondary school?.What.point does he actually
';theré in his mathématical educatidh?" Then we must

k'at him as a matriculant in a university where he will

' to adapt himself to unfamiliar teaching practices, stiffer
E;ompetition from his classmates, and more exigent standards of
fperformance. The secondary school teacher and the university
"professor or administrator look at the student from rather
different pqints of view, In consequence the student may -

and too ofteh_does - discover that hié preparation for the
university has been inadequate and that he is suddenly called
upon to rise'to higher level of achievement. Everyone who
thinké back for a mcﬁeﬁt to his own student days reélizes
sxactly what this has meant in his own experience. The

:tudent often suffers acutely from the feeling of being
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lost in the atmosphere of the university and of being forced
with little or no warning to learn in a short time and with
~little or no help from his professors many things which he
shonld.have learned aireedy in the secondary school., If we
consider tﬁe matter from our own special point of view as
university professors, we have to recognize that rather

generally we expect our students to be very well prepared and

altogether ready for the work we give them at our level,

What we often fail to do is to consider that we may possibly  €

be asking too much of them too soon.

The problem of transition is more or less eritical

accordlng to the C1rcumstances existing 1n different countriesﬁ

and the solutions that have to be sought must depend very mue
upon these circumstances. We should not try to employ univers
methods or measures which are clearly inapplicable in dis- k
similar situations. What we want to do here is to discuss
this perennial question from each of the national view-points
as a basis for reaching 2 general intellectual grasp of its
nature and then to see what the possible solutions to this
very difficult human problem may be.

We must realize that in this situation we are face to
| face with a grave dilemma., On the one hand, insistence upon
a high standard in the universities lead either to severe f
restrictions upon admissions or to a strict policy of failing
those who may be admitted despite inadequate preparation or

lack of qualifications. On the other hand, we know that in

TL.oo— " Ll | R R . I

i i S g e L
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taking ﬁp careers in those professinnel lines essential to the

; development of a fldurishing economy, To embrace either horn -
f._of this dilemma would be to court dgisaster. We'ere'therefore'
§ forced to seek a solution in compromise, accepting some
55 1ewering of standards in order to increase the number of
.efudenfe entering the ﬁniversity and going on to a satisfactory
conclusion of their studies. waever, this solution cannot be
3 regarded as one which can be accepted for the long run or as |
”;fOMegwhich can be considered as adequate unless the unlversity
??Ldffers effective assistance to the serious but ill-prepared -
atudent If standards are lowered other than purely provisionally,_
the conseguence will be that the schools, no longer challenged
;yfthe-difficulties of admission to the universities, will

eﬁer their own standards'and send out their graduates more

'@Jrly prepared than ever. Thus any temporary lowering of |
versity standards must be accompanied by measures intended -
entually to bring those. standards up agaln as rapidly as
inherent difficultieg in the transition from school to
niversity can be overcome. Concessions made to the poorly

_reﬁered student must be coupled to an effort on the part of

e ﬁhiversity to emphasize the importance of good teaching
diweil-planned'and coordinated courses in the first two

_rs,:Such concessions, furthermore, must be continued only
.fong.as.it takes the schools to meet their éwn_responsibilitiesf
@rlproviding better preparation., If schools and uniﬁersities

an approach the solution of the problems posed by the
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it should be possible to eliminate the_temporary concessions
and restore standards after ten years or so of hard work.

The second problem of immediate interest which we intend
to discﬁss in this meeting is the problem thét everyone now
recognizes as the master key to any substantial and permanent
reform in the teaching of mathematics. I refer to the préparatj
.of teachers for service in the primary and secondary SChQOlS.'.
What can be done toward improving the schools depends in the
last analysis upon the atﬁitudg and the capacities of  the teach
themselves. It does little good for critics or the public to
exhort teachers to make this change or that unless the teacherg
believe that the tasks proposed are the right tasks. If the
teacher thinks that mathematicians or educational theorists

are asking that the wrong kind of mathemstics be taught he ':G
may yield to the imposition of one new program after the otherf
but he will teach none of thenm wlth enthusiasm. and his lack of%
enthusiasm will 1nev1tab1y be communicated to his students. :
.The best of programs can well fail in these conditions. It is'%
juét on this‘point that summer and academic~year institutes ]
have had & beneficial influence, because wherever successful
institutes have been organized the obvious practical result

has been that many teachers have revised their ideas aboutlthe
teaching of mathematics, about the topics in mathematicsAWhicn
should be taught, and the ways in which those topics should be
. presented., They have acquired enthusiasm for moving ahead in

‘the first steps of a reform which they themselves have come to

- 1 -
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1husiasm alone is an insufficient found&tion upon

e-the_reform. The teacher who desires to do a
h“presénting mathematics and helping his students
_mgthematics is going to be powerless if his
 ﬁé£-backed up by a sound and even deeper knbwl—
- matiés ﬂnfortunately, there have been far too
érs where the preparation of teachers has been guided
phy of ignoring training in subgect matter in _
&dhcantrate on pedagogical and psychological prepa-
i;gfﬁhéoretical character. Thé result.is that our
nf6£ the training of teaéhers stand 1n.urgent need of
ffefbrm,'and even revolution,njust és muCh.as do thdée
:ools and the first years of the university. The time

come when we can no longer postpone giving this

question our full attention. Together we must begin

1 ve anew what it is that the teacher needs ﬁo.know'in
40 do & first-class job in teaching mathemetics at the
}?Lfy“levél We have to ﬁrbvide this teacher with'training
aﬁhématics, and also in pedagogy, which will make him a
ter and more enthusiastic teacher. Above all, we must realize
H;t it is not enough to do thie now, once and for all. As we
ook ahead we see that the kind of change we must try to make
)Wziﬁ'only the first of an_unending gseries of changes which
11 be needed in order to keep abreast of developments in
thematics and its applications, Because of scientific and
bhemétical progress we are going to be compelled continually
revise our programs for the teaching of’mathematics; and

8 means that those who teach mathematics at whatever level
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be it in primary school, secondary school university, or po h
graduate institution, must all have flexihie minds and the
ébility to increaseltheir knowledge and to take advantage o
every important pedagogical innovation. For instance, we
cannot expect that, once we have taught a new generation of
teochers the geometry wikh we béiieve_shouid be included in.
the secondary school program;_school geometry ghen will
_necessarily”romain the some for_all futuré generations, We
must not leave the teacher with the belief that hé can oafelj
ignore advanceo which may be'made in geometry after his
formal.prepa;ation 1ﬁ-teachers',oollége or normal school.
has been completed. In short, the teacher of the future
must be able, willing; and eager to learn what is going on
in the different branches of mathematics and to keep in
continous contact with advances in the art of teaching,
Here then are the three themes on ‘which we have decided;
to concentrate at this gathering: an analySis of progress; a .
discussion of the typical transition from school to universit
and the preparatlon of teachers., Our discussions here must
point toward the future. It is not enough to have a _
'chaliénging'and-exciting discussion of these problems. When W
have closed our sessions we must have arrived at some sort
of practical conclusions, or at leas?t at some well-defined
point of view which will lead us to effective action in our
rQSPective countries. Therefore, we have to organize our
discussions and bfing them to a point where we can summarize
them and make them available not only for all of us who are

here but also for the many others who would be interested in



or pos '.our-views on these subjects. Our mgeting is necessarily

the ' éné - we could not have worked effectively in a
age of _gé-meéting even if we had had the:means_fdr arranging
e 5g§fﬁhe péople with whom we should have contact are
nm of mely_nﬁmerous and.are spread over the whole vast area
d in é;waétern'hemisphere. We want to reach all these people
iﬁﬁj"dr another with our conclusions and our report,
We e"want to achieve practical results growing out of our

tions here..

Ihumy opinion there is only one way to carry out a
h’refonm of mathematical education at the national

First of all, one must identify the problems that present
n vés in:that parficular country; Next, one has to
_g £hé$e problems and to compare thém with similar

jiit ?éncountered in other countries in order to learﬁ

ied _ Wisdom or the folly of one's peers ‘and one's colleagues
a Ty part of the world. As a result of this study it |
81t then be possible to formulate some idealistic,-perhaps

uﬁnéttainable; aims as the goal for action. It is only

th a clear objective in view that one can initiate

wléiligehtly or execute effectively any kind of p?actical
teps or action. If we have no idea of whither we wish to go,
.eh'thé sﬁccessive approximations we believe we are making
ay_tﬁrn:oﬁt to be divergent; and in the end it may turn out
hat we have only wasted both time and effort. But if we
1§¢e;before_ourselves a clearly defined ideal, even though
=,§'ﬁay:éventually have to redefine it in the light of

éxperience and expanding knowledge, then we shall be able to =es
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what practical action is necessary td realize that ideal. In
case the objective 1s one which clearly cannot be accomplishi
in less than five years, or ten, or eventually in twenty, we
can nevertheless plan the sequence of practical steps by
which we may.move slowly but surely tqwarda our goal.

Too oftén people have started a reform by saying, "We
shall do this now, in a-hurry, to change the last two.years
of high school mathematics," or, "We are going to do this
right away in the first two years of the university" - and
Mthis" ié'indeed done,‘but in such & way that is has no
relation to anything else which is being done or needs to be

| done. If there are serious difficulties whicﬂ lead to changes
-in the original aim, fhen-we may not be abie to measure what
.has been accomplished against any stated goals nor to see

- whether we have realized a substantial achievement. In this
type of_feform effort it is easy to be discouraged or to
remain content with oniy a minor achievement, simply because
.there is no over-all objectlve. Or if. further stepa are
undertaken they may not lead to more than an almleSS'Jumping
from one experiment to another,

.Thus having accepted this point of view about the need
for careful plamning for the future, I feel that one of the
moét important things we can do here is to delineate a picture
of what we think should be done ideally about the main problem
we shall discuss and to prbvide 2 means of expressing our

conclusions convineingly and giving them a practical effect.
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_has therefore been one of my deepest concerns to
“for the cholece of two committees which will deal with
gttere.of the future. Thus, I conclude my remarks by

'"the'egreement we reached yeeterdey'afternnon in the

.

” :Cemmittee-for setting up these two committeee. Onea
"We “is”to'deal with the question of the conclusiens and
3875 tions of this conference Professor Pereira Gomes

s hted to serve as chalrman of this committee, and I

nd him to arrange for an early meeting of his group.

ether cormittee must deal with & matter of equal

\, 1t seems to me, and one which is of a highly
tﬁature. This is the problem of how the kind of

:e started to do in Bogota and that we are continuing
eek in Lima, cen go forward in the future; At

ls a5 decided to elect a committee_ef-fiVe members to
imglement the recommendations of the conference,
se v_;ée-ﬁee dﬁly elected, I was chosen a member of 1it,

| eemmittee'itself insisted that I serve eszits president.

“have done to the best of my sbility, though I have

.”ly been overwhelmed with pessimism occasioned by
:ffieulty and the magnitude of the tasks undertaken by
~emmittee. The eommittee was cleerly not quite large

efjh to give adequate representetion to the diverse

este involved, but by using its authority to reform
Belf-the committee was eventually able to add a sixth member
presenting Mexico, a country which had not previously hagd

”proper place in our activities.



20

The cammittee‘then hed to find some way of securing a

_degree_of permanence and of laying out a suitable mode of

operating At first the committee floated in the air with n
official point of attachment and very little financial sUpPp
We explored various ways of transforming ourselves into a
somewhat moré permanent internation&l~body._This ﬁas & rathe
difficult thing to do becauée each existing organization of
an iﬁternational‘chaéacter to. which we might have become
attached has its own policies and its own ways of working.
Tt seemed to us that inasmuch as we were an elected committe
we could hot simply subordiﬁate_ourselﬁes to some ok her
permanent organization, but that instead we had to’remain_an
autonomous'groublat least until such time as there_cou1§fbe
another meeting and some other arréngement could be esfahlisi
Eventually the committée associated itself in'an'éutonqmous
and very'ffee:relationship with the International Commission

on Mathenatical Instruction (ICMI) of the International

Mathematical Union. If anyone asks what the offical status

and the suthority of the Committee are, the answer now is as
follows: The conference at Bogota was called and organized by
the international Commission on Mathematical Instruction in

the International Mathematical Union; that conference elected

the Inter-American Committee on Mathematical Education (IACME

- with authority to organize and modify itself énd the duty of

: implementing so far as possible the recommendations of the

conference; and TACME is now an autonomous-regional body

affiliated to ICMI in accordance with +tha Takdani. -
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”That then is where we stand today. We do have an official
point of attachement or affiliation, and we have practically

; ne meney. The practical questions which have to be anawered are:
:rfirst, what kind of committee should we now form and how can
rwe choose the membership of that committee by election at the
.close of this meeting; and second, how can this committee be

'a:sUred of enough financial support that it will be able o

1; et occasionally and to plan not only for reasonably frequent

’eonferences like those of Bogota and Lima, but also for some

-_of truly effective ceoperation with all the splendid
en&l-efforts being directed at the reform of mathematics
‘One reason that we are particularly grateful for the
éneE'of the honorable Minister of Education of the
blic of Peru and for the interest which hes.been Shown
;iésconference by his Excellency the Minister of Education
féfRepublic of Chile, as well as for the-interest'ehown by

ral other Ministers in various ways, is that we are now to

_.extent recognized as an effective organizatlon, however
gble ‘at the moment, and that we can perhaps count on a
tter understanding and some sort of support from the
nistries of Education in the western hemisphere, Actually, I
lieve, we have already received an official recognition at
:_meeting of Ministers of Education held in Buenog Aires

t Juhe. According to a guotation from the official record,
gi#en me by our colleegue Mr. V8lker from Buehos Aires, this
tiﬁg of Ministers of Public Education adopted a resolution

h in effect encourages the Ministries to consult with this
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committee and-similarninternational bodies with regard to

R U T VTR P

education at all levels, primary, secondary and university. If 3
this resolution is taken seriously and developed'into a'closeréé
relationship between our committee and the public bodies 3
concerned with education in the different countries of the
hemisphere, perhaps we can go forward in thé realm of.

pracfical action. In short, I consider that.secondgﬁorking'
committee to be set up has equal importence with the first,
though the charge to it is of an altogether different natuie.fg
Its first fask, of course, is to choose a good membership to ;i
take over from those who have worked hard during the past fiveké
years and have after some difficulties succeeded in organizingii
thié conference. T hévé asked Professor Laguardia to be the ]

chairman of this committee, and he has kKindly consented to

do. so,.
With these words I now invite you to begin your work.

I thank all those who have shown their lively interest in this &
occasion by being here this morning and listening to the :
interesting discourse of our Honorary President and to my

rather too long and necessarily practical remarks,
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PART II
THE ADDRESSES

A. PROBLEMS IN MATHEMATICAL EDUCATION IN
LATIN AMERICA -
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SOME OBSERVATIONS ON THE DEVELOPMENT OF MATHEMATICS IN
LATIN AMERICA
Raphael Laguardia

In an article that appeared recently in the review
'La Educacion, 37-38, 1965, I consider the development of mathe

‘matics research in lLatin America and pointed out some of the
obstacles before it. Elsewhere, in the bulletin 6f the
Uruguayan Association for Progress of Science; I describe the
conditions which I see, in the light of my experienée,'as need
to be taken into account in orgenizing oﬁr mathematics institu
to function efficiently. Finally, in the Uruguayen report whic
I have presented to this conference, I have.taken up the probl

relating to instruction and research in my country. This backg:

as well &s the talks of Professors Tola and Santalo who have
preceded me suggeét to me that I may focus on some points which
I think particularly'importapt with respect to Latin America.
Some of ﬁy observations are well khown and will seem banal in
advanced circles, but I feel the need to reiterate them since
our traditions, organizational weaknesses and vested interests
perpetuate a very unhappy situation in Latin America,
The passing of the century has seen scientific and

technologicai advances of an intensity, epeed and extension with;
precedent. In particular, mathematics has experienced an

impresgive increase in the number of publications and enormous
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jéugntitetive developmeént of research and the proliferation of
new branches. Furthermore, thanks to axioms which facilitate
fthe constructien_ef abstract_models; mathematics has invaded
inéﬁ_arees:eTodey it 1s not only applied, as heretofore, to the
sclences concerned with insnimate nature; now it has tasted the
@Biological, economicel, and social sciences'to such a degree that
=11 ecientific and technological development of our society,
'material well-being present and future depends fundamentally |
nethe development of mathematics (that is, logical thought)
Zg;it is understandable, then, that we have an urgent 1mperetive‘
tetin Americe to promote the'develepment of methematics and
e other basic sciences._It is worth while then to- pause and
flect upon some of the obstacles and defects that hamper
owth and encourage the widening of the gap that separates us
 m the advanced nations.
a) In the first place, except for two or three countries,
?lliteracy reigns. large sectors of the population lack even
an elementary education, receive no instruction or drop out
?premeturely frem elementary school, Dropouts are also common
,gﬁ high schools and even among those few privileged students
ho'reach univefsity level.
- Given the percentage of intellectually gifted people as being
he same in the vadous classes of the population, illiteracy

‘constitutes an inexcusable waste of the most valuable reeouree

-available to a nation today,'the resource aof talent Taw--



‘helps them advance in their careers. Such courses can only be

- stages and is implemented by qualified groups of researchers
and teachers from the universities, the normal schools, and the

" high schools, Among these directors there must be some one well

the necessity which all states should feel of giving priority |

to the extension of elementary instruction,

b) With respect to high school instruction, the plcture 1s§'}%

darkened by the rapid growth of the population which makes 1t .,

necessary to use poorly qualified or inadequately educated
teachers, Even in Uruguay, where there is little population
increase, the same difficﬁlty is found because, heppily, high:
school instfuction-is tending to be extended to the entire coun
The available resources of Latin America do not permit us-
to think seriously, at least for the moment, of massive reeduca]
of in-service teachers as has been attempted in other places, Ei
short intensive'imprevement courses, whether called summer cours
vacation cburses; project 212 or whatever, usua11y~reach a
comparatively small number of educators who generally acquire

oniy an ephemeral cultural veneer and & diploma which sometimee

effective if they are incorporated into a carefully planned

program of permanent activity that develops in progressive

versed in the practical aspects of the psychology of young

people and the pedagogy of mathematics.
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é)'I'Selieve that the rcforms, at least in my country, must
3t_the second phase of intermediate instruction, where there
_,?f'difficulties because the student body 18 smeller and

o ityxis-better prepared, Changes will have to be gradual;

& 1‘héﬁe to be announced well in advance; and some permanent

1y them regularly with the best theoretical and practical

:ion possible. In this way a group of leaders will be -
fﬁi&ugn which the reform can be extended - with the same
iﬁhé'- to the first phase of intermediaté instruction. From
new advance will be made in the second cycle; and thus .
iely‘back and forth. |

The intervention of the university in the reform is an
ablcfrequirement'unanimously recognized-inithe inter-

' conferences, particularly in the one in Bogota. But this
Tdistract intermediate 1nstructicn from its specific
-ﬁhich is not to transmit to the student a mass of dead

sessarily ephemeral knowledge but rather to make him -

;;;ﬁcipcte actively inthe dynamic process of the evolution
ikhoﬁlédgc; helping him -~ at an age when he is particularly
cépﬁivé;'though'unstable, sensitive and emotional'-—;to.develop‘
screaxive potential, find a place for himself in society, and
rticip&te consciously in its history.

e)cSince I_have mentioned researchers, I should like to
_hasize7their importance in teaching. I refer not only to'tﬁcse

earchers in the area of instruction but also snertftanii- o

ion body will have to make contact with in-service teachers




~acquiring and transmitting_new 1deas and knpwledge,'adopting ne

of research and the determined attitude it imperts. One cannot -

at the same time and level as higher instruction. If some

- message 1s to be gleaned from my words, it is: We must fight

established among us and promoted by some people abroad, that
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mathematics researchers. In contrast tc'the scholar -Q with wholi
I am actually at no very great odds but who constitutes among us
a vestige of the cultural inheritance from Spain ~-- the researc
because of their work and their-professional-hebits,'brihg to

instruction exemplary models- of tenecity, imagination, the spir

of initiative, ebility and f&cility for facing new situations,

points_of view and teaching with energy and-interest.'This has
very personal educative effect on students. |

In addition to the great or small contributions that the
researcher may have made to scientific and technological progres
it is enough to point out the aspects to which I have Just refex
to understand that the cultural rise of Lafin America and its

economic llberation are closely linked to the intense developme

fail to mention my astonishment upon visiting the University or
Concepcion and discovering that the report prepared by the

various foreign experts on the creation of the central institute
of basic sciences did not mention at all the development of math

matical research, as if that could not or should not be develope

tenaciously against the mistaken and negative idea, unfortunatel

wa mnatr AatralAan A Intavmaddota Frnodwmindd e Aaead Ehoaae Lo
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1 Whod féséarch; By that path we would only increase our depéndeneyi
ong our backwardness. on the contrary, we must strengthen our
centers of scientific research and higher 1nstruction and
l'upon them to collaborate closely with intermediate instruc-

and.seek out mathematical talent early, cultivate_it,

send our
telented young people to good foreign centers to finish

1z ne fgiudies and take what measures drernegessary to'have:tﬁem
n and stay among us. .

ith this (and in closing) I touch upon & point to which I
red in the aforementioned article in the review "La Educacion." -
fsaid, ”In the current stage of the development of science
hnology discoveries.and inventions occur one after another
3 £ime between their diséovéry-and théir practical'app;ication
shorter. If we bear in mind that the maturation of talent
és_to need long years it can be uhdérstood that demand

'ﬁe?fo rule and'that_ihe.search for,development, profit or
%éﬁion of this weaith has an interest and trgency'tOday
r@hscends-national_and regional boundaries and often assumes
;éeﬂuctive forms. It is in the greatest Eollective interest
Eﬁxih_Aﬁerica to find effective’ means of discovering scientific
int;iﬁ its most useful and highest form, aptitude for research,
tjis_to say, the capacity to pose, face and solvé problems,
culfivate this talent and retain it. The unhappy tendency to

?éﬁt the division of countries into those who create culture

' those who consume it can only widen the gaps that separate them.'

1

re
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THE PROBLEMS OF MATHEMATICS REFORM IN LATIN-AMERICA
WITH REFERENCE TO TEACHERS AND PROGRAMS
 Louis A. &antald {Buenos Aires)

It may be said that as a result of themeetings and confere
on mathematics'educatiqn'that'have taken place during recent yeaQ
in various parts.of the world and aiso due to the opinions expfé;
by many distigulshed mathematicians in articles and lecturés, the;
is a rather cqncfete'understanding of the kind of mathematics th&
should be taught at the respective levels. At least for high scho;
'and basﬂ:ﬁniversity levels there are sufficient programs and ;
experiménts to provide reference examples and basis for discuésid
when we deal with the problem of ihtroducing modern methematics
in teaching. | |
"There is no doubt that to achieve & complete evaluation of

the new programs and methods we should have fO'have expérience
‘including the three phases -(elementary, intermediate, snd higher);
free from incommodious intervention and'interference. NeVertheléé{
at least as far as we know and notwithstanding the valuable
experiments of Papy and the profound psychological studies of Pi
there is s8till no general concensus regarding the progranm for.
modern mathematics at the elementary level. For this reason, in o
following dlscussion of the probleme of mathematics reform in e )
Latin-America, we shall be referring exclusively to those of the Q?ﬁbre cle

intermediate or basic university level. And evenso, greater f-to the w

Cxperien
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&Bis will be placed on the secondaryllevel, since it is there.

¢ the problems are most acute in terms of both intensity and

'”Af'the basic university level, in places where thére.aré
oéls.bf sciences, it:may be said that the reform has been
iiéhed-almost everywhere and almost in 1ts entirety. The
_ 13 proceeding more slowly in the schools of engineeriné
n fechnica1~preparatory-8chools; but as a ﬁatter of urgent
:fy it is being carried out, since.withdﬁt it, it is

sible to read'any-éf the new books being published on any
' ai éﬁbject using mathematics. The technical specialists

the Same time, we shall suggest some possible soclutions.
e offfhese problems could be foreseen ahead of time; others,

' ariséh along the way. In both cases, they can now be defined
he mqfe-cleariy than would have been'possible a few years ago, thanks

tb the work that has been done and the direct or indirect




though these problems are intimately linked among themselves, w
can follow the Cartesian recommen@ation and'divide them as much

as possible, to feel them more strongly and be able to deal with

them better.

Problem 1 - To Convince the Teachers

Tﬁe first problem is convinding the in-service teachers
of thé need for reform and the possibility of impleménting it.
The solution to this problem is basic and must precede any othe 

measures, since without prior convincing of the faculty which

will have to do the implementing, any reform imposed from withotu
would be empty and of dubious results. For demonstrating the
need of the reform we have at our disposa1 the following argume
a) the recommendations of the various meetings and internationali
" congresses on this problem as well as the most outstanding con-
temporary mathematicians; b) the fact that the great majority
of current books in which higher level mathematics is applied
“to some épecialty-(economics, mediciﬁe, architecture, 1ndustrialﬁ
organization, operational research,,..) utilize modern mathe-
metics; c) the great-progress made by contempofary technology .
both in extending possibilities and in accuracy of results, a
technology at the.base of which modern mathematics occupies a
primary sustaining position; d) the fact that in the traditional
programs there is no mathématical concept less than one century
old, which puts us out of place with time, to an indefensible

degree; if we are to prepare citizens for the second half of the
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ielves, 'iﬁtieth century, it seems natural to do it with tools

as muc aracteristic of our time,
eal wit; 'With-these arguments, repeated and illustrated, it is not
difficult to show the need for reform.

There remains the second part, the demonstration of the:

1ers ossitility of reform. The natural reaction of the teacher, once
e 1t. Wne 1s totally or partially convinced of the need and even the
\y oth gency of the reform is to say, "All that is very well, but the

uﬁent will not understand it." To overcome this objection and
nvince him that modern mathemsatics, like languages, is learned
easily by young students than by older students, the best
gument is the experiments that have already been carried out.
his;should be sought as close by es possible, in neighboring
éuhtries or ﬁhen possible in the same country. In Argeﬁtina;
iﬁ;this regard, it has been very helpful to have teachers in
herge of pilot experiments in certain schools visit other parts
'-ofithe country to 1et people see the exercise notebooks and
classroom tests of their students. This stimulates some teachers
3gy '; who are initially skeptical to decide to try the experiment of

5, & g;giving a course with the new syllabi. The result leaves them not
' a §~oniy convinced but among the most enthusiastic.promoters of the

iona programs.

tury - if ' One final and difficult stage remains in the problem of
le f;COhvincing teachers, the task of convincing them that a large
f the§part of the mathematics they have been teaching for years is no

_eLIOnger useful and must be eliminated from the Rvilahi A~ -
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matter of fact, the teachers generally resist the elimination

of certain topics much more ‘than the inéorporation of other hnew

ones., Inertis and tradition preséure gtrongly for continued | SO

teaching of what seemed i@dispeﬁgable for 8o many years; and
the elimination of these t@pics“seems truly eatastrophic to
nany feacﬁers._ | |

WQ.ahail cite two poSsiblée arguments for oveyccming this
resistance: a) inviting the teachers who irsist on the necessity ;
of certéin_tbpics that we now propeée to elimiﬁ&te to inguire
among persons they know who learned these things in school and
a8k how many times‘they the used this iriformation in their
Jater lives; b) once the method suggésteé has invalideted the
ides of practical utility of the aforementioned topics, we can
ekamiﬁe theik eduéatiéhal vélue by &nalyzing-ﬁhe amownt of
reagoning as against the amount of routine in those topics§
we then nmay compare thié with some modern topilc which-wé'prchSe
fo introduce. The result will cértainly favor the modern tbbic,

Problem II ~ Convincing the Parents of the Students

Not only must teachers be convinced; the parents of student
. mist also be convinced, since their collective influence on thé
school and on the administrative bodies can not reasonably be
ignored. Actually this problem could be stated in a.mgre generalyﬁ
way as being the.need to convince the environment or public opin
With respect to this, I should like to refer to a concrete
case which is very illustrative_of the reaction of public opinion;j;:

£o instruction in modern mathematics, Around the middle of the
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001 year, I met a friend of mine who is an engineer and has
,ourteen-year old son who was in the second course in mathematics

;an intermediate level school with the new programs, When I

tnd ‘him how his son was doing, he replied, "Right now he is
0 f well and he is quite happy, but I am worried because we

half way through the year and the teacher has not yet begun
his o

atics." I checked into the program and realized that from
father's point of view all that the teacher had been

tre nting up to then (sets, relationships, fUnctions) was not
and 1mé£ics. For him, because of what was drilled into him-in his
' athematics was exclusively the manipulation of complicated
he ;@ﬁiﬁls or the reduétion_of'rooté“to a éammon'index; I had
can -

ﬁ%ince him - and I probably only half éuéceeded - that
matics changes with the times, just as the materials for

ChStruction of buildings do or just as remedies for disease

In any case, to overcome this resistance of the environment

| ‘modern mathematics, 1t is well to bear in mind that mathe-
denti@istics, besides being an educative science with its own content

the also a science'thaﬁ is instrumental in almost all the others;

W

its applicatlons should not be ignored. It is a good idea to

ral ow applications of modern concepts to physics, biology, social

nces, economicg, etc., whenever it is feasible (which means

te : uite frequently) Nor must one forget the basic operations that

nior ‘student has learned in the elementary school and must continue

B O practice, perfectine and eviandins +how .esbl L0 - -
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since the use of mathematics as a calculating tool is not

excluded from modern tenets and is the part-most valued by

pqplic opinipn.
Problenm III - The Preparatlion of Teachers and_Textbooks for Stu

With the problem of convincing teachers there arises the )
_.ﬁfoblem'of their preparatidn and modernizatiaon, which can be
vlewed in two aspects: o

a) The Traiﬁing foFﬁture Teachérs;

This.problemfadﬁits_a relati#ely easy solution., We need bu
introduce modern mathematics in the teacher-training institutes
and_schools ﬁhere intermediate-level teachers are prepared, Thi
' is]not.too difficu1£ since at the university level there are 1
textbooks'aﬁd teachers usuaily have'more time to modify their
syllabi in accordance with new developments. |

b) Modernization of In-Service Teachers

This is probably the most serious problem cohfronted by

the mathematics'reform.'The diffiCulty stems from various
factors, the-principal ones being the following:

1. The great number of teachers, many of whom are in small
.cities without centers ol higher learning or direct channels of
information. These ﬁeachers find themsélves igolated, with nowher
to go for orientation. | |

2. Thé speed with which the student population of secondary
schools is growing. In many countries this has made it necessary :
to employ teachers without proper training. In addition, the largé

number of students makes crowded classes inevitable and hard to
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gﬁdlé, particularly on the basis of COntinualIprofessor-student'
xchange as 1s assumed with the new mathematics.

.3, The overloaded work-schedules of each teacher. The system
pay by-weekly class hours (and salaries always being low)
11ges the teacher either to teach long hours or devbte himself
o:other activities. Where the teacher is ovérloaded we can not
mand ‘of him the appropriate attention and great effort required
the initial implementation of the new programs. ‘Even supposing
+ the teacher is duly supplied With the necessary informétion

18 quite willing, he cannot devote the necessary care to

ing new programs which néed much preparation, careful daily
ﬁation to analyze the reactions’ of students, and a careful
‘ch for uﬁuéual exercisés in traditional textbooka fbr we are
aking of a teacher with thirty oY more weekly hours to teach,
ideal is to work toward a full-time teacher with a sensible

er of class hours and assured stability, but this seems still
ahé_a distant goal in our countries.

To combat the rfirst two aspects of the problem, trial has been
e of the method of organizing intensive workshops to inform

achers of the new dévelopments in mathematics and discuss

ogether with them the new programs. This wethod is locally
rective but on a world-wide pla.ne it 1s very slow, even with

ry he_chain—reaction system of having the participants in one

Y eries of courses later organizé others to instruct their
blleagues'at home in the areas they have studied. This system

a8 some usefulness but 1s not without the dangers involved in
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~new one, and even though it 1s uncomfortable for him at first t

to suggest that this Conference on Mathematics Education adopt

' as one of its recommendations the following: "To interest

38

_ Another method'employed is to supply teachers with guide
books, model syllabi or monographs'on special topics which teach
may adapt to the level of their students and develop in their

average teacher needs more than gulde bodks_or synthetic
monographs; isolation and roﬁtine after a few years makes it
difficult for hiﬁ to undertake the work of adapting the materi
. We believe that the only method will have to be the public
of textbooks for students, which at the same time will show the
teacher in detall the kind of instruction that is desired. Thes
texts may be supplemented by teacher manuals with additional
information and advice for focusing the expositions of differen
topics; but what is impoertant is that they be texts that are
thought out and written fdr thé students, The teacher who is
used to follOwing a traditional text will exchange it for thev.

adapt himself to the approach, two or three repetitions ahould

serve to clarify the sense of the new mathematics and assure the

-

reform, _
Since we are convinced that this is the best and perhaps

the only way to achiwe some speed and probability of success
in introducing modern mathematics at the intermediate level

of the schools in Latin-American countries, we should like
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Hérnational institutiona in the refofm of mathematics instruc-
bn at the seéondary level so that the& may make avalleble the
sessary funds for the publication of one or seversal series
textbooks adapted to the different years of the intermediate
'_e. Once these texts have been published and circulateg, should
demand be sufficient, special contracts could be made with
1ishing houses in various countries interested in publishing
er editions of the book at a commercial but'not_abusive'price."
In this way the institution would initially be only the

otor, even possibly recuperating its invested capital

tually. We say "one or various series" because it wouid
helpful to have severai kinds of exposition and points of

w, within the general lines which would be established by
éqvisOry councii_to insure that the textbooks are modern,

ttable to the objectives, and an organic part of the respective
ries. Certainly these texts would not be perfect and would
;édiately generate criticiém and debate, but the initial step
pﬁld have been taken and would serve as a starting point for

ew textbooks written by private publishers'and teachers whose

3“rob1em IV - The Inflexibility of Regulations

A problem which makes gradual implementatlon of the reform
in Latin-America difficult is the inflexibility of regulations.
Schools are generally dependencies of the Ministry of Education

‘f-or a similar organism which insists that all schools meet the

;_utual competence would guarantee continual progress and impro?ement.



same norms and use the same programs. The reform is not a&complished
because of excessive caution or it is impleménted'ail at once and :
éqﬁaliy in all schools, It is difficult to secure &uthorization
for some teachers to introduce modifidgtipﬁs.in instriction ér'
to try out néw points of view. There i§ too much feér &f the
disorder which supposedly might ensue and the difficulties which
~gtudents might have shdﬁld'fhéy have to chanQE'schools or
'%eachers.laﬁei. |

This mekes experimentation and try-outs difficult. While
1t {s true that all innovation must be controlled 86-as fiot to
exceed certain prudent limits, it must be kéﬁt 1n mind that.scﬁe'
experifientation and & mirgin of confidence in the teacher who
wishes to try out thé recommenddtions of his ¢olledgues or
responsibie instituticns of other regilong or countries is useful
aHd almost ﬁecéssaryi In Argentina we have made considerable progres
in this liberalization; some personal initiative has been
permitteéd and has shown = an& we hopé will continue to show -
pcSitive'resu;ts. |

Finally, there is another problem; pleasanter and less
important than the previous ones but which I should like to point
out; it is.the problem of the overly enthusiastic,teacher.
Actually, new ideas always have their fanatics who ére anxious
for novelty or their:revolutionaries who interpret everything in
sheir own way and carried forward by their enthusiasm and with

;he best of intentions do more harm than good for the idea they

Yy to defend.
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Ih;the reform'of-mathem&tics teaching, thé case does
ana QriSé of the teacher whose enthusiasm exceeds his training
.'fries to make his own.coufSe out of the most superficial
cldental sections of the books and reoommendations His
is generally filled with trivialities if not conceptual
and always general confusion. This produces a natural
' e'in the environment with respect to the reform whose
ves ‘he claims to be following This is another reason
istlng on the need for many and varied textbooks. The-
ropriate one may be selected for_the environment and
:onal faste of tho teacher; but there will be a guarantee
iougness,and-correctness.'_ _ |

sia_fésult of these observations we may say that though
ioino_shortage of problems, and the difficulties are
Om-hegligible, they are now quite clarified and in
 ys'and aspects on the way to forthright solution. From

e may gather faith and the sentiment that the reform in

matics instruction will soon be a fact in all of Latin-

it
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PROBLEMS IN DEVELOPING MATHEMATICS
RESEARCH IN LATIN AMERICA

Jose Tola P. Lima, Peru

Again as for the firét time iﬁ Bogota in Deoember 1961,
we meet-to-take up'everﬁthing connected with mathematics
instruetion in the countries of Americas. Again our goal is
to bring new idnas ‘and methods essentially designed to modify
the. content of mathematics instruct*on at all levels And we
continue with this task because we believe that-ae yet mathematf
ninstruction in our countries is not ofganized as it should-be f&
'1ts greatest benefit Actually, this instruction is largely :
governed by antiquated norms whose harmful characteristics have%
been pointed out many times without thelr haV1ng to be repeated7
here. They are as useless for intellectual formation as for |
scientific and technological training which are so urgently
needed. | ( | '

Again as in Bogota, we must consider the present situation,
appraise and evaluate the progress that has been made, and out-
line plans for future development, we must again eompare our
experiences, heed the teaching of those who can factually demone
strate.the excellence of the metoods they are employing, and’
seek the most effective patha to the desired results,

The purpose of my talk is to refer to some aspects of

development in mathematics in Latin America. More concretely,
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ies in which reform activities have not been done or have
"in & poor manner. But first I must place the question I
ing to treat in the context of the agenda of this conference;

ugh the main theme of the Bogota Conference was mathematics

1, Eétion at the high séhbpl level and higher, still the

jsions held at that time pointed insistently to the

8 snce of mathematical research in any'central'raising of

ify m@£i¢al standafds,“And this is so much;so, that among the

we ”dations of the conference'competént authority inéists'on
hemat imulation of research as the core of scientific and |
be é1 progress and as an element of inspiration and instruction.’

feén the Bogota Conference.and today a number of inter-
l'meetings have insistently repeated the same ‘affirmation
1 the basic role of scientific and technical research
: opment. Nevertheless, little had been said about the
s héeded,to establish research where i@-has not yet begun
re it 1s in an incipient stage. It can be said that this
tio uiar research situation has not.changed from that which it was
61. I believe that this situation has been and continues to be
'éible'for not having enough mathematicians and consequently
esources for.accomplishing the task of reform in instruction,
fﬁrther, thié problem has grown worse in recent years due
:h@Sgrﬁwing demand in our countries for qualified mathemati-
aﬁ§ particu1ar1y due to the creation of a large number of

w institutions of higher learning.
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‘Before touching upon research 1tself I should like to offert
some observations from experience of these recent years hoping
~to thus clarify my point of view. ;_' o
it is an_undeniable fact that in matters of education and.
especially mathematies edocation our countries represent a great
variety ofvsituations each of which requires particular attentie
and 2 primary consideration by local efforta. Recommendations .
Such as ‘this one are valuable and important only in so far as_.*
can be applied to a variety of situations in ways found to be ml
oonvenienf and adequate in each conntry. But:the“speeific appii
'cation to'partioular_countries require\the existence_of compe
local groups interested in the work, for whom these reoommendat
may be'preeenteo'not only as an euthorized-form.and procedure;f
but also as & valuable support to strengthen their activities
Such activities, designed to reform present systems, mean the
abandonment of antiqpated conoepts, the replacement of outmoded
programs, the re-education of preeent-day teachers, and_the._
remolding of future teaohing degree'progroms along radically'“
new linee and finally the complete renodeling of school texts.
These activities often require the intervention of the authoritie
Permit me then to focus upon what I call the local groupe
which I find of capital imporfance.in the task of reforming math?
matical education. It seems obvious to me that where such groups
do not exist there is no hope of accomplishing the task and that

as this group has numbers, capacity and influence to that degree
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@é:able to bring gféater efficiency, speed and extension
_ 'f;xn the most desirable case the reform will include
s and satisfy all demands on the role of mathematics
tboth from the purely intellectual viewpoint and as

t factor in scientific development.
auld like to be more specific a8 to what I understand
oup in this context, I mean a group of people in a
O accomplish improvement in mathematics education
elaboration of projects and the effective execution
bjécﬁs, My purpose at this time shows the fundamental
_céh be played in this group by the universityzﬁrofessoré;
ﬁmabhematicians employed by thé-university.
s1ieve 1t is & fact observed in more than one country
initiative for reform of the content as well ag the
gy of mathemetics instruction originates with the uni-
;mﬁﬁhematics profésgors* ' |
her observation that can be made 18 that which has been
ary'té'include in the concrete plans for reform some pro-
s'for:wdrking with inservice teachers as well as prcvisions
anging the teacher training systems, In both these projects
eat obstacle which has substantlally hempered the effort and
écasionélly reduced it to an isolaﬁed épisode of questionable
isequence has been'the shortage of competent mathematicians to
et and’acCompllsh the task satisfactorily. The aforementioned
3é§ens'and_0thers too numerous to mention seem.to me to leave

ilconcluSiqn that one of the most important phases of the
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training of mathematicians, that is, teachers with a solid
scientific knowledge not only for university teaching but m—
for planning, directing, and executing many of the most 1mpor
taska that must be done to carry forward the reform. |

_ Having_simplified, as much as I am able, the-preﬂatory.
considerations, I now_proceed to show that the preparation of
mathematiC1ans must be viewed as a high priority task even if
~we ignore the many reasons 11nked to our concepts of culture :
and development ‘and heed the strictly educational reasons whi
have brought us together here.'
In any case, I wish to add to what I have said that my of
experience and the experience of all who have cooperated with
'me in the work done to date has led us to this ‘conclusion, fro
which, in turn, we have deduced new formulas for action desig
to.ihtenSifyethe eduoation of m&themeticiene. These new progré -
far from peralyzing the most immediate and direct plans for
reform of 1nstruction,'axe making_it possible for us_to activa
them in a manner appropriate to the problems that must be sol
The new concrete formulas to which I refer have included the
establishment of the Regional School of Mathematics which prov:
an accelerated education for teachers of higher mathematics wh
then serve in the Normal Schools and the early yeers of the o
university.iThe school has showh exoeilent results in the one
year that it.has been functioning. There has also been intensi-

fication of the efforts to train high~level mathematics teacher
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1s'task has only recently begun but will be the basis of all

_ure programs, to which 1ater important programs will have to

ubordinated, since we feel that the improvement of mathematics

ucation (and to some degree the development eof the country, in

;- broadest sense of the word) depend on this preparation of high-

vel mathematicians. '

It is therefore quite prbper that in this conference we

cérn*curselves with the education of mathematicians or the

veibpment-of mathematics research, an activity which is |

eparably ‘1inked to advanced education - as was declared in

~and which I am sure you all still feel If we wish to

line a plan to develop research without.leaving efforts

chénce_and improvisation, it ié indiépensable to determiﬁe,

‘great clarity, the precise objective. At least in the

tial phase, in which most of our countries are at present,

I?feel the objective must be the formation of active wniversity

hfers or at least centers.closely related-to the university.
Actually no great effort of imagination is required to

deseribe these active cehters, since a few excellent.models

éxist in some Latin Americaen countries. Nevertheless, we

shall try to estéblish the principal characteristics of such

centers in order to analyze the probleme which may arise in

stablishing them end in their development. Thus we shall be

ble to approach the fqrmulation of concrete_plané without

beihg restricted to the statement of a number of aspirations

Whi('.‘h will Baem AifFfienilt ~v Twrmmmadlnd - L. A N ma=a
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Essentielly the kind of active center I have in mind is

made up of a permenent group of men whose scientific training
qualifies them for research and for training teachers and research
among other. things The characteristics orf permanence on the one h'-'r
and contributions to teaching on the other, suppose close links
between theee active centers and the university. I do not think
it necessary to go into detail here to Justify the convenience and
even the necessity of this link, to which I shall refer 1ater._.'
It is - fect that has been demonstreted repeetedly by experience
that the establishment of an active group such ss I have brierly
described meets with great difficulties from its inception: A
Pi&n designed to Pérmﬁﬁen#ly_eﬁtﬁblish such centers must take
info ecceunt these difficultiee and inclnde means to combat them;
The establiehment of a center impliee cerrying out certain progr;
which probebly should be implemented simultaneouely. They do not'
all heve the same 1mportence or the same urgency, epparently,

yet they are all essential 1if we. consider the matter frqm an
overall point of view.

Above all 1t 1s necessary to admit that for the starting of
programs such as those I.ém discussing, we must aﬁsume the prior
existence of a group of persons interested in carrying them forward
and equipped to utilize the means that may be placed in their
hands for that purpose, With this prefatory clarirfication I ehall:
refer epecificelly to those programs in their approximate order

>f importance, although, I-have'elready stated they should be

lmplemented simultaneously.
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It is obvious that“the primary element in an active group
iof.mathematicians such as we desire is the man power element.
;Therefore, first in our purposes must be the getting together
of the staff of teachers and researohers In a sense this
~part of the project is the only one that need he taken into
account, since all the others can be considered supplementary
to it. But we prefer to consider it here as one program of

the complete project.

_ A practical point which comes to mind immediately is the
1dea of contracting professors from foreign universities. When
gueh procedure is possible it is undoubtedly efficient and rapid
"for'getting'serious tralning and'reeeerch activity under way,
Iﬁevertheless it must be'pointed out that we can‘only say that
._the group is effectively established if its members are closely
;tied to their. environment By this we mean that the project
fshould be implemented in such a way that it fulfills all the
goals that justify 1ts establishment. Among these 1s the

: :obJeetive.of extending the influence of the éroup to other

e activities; also that there be some guarantee of continuity

of effort in training and research; &ll of which implies
'personnel remaining at the center for long perlods of time.

For this reason a group basically constituted by teachers from

outside the country must be organized in such a way that thelr
work leads firmly to the eventual local composition of the group.

In any case it is necessary to reallze that the contracting of

forelgn professors renressnte #ha ---
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activity for which there is no sufficiently qualified local
personnel, o J o

I might say that an ideal solution would lie in equal
participatidn of domestic and foreign professors,'the'latter
being visitors only or coﬁtracted in a véry pegmanent way. But
this desirable situa£1dﬁ probab1y only occurs after the preliminar;
difficulties have been 6vercome. For that reason I shall ﬁot |
discuss it at_iength. Whether the initial group be comprised
of domestic personnel, contracted personnel or both, cne of
i1ts most important functions will be that part of the general _

program of putting together the staff of teachers and researchers

which we shall call the program of personnel training. By this
we-mean_Specific&ily the serigs of tasks which the group mﬁst
carry out fof training its_owh.persannel_of teachers and
reseaféhérs. This is the most deliéate'andwimportant'group_

of functions, In a way the mammer in which this function is
'disch&fged will determine the true usefulness and importance .
- of the entire effort., If it is properly handléd not only wili
continuity of work and possibilities 6f growth for the group
be aasured;'they will guarantee the training of new personnel
for other activities in the country and particularly for

other groups which maey be established elsewhere, I should

like to look a moment at one of the circumstances surrounding
the progrem of training of teachers and researchers. Basically

this program may be thought of in four staggs: sélection of
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Jdidates, training in the local university, advanced studies;

lanization of the original group.

It is very difficult to formulate rules for the handling
‘these stages.fNeverthelees some comments may be offered.
‘program of personnel training constitutes a conplete task
which the preponderant factors correspond to the stages
:tioned. | |

The need to increase the number of candidates and improve
lection procedures; | .

- The urgent need to strengthen mathematics in schools at the

reity level to fulfill ‘the requirements of . a solid baslc

The need to send outstanding students abroad for the. advanced
ges of their studies;

efdifficulties which are often eneountered in attempting
Finduce the gradustes to return to their own country,

'_fI shall only deal with them in a general way, emphasizing
‘hose which seem most pertinent forlimmediate deﬁelopment.

| | As long as we are not able to establish in our countries
satisfactory conditions for self-sufficlency it is cleer that the
ducation of personnel, &t leest at the sdvenced level, will

lave. to be carried'out abroad. 'This'brings-us-to the scholar-
hip program, of which much has already been said. I should

like to add that it is desirable to establish a system for

;the training of groups such as I am describing. Often, while



 American countries such as Argentina, Brazil and Mexico have

improvement, since that has been s8¢ amply discussed, I should

this is nét the only reason for considering close ties between -

_all the programs and the university as essential. Another not

scholarships exist, the conditions they involve are such as

to make it difficult to take full advantage of them. It must be
recognized that great progress has been made in‘these programs iﬁ
the past few years. In particular we should poihf out the great )
influence that the advanced'centers'of ;;ré advanced.Latin-_

had in the development of scilence in our countries, I am sure
that this influence will be continﬁally more beneficial in

the future, _
Setting aside questions of sgending personnel abroad for

11ke to call attention to the problem of selection of candidates
and the return of graduate personnel, factors on which the
training part of the program repts. We thus reach certain
essential aspects which dre very ¢losely tied to conditions
ih the local environment. The implementation of a permenent
program of candidate selection fdr advanced studies aésumes
close ties'ﬁetween the group and the Uniﬁersitylin Wh;ch the
group members participate as educaﬁors. Only in this way ' is
there any possibllity of carrying out the selection in & way
that will assure the continuity of the entire program. But

less important reason liea in the aforementioned problem of

the return of the graduates.
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I must refer to a question that is familiar to all Latin-

erioens under the heading of the exodus or emigration.gg

'bientiete This is apparently & foreseeable situation. It
ite origine in the great difference in opportunities |

LV 1ab1e in our countries end in more developed countries.

ethere is a remedy for it, perhaps only one: the-esteblish—
:of domestic opportunities able to meet ‘the competition

th ‘some chance of success Among the gauses for the exodus
rether for the failure of many young men to return is thet
ey have had the chence to improve themselves in advanced
ﬁronmente. We must take note of the attraction of working

-en environment that not only offers material advantages

al80 eeeures the poeeibility'of ecientific activity eupported'
adequete research organizations in which adequate facilitiee
guaranteed, as well as the colleboretion of other co-

orkere of real competence.

'-It-ie not then a question:of mere salary. I think rather,
bove all, it.is a matter of an intellectual order that causes
manytnot to return to the university centers where unfortunately
we do not yet provide all the conditions required for development
of research, | '

-~ I belleve that the attempt to assure the return of scholar-
:ship recipients to the univereity by means of a legal contract is
~on the one hand improper and on the other hand destined to fail,

I think on the other hand that while one can think in terms of
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a moral cbligstion , such an obligation must be balanced by a
commitment from the university to esteblish working conditions

suoh as I hsve discussed From the foregoing we may conclude

'thst not only must the entire progrsm be intimately tied to a
university but the university should have some plans for |
| cresting favorable conditions Agein in this question I can-

not enter into detail and I shall merely refer briefly to the _ 
series of obligations which the university should permsnently
accept if it proposes to contribute to the success of the'
programs I have described: It must constantly sdvancs - as much '
as possibie - in 1ts educational function 80 that the training
| of - its beat students will be the concern st the most sdvanoed

levels and in research And an attempt must be made to
eventuelly focus attention on these Yeévels. as well as the others.

It must offer tesching and research positions to persons of

recognized competence in these areas, offering respectable

compensation, stabllity snd opportunities for advencement

Finally; it must sfford researchers the indispenseble convenience

for their work: time, space, properly equippeo library, essistenc
for visiting professor programs and trips abroad, etc, Even

though all thst.hes been said has been in reference to the

establishment of activity in mathematics, I believe thet at
least in part, perhaps with some obvious modifications, these

remarks are applicable to other scientific fields as well,
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Surely_muéh of what I have ekpressed refle;ts conditions
nat are not operative in other countries and correspond only
=t§'the reality in which I have been functioning, My only
‘excuse would be that after having heard the incessant repe-
?iition: foi many years, of solemn declarations about the need
;to develop research and having seen this need explicitly pro-
jclaimed in our own resolutions, nevertheless very little has
-yet been accomplished in this direction. I attribute this in
:large part to the fact that the innumerable and delicate
{problems of a human, moral and material sort that are pocsed
if one strives to discharge the task well, have not been
:clarified in sufficient detail.

It can be seen thet in fact we are dealing with & long-
‘term labor. But I am firmly convinced, as I am sure many of
.you have been even before this conference, that the cultural
;;énd'material development of our ‘countries depends significantly
" upon the execution of this task and similar ones relating to
j_other'scientific and technicel fields. There 1s ever-widening
| "'acceptance of the idea that underdevelopment lies largely in
& ;.the mind and that by exercising sufficient influence upon the

_minds we may help to overcome the barriers which stubbornly

oppose progress.
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STUDIES FOR REFORMS IN MATHEMATICS
TEACHING IN SPAIN

Pedro'Abellanos, University of Madrid, Spain

... Chronology.

 Since 1960 wéek-iong annual meetings have been held
with intermediate level and Universityilevel teachers én
.thg'teﬁching of mathematics at the secondary program. . -
nﬁ?i“g 1961-62 similar meetings were heid for the teachers |
of:elémenﬁarybteacher training schools; these were.repeat-
éd.the_followihg year. During 1961-62 a National Commis-
siqn for the Study of Reforms in Mathematics Instruction
&f-the Intermediate Level was named; the commission is
i_péésently'pursuing its investigations. This commission__
;dgveloped_notes for mathématics'courses at the under—
graduéte fifth and sixth year levels (the first and second
”yéar of the preparatory level - student's ages fifteen and
z'sixteen répectively) which were triled out in various public
;;‘-.ﬁenters; In Octobér 1962, a proposal was agreed upon'with'

. Q.E.C.D. for the publishing of pilot texts for the first

ii' and second undergraduate years (students' ages ten and
'eleven respectively), and the trying out of these texts in

‘various public and private centers as well as the organiz-

ing of teacher-education courses in thn~a ~--*
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education courses of this kind were set up in the Univer-
sity of Maedrid (7 courses} Zaragoza (3 courses)‘Bafceldna
(3 courses) Navarra (3 courses); Toﬁal attendance was
4,8000, These courses lasted from 14 to 28 days and each
was devoted to ohe of the elementafy undergraduate courses
(4 years, students 10 to 14 yeafs old)., It was intended
that the 0.E.C.D, project should continue thfough'l965-66,
but the aforementioned organization cancelled all its pro-
Jects.related to the improvement of instruction at the in-
termedilate level, interrupting both the woik and the pub- -
lication of the piiot texts for the third and fourth courses
of the undergraduate program, These studies revealed that
it was necessary to modify fhe.study plan of the graduate
degree program.in mathématics in the School of Scienées,

ag will be explain further oh.

Althoughfthé present study plan at the intermediate

level is disorganized, it has not been deemed opportune

yet to modify it, since new structuring would require,'at

the outset, .a solution to the problem of adapting the faculty
and then carrying out'an over-all study of the entire inter-
mediate instructional program to properly coordinate the

various subject of each course of study as well as their

schedules.
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'ghg obdoct;fes of Mathematics Study at the Interoediate Level

 The vital.question involved in the problem of organ-
-iéing_instruction at the intermediate level is the formu-
1gtion of the goals oought at that stage and in particular
iﬁ mathematics instruction. One of the common errors.in;
cﬁrred io making'regulations aoout course contont lies in
the failure to attack the problem at its core. . Rather,
féeling the urgency of remedying_a defective situation-
a{péople pose concréte'problems such as the following: print;
ihg-a new syllabl or programs for_some subjects, eliminating
féome sﬁbJects; and'subfituting others, (generally with the
jfesult of a larger total number of.courseé) ete. We feel
‘that these methods will never succeed in improving instruc-
-tion at ahy level, which is one of the reasons why inter-
'national conforonces.Such ag this one, which attempt to
ESfudy the technical.aspécts of instruction, are of great
value in.orienting governments'of various countries with
_ofospect to their educationai policies. The Comm;ssion for
;_the Improvement of Mathematics'Instruction at the Inter-
medlate tevel in my country, of which I am chairman, has

" constantly struggled with the problem of clarifying ob-
.JJectives of intermediate level instruction and particularly
w}ﬂ_; mathematics.instruction at this stage. In the first place,
it must be noted that in the intermediate phasge, the student
o-is in the midst of a profound evolution in his physical as.

. well as intellectual development; this is the real cause




of the difficulty encountered in instruction at this le#el.
Oniy at the end of this pericd of_léarning can the studénf
acquire a sufficiently clear vision 'of the gociety in which
he lives and of its.pfoblems to be able to decide his pro-
fessional'future.' This observation m&y'be stated.as'follows;'
A. “A% the intermediate stage of inétruction the stu-
dent subjeqt i5 in a period of maxiﬁum physical and'intelé
lactual development. Consequently_instructibn must be so :
organized as to facllitate ﬁhis developmént.and.prodﬁcé‘as
complete a man or woman as possible. To accomplish this
1t‘must be determined'in what proportions we should mix
the different disciplines - the intellectual disciplines,
the artistic, ethical, social, physical manual diéciplihés—
in order to achieve an harmonious development of the in-
dividualts capacity”. | |
We believe that[thié problém of the hafmoniouSneSs of human
development is fundamental, since the in@ividual is the
objeét of instruction not its slave. To forget this may
be exceedingly harmful, pérticularly'in a meeting of spe-
- cialists of a given discipllne. |
The man of today and of the 1mmediate future nmust possess
a totallty of basic 1ldeas and knowledge that has been elab-

orated by humanity to date and has been shown to be useful.

Therefore, instruction has an informative dimension inasmuch

as it must transmit this store of knowledge to future generations..
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ihe problem that its presents 1s one of adeqﬁate selectioh
of the truly repfesentdtive ideas of the present state of
human knowiedge. It is well known today that the ﬁay to
increése the capacity of memofy, human or other, is by 6r-_
gdniZing knbwledgé adequately; and this ﬁay be’accomplished
;5§hrough fha human capacity we call abstraction, .YEt it
{ﬁust not be forgotten ﬁha# knowledge is useful only insofar
;as it may be ﬁtilized, which means that it_must be observed
1in action in the solving of the problems that have given
bfise to it; This leads to an active and ordered present-
 gtion'of knowledgé to achieve economy of memory on the one
ihand énd contribute to the'deveiopment of intellectual
;capacity on the othef. We may sum this up: |

B. "Instruction 1s an informative dimension inasmuch
Lfas it is a vehicle for the transmission éf Knowiedge. The
- great amount of today's knowledge demands adequate select-
T ivity. In addition, since the transmission of knowledge
@ .’f'must be dynamic, it is necegsary to present the knowledge
.in action 1n the sdlution of problems; and for economy of
memory 1t is necessary to present 1t well ordered and with
the prbper relationships between elements of the same of
different disciplines". One of the human capacities that

we must develop in students at the intermediate level is

this, any scientific discipline may.be employed, since

the ability to think with clarity and precision. To achieve
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mathemétics being the oldest science and therefore the most
worked out, offers two advantages over the others, on the
one hand, mathematical structures are simpler and on thé
other hand; the problems to which they glve rise are easier
to concretize, which.makes it possgible to- do observation |
and experimehtal wérk with simple and available material.
This last reason is important if one bears in mind that in
'511 counttieé iptermediaté level instruqtion involves a very

large student body whibh continues to grow e?én larger.
Consequently effective teaching of'Physicsa Chemistry, or

Blology which requifg a-minimum amoﬁnt of'eXperimental op~
grator per student'at significant expense is cosﬁly. As a
result, in_pracfice, most ingtitutions give this ihﬁtruction
on a verbal plane which does not meet the minimal conditions
for the development of the intellectual capacity of the
student. : | , . _

. “In the-educa@idnal aspect of instruction the study
of scientific disciplines must contribute to the dévelopment_;
of the thinking capacity of the.student._ Thié requires that  _

the instruction be dynamic and related to concrete prchlems

which give rise to basic theories. The observation and anal—3

yeis of these theories must be the source of the appropriate
concepts for formulating the laws that make it possible to

golve the problems. -This process of scientific thinking is

seen most clearly and simply in mathematics, which has
achieved the simplest'structures and standard symbols which

facilitate the analysis of problems énd the formulation of

basic concepts. For this reason, mathematics seems espeéially'
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gft for providing mental activities which help develop the
hinking capacity of the student and give him sure meansg
;f&r achleving clear and.ordered thought,
“These #dvanﬁages of mathematics, which are clear fp"mafh-
‘ematicians, are not as obvious to other epecialists, who
'gee mathematics as no more than a.calculating process or'
ign interminable chain of syllogismé. Both of these pro-
‘cesses correspond to the automatic aspect of mathematics,
éf-little worth from the point of view of the education of
_the student, It 1is necessary, therefore, to insist on pre-
éénting the true business of mathematics since this is the
6nly way that we can'convihce others to allow room at the
intermediate level for the work of the mathemaitcs disci-
;piine. Hdwever;.it must be noted that there is some real
Wﬁasis for the lack of confidence in the educational value
of mathematics, siﬁce it has been pfesented to students as
:é mummified discipline. We must remember that the Elements
' of'Euc1id has been the text bbok for centuries at the inter-
mediate level and that the geometry that is taught today
~in nearly all cbuntfiés, mine included, is a product of that
| :book; The Elements of BEuclid is a monumental work, a mile-
B stone for humanity; but precisely for that reason and be-
' cause of the temporal distance between it and our time it
18 not suitable for young people, Fortunately mathematics

has achieved simpler and more accurate forms of expression
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that are therefore more properiy pédagogical. And the
most important characteristic éf mathematics in our time
is its vitalify, the consciousness of the mathematicai
process gnd.the consegquent emancipation from’rigor mortis -

and dogmatism, This is the basic reason for the need to

substantially modify mathematics instruction. Nevertheless
it would be dangerous to base the modification on the grow-

1ng usefullness of mathematics. The use of utilitartanism'

as a guide would lead to even worse results than dogmatism

and syllogistic automatism,
D. "The fundamental mission of mathematics in inter-

mediate education is a formative one. It should serve to

develop a capacity for observ tion, analysis, abstraction,

symbolization and the construction of adequate mathematical

structures for the study of the problems presented, We feel

it desirable that the knowledge communicated to the students
form dne_unit,'that its Sequénce not be worked out independ-
ently in eacn'discipline, but. rather that it be presented

as unified thought and scientific knowledge in all it aspects,
For example, if the relatlonship of equivalence that the

student studies in mathematics class cannot be applied in

grammar or natural science, etc., the instruction cennot

be thought of as being truly organized. The same applies

if the mathematics class does not utilize prdblems from




65

other disciplines as giving rise to mathematics concepts

and theories®.

| It is well known evefywhere that instruction in physics
_aees ttre problem of traditienaily needing the concepts of
erivatives and integrals at the'beginning of the course, |
ﬁile this concept 1s taken up at the end of the course in
'eﬁheﬁatics ‘Since instruction has been organized ffom the
iewpoint that scientific thought is parceled out 1n a share-
ropping system and that each teacher must not step out of

is patch of ground, since he has no business in his neigh-

ors' fields and because his neighbor would protest such

neintrusion, the problem has no solution., But it is not
nly this little problem that has no solution; the total
roblem of instruction has no solution, Scientific_thought,
2d I think all thought, has one structure only. Either

s unified thought is communicated to the student or in-
%fructibn'hes net'taken place; Can there bhe a better way
ef'introducing a concept than via the need for eol?ing the
_‘problem? If this is the case, what better oppoertunity could
7;b§ found for introducing the concept of derivatives and in-
_tegrals than the physics problem which demands the use of
?these'coﬁcepts? It would be unpardonable for the physics
;teacher not to knoﬁ how to make the opportune formulization

of the concept of derivatives or the concept of integrals



.'through the problem which glves rise to them. The math-
ematics.teacher may or may not use other ﬁroblems as the '
points of departure when producing those concepts; and one
might even take advantage of the chance to show the student
analogies between problems of very different ofigins as well
as the.prdcess of.mathematical thinking that is~followed in
each case, |

3,  Modernization of Instruction And Pilot Text Books.

Once the need to remodel instruction at all levels-and
especially the secondaryﬂaiong'the lines of the general
premises just discussed was recognized, it becameé initially
necessary. to make these ideas known in all céuntries and
attract faculty to them, The problem is not simple. Too
many subjective elements are involved for it not to bé
delicate. But we believe there is nO'éther way. The work
of the teacher is by nature very delicate, and the educator
may accomplish self-improvement if he is convinced of the
worth of the new ideas, hut never if those ideas are imposed
upon him; Therefore various workshops were organlized in the.
universities'willing to cooperate, taking up'the problems

of instruction in mathematics. In the first workshop, general

themes such as proportion, similarity, the meaéuring of mag-
nitiudes, hatural numbers, whole numbers, rational numbers,

polynomials, irrational expressions, etc. were analyzed,
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_5{-11; 300 public and private school teachers attended.

e format for all the courses has been & one-hour_lecfure
1lowed by 30 minutes of discussion. At the beginning of

- course. some participants thought they would be given
gic formulas for implanting the theorems, formulas and .
escriptions required by the official programs in the heads
th;studentSu Othgrs thought that the object was to com-
iéate matters by making them "very abstract", etc. We |
Sﬁnd it possible.generally to make the participants recognlze
;e:existence of inétructional problems, .To convince then,
e realized we had to show them. This led us to trying out
.el_coufSes,'starting with the first uhdergraduate course |
age ten-éleven). In view of the age of the studénts the
nsfructioh was obviously experimental. The problem of

' ection of materials arose not_only.for the first course
But for the entire elementary phase of the program (four
bourses, ages ten-fourteen). I do not think there is a
_ 31331e sdlution for the selectiOn of adequate materials for
”ihétruction. I believe_that many different solutions may
prove equally sound and that in the final anaiysis the worth
_ éf the teacher with respect to instruction. Nevertheless,
to'influence teaching it is necessary to demonstrate with
W m§de1s_that ﬁave possible solutions and in which concrete
"ﬁroblems of how to proceed are solved, examples are given

in detail, and concepts are presented. Any other procedure
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is ineffectual with teachers, And since.we believe that the
presentation of a model requires prior exﬁérimentation, the
pilot courses have been written.up after beihg used exper-

imentally in four courses wilth different teachers,

.One Qf'the first problems is the selection of materiéls i
for each bourse, " The theme which we feel 1s basic for all
courses is sets, relationships-ahﬁ mappinng- This theme is
cyclically developed throughout all the undergraduate courses
_beginning with sets of material things and Obtainiﬁg basic
properties experimentally, The semi-ring of natural numbers
is stﬁdied ih the first course, the ring of whole numbers in
the second. The body of rational numbers, as well as first-
degree equations is studied in the third course; and the
fourth'couréefdeals.with“polynomials; algebraic fractions
and second-degree equations., In geometry, the-firSﬁ course
is devoted to material constrﬁction of elementary geometiri-
cal figures and their tefminology as well as to the de-
rivation of principal properties of theée figures expér~
imentally, using only the relationship of equality. We feel
that the constructioﬁ-of basic geometric sizes and thé se-~
paration of the conceﬁt of size from the problem of measure-
ment of size 1is important. Hence, the second course is

devoted to construction of longitudinal magnitudes; angular

maghitudes of arcs and polygons, The Greek concept of mag-
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ﬁitude is équal to the concept of a determinate class of
sEmi-gfoups,‘and we have preferred to.adopt.the'more accurate
QOdern name. The probleﬁ of the measurement of elementary
Vgéometrical'magnitudes has been scheduled for the third course.
In ;he.fourth course constructions are made using student
ketching, the vector plane; and the basic measurable fei&tion-
Qships of the Euclidian plane are obtained'bj the scalar

roduct of vectors. Fundamental relétionships,of solids are
xperimentally developed during-the fourth course. ILet us.

‘analyze each course in detail,

First course (students ages 10-11) :
Sets Definition of a set. FElements of a set. Belong- -

ing relationship. Notation, Venn diagrams. Relations of
inclusion. Equality of sets. Disjoint sets, Unidn. In-
struction.. Prodﬁct set., Mappings. Bidective mappings.
Relation of equality. | |

72, Addition and substraction of natural numbers.

?he cardinal number of a set. Addition of nétural’numbers.
 Use of parentheses. Assoéiative pfoperty. Commutative pro-
ﬁerty. Graphical representation of the number of a set,
.Syétems of numeration, 'The_decimal system. The metric sys-
jtém.. Linear magnitudes. Addition and substraction in a
idécimal_system. |

-'3. -Construction, Analysis and Clgssification of basic plane

Geometric Figures. Plane, Straight line. Half-plane.
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Point. Construction of a ruler. Half-line. Segment, -
dhains of consecutive segments. Polygonal'line} Angular
reglion, Angle, Conséeutive angles., AdJjacent and veft~
ical angles. Triangle Consecutive triangles, Qu&drilat-
erals, Polygons.—cbnéama and conVex polygons. Cirele
(disclgcireumference. Area of a circle.

4. Multiplication and Division of Natural Numbers,

‘Multiplication, Properties. Exact division. Practice in
multiplication. Integral division. Powers of natural ex-

ponents of natural numbers. Decimal numbers. Operations.

5. Transformations in the Plane, Symmetry. Product of

symmetries. Motion in the plane, Relations of congruence .

in the plane. Right‘ang1E.‘ PerpendiCulérity, anaﬁruction-{
of a square. Right triangles, The bisection of an angle;

Isosceles triangle. Attitudes of a triangle. Medians, per- .
pendiculaf biaeétors, and angle blsectors. Equilateral-ﬁri—?f

angle. Parallelograms. Rectangles. Parallel lines. Square

and rhombus. Clasgification of quadilaterals. Symmetries

of the circle. Center, radius, diameter. Compass construc-

tions. Construction of regular polygons, Consatruction with

ruler and compass, Congruence of triangles, -

The idea of the plane is introduced by placing a pilece

of paper on the desk and then adding as many sheets as one

" may wish to make the desired figures. A straight line is
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, fold in the paper. The intersection of two straight lines
s 2 point@,The student colors the two parts which result
rom folding.the page and thus attains the concept of the
emi-plane and the edge of the'semi-plane} Through the
ersection of semi-planes, angular spaco and the triangle
formed, conaeoutive triangles build polygons. The

dent cuts out disks of paper and has patterns for circles°
e edges are circ_umferences.l | | |
?laoe troﬁsformotions are attained through trscing, for
“ﬁich the student ﬁsés'tranaparent paper. Two figures'are equal
ﬁhen one may be obtained from the other by tracing. Having the
relationship of equality in the plane, the principal relation-
ghips between plane_figures in which the relationships of equality
is involved are ootained experimentaliy..ConVeniently placing

tﬁo equoi'triangles in consecutive position, & pafailelogram
tiogobtained ﬁhich serves as a basis for introductfon of the

;idea of parallelism. In this way, the drawing of parallel

511nes and the use of the square - which the student can
:himself meke from cardboard - arises in a natural way,

.we believe that at this age the student should be spared

definitions that are not constructive For this reason

the construction of parallelograms precedes the definition of

lIn the U.S.A,, one uses circular region or diso for
circle, and circle for circumference. The word circumference
-~ means the linear measure of the circle,
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paralleliam The study of geometry in this course ends
' with the criteria of equality (congruence) of triangles.

Second COurae (students ages 11-12)

l. Sets and relationa. Relation of inclusion. Uhian of

sets; Intersection_of sets. Product sets., Relations,

' Equivalence relation. Partition of a set. Mappings.
2. Qeometrical magnitudes: Segments. Partitioning into
a set of all segments produced by the relation of equality

lin the'plane._aeherai segﬁents. Addition of general seg-
ments, Subtraction of gengral aegmenté. Inequality of

general segménts, Mnifiplication of generai segments by

a ngtﬁfal number. General angles. Addition of genéral _
fangies. Subtfaction of general angles, Inequalities, |
Multiplication of an angle by & natural number, Polygons.
Equivalence of polygons. Partition of a set of polygons

with respect to an equivalence relation. General polygons.
Addition of general polygons, Subtraction of general polygons,
'3.-The.rntegerss_nefinitioh. Addition. Use of parentheses.

Properties of addition. _
4. Isomorphism between semigroqpp of elementary geometry:

Isomorphisms between arcs_and angles - angles 1nscrib3d in
a circle. Isomorphism between the semigroup of general
polygone and the semigroup of general segments,

5. Multiplication and division of integers: Definition.

Properties. Exact divislon.
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?Egiations of 1neqpalitx in elementary geometry: Sum of
écgngles of & triangle. Exterior.angle. Relation of in-
jality among the sides and angles of a triangle.
Powers of integers: Divisibility.

_Initiation into the geomet;g_of space._Rectangular

'1d Parallelopiped Incidence in space, Intersection in
ace; Parallelism of 1ines. Parallelism of & line and plane.
allel planes. Line perpendicular to a plane Theorem of .

" three perpendiculars. Dihedral angle,

Thua, as the first course may be conaidered &8 being orga-
ed'eround the relationship of equivalence, the second is
enized erOund.the relationship of secuence The concept of
'_tude is fundamental in all science and 1in its Greek sense
incides with a particular type of semi-group. The importance
the concept requires that it be developed carefully in

e case of the simplest sciences, which are the geometric
@nec, 8ince the other scalar magnitudes may be dealt with
éneiqgouely; It may be said that the geometric part of the
eoﬁrse 18 devoted fundamentally to the construction of these
megnitudes. Since the corresponding.eemigroups are semigroups
’wifh difference, difference may be used to defihe an ordered

_ eIEticnahiﬁ for'every one of the sciences. Through this
;relationship of order the basic theorems of inequality may

fbe obtained for the plane. The arithmetic section 1s devoted

to whole numbers and to achieving the appropriate automatic
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manipulation of them by the student. Relationships of in-
cidence, interséction, parallelism, and perpenticularity in
space (solids) are introduced by observing straight lines

and planes in a paralleliped constructed by each student,

if poseible of plastic material (clay;, for example).

Third course (students,; age 12-13)
1, §g§§.' Inélusibn of sets, Implication between propoSitioh&
“Impliéation in stochastic events. Union of sets; of propogﬁ}"
itions, and of stochastic everts, Iﬁterseétion of séts,_cf ;:
proﬁositions;'ahﬁ of stochastic eveénts. Product of sets, re- :
‘iations of order. Segment, Convex figure. Uniform func-
tions. Mapplhgs., Statistical tables. Integral function
of integral variable,
5. Proportionality of Segments. Similarity of polygons

Differences, The linea¥ function,

'3, The Rational Numbers. The fractioh &s an operator.

Equality of fractions, The rational number. Operations
with rational numbers, Properties,
4, Measure of Segments, The concept of ratio of two seg-

ments. Operation with ratio of segments, Measure of a
segment. Approximate ﬁeasure of a segment using_ratianal' .
numbers.

5. Linear Equatiéns; Lihéar equation - Systems of linear
equations - Applications to commerical érithmetic.

6. Area of Polygons. Area of triangle., Area of a polygon.
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The Tetrahedron and Polyhedral angles, The tetrahedron,
odral angles. Relation between faces and angles of &
;fqral angle. Palyhedfal angles. Pyramids; Volume of
tetrahedron and of pyramids, -

 F6urth course (students,'age 13-14)

Sété. Boolean algebra of parts of a set, of propositions,

;of stochastic events, Frequency of a stochastic event

Lhematieal)

The Plane of Free Vectors. Vectors as oriented segments,

ation of equivalence. Free vectors. Addition of free

fofs.='The'group'of free vectors in a plane, Multiplication

éifree vector by & ratio., The same for a raiional number
perties. ILinear dependence and independence. Bases of
tor plane. Coordinate of a free vector.

~Thé Ring of Polynomials of One Variabie Over the-Rational

Field. Definition of Q [x]. Divisibility in Q [x] .
.aots br zeros of a'polynomial. _Linear factorization of a
olyhdmial. ‘Polynomial functions, The parabolas df second
nd third order. |

Cartesian Coordinates of a Point in a Plane. Equation

.f a line, Linear pfoblems with lines.
. Equations, Equivalént equations, Solution of an equa-

ition. Graphical methods, Abaci {(nomograms). Equations of

™ aample. Probability of a stochastic event. Expectation

gthe second degree, Relation between the roots and coefficients,.
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Trinomial of the second degrees.

6. Scalar_Product of Free Vectors, Properties. Modulo

of a vector. Angle of two vectors. Orthogonality of vectors.

\

Theorem of Pythagoras, Trigonometric_ratios. Fundamental

formulas of trigonometry,

7} Powers_of Integral and Rational Exponents. Properties,

Caleulations with radicale.

8. The Concept of Volume. Volume of prisms, Round solids,

Volume of round solids. Areas of the surfaces of round

solids,
The generating idea of the third course is the measurement

of a magnitude. This idea is. developed for straight-line

segmehts and by neans of isomorophism obtained in the pre- -

vious oourse between segments and polygons, It is -automat-

ioally extended to polygons glving us theeconcept of the area

of the polygon as well as the basic formulas. In all'the
text books that I Know whlch deal with proportionality of
segments and 51mi1a.r1tiee of triangles, the basic point 1s .
clearly mlssed, apparently not being found 1in the elements'
of Euclid. This consists of utilizing the measurements of
segments to establish proportionality When the meesurement

is needed for measuring the segments; since we must not for¢
got that at the student level the body of real numbers is not
xnown, so one can not begin by postulating the extistence of

a bijection between the points of straight line and real
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pumbers. On the other hand, we consider it completely
improper procedure at this level of instruction to introduce
feal numbers by a system of unjustified axioms. The body
ﬁf'real numbers is sufficiently complicated to require clear
feasoné for beihg needed and we belileve thét the most coh-
vincing reason for students lies in showing them that the
process.of_segment measurement may be applied by reason to
all scalar magnitudss, but that in that way we obtain a

vody (or semibody) for measuring each magnitude; which
__ﬁeans that the.measurement of different magnitudes c#nnot
}be relatead, But gince it is a fundamental'problem'in all
ggcience to obtain these relationships, a universal body is
fnéeded.that will contain all the bodies of measureméﬁts of
;éll the scalar ﬁaghitUdes; and‘this universal body is the
,body.of real numbers. The ratibnal'number is an opefating:
;glement'infthe.set_of.whole nurbers and as such should bé
 ihtroduced on ail levels of instruCtion'including the element?
ary level {in the case of the elementafy instruction we"
'gpefate:solely with natural numbers). The introduction of
'fétionﬁi numbers as operators is entirely pérallel to the
procgdure of constructing a semibody of the ratios fo segments,
 sfarting frdm the semigroup of the_segments. As the £wo
‘constructions are cafried'out in the same course; it is
possible to.bring home to the student the analogousness of

the situations, one in arithmetic and the other in geometry,



" this way of proceeding.

‘attractive activity for the student,

flecting the imagination of the author of the book.

must incur many protests.

13
as well as the parallel nature of the solutions. The formula
for the areas of triangles, rectangles, trapezoids, etc. .
are not introduced until now (ctudént age 13 years), This '

placement of the most important formulas of all geometry

according to the present sequence in my country has given

- me much to think about Qbviously the weight of tradition

is great, but it is not a scientific or pedagogical reason,

Katurally, I think that the idea of area should be kept out

of the elementary schaol until age 12-13. As one might

assume, I have already heard all the possible objections to

This is not strange, inasmuch as

all the school geometry books and a gopd part of the under-

'graduate program lean on what seems to be an'important and

the calcllation of areas

of triangular, trapezoidal and other-shaped wheatfields re-

I,know_ 

| of:no geometry books for elementary school in which-anything

 is done with the triangle besides calculating its area or its

perimeter. It 1is clear that proposing another procedure

We believe that areas szhould not

be calculated until the problem of the measurement of mag-

nitudes can be taken up With a little care. We advance the

following reasons:

1. The concept of area is subordinate to the more

gensral idea of the measurement of magnitudes,




he concept of the measurement of megnitudes-is a '1ﬁ
icated one which, therefore, all precautions

st nding, cannot be introduCed_before the age of

_The'calculatioh of the area of triengular or peota-
ields holds no attraction for the student,

Very few of the students in schools will: ever be
relor members of professions in which they will have
eulate-the areas or angles of more compllcated.flgures;
sly none of them will ever have to caluulate them be-
6. is thirteen yeers old.

. The metric deC1mal system 1s pOOTlJ learned because
_customarily presented all at once,_which is boring
onfu51ng to the student. We believe that 1inear'units
?owed by square and then cubic units can be. presented
ually and sequentlally It is not dlfficult to teach 8
“_'year olds to manlpulate square and cubic measurement
ut it must be observed that this questlon of trainlng the'
tudent to menipulate relatlonshlps among dlfferlng unlts-
area is very dlfferent from the problem of utllizing the
_concept of area. There is no reason for the student not |
becoming familiar and automatlc with the relatlonshlps bet-
ween different units of area without calculatlng the area

of triangles, which is merely applying a formula which is

not meaningful to him. Linear equations are quickly and




A S Packtsat.
il e

last one,
.relatidnships of order leading to definitions of convex

figures in an ordered set,

" the time avaiiable in the course.
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easily studied once the properties of the set of rational
numbers have been obtained. The traditional problems of
business arithmetic which used to be studled prematureiy

may be treated as applications of linear equations,

- The review of the idea of set seen in previous courses

may be enriched by the succinct introduction of operations - .

with propositions. and stochastic events., Were I to select
only one of these topics I should be inclined to prefer the

It'permits greater davelopment of the concept of

While dwelling on the concept
of application we can take advantage of the opportunity to
bring up the ides of statistical tables and have the student
construct some_of'them‘fqllowing'iilustfations_by the teacher.
The1mahipuiatibn of whole functions with whole variables is_ |

a useful exercise. We bélieve the same to be true of linear

functions and their graphic representation.

In the fourth course, Boole!'s algebras for parts of a
set or propostiions and stochastic events may be introducad,
It may be used for only one of these topics, depending on

Since measurement of mag-

nitudes has been taken up in the previous course iY{ can be

applied as an idea for introducing the concept of probability.

'By'having.the student draw on paper, we can introduce the
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::relationship of equivalence between orlented segments of a
_dplane and construct the quotient set Addition can be graph-
Tically defined with free vectors, the same may be done for
”multiplication by ratios to obtain the eight prOperties of
vector space by student sketching on paper.- All of the con-
'structions made by the student give him a clear idea of re-

zlated planes and a certain sklll at outlining, The scalar o

product and its three properties condense all the metric
properties of the plane. The Pythagorean theorem and the
cosine-of the sum of angles can be made eXplicit We' do

noi feel that it is indlspensable to introduce other trig-
”nometrlc functions beyond the cosine “We believe the coS1ne_
Tenough for the study of all of the mensural properties_-

_cluding geometry at th1s level, but the sine and tangent

y be introduced if one w1shes. The study of polynomials'..
:e complicated by the problem of an adequate definition at
his level the same holds for the study of equations, esp-
cially those of second degree. In the third course, it is
bserved that the product of the area of the surface of a
etrahedron and the correspondlng altitude is constant this
ermits the definition of a mapping of the set in the set of
atios which can be seen to have properties analogous?to a
easurement (the only defined one for tetrahedrons) which
® may call volume. The coefficient 1/3 is not justified in

e third course.  In the fourth course the idea of volume




Tt should be pointed out to the students that one must
prove that the volume does not depend on the subdivision

of the polyhedron into tetrahedrons, although that pro-

p051tion should not be demonstrated,

As was stated at the outset, the ihitial’task'of the
commisqion was concerned with the upper undergraduate sec-
tion (ages 15-17) for which notes were formulated for the
Ififth~and sixth undergraduate courses. But it was found

zthat these courses could not be followed through without

or Tormulation of those of the early undergraduate phase
”ormulatlon of the later phase, then, had remained un-
Ei'hed The formulation we have geen for the elementary
a°uate permits a new structuring of the later phase.

lines of the notes whlch were formulated were

Sets. - The natural number. The integerQ

r. The vector plane, The affine plane,
"G_o_'nc'ept of the real number, operations. Real

ower; eprnential, 1ogarithmic, and cir-

Sets. Probability. Limit of the func-
riable, Continuity, Derivatives, Diff-
éihg and decreasing functions. Maximum
.'pfoduct of vectérs. Metr%gal properties

nometry, The conics,. Definite integral,

ag eal

: avoidi
the high
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:5Theory of 1ntegration. Applications._

Underg#aduate Specialization

Possible specialization at the undergraduate level has
been much debated The present situatien in Spain prQV1deszsif
some'variation in arts and sciences. The elementary under-*“*:
"raduate (10 14 years old) is common for all. ' The upper
un'ergraduate (15 17) has the specializations We mentioned.i;;
_en though their final degrees may not bear the same term—~'
_logy. That 1s, a student with an AB in liberal arts . eani;
roll 1n the school ef sciences and vice versa. With ree¢
fct“to the mathematics, there is no mathematics subJect infﬁ

libenal arts undergraduate program._ From which: it can;:

gathered that we do not favor specialization at the unde%
:'ate (preparatory) level We believe that epecializati%
be Justified with the following reasons: _ | |
.a) The difficulty of achieving an adequate organizationﬁ
ubjects compatible with the class schedule and study

gram suited to the phyelcal and peychological character-
ics of the student

'_b) ‘The utilitarian point of view. To crient the student
early as poss1ble to his future professional act1v1ty, _
iding wasting hlS time with study that he will not use in’
Ffuture.

;c) Catering to the Speciflc capacities of the student
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6ﬁﬁﬁis:possible future vocation by placing him in a study

enViroment related to his natural predispositlons and there-

fore’more likely to produce results Undoubtedly each one

-p-;tnese vieWpoints ¢an be defended, but I believe they‘

8 oﬁid.bé more éargfully analyzed to discover possible draw-

fPicult,

ffiéhlty becomes insurm0untable-when'the‘mission of
ﬁgon is concelved as informatlve Tt would certainly'
us - to produce an undergraduate with clear, strong
‘gosmqs,_liVing organisms, diseases, hygiene,

*ﬁﬁe history of éivilizations, the-organization
3@; the evolution of scientific thought art-
'tlon music, painting, sculpture, architecture,
"hology, ete,, but obviously this 1s not |
'}atteﬁpt to achieve it would lead to a sterile
instruction. If to avoid this difficulty,

are introduced one wouid have to provide as
réﬂthere_are vrofessional specializations,

feasible, bearing in mind the great number

ved at the intermediate level compared to
1 by the upper level institutions. One ? struce

he gquestion has been posed in an extreme | - for _t
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form and'that no one thinks in terms of'such a solution,
ithat the idea of specializatiOn is related to'the present.'
'content of curricula and that all that is suggested is an

;adjustment of the over- extended study plans to pedagogical

reallty ' But even if that be so, we do-not see a sat- '

isfactory solution p0531b1e from the 1nformational p01nt of

rlew, For me the fOllOWlng reasons 1nvalidate the informatioo-.
;p051t10n with respect to the problem of 1nstruction at thefl
termediate level: | z o
__l)j It 1s very difflcult to decide which elements of
esent knowledge have greater 1nformational value,g_:__7
.2) Accepting such a dec1sion as pOSSlble,.the modero.tm
of evolution of s01ent1fic and llterary thought would
re frequent changes of subject and techniques,_whlch

d constitute an Operational difficulty for 1nstitutions.”.
resupposes very spec:.al conditions for the facutl,r, w'hich"'
hardly be assumed when we are deallng with =so large-a-

1D of teachers ag intermediate iostruction requires;

3) The inforﬁation acquired at age seventeeh will be
assumlng it endures in memory--at age 4o; -

Iﬂi The utllltarian p01nt of view encounters the"
"g'difflculties. | | |

jlt.is practically impossible. to organize an in-
poal'program with a sufficient ndmber of Specializations.

T EE. S S e, £ _ o T B R S



~to future professions,
- 2) The orienting of instruction toward professional-

ization would lead to a situation analogous to the art guilds

of the Middle Ages (which produced very little cultural fruit)

'_and would shut off poséibilities for scilentific and technical
progress. | | |
| '5)" It is very difficult to decide the future profession

g

of 8 student of age 14 or 15;
c) The spec1fic ability of the student in the under-

‘graduate stage 1s often conditioned by the skill of the teacher,
he has had. It 1is qu1te commen for a student to think in '
terms of a literary voyatlon because of the influence of a
'good teachar of . 1iterature in hlS school; what is really
:golpg-on_is a reflectlon of the enthusiasm of the teacher.
i£ i§ pdssiblg that the differehces between the mental act-
ivitiéé involved in different disciplines are much emaller
that what is aSéumed;.this would éeem to be indicated by the
fact.thét many students show excellsnce in literary and
scientific activities at the undefgraduate level--in which

case there would be no reason for this defense of special-
tzation,
- Nonetheless, if instruction at the intermediate stage

e centersd around the aspect of intellectual Fformation; if

o

t;is thought desirable to achieve, as a result of this, a

an-or woman able to think with clarity and precision, to

poz



ffexpress himself correctly and clearly in his own language, H
| who will have achieved a healthy physical, psychological
and moral deve10pment which will make it ea31er for him to..u
f'adjust and collaborate within SOCIEty, 1f this is to produce"'
men and women able to recognlze their mlstakes and flnd
-remedies, with a develOped will power to achleve and to co
_fulflll tasks notwithstanding the dlfflculties that arise,
if this is the aim, then the problem of instructlon at all
ilevels does have a solution. The solution is nelther easy -
Inor definitive but 1t does oPen the way for constant and
Positive advance B _ - o
5)"The-problem of.faculty. As has been previously
stated, informatlonal courses for teachers at the inter-:
:diate level were organlzed These courses were success-
1 irlmaking an. important segment of the faculty, publlc
.d private, at the 1ntermed1ate level, aware of the need
bear in mind the obJectlves and_methods of mathematlcs
-nstruction at thelr 1ntemnediate level The nature of theser
;ourses could not be better By themselves, they cannot
ransmit the khowledge or the techniques to advance the
olution of instruction, ‘This would be possible only if the
culty had a background of modern mathematics, which is not
elpresent case ' For that reason T brought up the.need'to
j;ganlze content courses iasting two years to bring the faculty
fto date._ The 1dea was well received by a 31gn1f1cant

rtion of the faculty, but I found little support from ed-




“mathematics and vice versa,

_eduwe addreesed ourselves to longer-term solutions.

¢hemical sciences, geological sciences, and biological sciences.

All of them carry the same weight, which means that a teacher

'eﬁiénces,’except for some possible small variations, was

5§§éﬁiel ahd was thought of as preparing a pure mathematician
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Since this emergency plan fail-
The -

gset up such courses as yet.

official degree requlred for Joining the faculty of an inter-.
mediate instruction institution, whether public or private, |

in Spain is the Licentiate in arts and sciences with a

major in one or another discipline. This degree may be

considered as more or less the equivalent of the masters

of science in the United States There are five different

science degrees. Mathematical sciences, physical sciences,

with a.degfee-in'biological sciences 1= authorized to teaph

The liceritiate in mathematical

rather than an intermediate level teacher. The premise_in'

tﬁgt was: "He who knows most knows least", which may be
tgee but which in practice resulted in the mathematical
sciences study program being much harder than those of the
ether degrees, From the public school point of view it was

the equivalent of the secondary instructional level. One of

he results was that the majority of the teachers of mathematics

n private institutions (which include 80 per cent of the

B
:

tudents of the country) were graduates in chemical and blo- - fune

ngcal sciences. If we bear in mind the fact that graduates affi
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”in chemistry have the same first year plus some sapplemen—
ftary mathematics in the second year, it can be seen that -
‘these speC1allsts will be inadequately prepared in math-
lematics for teaching this discipllne in institutlons of ”
fthe secondary level. In addition, the study plans that -
we . had did not effectively take up pedagoglcal problems

nd did not include elementary theory of dlvisiblltly, S
heory of proportionality of segments, concept of the area -
;po1ygons or the volume of polyhedrons, ete,, ltems which
ust:be-included in any syllabus of mathematlcs at thé
Ondary_level._ : | | ” :

To meet these needs, the study plan was modlfled in

_6& in the ccience mathematlcs 1lcent1ate at the unlver— .
j'of Madrld -establishlng three majors Pure mathematles,
.plied mathematics,_and methodology and pedagogy of math-
"atlcs The three specialties more or less share the'

me first three courses and differ in the last two (the
centiate requlres flve years). The . follow1ng is. the Qtudj.
an for the'licentiate in mathematical sciences with a
pecialty in methodology and pedagogy:

First year. Linear algebra. Infinitesimal analysis.

yeics, Chemistry; Drawing.

Second year;' Mathematical Analysis I. (Theory of

fetions of a real variable; Geometry I. (Vector space,.

ine space, muclidean space; projective space, curves
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. and surfaces of Euclidean space), Algebra and Topology
; (ideaé of Mﬁthematical Logic, Théory of sets, Groupoids,
:Eémi.grOupé, Groups, rings, fields, vector spaces, top-
ological spaces,ICOmpact spade, Metric space, Banach space,
inlbertrépace,'Euclidean space). Physies I.

Third year. ' Mathematical Analysis II. (Differential

-"EQuations) Geometry IT. (Moduli, tensor'product, exterior

' praduct, bilinear forms, quadratlc forms, Applications. of

;Geometry) Calculus of Probabllity and Mathematical Statlsticsﬁ

'Méthodology and Didactics I.

- Mathematical Analysis III (Functions of

Fourth year

'mplex variable); :Elementary Mathematics I. (Axiomatic

'truétion'df affine space and Euclidean space. Study of

esfand surfaces in euclidean space; linear programmlng)

ementary Mathematics II (Theory of measure,

;esentation, Programming of electronic computefs),

ﬁd_ﬂidaotics III. Practice Teaching,
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' ADVANCES IN MATHEMATICS IN CHILE
Cesar Abuauad, Santiago

The Mlnlstry of Educatlon can surely say with complete Justim

Vthat the need for reform in the mathematics program or the need

0 1mprove secondary level teachers has long been the customary_'i
:or of the Ministry._But both these matters, reform and impro_

nt; used o have a completely different meanlng from what they

e beginning to have now._I can mention four points which
rtlcularly contributed to this awakening 1. Wide distributien

rOug oqt the country, of the agreements and deliberations of.

Bogota Conference of December 1961 2 Personal contact_
dor Stone in January of 1902 W1th the principal educatio
orities of ChllE, 3 The work of the American mathematicalg
SMSG whose work has penetrated many sectors in Chilean
fatics educatlon, 4. The splrit of reform from Europe, with
h_fortunately we still maintain close contact. | 0
he'folloW1ng advances Slnce 1962 reveal a strong, 1nformed
nt in mathematical education clrcles and even in basic

e at the secondary level: |

‘In 1962 the “new mathematics program for high school
_ﬁ_was_publishedf This program is neither new nor of o
ue cbut it is worth mentioning because of the'rapidity |
”fit'was officially approved'and implemented in a

n which the period of drafts and reports usually lasts -
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b) Union initiative resulted.in the setting up of
mathematics seminars in 1963 and 1964 with weekly meetings and
 the attendance of some university teachers. |

¢c) The State Technical University held two summer institutes
in 1965 and 1966 for its own faculty but with some little atten-
~ dance by secondary teachers., Professor Burton Jones gave two
- lectures in the institute in 1966. To the credit of its organize
I should like to state that both institutes weré beautifully

organized and successful, |

| a) With the cooperation of the Ford Foundation & seminar on
the téachihg of the basic sciences was held for one weék in 1965

:gt the Téchﬁigal'university Federico Santa Maria. The mathematic'
Committee approved the general lines of the recent international
conferences on mathematics education and outlined d_conserv&tive

| mathematics program which ten years ago would have scandalized |
: thé-ministry;

e) In October 1964, the national program for improvement of

high school and élementary school teachers was established in the &, 6¢
'Office of the Superintendent of Education. The Sﬁate considers o0 %
ﬁhat the PNP 1s an essential part of the educétion of high school and
:and 91Ementary teachers and not merely a supplementary or irregular - Tack
_activ1ty The superintendent is to propose to the ministry of |

Admi

,Paﬁ§,9n_the broposal before the first of November of the
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The executive technical council directs the PNP It 13

*:composed of 22 persons, 8 of whom represent the ministry of

education 1nc1ud1ng the Minietry -and - the superintendent, 5 are
'from the university of Chile; 6 from the other universities of

the country, 1 represents the council of rectors and 2 representf?

the unions, This council, which supposedly provides the technicale

orientation for the 1mprovement program, 1n actuallity has
functioned as a censoring and watchdog organism, fearful lest
technology g0 beyond their own convictions, The PNP also. has
coordinator and executive secretary and SlX specialized
ommittees,'of which one is for mathematics and five for education
The.mathematics committee is 1n charge of the proeramming of
ourses, the selection of teachers and a551stants who are to eivei
\emland the productlon of written materials as well as even the :
lection of teacher training personnel | o
To prov1de an approximate idea of the future benefits fron :
'he PNP it is appropriate to point out that an improvement center
"600 souare meters in size is being constructed on a campus of

2 hectares and will have four hundred educators from high gchool
d elementary levels. | |

chnical orientation of PNP  Executive Technical Council
Ministry of Education

University of Chile

other universities_

unions

coordinator

ministrators of PNP
' executive secretary

H MO



é?ecialized Committees Educational Committees
Mathematics committee
'Natural sciences committee
| Human sciences committee
Language eommiﬁtee |
Technieal artistic commiftee

In January'l966, when the mathematics committee was concerned
wlth the rormulatlon of prog rams for the first 1mprovement courses
that were to be given in the middle of January, it was surprlsed
to receive from the administrators a plan of a "Program of Trah-
sition.for the Seventh Grade" put together somewhere within
the technical Offiee-of the Superintendenﬁ's Office without
the knowledge of the eommitte