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PREFACH
The purpose of this Conference was to ﬁrovide the Advisory Beard of the
School Mathematics Study Group with suggestions as to what 1t ought to do next,
This Study Group, which came into existence in 1958, devoted ity major cfforts
to development of new mathematics curriculum materinls and alsc to a caretul

evaluation ot the effects on students of difterent kinds of curricula. To

reach 1ts objectives, SMGG developed a specific kind of organization and spe-

cific kinds of operating procedures,

As n result of SMSG's activities, and the activities of others, substantial
improvements came about in school mathematics programs in the United States.

Certainly, the situation in 1970 was far better than it was in 1958.

Standing at the beginning of a new decade, it was therefore anppropriate
to ask whether the organi~ation andﬁgﬁerating procedures vwhich were developed
for the 60's were still appropriate for the 70's.

A broad cross section of the entire mathematical community was brought
together, Cctober 25 and 2L, 177, to provide suguestions fo the SMSG
Advisory Board.

The Conference began with four presentations addressed to some of the

-particular problems to be faced during the 70's. The participants were then

divided into four groups, each of which was asked to make specific recommenda-
tions as to what needed to be done during the 70's for a particular topic.
These topics were: curriculum construction, dissemination of new curricula,

research and evaluation, and teacher training.

Reports frem these four cemmittees were presented in a plenary session at
the beginning of the second day of the Conference. Atter discussion of these
recommendations, the participants were again divided into four small groups;
this time each group was asked to prepare recommenhdaticons and suggestions as
to how these recommendations could be carried-ocut, who might be expected to do
the werk, what organizations would be needed, and who should assume responsi-

bility.

Reports from these four separate committees were presented and discussed

at a final, closing plenary session.

The SMS Advisory Board met the day after the conclusion of the Couference
to review the suggestions and recormendations that had teen put forth. Howevep,
because of the large number of these, the Board requested its Chairman to ap-

point an ad hoc committee to meet later %o review all these suggestions and



recommendations and %o orgnpine them in a way which woulil make diacussion

easier, ; ;
This ad hoc,comﬁittee (E. i, Hegle, Burton Colvin, Donovan Johuson,

Karl Kalman, Jeremy Kilpatrick, Joseph Payne, and Henry Pollak) met December
11 and 17, Detailed accounts of the discussions und group reports, prepared
by the SMS(G staff, were made available to this ad hoc committee in advnnce,
With these as a starting point, the committee was able to organite the con-
clusions, suggestions and recommendaticns from the Conference into summary
reports for seven broad areas - objectives, teacher training, research, cur-
riculum, evaluation, communication, und exploiting the work of the past decade
in the next decade, The committee alsc prepared a proposal for a new organ-

ization for mathematics education for consideration by the Advisory Board.

These summaries and the draft proposal were sent to the Advisory Board
in advance of its meeting January 20, 19/1, At that meeting the summaries
and the draft proposal were reviewed in detail. Some minor editorial changes
Qere made, after which the proposal was approved unanimously by the Advisory
Beard.

The Conference Report, which f'ollows, consists of the texts of the four
opening addresses, the summary reports prepared by the ad h;c committee as
revised by the Advisorys Board, tne proposal for a new organization for mathe-
matics education as approved by the Advisory Board, a list of participants in
the Conference, and, as an appendix, an article written and submitted during

the Conference.
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THE STATUS QUQ - AND WHAT TO DO ABOUT IT?

Phillip 8. Jones
'The'Unlverotty of' Mlchigan
The task set for me was to present a perapective view of the present
situation in mathematics education, together with a list of the most urgent
problems as seen by one person. The modlf}cntion, acceptance or relectlion of
this eataloguing, and all the solutions for the problems are the task tor the

reat of the group in the discussions of the next two days.

When I asked myself what are the areas of our greatest current concerns
and difficulties, I found that in this day of strong and sometimes lllogical
views,‘kidnappings, and guerilla warfare, I was thinking first in terms of
the forces impinging upon us rather than in temms of the issues, the open
questions, which might seem the more logical teginning. For mnthemat!ass
education I see three groups of forces: (1) Those from the mnthemnticraﬁs

themselves. Here I see (i) n continuing concern tor introducing more mathe-

matics earlier, This means a more varied mixture of mathematicnl concepts,

perhaps an "integrated curriculum", as well as a translation downward of the
topies of the existing curriculum., I believe some of this can and should be
donic, but that there are serious dangers and overly simplistic annlyses in
some pProposals for doing it. (li) I think that I also see in the mathematical
community a slight movement toward less formalism and perhaps less étress on
rigor and precision in the early years o{ mathematical training. (111) 1
telieve that there is also a growing concern for displaylng the connections
between mathematics and the rest of the worid we live with. This concern is
not merely to motivate students by displaying the undoubted utility of our
subject, nor merely to give them practice in solving story protlems, hut also
to give them an understanding of mathematicai models, their nature, uses, and
construction. Concerns for pushing content down in the curriculum, for
teaching insight into good modern mathematies, and for a proper regard for
the utility of our subject have all functioned as issues in the teaching of
mathematics for literally hundreds of years, tut I have tried to imply that
there are new views of them and new forees tringing them to the fore as

currently important issues.

'(2) The second group of forces operating strongly in mathematics educa-

tion today are those stemming from the allied fields of educational philosophy

and psychology. We seem to be in a period of revivalism. (1) Skinnerism,

programmed materials, and some computer-assisted instructional materials seem

1
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to represent A return to a atimulus-response DPaychology, while (1!) the pro=
nouncements of Bruner atir recollections of both mental digelpline and gestalt
theorien, and (111) Gagne's streas on the importance of hierareliies in learning
recnlls Thorndike's theory ot bondas. Here, too, the newer views are nat

identlienl with those of the pant.

There nlgo oeems to he A similar revival In educationul philosophlen,
We hear much of open schools, of' tree schools, of atudents "doing their thing"
and of need for relevance. In a recent panel discussion of problems In the
ochools on the Toduy televinlon program, the "interlocutor" repeatedly anked
the participants 1t this were not a return to the progressive educatlon of

thirty or more yenrs ago. I d1d not hear a good reply to this.

This leads to my third (3) sutegory of toreces Impinging upon mathemntlico

education. These are the societnl forces . They are emtodied In*both the deep

prohlemﬁ of »ffluence, coloniallsm, war, race, ctec., and also in more overt
publie attitudes and demands. A recent Gallup suvvey(l)of the current Public
views of the major educational prol'lems listed in order: 1. Discipline;

2. Integration-segregntion; 3. Firance; k., Teachers; 5. Fneilitlies:

. Drugs; 7. Curriculum,

Several of these may appear to have little to do with mathemntiecs eduen-
tion. For exmmple, I teel sure that when discipline was listed fifnt, the
persons interviewed visualized protests, tronshings, riots, and fights.
Although this may seem to have_ little to do with mathematics edueatlon, If
the causes of these breaches of aiscipllne include lnck of "relevance" in
the schools, fdallure to recognize and deal with students és individuals,
overly formalized and routine instruction as well as administrative organlzn-
tion, and just plain failure to teach effectively, then we must ask if either
our mathematical content or methods may not te significant contributors to

the probvlem of discipline.

But turning back to our list of major probvlems, and skipping for the
moment integration, we arrive at finance and teachers. Here the name of the
game is accountatility. In the Gallup Pnll, 7% of the adults favored
national educational tests, €7% believed that teachers and administrators
should be held "accountatle", =8% expressed the opinion that teachers
should be paid in accordance with the quality of work whieh they did, and
53% registered themselves as opposed to teacher tenure as it is known todny.
If some computation of the cost-effectiveness of education as a whole and of
individual teachers is to become a basis for determining salaries and tenure,

as well as being tied in with the employment of private educational
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contractors, and the purchase ot expensive equi pment and mater alp, chen !t
behooves the educntional community ns n whole and the mathemnticn eduentionnt
communi ty in particular to atwdy critically the teatn to be uped and the

eduentionnl objectives upon which teot development muot be lLased.

It will not be tair to achooln or to tenchern or to the ntudents i the
expectations of the community are not phraneu and meanured in termo of bvoth
the carefully detined gonls of mathematicn education and also In terms ot the
nature of the educntional netting. If teachers are to e judged, possilly
even pald, on the btaslo otf' gome measure of thelr educatlonal et'tectiveness,
then thin effectivenens must not e neasured solely on the banin of n pertfor-
mance of students on nny old teats. All of our oblectives, whatever they are,
must be mensured and the ettectiveneas of teachers must hot le weasured merely
by the raw scores of our studnnts, Etfectiveness must ‘¢ measured in terms of
the relationship between test scores and gsuch other factors ns the size of the
clnss, the backgrounds and native ab!litles of the students, and the materials
axailable for use in instruction. A teacher who is nble to make smaller
changes 'in his studentc but agalnst greater odds may actuully be more effec-
tive than one who with n cmall elass and atle students ean produce high scores
on the college board exams. This new strenss on asgessment, national, state,
and loeal, algo has its revivalist.c overtones, recnlling the testing movement
of the early 20th century and its role in *he attncks upon mathematles prior
to World War II. At that time the poor showing of students on computationnl
exams supported accusations that we were doing a bad Job of ‘*enching skills

many of which were rather useless. This could happen agnin.

We must tecome quite specific about the goals tor our instructiorn. We
should not ignore, even 1f they would let us, those who ‘neist on a tehavioral
formulation for our objectlives and testing in terms of thece tehavioral otjec-
tives. However, mathematiclans and mathematics eduecnt 1s rust decile whether
or not they do believe in such gonls as training in reasoning, protlem solving,
perception of mathematical structure, understanding of the model -tullding
process, nppreciation of the nature and role of mathematics, the discovery of
fun anhd aesthetic satisfaction in methemntics. If we really do telieve that
we can and do trach for any of these gonls, then we must come to grips with
the protlem of defining them more clearly and testing them in somé rensonable
and reliable manner. If understandine is important, we must try to develop
testing devices which will mensure different levels of understanding 1s well

as the well-known protlems which measure manipulative faeility.

10
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Wo should also look enrefully anl renitatioat ., nt o own eatimaten ot
the (evels we aeek to ashiave,  Ohe Navlonal Assekament festipg Drogrwn
nttempted to elaaalty tra queations tnto theee teyveln;  thone whieh weye
axpootad ta te anpwered by 907, COf,  and 107 o the tanted pojutiation,
After thts elnanltlention hind leen completed by sxpeyta, the a0 exeroeluen
ware tested out on 4 mample group of ptulentn, O the *h exerclien tented,
%3 mcornd at the 1Y devel or telow, WD ncoved nt telow the YO levnd,
an! no one of the queatlions wan angweped carreetly Yy mors taan Mot ol the

ptudentn,  Elther our teachiling to poar or oar ponle are uppeealintbend ty set,

Our protiem to of conrpe to ralae the level of oap ptadenta, tat Lt Lo adno

sogential thar we be peallatle wlith petferenee to thene levels of nobil evenent .

[ot un now turh away from thlas annlyolp of the toveen tor chanpe belng
Yrough® to bear today ty mathematieians, ediacattonnl pnllonopherpn, nnd the
general publlics  Let us try another, 4 geml«tintoriea’ appronch to netting

the stage for the dlveussions *o come.

AL n conference on tula shune general tople apd unler the gneme spohuovehip
ten years ngo, the opening, rather axtongive, Hlgtorienl sarvey ended with the
warning that the mathematics educntlon communt s conld not expent the lewel of
financlal support and populnr interest in mathematlien educttion to continae
indefinitely, thiat mathematics educnteors themselver muct gind agninet the
onget of lethargy and n divernion ot In*eres* to other tieldn and other prob-
lems, and finally that continulng regalar and requent asaecosment ot the

curriculun materials projects then In thely hey-day wnig necessary.

In a look at the future for mathematics clucation, Marahnall Stone polinted
out at that conference that there would be a continuing need to push more
advanced mathematien! materinls down in the cuarrieulum, tut that there may
ke gome things that you can not do with children at teo early an age. Henee,
he felt that there was 2 great denl of need for ndd!tfonal datn {from psy-

hology. He alco stressed the need to continue educntlonal retvorm down Into
the elementary school, to scek and utilize ltetier cootdinalion with the other
subJects of the school, that attention must te given fo tne Wigh school mnthies
matics desirarle for non-zollege=-bound stidente, und that there must te n
closer relationship hetween the mathematics we tench and the applications of
mathematics. In the folldwing decade attncks were mounted on nll those prol -
lems, tut many remain largely unsolved, protahiy tecaise they are difficult,
perhaps hecause they are unsolwvablie. Lot us hurriedly lls* some of there

attacks.

11
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]
M pontinued Lts davelapuent oF 4 program o the elomestary sohood,
Nt lueing numerat fon, gecaatrio polespts, net Tve o epn, oyt aiget g

reinted stmioturad properiies, ramindiog.y and eytlatian, (L ovler verslaps

mATtArialy wern feve iaped wnt sheeesa iy tagght oty

of gome gestunine, notuol

plow tearnera,  Higb aotiond ovcrsen DL iy Che ety ] vyt bps Weye
) M ;
deveopeds Thepe notivitiem clgit ta e e taged her qnfepr the Lending of

the develojpmens o mateyinlia,
r————

OM3 0 Aand aome thepd, vapeetally the Minnesnst product, haye developad
courues and unbta gty areant e lar lonpblpn Y atwery meat Lemat oy and Lol enoe,
Thege eournen nand oo computepsye Satad marnplaly devetopad cy M G, the
HOTM, ncurrent profect Incolovwto, and othepra might be grouped Lopgathop
A hinving v oprhmg, tearing gon ot vt lon acthioagn e, wlio embod s rome
direct nnd dmmedinte Tntrinate uli ity and papttally belng ot Llegg pelate]

Lo the pragesy oF ol atlon of mt e teal modein,

Otrirr gronpa developlng carrlenbum e erinde diriog thin perlod Lave
Inetudal the Columi fn detvapralty cenrered O condary Heb0od Matbhemaston
Curriculim Improvesens G0ty anl bue Comprenene!ve Detoo! Mathemaslon Projeet
at Cartondale, Illincle. Jeth ol thoae bnve tepded ‘0 fooun on materinls for
superlior, or nt leaat colleps prapasntory, dtalen s Wit he formen plannlng

to wrlte 4 complete urcontary nehool program ntpenning an ntepinatel al

RUlen aeamed o obnvne

modern appronch.  Noues or 'ue prelecte ol tie later ot
the comt!ination of Irive, exc!ltoment, ran,a, anl extenled Invasloemens anl
intepeat which were Yeatured din JM3 i and U200 M curllor,

The latter progrum nag turned, 'n part ac lenst, o A ¢oneern ¥
materials for culurally lsadvantagel. Thlc group o noneeollerge Loand os
non=coLllege-motivated shilantg bLave teon tie paeant conenyn of an Oni Land
County, Mlich!igan, prolrer, an ICT¥ projeck, an! a Texai=centered profect
which, under Glenadine Gitt has teesn conerprand wicl masepinlg anl metheds

usable with Max!ean Americnns and othier studente wlen a o)

MLy LU ey e

home anv!ronment nnd Ynekground.

It 1s not alwiys cienr whesner some profeets siatil ta elngrtfled o,

materinl preparation or 1 clncsroom management progruns. 1 woull s

William Johntz' S.E.E.D. profect, <hn Univers!-, o Iliinole Ar: rtie pro-
Ject unler David Page, Rotert Davis! Mudison ani Weister pre'eces 'mnier a

clagsroom masagement heading. These molects have al' zstreceel open-ended,

exploratory, dlscovery proceduren, but of an !intellectunt +ype end with sube

stantial teacher participation ani leadersiip., S0 3 lezelr ecxperimented

with programmed materinis, another contritusnr «5 clnasroom managenent and

12



i{ndividualization programs. There is a growing interest in materials -
centered and manipulative latcratory activities patterned after some English
elementary school models. The probt:lems of adapting to individual interests
and capahbilities at all levels are substantial and increasing. Experimenta-
tion seems to have shows that students learn tetter and develop better atti-
tudes when they see their objectives clearly, and when they have some freedom
to self-select projects and materials of especial interest to themselves .,
However, sharply detined conclusions on classroom management which are easily .

passed on to young teachers arc hard to come by

In addjtion to new curriculur materials and classroom management experi-

mentation, the past <decade has seen several meior measurement projects,

§'SG's NISMA and the International Study ¢ Achievement in Mathematics
testify to how costly and difficult measurement is. The rapld current growth
ot national and local assessment point out how urgent it is to work on this

protlem,

Probability and staiisties has probably been the one area which could be
elnssified under the heading of motivation (although 1t also involves curricu-
Tum materials) which ias had the most voecal and insistent proponents. How=-
ever, materinls in this field have teen in short supply, and little used.
Those experiments in teaciiing probtatility and statisties with which I am
familiar have teen disappointing in their efrect on toth students! knowledge

and attitudes. It seems that a great deal more neceds to be done here.

This past decade has aiso scen the development of fi*e new Journals,
several ot them stressing research in mathematics education, as well as a
research-oriented organization and a first internationnl congress. Organiza-
tion seems to flourish; major definitive ndvances in motivation, management,

materials, and measurement are harder to come Dby,

How cnn we assess the actual effect of the so-called "revolution" and of
the activity of the past ten yesrs. An interesting study was publiczhed by
Milton Beckman in Schiool Science and Mathematies for Apri 1, 1969, Beckman
has long been iuterasted in the "basie competencies" which were detined by
Post-War Plans of the National Council of Teachers o. Mathematics as beirg the
essence ol what they called mathematical literacy. Their work was done and
published prior to the development of so-called "modern mathematics”, and
their x_'ecommendntions focused on the over-all needs of the.school population
as a whole, In 1950-51, Beckman gave a test hased on these competencles to
42 schools and found that the mean score in the fall of the year on these

tests was U5.7 and that it was 5h.3 in the spring. !e gave the same tests

6
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in virtually the sa 2 schools in 1$65-66. The means were 5h4.9 in the fall
and 61.1 in +he spring. His conclusion, then, was that students who had
been studying so-called modern mathematics and modern algebra seemed to be
doing better with respect to those old objectives than students who studied

purely traditional algebra.

We should not be too delighted with such a result tecause the change of
course is not tremendous, and one can al;ays raise questions or objections
with reference to tne validity of the entire process used. Furthermore, a
variety of studies have tended to show that students taught via our new stress
on structure and meaning and understanding with some adied insistence on tech-
nical teminology and precision have tended to do less well than more classi-
cally instructed people, particularly with reference to computational and
manipulative skills. There seems to have been in many of these studies some
gain under the new mathematies in problem solving and perception or under-
standing of basic mathematical ideas. One must always raise the question as
to whether or not tests in terms of older goals and terminology can te validly
administered or interpreted with respect to students truyht under & different

regime.

At the college level, a number of studies have shown improvement in the
background of college freshmen, which a person teaching in the college hardly
needs to document. All of us have seen freshman courses omitting college
algebra, trigonometry, and even a substantial amount of the time pul in on
analytic geometry as evidence of the fact that content is telng vaished down
from the upper reaches to the lower levels. We have seen swidents continuing
to perferm and even performing better than in the Dast in courses which nve
not only more advanced in content but taught at a higher level of rigor and
abstraction. We are now seeing linear algetra incorporated into the freshman-
sophormore program either incidentally to the caleulus or in courses companion
o the ca'culus. Similarly, units and ever shorter courses in probatility
and statisties are veing developed for engincers as a part of their required
beginning mathematics program and we're on our way towards the requirement of
some acquaintanceship with the computer for all engineers and mathematics
majors, perhavs even for all college mathematics ssudents. If we needed data
on the changed preparation of the average college freshman, we have a study
(2) whiceh showed that at Western Michigan Unlversity there has teen a sub-

mathematies or

ot

stantial decrease in “he number of students entering withou
with algebra only and a substantial increase in the studenis envering with
algebra, geometry, and trigonomeiry incorporated into a yenr or longer high
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school mathematics program. These changes apply to freshmen of both sexes.
More recently, Irene Williams of the Educational Testing Service has analyzed
data gathered from students taking College Entrance Examination Board Tests (3).
She sought to determine whether or not their high. schopl programs reflected the
recommendations of the Commission on Mathematies, I Shall not use our time
nere to detail those recommendations; however, 85¢ orf her sample had studied
the field prouperties and 3/& of them had met them before their Junior year

in high school, 1/5 vefore grade 9. Inequalities haq teen studied by 90%
of her population, and 2/3 of‘them had done this before grade 11, The con-
cepts of inverse function were familiar to 70% o1 her sample, and 50%
recorded tha< they had me: exponential functions. 50% also ieported that
their high school geometry had included coordinate geometry, and 33 %1

rated their geometry course as being both plane and 50lid geometry, However,
only 20% of her student population had studied provability and statisties

for as long as at least one month.

Insofar as teachers are concerned, we have the evidence of the tremendous
growth of the liational Council of Teacherslof Mathematies from a memtership in
1950-54 of 8,000 to a membership of 7£,000 in 1905-£9. However, the rate
of growth of the NCTM has been declining in recent years, the interest of
elementary teachers and supervisors has teen turning a8way from mathematies if
one can Jjudge on the tasis of subscriptions to The &rithmetic Teacher and
attendance of elementary teachers at meetings. Studies of the gffect of the
CUPM teacher training recommendations for elementary teachers show a tremen-
dous growth in one-semester courses in mathematics for prospPectivVe elementary
teachers, a moderate growth in two-semester courses,.but £ar from any general

- acreptance of their recommended four semesters of matiiematics courses for
elementary teachers. It is my impression in fact that the CUPM is going to
withdraw a little from this advanced stand with reference to reguired mathe-
matics for elementary teachers in the fori.noming revised teacher training

recommendations.

Another trend in the past decade which we should no:t ig&nore has heen the
change in the objectives of our students. As early as 196%, a study of the
career decisions of very able students showed that "Talented male students
eppear to have shifted their interests from physical Science and engineering
to the huranities and the social sciences. Exceptions wo this general trend
are losses in the fields of education and music and the gain in mathematies.”
(%) This was a study of high school graduates who performed well on National
Merit Tests. Enrollments in engineering and science continue to decline while

students are tlocking into the social sciences.

g
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Apparently associated with this trend are the data drawn together in an
editorial Tty Philip Ableson in the May, 1967, issue of Science (5). He
pointed out that recent campaigns to increase interest in science and engineer-
ing have not been very s'iccessful and raised the guestion as to whether or not
this shift was chargeablé to more stringent secondary school curricula? He
felt that there was a growlng concern that too much .s teing asked of the
young in our secondary schools, especially with reference, of course, to the
college-tound students. In 1967, Carol King, professor of chemistry at
Korthwestern, stated in a speech that secondary school students are being
asked to do "too much, too fast, too soon". Here we see an echo of Marshall
Store's concern of ten Yyears ago. Ableson ends his editorial with the statement,
"Evaluation, looking toward proper changes, is in order”, and this, you see,
is again an echo of my earlier expressed concern for testiné and evaluation,
though admittedly expressed in a different situation and probvably envisaging
a little bit different type of evaluation. ¢t me now turn from this semi-
nistorical survey of the past decade to a summary ol those forces which seem
most active on the current scene and those issues in mathematics education

which seem most %o the fore in today's schools.

Both current educational panaceas involving "assessment" and "account-
atility” and long rangs educational research and development demand a careful
review of the goals of mathematies educaticn parallel with the development of
new and imaginative testing procedures. The gquestion of whether or not all
the valid goals of mathematies education have teen or can te exrressed
behaviorally must be wrestled with, If accountatility is to te stresséd and
based ubon some set of more or less objective measures, then these measures
must also include rarameters associated with the size of classes, the back-
ground and motivation of the students, the support received by students and
faculty from parents, the assistw .° orovided to teachers by the school system
in terms of materials, time, ant -+ formg of supervisory support. Further,
if schools and teachers are to be k..sured iIn these ways, they must te
involved, along with mathematics educators, not only in the formulation of
the tests and in the specification of additional parameters used to deteimine
educational return per dollar investment, but tney must also te heard with
reference to the realism with which the goals are formulated and the tests are
weighted. Measures of mathematical understending, insight, problem solving,
and Perception of the structures should be ;aded to testing programs, but the
nature and level of achievement in th®se’areas and the stress upon them in
the measuring instrumen-s must be realistically adapted to the facts that

children develop their capacities for nigher levels of ahstraction and
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generalization over many years. It is not consistent with either good psy-
chology or good experience to lay the same stress on these goals in either
teaching or testing at all levels of instruction and with all groups of

students.

Another currently popilar social outery, that for relevance, should be
associated with a longtime debate amongst mathematicians themselves. I believe
that it is‘important for le2arners to see bvo.l aspects of mathematics: 1its
internal structure, beauty and abstractness, and also its relationship to the
physical world which frequently has been the source of problems and initial
ideas, and the concrete embodiment of theorems, as well as the place to which
mathematical theories have returned to aid in applicatibns. I believe that a
stress on interrelationships both within mathematics and with the rest of our
environment, mental and physical, is actually a part of teaching children what
mathematics is about. Such teaching contributes to their appreciations and
insights. This is my btelief from the viewpoint of mathematies. From the view-
point of psychology, I believe the same goals, teaching applications and
modeling, are important aspects of motivations. How to 1efine, teach, and

measyre for such cutcomes is the 'problem.

There is much that is not new about my major points: reconsideration of
goals has been called for repeatedly ever since instruction began. The basing
of testing on well-defined otjectives has been explicit and implicit ever
since man began to test students. The importance of motivation and the recog-
nitidn of utility as one aspect or type of motivation has nothing new about it.
However, I have tried to show that there is a modern flavor and a modern
urgency sbout all of these items which say there is something new and different

about the situation today.

A somewhat similar statement may te made with reference to today's demands
upon classroom manaS€ment. We are witnessing what nppears at first glance to
be a return to the progressive education of the thirties. Some of the termi-
nology is new. We hear of "free schools" and “open schools", and everycne
today associates someé vision with the phrase "doing your thing". Here again
the philosophers and Psychclogists who eall for these types of classroom
management must not te ignored. Their educational goals are broadly desiratble,
und ummotivated, disinterested, unwilling students are at their very best only
poor learners. On the other hand, a significant part of the essence of mathe-
matics is structure, deduction, and organization. Although there is no unigue
sequence for the orga&nization of the learning and teaching of mathematics, it~

is difficult to support mathematics instruction which is totally disorganized
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and incidental. We must provide 1 basis upon which classroom teachers who

are responsitle for classroom maagement can resist undue, improper, and
unprofitable pressures for dependence upon incidental learning and insistence
upon a narrow utility as an only and essential motive. We must at the same
time encourage and help them to recognize the values of incidental learnihg
and of pointing out interrelationships tetween mathematics and its environment.
We must not lose sight of the existence of intrinsic interest and motivation,
but we should not regard it as the sole motivation to be presented. Similarly
we should continue to build protlems and exercises that provide incidental
maintenance of past learning and skills, but experience has tended to ;how
that this is not enough. Adequate recurring practice must be planned for.

In the thirties and foriies mathematics educators had to fight the postpone-
ment and disorganization that ceme from undue stress upon incidental learning
and felt need as curriculum determiners. We replaced felt need motivations

by an insistence upon the existence of implicit inte:r.;u and motivation with-
in the framework of mathematics itself. We insisted that the utility of
mathematies lay in its very abstractness and generalization, in the capacity
for making one mathematical structure fit many real world si*uations. All of

this was Tine, correct, and I personally btelieve in it. However, T also

believe in the existence, reality, and importance of tot! segquenced zrning
and incidentzl learning, of motivation from intellectual curiosity and the
internal structure and beauty and logical constructs of mathematies and also
motivation from perceptions of the Physical worid, of social-economic Problems
which may te formulated in mathematical terms and use tiie abstract structures
as a part of tie model-tuilding proecess whiceh helps to solve provlems and
predict changes. In the past ten years we have tended to swing from one
extreme to another, to focus on 2 new and changed perception of mathematies
and its goals and thereby lose 2 valid view wiféh stould have teen retained
from the past. To incorporate all of these factors into teaching and teachers
is a tremendous challenge which must te done not only to improve the instrue-
tion in mathematies in the next ten years tut even to retain for mathematies
the public view of i%s role and importance which has developed in the past

decade.

Teanchers also need help in evaluating and using tie opportunities pre-
£

e
sented ty new forms of classroom management., Do mathematics educators know

enough about the role of computer-assisted instruction, of modular scheduling
and team teaching to prepare teachers to reject or accept them, or to function

effectively in scnools using them? Is it to design relatively inde-

pendent mathematies models wirich will allow different branching and content
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adapted to individual needs and interests within the same grade, possibly even
within the same class? Can teachers be trained and motivated even to create
their own "incidents" while at the same time organizing and planning a coherent
progream? hd

The role of the teacher needs analysis as never before. As I see it,
today's varied concatenations of computers, tesfs, para-professionals, teams,
and modules call, as never vefore, for well prepared flexible teachers with
background and self confidence. The teacher still plays & major role in thé’
selection, sequencing, and assigning of prioriﬁies to the content specified
by a text or curriculum and this role tecomes even more important today.
Further, the teacher is responsible for developing the informal and intuitive
approaches which lead to desired understandings. It is largely the trained
teacher, not & machine or a para-professional, who will commuricate to students
enthusiasm, perceived relevance, and perceived goals. Training such teachers
is an increasing challenge.

In a somewhat impassioned speech given in 189L the mathematician and

logician Charles Sanders Peirce (6) stated that ti.c intellectual powers needed

by a mathematician are concentration, imagination, generalization. Then,

pausing for effect, he u.sked, "Did I hear someone say demons*vatic-? Why
demonstration is but fthe pavement on which the chariot of the mathematician

rolls!" Let us keep that chariot rolling!
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(3)

(&)
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(6)
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Haym ngizik, "The High School Background of College Freshmen after
Sputnik". The Mathematies Teacher, Vol. 63 (April, 1970) pp. 339-341,
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PROBLEMS OF CURRICULUM DEVELOPMENT FOR THE '%05 .

Gail S. Young

University cf Rochester

I will begin by reminding the reader how short a time we have been work-
ing systematically and on a large scale on the problems of the school mathe-
matics curriculum. A few dates will ﬁelé: the first National Science Founda-
Eion Summer Institute in Mathematics was in 1954%; the first grant was awarded
to SMSG in 1958; and the report of the Commission on Mathematics of the
College. Entrance Examination Board was published in 1959. I first met set
theory 32 years ago in my first graduate course with R. L. Moore, and I
contrast that with a little ten-page bock made by the six-year-old son of
one of my department secretaries, entitled Sets, on the kth page.of which
there appears a picture of a set of k elements. We have been working on
the problems of the mathematics currieulum fn a systematic way only a very
short time, and we have come a very long way. Mathematics itself has changed
enomously, in methods, in approach, and in terminology, in the 28 years
since I réceived my Ph. D., and these changes will certainly be reflected
soon in the school curriculum. At the same time, the electronic computer has
brought in an almgst inconceivable change in the speed and cost of numerical
compdtution and has created a whole set of new égncepts that are already
shoéing ub in the curriculum.‘ Combining all thece, you will see why I feel
distinetly hesitant in making predictions now avout the changes in the curricu-
lum to occur by 1980. I am uneasily aware that as I write there is quite
possibly some young assistant professor in Boston trying out cochomology theory
on a fourth grade class in a ghetto school, and finding that it i5 wonderfully
successful. I would have more.concern that such develoments would .invalidate
my predictions if, it were not for the comforting faect that there are alout a
million elementary school teachers, and there ic no way on earth of teaching

many of them cohomology theory in the next ten years.

Our work has made great improvement in the mathematics education of the
rather tanlented youngster bound for four-year colleges. One indication of
this had been the sharp increase in level of freshman mathematiecs in the four-
year institutions. This change in level is thoroughly documented in Volume I

of the report of the CEMS Survey Committee,l summarizing data gathered in

lAspects of Undergraduate Training in the Mathematical Sciences, Con-
ference Board of Mathematical S¢iences, Washington, D. C., 1967.
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1965. Additionally, the Survey questionnaire had a specific question as to
the impact of the new curriculum materials.2 About 70% of the responders
eaid that the change in level was due to the new materials, and only 26% said

no.

We have also changed the elementary school program from rote drill in
number facts to an understanding of mathematical concepts. And we have wiped
out from the Junior high school a vast amount of material which, as Professor
Begle once remarked, cquld only be Justified under the assumption that, on
completion, the students would marry, get a job, and start raising a family.

I believe that we can now say that the child in an upper middle class suburban
school system receives a very good mathematical training indeed.

But for the rest of the population, we have been much less successful.
The Survey Committee asked the same questions about the impact of the new
curricula in the two-year colleges. The returns here were half yes, and half
no. When I examine the enrollment figures for various courses in the two-year
colleges, I can only interpret this coin-tossing data as meaning that the two-

' year colleges saw nho.change in their students from the new curricula.3 A re-

survey to be made this fall (1970) will, I think, show no great change in the
enrollment pattern in two-year college mathematics. What that will mean to me
is that for somewhere between a half and a quarter of the students going into
post-secondary education, all our work on the curriculum has meant little. I
believe that this is unacceptable. Even if those of us in this room can live

with it, our society cannot.

The technological revolution resulting from the computer has made
irreversible changes in society, ‘and the rate of change is accelerating. It
is not a question of whether we can enrich our students' emotional and intellec-
tusl 1life through the contemplation of mathematical truth; it is rather, can
we teach him enocugh mathematics to keep him off welfare? I think it is that
question, in its various ramifications, that will dominate curriculum work in
the next ten years. For the next few paragraphs, I am going to abandon my
role of prophet and say what it is I think we must do. We must, first of all,

take a quite different approach to the elementary curriculum. A common

2The exact question is, "It is desired to know the impact, if any, of the
new curriculum materials (such as those of the School Mathematies Study Group,
The University of Illinois Curriculum Study in Mathematices, the Minnesota
Nationel Laboratory, ete.) on the entering college student. In your judgment,
have such materials had an impact (e.g., extent of preparation of students,
level of preparation, ete.)?"

3Approximately half the enrollmen® in mathematies courses in the junior
colleges, freshmen and sophomores alike, in the fall of 1966, was in courses

below the 12th 8rade. 16
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chafacteristic of all the new elementary curricula is that the develépment of
.mathematies has teen logical rather than psychological, adult, so to speak,
rather than childish. By this, I mean that if one had an educated adult who
inexplicably had failed to learn any arithmetiec, the way one would approach
his education would te exactly in the spirit with which we approach the six-
year-old. One could, for example, take Landau's Grundlagen‘ and proceed
through this. This is exactly the line of development of gome commercial
series, developing set theory, the whole numbers, the integer's, the rationsal
numbers, and finally the real numbers. Or one could take something of an
axiomatic approach and begin with a simplification of the dgfinition of the
real numbers as a completg ordered field. This is approximately the line of
development urged bty the Cambridge Conference5 which advocates the introduc-
tion of the number line in the first grade. If any of these approaches worked
universally, we would have no problems, and it is easy to find external rea-
sons which could explain why these approaches have not been universally
successful. One can give many explanations and there is something to be said
for each of thegse. One could talk atout the realities of teacher training in
the United States. One can talk about the conditions under which many of our
children live, or any number of other factors which are ouﬂside the control
of groups like ours. But the fact remains that, btecause of our ignorance,

we have now no real choice but to teach in a logical order. We know almost
nothing abtout the psychology of mathematical learning in the child - cr indeed
of any other kind of learning. We have experience, we have intuition, we have
introspection, butilgptle knowledge. We know more atout the mental processes

of schizophreniecs than we do atout normal healthy third-graders.

What, it seems to me, learning theory attempts is the isolation of some
part of the psyche that controls "learning", while ignoring the psycho-sexual
development of the child. Anna Freud has, I think, much more to say to us
about *he teaching of rational numbers than does - well, I won't select a
vietim.

I am beginning to encroach‘on the territory of Professor Begle's paper,
but the encroachment seems to me unavoidatle. A major part of our ~ffort
must go into finding out how the child learns mathematics, and teaching him
in the order of topies best suited his psychology, with less regard to the

Aloglcal order.

hE. Landau, Grundlagen der Analysis, Chelsea, New York, 1965.

5Goals for School Mathematics, Cambridge Conference on School Mathematics,
Houghton Mifflin, Boston, l93h. Also see their Goals for Mathematical Educa-
tion of Elementary School Teachers, ibid, 1067,
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Let me say more concretely what I mean by this psychological order. A
friend remarked that his child was fascinated by the concept of infinity at
age 10, tut at age 12 had lost interest and w;s then fascinated by finite
combinatorial ideas. Logically, one proceeds from the finite to the infinite,
and actually we shield the innocent child from concepts of infinity for quite
a long time. If my friend's observation had general vilidity, we should take

N

up finite sets in the Lth grade, whether or not we had prepared a ‘:gical base.
By grade x, &4 x< 20, the whole process of instr ztion should presumably
have covered the logical structure necessary for adult understanding, and the
student should so understand it. But it is not necessary tefore grade x to

have always been logical, certainly not.if we can teach more.

I will remark parenthetically that most research in mathematical educa-
tion has bteen the accumulation of facts, of the sort that in the physical
sciences is recorded in handbooks. That is, we learn such things as that 100
children taught fractions by method A do significantly better on standard
tests than 100 children taught by method B. This is a fact, and if the
experiment is reliable, we adopt method A over method B. But there is
nothing in this sort of r-search that gives us any powers of prediction. We

cannot say, for example, what the results of using method C would te.

Let me elaborate that a little. A fact of physics, in the hsndbooks,'isrwﬂm
tha* copper is a better conductor of electriecity than iron. That one can digt‘
cover vy,experiment, with no understanding of why it is true, and no basis for
saying what the answer is for lead. The line of scientific explanation I once
knew was concerned with atomic structure, and was rather deep. It is a level
of theory out of our reach in teaching, perhaps forever. ﬁut consider the
conductivity of heat. Here again, copper is a better conductor than iron,
and here again there is a deep explanation. But there is also 2 scientific
explanation, at a much shallower level, that makes. prediction possible. Iron
"holds more heat" than copper, and so lets less through - to sound more
impressive, iron has a higher specific heat than copper. We can tell the

heat conductivity of lead by determining ius specific heat, a simpler thing.

Besides these protlems of research and psychology, it seems to me that we
have not really thought through the aims of our curriculum. I first became
aware of this myself when I went two years ago gith Henry Pollak to Africa to
study the effectiveness of Entebte mathematics.O We found ourselves for the.

first time in societies where, for the indefinite future, a large fraction of

6 YEntebbe" refers to Drimary and.secondary school mathematies programs
developed by the African Education Program of Education Services, Inc., Newton,
Mass. These have been published by Science Research Associates.
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the children would not get beyond the fourth grade. This fact raised in our
¢
minds many novel guestions about the elementary curriculum, ques<ions which,

we soon realized, we had not thought about in connection with our own country.

To illustrate, many of the children who left school this early would be
farmers in cooperatives. There are decisions to be made by such cooperatives,
such as, "With this year's profits, do we buy another pump or tuy a tractor?"
The analogous problems in 2 major Y.S. corporation would be approached mathe-
matically. Ir Africa, in the first four grades, should some attempt ve made
at least to make the child aware that such problems can be studied analytically?
That is a guestion atout goals. We still have the difficult, if not impossitle,
task of ihplementing that goal, if adapted.

In this country, we have no such dramatic protlems. Bu: nevertheless I
cannot say what are the goals of our curriculum, I think 1t is not too much
of an exaggeration to say that the bulk of our curriculum work in the schools
has been aimed to muximize the numter of children who will te prepared for
caleulus. Is that really the goal we should have? My asking the question
does not mean that I am convinced the answer is no. But we must think through

what i1t is we should bte doing.

A major part of curriculum development in the next decade will te the
development of variant curricula for.the various minority groups in our cul-
ture, the black, the rural poor, the Mexican-Americans, to name three. For a
variety of reasons, we are failing very badly with these groups. To deal with
them successfully, however, requires more than mere curriculum changes. The
remarkable work of William Johntz and his SEED prolect in California has much
to teach us, but can be misinterpreted. To return to my African experience,
Pollak and I decided that what we saw there shot down many of the usual explana-
tions for the difficulties minority children have in our schools. In one
country we saw elementary school children living in what could te regarded as
appalling proverty, going -home to houses without electricity, without books
or magazines, with illiterate parents, but doing Entebbe mathematics with the
enthusiasm and apparent success of Chicago suburban children. Their teachers
were, by our standards, inadequately trained, usually the products of two-year
normal schools, yet clearly very s'iccessful., But in the next country, we saw
nothing like that much success. How could one account for the difference?

The two countries were alike ethnologically, culturally, and economically.
The difference, we felt, was that in the first country the schools were fimmly
in control of the Africans, and in the other country the schools were still

controlled bty expatriate teachers. In the second country, it seemed gquite
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clear that no one expected the African children to perform at anything like 8
Buropean level, and the children didn't. Now that, I believe, is the situation
in our-ghetto schools. No one telleves that the students can do well, and so

they don't. The success of Johntz's work, to me, rests not so much on what he

_has teen keaching, as on the firm btelief he and his co-workers have had -hat

hese children can do wonderful things.

Let me give another concrete example, an embarrassing and painful one to
present publicly. I was finally convinced that I had eradicated all vestiges
of prejudice in me long tefore I went to Africa. In Dodomo, Tanzania, 200
miles from the coast, I taught for an hour the most responsive, trightest class
of my life. I began with a puzzle question, which I had tried on classes of
every level in this country. The class response was tetter than most first-
year graduate classes. I was amazed ty these students. Later, I realized
that until I taught these-gtudents, I had never really believed that a class
of black students could do as well as a class of whites, though I would never
have admitted that to myself. This was a totally unconscious vestigial pre-

Judice.

There 15 evidence besides my own limited experience to confirm me, btut,

if I am correct, our major protlem in the ghetto schools is the eradication of
racism. This will te a long painful process, and, like most psychological dis-
orders, it will not vanish until we have become much more conscious of it than
most of us are, I emphasize <his point tecause, if 1t is valid, it should
affect the nature of special curricular materials for minority groups, and

also affect teacher training for these groups. There are objective differences
in culture that must be taken account of. Bul such materials will not he
successful 1f they are tased on our unconscious presupposi<ion that the chil-

dren cannot do well.

I would like now to address myself to specific protlems of the curriculum.
Let me summarize quickly the mathematics curriculum of tre '40s and early '50s.
Grades 1 thru £ studied "arithmetic”, the rote manipulation of whole num-
ters, fractions, firite decimals, percentage and proposition, with some
allegedly practical material, such as the preparing of grocery bills.‘ Grades
7 and 8 applied this arithmetic to the protlems of interest, stock broker's
commission, and other such matters of vital concern to the age group. Grades
9 thru 12 followed a currieulum which ultimately had its origin in British
school mathematics of the 1850s, and which had changed primarily by successive
dilutions as the secondary school itself changed to mass education. I have .

said earlier that the changes since then have teen amazing, tut they have been
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motivated primarily by the desire to give the stuient the same content in a
form that can be understood. fThis clarification has heen more successful in
those projects that have included professional Feseaych mathematiciang than in
those that have not. There have heen astonishing d;stortions of what I regard
as the spirit of mathematics in some of the others. I have in mind, for example,
a commercial 8th grade book in which the definition of multiplication of
raticnals 15 given in terms of operations on equivalence classes of ordered
puirs of equivalence ‘classes of ordered pairs of equivalence classes of ordered
pairs. I hope in fairness I have the right number of repetitions. Or of
another 8th grade text in which it is explained that rational numters yere
introduced to make it possiole to solve equations of the form 8ax = b, a and
b integers.,.and in which, if I may attempt to get at the meaning, a rational
number is defined as an equivalence class of such equations. How was it
possible for such distortions to occur? I suppose that fundamentally it had
its origin in the very small number of mathematicians the country had 15
years ago. There simply were not enougn well trained mathepaticians to do the
necessary tasks. Another factor, arising from the first, has been the neglect
of teacher training in the stronger mathematical centers, a problem still not
satisfactorily resolved. Stlll a third reason was the emphasis in the first
NSF summer institutes, where the college and university mathematician, faced
with a group of students of poor background, almost unanimously selected logic
and the foundations of the real numters as_gomething they cquldf%éach to their
classes. These distortions must be cbrrected, and I hope tﬁat one result of
the several new Journals in mathematical education will te thorough-going
critical discussion of such matters, bringing all these things out into open

air.

But we have more to do than the elimination of these misconceptions.
One task is the incorporation of the effects of the computer in the school.
Let me indulge in a little speculation. In 1975, it has teen estimated that
we will have 100,000 computers in operation. It does not seem unreasonable
to me, ana I have tried this figure out on various computer experts, that, on
the average, for each such computer there will te or should be atout 10
people with some direct involvement in the computer having at least some
mathematics and computer science training at the undergraduate level. This
includes people in managerial positions who must make decisions tased on an
understanding of what the comﬁhter can and cannot do, advanced programmers,
and other tecanical personnel, but does not include, for example, engineers
using the computers for purposes of computation. That is a million people
who must have a specialized technical training, out of a total working
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population of arcund 90 million. Would it be too wild to say that 5 times
that number will find themselves using the computer? I find myself unconcerne.
about the accuracy of these particuler predictions because nothing that 1s being
done at this meeting will affect the employment of hnyone’in 1975. Whatever the
outcome of this meeting, it will not be until the 180s that any significant

number of students will be affected.

One of the major tasks of the '70s will be determining the proper place
of the computer in the school program., It is already clear that much 'more will
happen than a senior course in programming for the college-bound. Such con-
cepts as flow diagrams have proved themselves valuable in the actual exposition
of mathematical ideas, and will certainly work their ﬁay down further and fur-
ther in the grades. But I telieve that more than that will occur. I wish I
were technically competent to map out the changes. But I caﬁnot even guess as
to whether, for example, sixth graders will have direct access to computers by
1980, In an earlier paper,7 I said at great length that nobody knows what the
implication of the computer is for calculus. To say it more btriefly, a very
great deal of the caleculus turns out to be in there for the purpose of avolding
hand computation by altering answers to forms findable in tables, or in setting
up and Justifying methods which, at that level, have their justification as
numerical methods. In discussing what topies should remsin, I said in the
earliel paper that I feel like an old flint-worker, aware that the Bronze Age
has arrived, discussing what techniques of flint>making should te taught to
all the young braves. All I know for sure is that we must give most serious

attention to the implications of thz computer for the school.

Let me giﬁe one small concrete example. I amn sure that many of my readers
have seen George Fo--ythe's CUPM puper, "How to Solve Quadratic Equations."9
When we come ‘o the :.°dratie formula, shouid we now sStop and talk about the
computational questicns Forsyths raises?

The advent of the computezr hac meant a great increase in the mechaniza-
tion of soclety. It is, I believe, the ultimate cause of the tremendous accele-

ration of technological change.

Tihe Computer and the Calculus", Educational Studies in Mathematlcs,
Vol. 1, 1968, pp. 105-110.

8For a discussion of computers in the colleges that has many implications
for the schools, see Computers in Higher Education, Report of the President's

Science Advisory Committee, Government Printing Office, 1967. This is the
report of the "Pierce Committee".

9A CUPM mono
3 graph, 1967. 2 8
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I mean by this that the computer makes possitie the non-experimental
solution of problems of design, revlaces much testing by computer simulation,
and controls directly processes teyond human skill. The time scale for
development has heen altered. It seemc to me that one implieation of this is
that theve must be a greater increase in the student's understanding of mathe-
matics as a tool for solving real protlems. At the least, the student being
prevared for the }805 and the '90s must te aware that there are whole classes
of problems which yield to mathemntical methods coupled with the computer. It
is beyond my powers to estimate how far this will have to spread. Should every
truck dispatcher, chief shipping clerk, service manager, shop foreman, airline
passenger manager, have some understanding of linear programming? We cannot

afford to wait until the '80s and *90s to find the answers to such questions.

Once one turns away from the classical applied mathematie: *ased on physi-
cal laws to tne newer areus of application, one finds protrari! theory te-
coming important. I myself managed to take mathema-ies for 19 years without
ever running into vprotatility, and I suspect that thic still ocecurs, but ;hat

is also something that must stop.

I nave heen deseribing up to now a grimly practical approach to the curri-
culum, an approach designed to keep the students off welfare, to teach .them
all about computers, to teach them =2pplied mathematies and protability+ I
would now like to switcech abruptly to another side of the curriculum. It may
appear that I am trying to make sure that when 1980 comes I will e able to
say that I predicted successfully the direction of the curriculum, whatever
that direction has teen. But suppose that I now were given a class of 9th
gr:ders, told that I could teach them for &4 years, and that I cculd rest
assured that every one of those students would go into seientifiec work in the
physical sciences, engineering, or mathematics. Wnat would I do with them?
First of all, I suspect, I would start teaching them group the.ry. Additionally,
thar first year I would teach them geometry from tie standpoint of transforma-
tion groups and hegin the study of morphisms. By the time they graduated,
they would have had a good deal of abstract algebra, linear algebra, and a
very thorough course ln caleculus. All through the 4 years I had them. there
would te great emphasis on the working of difficult, interesting problems,
most of them purely mathematical, and-simultaneously, great emphasis on struc-
ture. If I were properly successfui:iI don't ¥now of a college in the country
I could send them to. It is clear that when I think of students like that, T
have entirely different curricular ideas. How do T resolve this conflict in
my-own mind? At this point of writing, I don't. There iz a real difficulty

here. To take the case of physics alone, it is clear that the highest and
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most recent abstractions are finding employment there. I have scen the reports
of a summer research seminar on relativity theory which included a chapter on
cohomology theory of locally compact spaces. Lie groups and group representa=
tions are becoming commonplace. In my own university, the physies department
offers & course called the Algebrale Methods of Theoretical Physies, parallel
to the traditional Courant-Hilbert course, that includes linear algebra, vectbr
spaces, and the theory of finite and continuous groups. Special attention is
given to the symmetric group, the 3-dimensional rotation group, and the unitary
groups. This Is very different'from the traditional concept of "useful mathe-
matiecs" and was pure mathématics 30 years sgo.lo A very few chlildren in

each school will need such concepts professionally. It is not an easy>ques-
tion as to how to meet that need. In the preparation of students in the
schools for scientific research,athe European curricula seem to me to have it
all over our own, or over the Rﬁssign. This superiority is gained at a price.
Tt seems tc me that both in Russia énd the United States, countries with
amazingly similar'problems, much better attention is paid te the mathematical

needs of everyone.

My own btelief is that there is a genuine conflict here, that we cannot
use the same basic curriculum, altered for different levels of abllity.
"Pracks" are valuable, but run along the ground. This small group of students
I am now considering needs to be airborne. Is this socially feasible? I do
not know. There is, however, experimental work with such a highly mathemati~-
cal curriculum going on, for example, the work of Howard Fehr and his group,

and work of this sort must be continued.

Finally, I would like to talk about some manpower questions.‘ At the
beginning of the "new mathematics" movement, there was u great involvement of
university research mathematicians, some of whom switched permanently to work
in mathematics education. I think that nothing like this is now occurring.
For one thing, we have succeeded in alleviating the frustrations of the uni-
versity'freshman teacher by providing him with students that are often tetter
trained than he knows. Yet none of the developments tnat I have descrihed
can possibly take place unless we have the cooperation of mathematicizns at
the highest level of research training. We must regain the attention of the

research community.

08or a further discussion of this point, see parts of my note, "Comments
on a 'Commentary'", School Science and Mathumatics, 1964 pp. 545-549.
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A vastly larger manpower problem, so far as numbers are concerned, ls
that of teachers. My readers will all be aware of the recommendations of the
CUPM Teacher Training Panel for 12 hours of special mathematics for the
elementary school teacher, and will be aware of how far we are from this
modest goal. I myself am ready to say that we will have to switch to mathe-
matics specialists in the early grades in order to get faculty competent
enough to teach the curricula that the children can demonstrably handle and
demonstrably need. The CUPM recommendations have been much more successful
at the secondary level, but we are gtill far from producing secondary teachers
really well traiﬁed to begin teaching in such experimental curricula as I have

outlined.

A necessary part of the solution to these manpower problems is money.
Money is scarce. I do not want to blame Washington, or the Viet Nam war, or
other such highly visitle targets for this shortage. Society itself has not
seen the need. Curriculwn development is really not expensive. To use my
favorite figure, one that must strike some deep chord of moral revulsion in
me, the extension of the Massachusetts Turnpike into downtown Boston cost
thirty million dqllars amile. I think that the sum total of all expenditures

on curriculwn development in mathematics since Sputnik has not come near that.

This paper has presented a bewildering numbher of tasks. If that is the
impression the reader has, then I think my exposition has been successful,

because that is exactly what we have. t success in all these tasks is

 necessary - though not sufflcient - for the preservation of our society.
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RESEARCH AND EVALUATION IN MATHEMATICS EDUCATION

E. G. Begle
Stanford University

In mathematics education we have been attacking two problems: the.problem
of teaching better mathematics, and the problem of teaching mathematics better..
I submit that we have done very well on the first problem and very poorly on
the second. In the last decade or two, as Professor Young pointed out, we have
made it possible for children in our schools to learn much better mathematics
than we were exposed to when we were in school. While we may not have made
as tuch progress as we had originally hoped for, we certainly have made sub-
stantial improvement in the quality of the mathematics in our school programs;
and we have substantial and powerful evidence that students can and do learn

this better mathematies.

Furthermore, we have learned over the past decade how we can continue
to make sure that students are provided with better mathematiecs. We have
learned how to arrange the needed cooperation tetween classroom teachers and
research mathematicians, how to write new text materials, and how to evaluate

them. In short, the problem or.teaching better mathematies is under control.

The Problem of teaching mathematics tetter is not., Let me list some of
the attempts that have been made during the past dozen years. 1In the late
50%s numerous efforts were made to teach by means of movies or television.
Next came teaching machines and programmed learning with the promise that
these would make 1t possible for all students to learn, although perhaps at
different rates. Team teaching once commanded, and to some extent still does
command, considerable attention. The discovery method of teaching has been
held out as the answer to our problém of teaching mathematics and other sub-
Jjects tetter. More recently, individually preserited instruction has teen
proposed, as has been computer assisted instruction. We have teen offered
modular scheduling and flexitle scheduling. Quite recently our attention has
bteen called to mathematics laboratories.

However, the actual state of affairs s that for each of these panaceas
either there is very little empirical evidence of any kind, or else there is
a great deal of empirical evidence which demonstraies that the new way of .
teaching is no better, though often no worse, than our old-fashioned ways.

Recently I tried to find out something atout the effectiveness of
individually prescrited instruction and discovered that empirical information

is quite scarce. Also, at the request of the SMSG Advisory Board, I tried to
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obtain emplrical informmation about the ettectiveness ot mathematlcs labora-
tories, All I could find was one report of & study done in England about ten
years ago, which indlcated that a kind of mathematics laboratory in use there
at that time was slightly less effective than traditional methods as far as

student achievement in mathematics went.

On the other hana, it turns out that there is guite a bit of information
about the effectiveness of teaching by televisiont A large number of studies
have been carried out using a variety of subject matter areas and comparing
television teaching with standard face-to-face procedures. The net result is
a stand-off. For each case where television teaching shows an advantage,
there 1s another case where it is at a disadvantage, and in all cases the

differences are small.

The same thing is true for teaching machines and programmed learning. A
vast amount of experimentation has been carried out, and a vast number of com-
parisons between programmed learning and more conventlonal teaching procedures
have been made. The distribution of differences 1n such comparisons seems to

have a mean of O,

The same is true for discovery teaching. A vast number of comparisons
with more conventional teaching procedures have teen made and again the dis-

tribution of differences seems to have a mean of O.

To sw1 up, our attempts to teach mathematics better have either failed
to demonstrate any improvement or have failed as yet to provide any evidence
one way or the other. The problem of teaching mathematics tetter is not under

control.

In reviewing this list I was reminded of two books I read shortly after

tie end of World War II. One was a report on the development of the atomic

lbomb; the ¢“her included a report on the development of the proximity fuse.

This latter was a small radioc set which could measure the distance btetween 2
anti-aireraft shell and an enemy aircraft and explode the shell when the dis-
tance became small enough. This radio set had to be strong enough to with-

stand the shock when the shell was fired out of the anti-aireraft gun.

The developers built a radio set of the proper size, and then threw it
out the window onto the pavement of the nex: door parking lot. They then
retrieved the set, opened it up, and looked to see what had troken. The
broken pieces were replaced with stronger ones, and the set was then tossed
out of the second-story window, and so on until they finally had a set all

parts of which were strong enough. P s
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I have the impression that in education we have been trying to construct
an atomic bomb rather than & proximity fuse, and that we might-very well have
been better off right now if we had tried to make small step-by-step improve-
ments rather than spending all our time loocking for majé; break-throqshs-

If we are to undertake a research program with these more modest aims,
then the question arises as to where we start., Before trying to provide any
kind of answer to this question, let me turn to another matter. I provided
in advance of the Conference a copy to each of the participants of a pgper‘
which I prepared a year ago. I did this in order to call to the attention of
the participants two very basic laws about mathematics education, and probably

education in general,
The first of these states:

The validity of an idea about mathematics education and the
plausibility of that idea are uncorrelated.

The subject of teacher effectiveness provides a number of confiming
examples., Many of our most plausible ideas about teachers have turned out, on
the basis of empirical evidence, to be wrong. I can now add a footnote to the
discussion of this in the above-mentioned paper. In reviewing our data we
discovered that a number of the fourth-grade teachers involved in the SMSG
longitudinal study were in the Study the following year teaching fifth grade.
Similarly, a number of teachers at the seventh-grade level in the first year
of the Study were again teaching at the eighth-grade level in the second year.
For these teachers we computed effectiveness scores for the second year of the
Study and then calculated the correlations between first-year effectiveness
and second-year effectiveness., These correlations were not very high. Teachers
who are effective one year may be less effective the next year. What this
implies for teacher training I am not yet prepared to say.

I can supply a few more illustrations of this law. When I first became
a member of the faculty at Yale University many years ago, I remember being
very impressed with the Dean of Yale College, becausv he knew perfectly well
that it was all right to teach English literature, or political science, or
freshman chemistry, or vractically anything except mathematics, by means of
large lectures. When it came to mathematics, however, teaching had to be done
in small discussion srohps. I was very pleased that this otvious fact was so

clearly understood by the Dean.

“The Role of Research in the Improvement of Mathematics Education.
Educational Studies in Mathematics, Vol. 2 {1909) pp. 232-2Lk.
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Only recently did I come across evidence Indicating that both the Denn
and I were wrong.

It turns out that there have Leen.a large numter ot studies, at the
college level, comparing different Procedures waich ranged from 1arge loéturcs
through dliscussion classes to Independent study. When these studles are
examined together, it becomes clear that no one procedure has any advan tage
over nny other, and in particular that small discusslon clacses are nho more
offectlvé than large lectures on the one hand, or individual study on the

other. The plausitle (In fact, the obvicus) Just was not true.

" The same organization whichi carried out this compilation of ntgdics on
class oize was also the one which compared TV with face-to-face teaching, as
mentioned abtove, in which no significant advantage tor elther procedure could
te found. However it was pointed out that, unlike face-to-face teaching, TV
teaching provided no possibility for student feedback or questioning. Con-
sequently some studies were carried out in which students hnd access to a
microphone and could question the lecturer. This plausibie suggestion, how-
ever, turned out to be a mistalte. Feedback and questions from the students

resulted in significantly less student achlevement than without.
My sccond law atout mathematics education reads as follows:

Mathematics education is much more comvlicated than you expected
even though you expected it to he more complicated than you

expected,

Professor Higgin®s study of the effects oun student attitudes of 2 Junior
high school science-mathematics unit is a good illustration of thic law.
Another illustration is prévided by an analysis of the effects in grades four,
five, and six of certain conventional and certnin modern textbock series.

Over a three-year period students were administered a large number of differ-
ent mathematics tests. The patterns of achievement on these various tests
within the three modern textbook groups were very complicated, as was also
the case for the three convs ‘ional texttook grouvs. Finally, contrasts
retween the modern textbook groups and the conventional texttook groups were
equally complicated., The simplistic answers which many of us had originally

expected to obtain from‘this study did not appear.

I try to keep these two laws in mind when I am vlanning research in
mathematics education. In the first place, I do not choose the most plausi-
bie alternative vefore me and invest all of my time and resources in it. I

uave ne expectation ot developing a major breakthrough. -
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No matter what I do declde to investligate, I expect the results to te
quite complicated and theretore T am not satluflicd with simpliotic mensures.
I preter to meanure the values ot many df fferent independent and dependent

variables.

One source of problems worth empirical investigation ls suggested by the
question of objectives of mathematics education. A large numler of object!ves,
cuch specific enough to ve mensured, have been suggested at one time or
another. These seem to fall into three classes. TFirst, n topic may be
recommended for inclusion in the mathematics curriculum because it 1s intrin-
gically valuable. For example, these days it is of'ten stated that every well
educated citizen should have some understanding of what s computer can do and
what it cannot do. A statcment of this kind is, of course, a value judgment
and if there are difrerences of opinion about such a statement, there are no

rational way: of adjudicating these differences.

However, there are not too many objectives in this clacs--most are in
one or the other of the following two classes. The second class consists of
statements of the form: this topic belongs in the curriculum because, when
mastered, it permits students to solve that particular class of problems.
For example, many topics ir arithmetic are in the curriculuq~becnuse we feel
that practically every adult will of'ten have to use these topics in solving

everyday problems.

A thipd class of objectives are of the torm: this topic should be in
the curriculum because it is a prerequisite for another topic. An exampie
would te the staten nt that the concept otf a derivative is a prerequisite for

the cencept of marginal cost.

Most objectives for mathematics education belong to the second or the
third class. Now it ic important to note that an objective in either of
thece two classes can be tested empivically. If it is claimed that a particu-
lar arithmetic topic should ve in the curriculum because it provides an essen-
tial tool for solving a certain class of probvlems, then by tecting suitable
children in suitabie nunters, toth on the arithmetic topic and on the problem,
the actual relationship can Lo ascertained. Similarly, tencking "marginat
cost" to students, some of whom understand the notion of u derivative and
others not, will tell us i: the derivative is indeed a prerequisite for the

understanding of marginal cost.

During our curriculum development work over the past decade we have
built many things into the curriculum hecause we felt intuitively that they
were useful, without checking in advance to sece vkethGX'dhese ot jrctives could

te empirically substantiated. a
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let me cite two examples: one rather global and one much more narrow.
It seems to have been an article of faith for SMSG, from its very beginning,
that stressing understanding of mathematical 1deas over rote learning of mathe=
matical techniques led to ensler learning, greater retention, and greater
facility in problem solving. A decade ago there was only a modicum of evidence

in favor of this point of view, and many of us were unaware of even that.

Today there is a conslderable body of evidence, some of it resulting from
the SMSG longitudinal study, but much from other smaller studles, indicating
that our falth was well placed, with respect to thls particular aspect of the

currlculum.

But now let us look at a much smaller plece of the curriculum. We felt
that elementary school students should understand why the standard algorlthm
for long multiplicatlon works before they were drilled on the use of this
algorithm., Since the algorithm depends very much on our decimal place value
system, we felt that better understanding would be reached if they saw an
example of a different numeration system. Base k (k # 10) was the standard
suggestion, and was implemented not only in the SMSG program but in many of
the others developed during the 60's.

Here the emplirical evidence indicates that our intuition was not very
good. It now seems quite clear that the study of non-decimal numeration sys-
tems does not contribute nearly as much to the understanding of arithmetic
algorithms as we had originally hoped.

Another set of potentially fruitful research projects 1s suggested by
the fact that there are various ways of providing the first introduction to
a new mathematical concept, just as there are various fomms of many mathemati-
cal algorithms.

Most of us have very strong feelings 6n these. Most of us, I imagine,

would feel that physical manipulation of concrete objects would be a most

_effective way of introducing mathematical concepts to elementary school

children, There 1s, however, at least one study which indicates that passive

obeervation .of the teacher's manipulation of objects is equally effective.

A mucﬁ more important, but alsc much more difficult, area for research
is aimed at the development of a theory of the learning of mathematics. Our
colleagues in psychology have nothing to offer us. Mathematics educators have
put forth a few suggestions, but these have been based on very scanty evi-
dence and possess very little empirical Justification. Until we possess a
theory of mathematics learning that has some validity, it is difficult to

ascertain in which direction we should be aiming our research efforts.
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In much ot the research which has been done to date the eftects ol two
different teaching procedures are compared. Almost invarlably, these Proce-
dures differ on & number of variables. Consequently, Lf the two procedures

have ditferent effects, it is not por Ule in general to separate out thoae

_variables which were responsible., For thls reason, we are worklng at SMsa

Headquarters to prepare some teaching units which are so clearly structured
that it will be possible to manipulate one variable at a time. With these as
tools, it should be possible to get A much better understanding of the varl-

ables that are lmportant for the learning ot mathematics.

A still more important, and atill more difficult, area for research is
that of problem solving. We know even less about problem solvirng than we do
about mathematics learning; and I, myself, would not know where to start, in

any research effort in this area.

Finally, let me say a few wordﬁ about evaluation of mathematics pPrograms
and the uses to which it can bte put in the decade we have Jusé entered.
Evaluation, of course, ties in closely with research in education because
they both use the same measuring instruments, namely, tests. On this We are
much better off than we were a decade ago. We have available a much larger
afray of tests, and we know what each one is good for. Consequently, we are
now equipped to undertake m;ch more searching evaluations of mathematics pro-
grams than we were in the past; and whether we like it or not, evaluation is

becoming a very important part of our educational scene.

One example of this is the National Assessment of Education. A booklet
has been prepared describing the procedures followed in constructing the test
items for the Assesemen’ of mathematical knowledge. The mathematical community
had very little say in the constructlon of these tests. However, they happen
to ve fairly good, which is fortunate, because some important educational

decisions may be made for us as a result of this assessment.

Anothe} practice whigh involves evaluation is not yet very widespread,
but it is under consideration in many school districts. This is the prac-
tice of contracting with private industry to teach certain subjects to certain
of the students in the district. Often the payments Are tased on student
achieverment as measured by certain specitied standard tests. An instance
which has received cons.derable publicity recently is that of the Texarkana
school system which contracted with & private agency to have the agency teach
reading to certain students in the Texarkana School District. Unfortunately
1t was recently discovered that some of the teachers working for the agency
were teaching the tests to the students. This is an example of one of the

problems of evaluation.
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Texarkana o only one of many el ewen,  Ag fapr o T oean find out,
Hetle attentlon hng been pnid In thene ennep ta the qual’ty o) the evaluation
Inatruments, nnd most ol them ueem fo me to e not very funginative.  We would
e dolng n great nevvice 1t we conld eduerte ueuoo!l btoanle to the et that

more powerful and more usetu! texts hmve lesn developed recently,

Anotiirr nation hng been put torwand recently which nlso fnvalven evaluns
tion.  Thls to the notlon of accountad-l1lty, Schools, nnd even Indlvidunl
tencheva, are teing held nccountable tor the progress ot thelp ntudents. An
Interecting example lu a recent nction by the Diatriet of Columl'la fehool
Board., A recommendation wig made lagt year to that Pornd that thlas year
(1970-71) te very heavlly devoted to Inereasing the reating ability of the
stulents,  Along with this recommendntion was anatiter one o the offeat that
teachers [n the Dlstrict ot Columbla sclool system e pald on the lasio of
the gaing In reading scores made bty taecir students. Thie would, of course,

mean that there would no longer te a unitom salnry sehedule.

The teachers, ol eourse, were most unhappy with telng held aceountable
in ",l'ziu rashlon, but the Schiool Board nevertieleas acecepted thn recommendn-
tion, Whether this is Just an Isolated cuce, or whether 1t s the beginning
of a trend toward nccountability, 1% Is teo early to tell. It the latter,

bowever, then evaluation will play n still larger vole !'n the near tuture.
B

10 sunmarice very brietly, there is more than enough research on mathe-
matics educatlon that ocught to be carried out during the '0's than our re-
sources and avallable manpower will be able to handle, It scems likely.that
eviluntion will play a more prominent role during the “O's than it has in the
past., We will need to not only continue the production of more refined measur-
ing instruments, but also to educate school administrators, school boards, and
concerned parents to the existence of more useful tests and more penetrating

evaluation procedures.
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FEDERAL SUPPORY OF (CHOOL MATIFMATICH IN ‘D1 Y0rs

John My Mayn
Ortice ot Scelence and Technolopy

Executive O0rtrice ol the Drenident

T ohall atnrt with the Prestlent's Mareh 3 Measnge on Fdueation which In

signi rlently entitled Mesocuge on Rlueation Reform and whose opening sentences
are:
"Ameriean eduentlon is In urgent need ot refomm.

"A natlon Juatly proud ot the Jdediented efforts of !ta mllllonn

of teachers nnd eduentors must Join them In a senrehing re-exnmination

of our entlre approach to learning."
A lirtle later, perhape nntleiputing this conference, he goes on to ony:

".vs the decade of the 1970s enlls for thoughtful redirection to
Improve our ablllity to mnke up for environmentnl deflcliencles runong
the poor; for long-range provisions for flnnncial support of schools:
for more etf'tcient use o the Jdollars spent on educntion: for struc-

tural reformms to accommodate new djscoverles: and f{or the enhancement

of learning tefore and tevond the school.”

and then mokes, among others, the following proposal:

"..s I propoce that the Congress crente a1 Hationnl Institute cf

Edueation ns a focus for cdueatinnnl resenreh nnd experlimentntion in
the United States. When tully developed, the Ingstltute would te an
Important element in the nation's educntinnal systen, overseelng the

annual expenditure of as mueh as 1 quarter of a tillion dollars.”

Having established tha tone of the present Administration's concern for

¢ educationnl reform I should like *  iigcuss for a while pertinent prograns of

the National Sclence Foundntion, =.» Offiee or Edueation, and the Orfice of

Eeonomic Opportunity. I siall tien return to 1 more qetallel liseussion of

Tre lational Ingtitute ot' Fducation.
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National Science Foundetion

The National Science Foundation has, of course, been the major Federal
source of support of new approaches to school mathematics. Major projects
and the amount of support they have received through FY 1970 are:

School Mathematics Study Group (SMSG) ... $14.2 million
E. G. Begle, Stanford Univ., Director
Complete curriecula for greles K-12 with
alternative courses: teacher training
materials; longitudinal study of mathe-
matics achievement.
Minnesota School Mathematics and Science 5.0
Teaching Project (MINNEMAST)
James H. Wrrntz, Jr., Director
This project has produced close to 30
coordinated math-science units for
grades 1-3.

University of Illinois Committee on School L4
Mathematics (ULCSM)
Max Beberman, Director
Emphasis in recent years has been on the
underachiever and in the last year or
two has been exploring the British
integrated day approach to mathematics
and science in elementary school.

Computer-Based Mathematics Education Project 2.4
Patrick Suppes, Stanford Univ., Director
Included are drill and practice for grades
1-6 and a "tutorial” ecurriculum in logic
and algebra for bright students in grades

=Oe
’

University of Illinois Arithmetic Project 1.5
David A. Page, Education Development
Center, Director
Films and written materials for elementary
school teachers.

Madison Mathematies Project 1.0
Robert B. Davis, Webster College
and Syracuse Univ., Director
Davis has a particular interest in
influencing what goes on in the classroom.

28.5
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Other interesting projects now in progress include:

Development, under the direction of Howard Fehr at Columbia Teachers
College, of a grade 7-12 curriculum Tor the college-bound which eliminates
the traditional separation into‘arithmetic, algebra, geometry, and
analysis, urganizing instead about the concepts of set, relation, mapping,
and operation and structures - group ring, field, and vector space. This
project was supported in its earlier stages by the Office of Education.

Development, under the direction of Earle Lomon at Education Development
Center, of "problem" pamphlets which involve the student in learning
both mathematics and science in a somewhat self-directed fashion.
Accompanying will be a comprehensive teachers manual - a compendium of
informetion, source materials, techniques, and duta designed to help the
teacher handle this more difficult open-ended type of activity. This
project grew out of the Cambridgr Conference on the Correlation of
Science and Mathermatices in the Schools held in August 1967.

Development of instructional models, under the direction of Glenadine
Gibb at the Southwest Educational Development Latoratory in Austin,
designed to improve teaching of mathematies to minority groups including

Mexican and Afro-Americans.

The themes discernible here are, in addition to continuing concern with mathe-

maties for the college-boundf

mathematies for the disadvantaged or minority student
integration of mathematics and science, often in an open-ended style
encouraging student pursuit of special interests

use of computers in education.

Support of course content improvement in mathematies in FY 69 and 7O has
been in the neighborhood of $1.5 million a year and is expected to be ahout

. the same in the present FY 71l. Levels for future years are unpredictable but

NSF remains ov.en to proposals for imaeginative projects in school mathematics.
Areas of particular emphasis at this time are integration of matnematics and

science and research into the learning process as it relates to mathematies.

NSF support for teacher training in mathematics amounted to roughly $15
million in FY 1970- in the following categories:

Summer Institutes $8.3 million
Academic Year Institutes 3.7
In-Service Institutes 1.9

Cooperative College-School Prog. 1.3
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A separvate program aimed at developing model preservice training programs at
individual institutions was started last ;.ar and has $2 million available
this year., Mathematies is involved in about half of the projects.

Office of Education

The U.S. Office o: Education (USOE) supports efforts directed at improve-
ment of school mathematics through several programs. Those supported under
the program of Regional Educational Laboratories and Research and Development

Centers are perhaps particularly germane to the subject of this conference.

Probably the best known of these is the Individually Prescribed Instruc-
tion project developed at the Learning Research and Develorment Center at the
University of Pittsburgh and taken up for field testing by Research for Better
Schools, the Regzional Laboratory in Philadelphia. The project has produced a
complete mathematices curriculum for grades K-6 designed to allow students to
proceed at their own pace. Detailed spéciﬁcations for what is to be learned
were prepared in the form of so-called behavior objectives and instructional
materials including texts, filmstrips, records, audiotapes and n.anipulz{tive
devices were prepared to achieve these objectives, Through placement tests
and pre- and post-tests associated with each unit teachers prescribe next
steps in the instruction. Through FY 70 the Pittsburgh Center has spent
$l.h million in the development of this mathematies program and the Philacdel-
vhia Laboratory has spent $2.35 million in the field testing and disseminating

o! the program.

Whereas the creators of IPI have not been concerned with innovation in
curriculum content, the Central Midwest Regional Eduentional Labvoratory in’
St. Louis is engaged in development of an individualized K-12 curriculum in
the spirit of the Cambridge Conference. While the management scheme resembles
that of IPI, the approach is not on the behavioral objectives model. A
number of university mathematicians are associnted with tiwe pf‘éjeét.. As with
IPI, the materials have been found to work well with classSes of inner ecity
children. Support has totaled $2.5 million through TFY 1970. )

The Southwest Educational Development Latoratory in Austin has been
working on improving mathematies instruction for black, Mexican-American, and
migrant students. At this time they are working on a modification of IPI
style which will make use of contemporary content and give greater emphasis
to development of concepts through activities similar tou those heing developed
at the Central Midwest Laboratory (CEMREL). They are also exploring the use-
fulness of 2 bilingual approach to mathematies for Spanish speaking students.

Funds expended tc date (including N3F contrilitions) total 4700, 000,
58
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The Wisconsin\3 and D Center for Cognitive Learning has completed develop-
ment, at a cost of roughly” $800,000, of Patterns in Arithmetic, a course in

mathematics for grades 1-& involving 336 15 minute videotapes and associated
student worktooks and teacher's manuals. It is now working on a K-6 sequence
providing for small group work in arithmetic, geometry, algebra, and prob-
ability and statisties, with provision for students who learn well from the
printed work after beginning with concrete manipulative materials and those
who Profit by continuing in thé concrete style. Expenditures to date for this

and some exploratory work in computer management of instruction are $530,000.

In addition to these and some other smaller proiects relating to mathe-
matics in the Regional Latoc:atories and R and D Centers, roughly $200,000 a
year has teen devoted to individual projects in mathematiecs. As will be seen
later, present plans are that the research activities of the Office of Educa-

tion will ve transferred to the National Institute of Education.

The OE Bureau of Education Professions Development deals with mathematies
education as part of its foecus on areas such as education of the disadvantaged.

Roughly $800,000 was devoted to mathematics in FY 70.

Early Childhood Education

Though this conference is explicitly concerned with school mathematics,
it may wish to give some consideration to early childhood education. Experi-

mental programs in this area, which often spill over into the school years,

netude in the Office of Education the National Latoratory on Early Childhood
Education, with six university centers and Head Start Follow Through which is
systematically studylng a numter of apprcaches to early education fo. dis-
aﬂvuntaged children. Elsewhere in HEW the new Office of Child Development,
headed ty Dr. Edward Zigler on leave from Yazle wiere he is professor of psy-
chology, manages the Head Start program which includes an experimental com-

ponent and has a modest research program which is expected to grow.

Office of Economic QOpportunity

The Office of Economie Opportunity, in a search for hetter means of
helping break the cycle of poverty through education, have emtarked on two
experimental programs - one in so-cailed performance contracting; the other

in use of education vouchers.

The performance contracting experiment will focus on educational results
rather than the means for achieving them. The experiment will attempt to

determine whetner it is possivle, in the words of OEO, to:

el
P

44

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

hold accountable those providing the instruction--individual
teachers, a teachers' union, or private fimms--for the success
of thelr students in such basic areas as reading and mathematics.

guarantee poor children the same results from classroom effort
that now is achieved by students from nonpoor homes; 1.e., equality
of results.

Contracts have been let to 18 school districts, which in turn have
subcontracted with six private firms to provide instruction in their schools.
In these cases, the private fimms are not being reimbursed, even for costs,
1f the students they instruct do not improve by at least one grade level in
reading and mathematics. The firms will not begin to<make a profit until
their students improve by 1.6 grade levels--three to four times the improve-
ment now achieved in the average classroom of poor children. Students were
carefully selected to avoid "creaming;" the vast majority are at least two
grade levels below nomm.

The second experiment 1s in an earlier stage of development as is indi-

cated by the title of an CEQ pamphlet dated this month: A Proposed Experi-
ment in Education Vouchers. Following are quotations from that pamphelt:

"For many years it has been argued that the quality and relevance of
education would be improved if parents and students were given greater choice
in the selection of the type of education they received. It is argued that
the necessity of providing common education in neighborhood schools, combined
with the monolithic decisionmaking structure inherent in any large school
system, often results in education that cannot te responsive to the needs of
many citizens of diverse background§ and interests. One means of developing
a more responsive educational system is a vouchers plan, which gives the

consumer (the parent) control over the education marketplace.

"Several types of vouchers systems are being considered; for example,
vouchers could be provided to particular segments of the community, such as
the poor, or vouchers could be provided for limited services, such as com-
pensatory or special education. The most fully developed concept, would
provide vouchers to the entire community for all education services. Wﬁile
the Office of Economic Oppertunity is not an advocate for adoption of any
type of vouchers system, it does believe the concept merits consideration.

“éuch a program envisions providing funds equivalent to the current
expenditures in the public school system to each child to be expended in a
school of his choice. Such a plan, of course, requires many safeguards and
regulations. It is quite protable that an unregulated system would worsen

L0
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the quality of education available to the vast majority of our citizens. Much
of the analysis and planning to date has been devoted to considering regula-
tions that shall be applied. : '

"Proponents of the vouchers system believe that these benefits can be

expected from its implementation:

(1) Individuals would have a greater freedom within the public education
éystem because they would not be required to accept standardized programs
offered in assigned public gchools. Middle income and poor parents will have
the same freedom to choose schools that wealthy parents can exercise by moving
to an area where the public schools appeal to them or by enrolling their
children in private schools. T

(2) Parents would be able to assume a more significant role in shaping
their child's education, thus renewing the family's role in education and
resulting in the concomitant desirable impact upon attitudes of both the

parent and child.

(3) A range of choices in schools would become available. Sméll new
schools of all types will come into operation--Montessorri, Summerhill, open

classroom, and traditional style schools.

(4) School administrators and teachers could arrange their curriculum
to appeal to a particular group or to reflect a particular school of thought
on educational methods. Schools could emphasize music, arts, science, dis-
cipline, or basic skills. Parents not pleased with the emphasis of one
school could choose another. Thus, public school administrators and teachers
would be freed from the necessity of trying to please everyone in their
attendance area, a practice that often results in a policy that really pleases

}
no one.

(5) Resources could be more accurately channeled directly to the tar-

get group, the poor, since funds will follow the child holding the voucher."

National Institute of Education

Returning now to the National Institute of FEducation, I will first gquote
again from the President's message on Education Reform:

"As the first step toward reform, we need a cohérent approach to re-
search and experimentation. Local schools need an objecti;gmghtional body
to evaluate new departures in teaching that are teing conducted here and
abroad and a means of disseminating informat{on about projects that show

promise.

L1
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"The National Institute of Education would be located in the Department
of Health, Education, and Welfare under the Assistant Secretary for Education,
with a permanent staff of outstanding scholars from such disciplineslas psy-

chology, biology and the social sciences, as well as education.

"Wnile it would conduct basic and applied educational research itself,
the National Institute of Education would conduct a major portion of its
research by contract with universities, non-profit institutions and other
organizations. Ultimately, related research activities oif-the Office of Edu-

cation would be transferred to the Institute.

"It would have a National Advisory Council of distinguished scientists,
educators and laymen to ensure that educational research in the institute

achieves a high level of sophistication, rigor and efficiency.

"It would develop criteria and measures for enabling localities to
assess educational achievement and for evaluating particular educational
programs, and would provide technical assistance to State and local agencies
seeking to evaluate their own programs.

"It would also link the educational research and experimentation of other
Federal 'agencies - the Office of Economic Opportunity, the Department of Labor,
the Department of Defense, the National Science Foundation and others - to

the attainment of particular national educational goals."
" He then goes on to mention & “"few of the areas the National Institute
of Education might explore".

"Compensatory Education. The most glaring shortcoming in American

education today continues to be the lag in essential learning

skills in large numters of children of poor families...

The first order of business of the National Institute of Education
would be to determine what is needed ~ inside and outside of school -

to make our compensatory education effort successful."

.

Reading - development of new curricula, wider and btetter applica~-

tion of what we know and additional research,

. Television and other technologv - to stimulate the'desire to learn

and to help in teaching.

Experimental schools trying out new ways of organizing education.

New measures of educational achievement - to achieve "fundamental”

reform it will be necessary to develop bhroader and more sensitive

measurements of learning than we now have.

L2
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The National Institute of Education would take the lead in
developing these new measurements of educational output. In
doing so it should pay as much heed to what are called the
"immeasurables” of schooling (largely because no one has yet
learned to measure them) such as responsitility, wit and humanity

as it does to verbal and mathematical achievement."

It is expected that Congressional hearings on the bills* providing for
establishment of the Institute will begin when Congress reconvenes. During
the last few months there has been in progress a planning effort, under the
direction of Dr. Roger Levien of the RAND Corp, exploring in more detail
questions relating to the objectives, program, and organization of the NIE.
A number of working meetings have been held involving persons from education,
the natural and social sciences including mathematics, and the arts and humani-

ties.

In these meetings there has been rather general agreement on several

ideas:

l. The basic objective should be improving the education of Americans
through R and D ~ with all the implications this has for delivery

as well as discovery.

2. The need for concentrating considerable resources at any time on a
relatively small number of important and promising problems or
opportunities. Some have emphasi;ed protlems close to the firing
1ine such as improving education of the disadvantaged, increasing
the effectiveness of use of educational resources, and improving the
quality of education in specific ways. Others have emphasized more
basic problems such as language acquisition, social interactions and
learning, and the biology of learning. Most have agreed that both

sorts of work should be supported._

3. The need for a broad range of activities from individual basic
research projects through major field-sited model development and
special concern for making it easy to adopt developmental products.

L, The inadequacy of present models for educational R and D and of
present means of bringing together the wide range of talents ~ school
people, social and natural scientists including educational research-
ers, engineers, artists, humanists, and persons from other professions -
that can contribute to the planning and execution of educational R

and D.

"s. 3531 H. R. 16262
L3
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-
5. The importance of special attention to educational measurement, as

called for in the President's message.

6. The advisability of concentrating first on the extramural program,
with a slower buildup of the intramural program. Initial efforts

for the intramural program might be concentrated on:

(a) clarifying and defining the problems and opportunities in
educational R and D in continuing collaboration with first
rate people throughout the country.

(b) evaluation and measurement including both development of new

measures and actual evaluation of results of large scale Federal

education programs.

A possible organization of the extramural program management staff would
be on a matrix model, One assistant director would have responsibility and
funds for attacks on problems such as education of the disadvantaged while
another would ve responsible for support of more discipline-oriented or basic
projects. Individusl NIE extramural staff memters would work in both areas,
thus fostering interconnections between more tesic work and attacks on pressing
educational problems. A third assistant director might head an analysis and
planning unit, with a consideratle rotating complement of first rate people,
which would héip in the definition of problems and planning of attacks on them

involving the whole range of disciplines.

The Experimental Schools Program, which will be an important element in
the NIE has already been authorized by Congress. A Federal program of experi-
mental schools has been proposed ty several Presidential advisory groups in
the inst decade and is only coming into being now at a time when a remarkable
number of school districts are responding to dissatisfaction with conventional
schooling and trying out new foms of education, almost always with inadequate
funds for developmént and evaluation. The basic purpose of the progxgm'is to
go well bteyond experimentation with this or that aspect of conventional
schools into experimentation with fundamentally new ways of organizing educa-
tion aiang lines that informed intuition and earlier small scale trial suggest
are likély to te fruitful. The resources in each case would bte large enough
so thdt the idea can te properly te;ted and shown conclusively to work or not
under carefully specified conditions, and if successful to be put in shape for
wider adoption. The hope is thereby to get off the treadmill that has affected
fundamental experimentation with educational orgaenization in the past.
Numerous experiments in school organization have been tried in American

communities, out little cumulative advance has been achieved because no one

i
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knows for sure what happened. The experimental schools would not be like some

laboratory schools where, typically, classes of children from the university

community are available for small scale experiments. Rather, the student body

would have a composition 1ike that of an ordinary school, appropriate to the
community in which it was imbedded, and indeed would normally be a part of the
local school system. The experiment would be & whole-school (or whole-sechool-
system) experiment, though there might be some exploration of alternative ver-
sions of the basic scheme from class to class. The possibility that the scheme
being tested might require considerable quification or that it might prove
unworkable would be understood from the start. Though the Hawthorne effect
should insure that students would not suffer relative to students in ordinary
schools, adeguate precautions would be taken in any case. Schools that pro-
duced obvious and significant improvement over ordinary schools would be
studied further to determine, as far as possitle, the conditions that were
critical to the improvement, so that we would both have fiim data on what can
be accomplished by specified means and also be able to make the model available,
stripped to essentials, to other school systems with assurance that it will
work. It is envisionéd that the work carried out by & mixed group includihg
school people, educational researchers, social and behavioral scientists, and
persons from science, the arts, and the humanities with advice from parents,
business and industry - not to mentign the students themselves. I have
already mentioned three experiments along these lines being suppvorted under
other Federal programs - performance contracting and the voucheér system under
‘the Office of Economic Opportunity.and Individually Prescribed Instruction at
the Pfttsﬁurgh Learning R and D Center and the regional Laboratory in )
Philadelphia supported by the Office of Education. Candidates for development

and study in the new program might include:

The British infant school model characterized by & rich variety of
equipment, specimens, books and other objects in the classfoom and
considerable freedom for-the siudent to determine not only his
schedule but to some extent the nature of his studies. As I hardly
need tell you this model is attracting great interest in this

country.

A school of the sort proposed by Ralph Tyler* making much greater

use of "work and other areas of life as a lzboratory in which youths

‘R. W. Tyler in Agenda for the Nation, Kermit Gordon, editor, The
Brockings Institution, Washington, 1968, pp. 207-236.
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find real problems and difficulties that require learning and in

which they can use and sharpen what they are learning"”.

A school where parents or studenté or members of the commuﬁity or all
of them actively participate in planning the school and in all its
activities.

A school putting prime emphasis on linguistic development in the
early grades.

A school combining features of the British infant school and the
highly structured individually prescribed instruction.

At this point I should like to make some comments and raise some questions

about school mathematics as it relates to the Federal programs I have described.

I am pleased that almost every point I wish to make has already been touched on

by the previous speakers, first because I feél the appropriate role for Federal

officials in educational R and D is principally to see that the important

questions are being addressed rather than to give answers to those questions

and second because I believe the existence of rather general agreement on what

needs to be done means that things are likely to move. I shall give my comments

in the form of questions.

1.

Are existing mathematics curricula well designed to meet the range
of likely mathematical needs of adults with various occupations and
interests and do they take account of what is known about the residue,

in adulzs, of earlier study of mathematies?

It has been my experience that mathematics curriculum develorment
projects involving'mathematics come rather rapldly to agreement on
the general goals of school mathematics and that the basic theme,
implicitly or explicitly, is likely to be, as Gail Young has pointed
out, preparation for caleulus. What I am suggesting is that it would
be useful if mathematiclians and mathematics educators gave more care-
ful attention to an analysis of the mathematical needs of various
classes of persons in the light of information on what is retained

by adults. I am not suggesting some simplistic basing of curricula
designed to prepare for the future on minimal needs as measured now
but rather the desirability of having as tackground knowledge for
such development a much better idea of what these needs are and the:
extent to which mathematics once studied is actually retained and used
where i£ would be useful., I would like to see mathematicians apply-

ing to their consideration of the proper goals of school mathematics
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standards of rigor and evidence closer to those they would aPply in
their regular professional work. As we move toward greater oppor~
tunity for diversity and more control by the individual student and

his parents over his educational program, there is going to be greater
need and demand for more precise answers than we are able to give now
to questions of what is essential for various objectives the individual
may have, and what is necessary in order to preserve various options,
and what can be left to personal taste., It would be nice to be able

to give better answers to these questions than general statements

abtout the obvious need for mathematics in our technological society

and the beauty of the great edifice of the calculus.

2. To what extent can the effectiveness of mathematies curricula be

improveu by greater attention to individual differences in students?

I would have to say that I believe SMSG has given little attention

to this problem beyond the provision of some alternative texts for
"s1ow learners". 1In contrast, the Individually Prescribed Instruc-
tion project and others aiming'at mastery by all students of a set
of "tehavioral objectives" have generally derived their objectives
from very conventional mathematics curricula. Surely there is a need
for more of the synthesis of these concerns as, for example, in the

project, descrited earlier, at the Regional Laboratory in St. Louis,

3. Are paper, pencil, and blackboard methods of teaching mathematics
ultimately as effective in leading students to use mathematics as
are other methods such as those involving projects requiring the use

of mathematics?

Presumably & major objective of school mathematies is to lead stu-
dents to use mathematies in their everyday lives and their work.

Yet everyone has observed that students often fail to make the
connection between the mathematics they have learned in the classroom
and situations where that mathematics would be useful to them. Almost
all mathematics achievement tests measure the ability of the student
to perform some mathematics under circumstences where it is made
elear to him that mathematies is what is called for., The achievement
thus measured is, of course, a valuable DPreparation for fﬁture
mathematices courses and ultimately for careers explicitly. requiring
mathematics. For many students, Derheps for most, however, one has
an uneasy feeling that 9 - 12 years may have been spent in teaching

mathematics muen of which will never te used even in situations where
by
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it would be very useful. This suggests the need for both new ways

of teaching mathematics so that it will become a part of the student's
way of thinking and also ways of measuring whether this aim has been
accomplished. Many people, I among them, believe that instruction

. that includes projects in which mathematics must be used is more -

likely to produce users of mathematies than is paper and pencil
instruction alone. More experimentation along this line seems very
worthwhile. Rather than demanding that this produce greater achieve-
ment on standard tests, I would be willing to settle for equal or
even somewnat poorer performance there, if it could be demonstrated

that the aim of producing better users had been achieved.

To what extent can mathematical ideas and activities be used to -

engage the interest of inner city children?

I have in mind here not only finding ways of teaching mathematiecs to
disadvantaged children but also of using mathematical acitivites,
perhaps for example, in the form of games, as a way of interesting
such children in school and in learning. There are many reports by
individual teachers of success in engaging students deeply in mathe-
matical activities, and several projects are providing a variety of
manipulative materials, but it might be worth concentrating some
resources on systematic search for mathematically significant activi-
ties that are particularly éttractive to children who are not normally

enthusiastic students.

Can instructional material in mathematies te designed to contribute
significantly to improving skill in reading?

This question is prompted by the tendency of many projects aimed at
improving readiug to treat reading as a mechanical skill unrelated -
to the content of what is to be read or to the uses to which what

is being read might be put. This approach passes up a source of
motivation for reading and opportunities for sharpening skill in
reading. An obvious remedy is to integrate instruction in reading
with instruction in other areas. In mathematics this might take such
forms as making redding a part of some pleasurable mathematical game
or systematic development of precision in reading and verbal expres-
sion through relating written descriptions to numerical and geometri-

cal situations and concepts.
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I would like now to summarize very briefly what I see as the main outlines
of Federal programs as they relate to school mathematies.

First, the likely creation of a National Institute of Education with
a broad charter for research, develommen®, and dissemination of
results in education, drawing very broadly from the various intellec-
tual communities and séeking to create new syntheses of their contri-
butions. The Institute would be concerned both with education out-
Sid? regular schools and with exploration of fundamentally new ways
of organizing schools and other educational institutions. Though it
would ultimately take over much of the present responsibility of the
present OE National Center for Educational R and D it would not

be developed as an expanded version of that organization.

Second, continuing support of educational innovation in the sciences
and mathematics ty the National Science Foundation, with increased

interest in associated research on learning.

Third, support by the Office of Economic Opportunity of experimenta-
tion with new ways of arranging the relationship between producers
and consumers of educational services, with mathematics education an

important element.

Finally, increasing interest in and support of early chi ldnood
education ty the Office of Child Develomment and the National
Institute of Education.

There is clearly an important role to be played by mathematicians and
mathematics educators in all these programs. I hope they will increase their
involvement and will cohe into these enterprises with an open mind and will-
ingness to explore new ways of combining their talents with those of persuns
from other disciplines for the good not only of mathematies education but of

American education generally.

o
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GOALS AND OBJECTIVES

Karl Kulman

I have attached some enclosures from the discussions at the Conference,

enclosures A through E, and I have underlined significant passages.

Selected, from these and from the discussions of the Ad Hoc Commi ttee are
the following:

1. Goals and otjectives ought to be more than behavioral objectives*

' Goals such as problem

which are concerned with "measurable objectives.
solving, appreciation of mathematies, and recogni tion of the significarce of
mathematics in society are important. Some objectives may not, at first, seem

measurable but may turn out to bpe measurable in time.

2. Some textbooks for grades K %o 8 are written in terms of tehavioral
otjectives. . -

3, Statement of goals and objectives ought to te broad--genernl enough
to be concerned with all pupils ef our school soclety regardless of abilities,
tackgroind, race, inner-city or hoc; etc., but specific enough to be useful.

‘ G

ot . [
Also, it should be couciied in language understood by laymen.

L, The scope of the objectives ought to be the 3 year old hursery
<hrough grade 1&  and recognize the needs of college-tound, employment-bound,

technical-oriented, the average "guy", the dropout.

5, Someone suggested a "minimum" core. E.G. Begle reported that some

such 1list will te written for the new Jjunior high school program.

5. Tt would be useful to include sample test items in a list of

behavioral objectives.

7. It is useless to set up goals without the support and assistance of
competent teachers at all levels, and representation from administration,
principals, znd communities--perhaps the stu&ents also, if only for politieal
reasons. A contest might be designed in which students compete ty submitting

papers on "why mathematics?" for a spot on the panel.

During discussions at the conference, it tecame clear thet few of the
mathematicians present were familiar with the phrase tehavioral otjectives."
For an explanation of the way in which thic phrase is currently used in dis-
cussions of educational goals, see the article "Objectives and Instruction” by
W. James Popham in Instructional OtjiectivVes, AERA manograph tgerfes on Curricu-
jum Evaluation, 1969, Rand McNally and Co.
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8. Some work hes been done in this area and this should be looked at,

*
771 has written behaviorasl objectives and RBES is putting this on tape.

' 9. Procedures and committees might be set up to consider priorities and,

perhaps, & rationale for the inclusion of each objective.

10, It is not entirely clear, nor did the discussion indicate, who should
do tihis work. It appears, though, that 2 committee should be established under
the aegis of a coordinating agency or commission to consider this activity and

make steps to provide proper mechanisms.

(A)

The discussion centered on the explanation and implications of tehavioral
objectives. It was clear that many of the participants were not femiliar with
the term "behavioral objectives." Some participants found the temm offe sive.
One participant felt that the areas discussed by the research and evaluation
group were not areas that money should be spent in. Another participant
attempted to define behavioral objectives as behaviors we can measure., He
stated that behavioral objectives were an attempt to pln down the outcomes of
instruction., Consequently, any desired goal of mathematics instruction that
can be broken down in terms of specific behaviors, may te used as a behavioral
otjective. For example, if one can specify the behaviors involved in appre-

ciating the beauties of mathematlics, he can use this as e behavioral objective.

objectives an offensive one. The term is often thought of as jargon that

schools of education have invented. However, you find that they are talking
about the behavior in the sense of the actual performance which you are
requiring of the people in the classroom. You reflect upon your own perfor-

beyond what you can actually measure. When an instructor gives a test he is
doing nothing more than specifying behavioral objectives for his course.
Unfortunately, most instructors probably never thought about this in the

first place. In fact, they probably taught before deciding on the objectives.
They should ask the guestion, "What do I want the students to learn?” before

teaching.

*IPI: Individually Prescribed Instruction. This refers to any program,
of which there are now several, in which each student proceeds at his own pace.
One of the better known of these is being evaluated and implemented by Research
for Better Schools (RBS), Philadelphia, of the Regional Education Laboratories
funded by the U.S5. Office of Education.
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Many texts are written in such a way that the author merely stops writing
when he tires of the subject. Authors should decide what information they wish
to communicate before writing. So in reality, behavioral objectives are an
outline of what you wish to convey to the student. They may include goals
which we do not know how to measure. However, they include many objectives
that can be measured and one assumes these measures are correlated with things
we cannot measure. For example, we have no guarantee that a student who makes
100 percent on a test understands the subject, but we have faith that the

test reflects the student's understanding.

It is rather surprising that the mathematical community has had no
communication with the wide grour of people who have been discussing behavioral

objectives for years. Some publishers have written texts for grades K-8 in

terms of behavioral objectives. The books are written so that adoption

committees can look only at the behavioral objectives and decide whether the
scope of the content of the text is acceptazle. Actually, further study would
be needed to see if the text books can support the claims for the objectives.
Under these conditions it is very arrogant of us, and, in fact, a great mis-
take for us not to look at behavioral objectives. Since students will be
taught in terms of behavioral objectives, we snould te involved in setting
these objectives. AOtherwise, non-mathematicians will be setting the goals for
mathematics courses. The mathematical community should decide whether or not
behavioral objectives are appropriate and, if they are, should be involved in
setting these objectives. The mathematical community shouid.try to extend

behavioral objectives teyond computational skills.

One can think of many misuses of behavioral otjectives. However, the
State of Celifornia has passed legislation that requires formulation of
behavioral objectives. Schools will be judged according to the level to which
their students display achievements at the end of instruction. We are con-
cerned mbout the political side of this development. Also behavioral objec-

tives present a massive assessment Problem. However, if the mathematical

community ignores 'these issues, they will not be involved in the crucial

decisions that will determine mathematics courses in the future.

(B)
Let me begin with WHAT since this occupied a significant portion of our

time and is probably the priority question. What is it that we disseminate?
The single suggestion that generated the most heat in our discussions was tiat
a sort of "Bureau of Standards" be established for mathematics curricula. It
would be the function of such a body (which would be a collection of experts

of some kind) to place a sort of "Good Housekeeping 3eal of Approval" on
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selected curricula., Those that receive the seal would merit dissemlnation

and implementation. This suggestion led almost immediately to a number of
alternative proposals!

First 1t was suggested that professional organizations of some kind

establish a carefully prepared set of minimal oblectives which could gerve as

2 ktench mark for the evaluation of curricula. Scome people felt that a minimal

set of objectives was not sufficient. They suggested each developer should, in
addition to demonstrating that he meets the minimal objectives, specify very

clearly those objectives that his program attempts to meet teyond the minimum,
50 that the consumer (the tuyer of a curriculum) can make cholces among
curricula on what is included over and above tne minimal objectives. It was
suggested that these statements of obJectives should include more than content
objeétives; they should also include methodological objectives and objectives
in other areas. Another suggestion along the same line was that the profes-
sional organiznations again estatlish a systematic review service that wonld
focus on qualitative Judgments as well as on information. There have been
ittempts, I understand, in the past by NCTM in the Mgthematics Teacher and by

other groups to provide such review services. It was felt that we need to

enlarge upon these attempts. We need people who will stick their necks out

and make evaluative judgmentS about respective curricula and texttooks. The

NCTM analysis of new Programs at one time did this in a more or less infomma-

tive way wilithout passing very much of a value Judgment. They sald "These

programs have some strong points.” Something a little more than this is needed.

As an alternative to the "Good Housekeeping Seal of Approval
& )
service whieh would report to the

" the suggestion

is more in the nature of a consumer research

consumer on what a program will do.

There was concern that if the mathematies education community does not

formulate objectives, there is a real danger that the consumer will use those

of tke Havional Assessment as guidelines for selecting curricula. Several

members of the group felt that these guidelines would not ke sufficient. It

was also suggested that, at the very least, the target audience needs to te

made aware of.the range of materials that are availavle and even an objective
unevaluative listing of curricula resources would te of value. e do have &

direction in the ERIC center “or mathematics education which

beglnnlng in

is just gedting off tie ground: it Is precisely uhiis kind of cervice that ERIC

intends to fulfill =t some time.

ion Tenter. ihis is an information

*FRIC : Educational Regearch Intormn
system sponsoved by the .5, C¢ffice of
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() Publish Objectives.
Jeb for SMSG. Put together a collection of "behavioral objectives' for

math {elementary and secondary--? and J/C?) and, parallel to these, a set oft

thematic or mathematical objectives. The latter are harder to determine, but

ought to be rational justification for the inclusion of certain mati.cmatical

topies, stated in forms which could be understood by an educated school admin-
istrator or curriculum supervisor. They should not be based solely upon
utilitarianism. Several exnmples:

e.g., model and modelling

examples: graphing =s device for displaying relationshlps, flow diagram
for displaying relationships, symtex analysis, etec.,
e.g., equivalence classes, relation
instances: stereotypes, nouns, simplification of a complex situation or
. structure,
'e.g., concepts of proof .
(hard to do) disproof vs. not proved, proof by authority, etc.,
e.g., probabilistic thinking
or dealing with uncertainty {not techniques tut rather the concepts

themselves).

(p)

and who wou'i make some decision 8s to priorities. But certainly the group in
their discussion, considered broader objectives than the skills and concepts
that e usually think sbout. I think that it wes very evident that the group
was highly concerned about attitude. The idea that learning mathematics should

ke a joyful experience, and as a result of this we could break down some of the

hostilities. And I think that there was a common desire for greater interest
to be shown in applications of mathematies and the relation of mathematies to

other disciplines, perheps, even the idea of interdiseiplinary approaches.

()

There was some discussion about the reiation of setting goals and
developing tehaviora. ~r.lectives or simply trying to state objectives
behaviorally. It was pointed out that behaviorist have protatly overstated
and over-simplified the matter but that we shouldn't over-react to them but
try to improve our ability to state objectives as clearly as possible.

Developing process objectives is a difficult matter and too often they are

of a teaching program, a curriculum or a test.
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The gquestion was raised who should do this job. There are probably &
number of objectives tacitly assumed within groups in the mathematics
community, but no organization of this community exists to focus on these
objectives.
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TEACHER EDUCATION

Joseph Payne

It was clear from all the discussion on teacher education that we should
give serious study to the preparation of teachers for all levels in the decade
of the 70's. NSF Institutes were of great help in the 60's. Groups such &s
CUPM and AAAS, both active in the 60's, continue to be active in the 70's.
CUPM has revised recommendations aimed primarily at content preparation of
mathematics teachers. The AAAS Commission on Science Education has at this
time a Preliminary Report on "Guidelines for thevPreparation of Secondary
School Teachers of Science and Mathematics.” In the science area, AAAS has
developed guidelines, standards, and recommendations for research and develop-
ment for "Preservice Science Education of Elementary School Teachers.'

Serious study on teacher education will continue to be given by universi-
ties, schools, and professional organizations. As a result of the San Francisco
Conference some of the problems these groups face were identified and sugges-

tions were given for direction of teacher education.

The education of mathematics teachers should be viewed as a life-long
career development. W{th such a view, it should be possible to analyze the
needs of the teacher at various stages and to meke available the kind of
education needed.

At the undergraduate level, primary focus probably should be given to the
tasks faced by a teacher during the first one or two years of teaching. Mathe-
matical content, as now recommended by a variety of organizations, would be a
strong component. The study of curriculum materials and methods of teaching
would go as far ag a beginner could take, deliberately excluding those parts
that require considerable experience in teaching for comprehension. The goal
is to make a bridge from being a student to being a teacher. Perhaps the
bridge is-best made through a longer training program, including an internship
that gradually gives the prospective teacher greater responsibility. There
were strﬁng suggestions that the internship start earlier in college to help
ybung people identify with teaching and to ascertain the strength of their
interest in teaching. The additional training time and thought might also
make a transition to full-time teaching easier.
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If the teacher survives the initial shock of teaching (we'don't know how
many nor the reasons) he should te eager, willing at least, to increase his

sophistication in mathematics and to examine curriculum and methodology more

eritiecally.

Most teachers are ready to respond to suggestions about opening up the
curriculum and trying new methods after they have gotten some experience under
their belts and have mastered the routines of classroom management. Consider-
able work 18 needed nn the kinds of courses, mathematical and pedagogical, that
best suit the needs of teachers at this level. Perhaps speclal courses such as
problem solving a’ln Polya would be helpful. NSF Summer Institutes and regular
summer school and evening clersses have provided a great help for many teachers
at this stage. Can we find out which of these have been genuinely helpful to

the teacher and design a more coherent and more productive program?

The long-time career person needs things that keep him growing intellec-
tually and professionally. Again, institutes and special eourses have helped.
However, what may be of even greater value ls some joint ex%;rimental effort
involving school, universities, and national projects. We saw the exciltement
and genuine rejuvination that occurred with the SMSG Experimental Centers when
SMSG first started. Can we plan similar experimental work on a continuing

basis and try to assess the effect on the teacher and his students?

There are some speclal problems in teacher training that need careful

study:

1. Performance contracting and accountability seem certain to have an
effect on the teacher. The teacher will need to know more atout
learning and how to Droduce it, how to motivate students to learn,
how to teach students to take tests and how to manage students in a
classroom setting more effectively. This certainly will influence
training programs and also will force more careful study of

curriculum, objectives, and assessment.

2. There is a lack of information on selection, success, and durability
of the mathematics teachers we train. What happens to the mathematics
teachers we graduate? How many of them stay in teaching and for how
long? For what tasks that they met were they prepared or not pre-
pared? There is a host of Questions on which we need reliable data
so that we will know better where we are. Perhaps a wider data
collection could be augmented by a several year longitudinal study

of students Trom selected institutions.
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Differentiated training probably is needed for the wide variety of
Jobs in mathematics education, e.g., Junlor high school teacher,
senlor high school teacher, department rhaimman, supervisor. Can we
glve some guidance on the differen£iated training? Can we asness
whether or not differential training is needed tor a glven cultural

setting, e.g., inner-city-suburban?

Overall, we have done poorly in helping teachers see a wide variety
of reasons for teaching and learning mathematics. For a great many
students, mathematies is not a "now'" subject. How can we help
teachers assess honestly the values of mathematical study and
communicate them to their students? Can this be a more obvious part

of instructional materials?

Mathematicians, mathematics educators, and school mathematics teachers
all have a stake and a responsibility for the preparation of teachers.

What are some ways that cooperative effort can be achleved?

The sheer number of elementary teachers and their rapid turnover make

teacher training, both pre-service and in-service, overwhelming. Some of the

problems related to training elementary school teachers were identified as

follows:

1.

Do we need special mathematics teachers in elementary schools,
particularly upper elementary? Do they produce better results with
pupils?

Can we design tetter mathematics courses for elementary teachers,
taught in the spirit with which we want elementary school mathematics
taught? There are many people who feel that many courses now are too
formal, too axiomatic and too unrelated to the content an elementary

school teacher teaches.

How do we prepare elementary school teachers to operate in the
»

variety of organizations and with the variety of instructional

materials one finds in the elementary schools?

With the complex problem of teacher education, there is needed a coordi-

nated effort of many people and several institutions with the goal of develop-
ing some model teacher training program for elementary school and secondary
school tgaéhers. With impetus coming from an organization like SMSG, there
could *.o a consortium of universities with each working on a different facet

of the problem. Planning conferences would be held first. Universities, in
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collaboration with selected s¢hool districts, would develop programs. The
central organization would coordinate the efforts of the various universities,
assessing results, stimulating action and helping set new directions. Publlica-
tion and dissemination of results would likely be the responsibility of the
central organization.
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RESEARCH

Jeremy Kilpatrick

Again and again, in various ways, participants in the Conference on
Responsibilities for School Mathematics in the 7O's asserted their belief
in the importance of carefully controlled,and alsc of exploratory research in
mathematics education. They indicated that more and better-coordinnted
research studies are needed in a variety of areas. In fact, if the €O'%
were "the decade of the curriculum" in school mathematics, the 70%s might

well become "the decade of research."

As Gail Young put it, the relevant question now is not "Is this better
mathematics?” but "Is this the way children learn test?". The learning of
mathematics was probably the area mentioned most frequently at the conference
ag one in which research is needed. Along with questions of how children in
general learn, come questions of whether specific learning styles can be
identified and specific learning difficulties diagnosed and treated. Research
on learning would, of course, be helped greatly if we had a functional theory
of mathematics learning. Efforts to construct such a theory should continue,

tut research need not walt on these efforts.

Other assorted areas in which research is needed include protlem solving
(what is 1t? what processes are involved in it? how can students be taught
to solve problems?), tgacher effectiveness (what accounts for it?), and
instructional technigues (do applications of mathematics improve motivation
and learning? do mathematics laboratories make a difference? are learning
games helpful?). '

Some of the calls for research heard at the conference were really Jjust
requests for factual information--for example, surveys of where teachers go
and why, or studies of the roles teachers are called upon to play, or inven-
tories of the mathematics used by adults. Studies such as .these are not likely
to be undertaken by individual researchers; they seem to require some sort of

group effort.

The lack of adequate measuring instruments hampers both research and
evaluation in mathematics education. Some research studies should have as
their purpose the development and validation of more imaginative instruments

to measure the "higher-level" outcomes of mathematics instruction. Better
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Inatruments nre wloo needed to menmire attdtuwles, aptlituden, and pepnonnllty

trafte related to the leaming of mathemntles.

It one ourveys the fleld of resenrch In mathemnt!es educntion, one In
Ukely to be dlocournged by the view., Stwllea nre llmlted In gcope nnd nrely
tulld upon previous work. Resultuy of explorntory atudles are not widely
disgeminated. Most of' the research 1o done Ly doctornl! atudents; few vesenrch-
erg have published move than one renearch study: nlmout no one devotes more
than a f'raction of hia time to resenrch. ThJa‘nituntion s pnarticularly
depressing In the light of an olservation made by E. G. Begle In hin paper nt
Lyon; namely, that the complexity of the phenomenn we are studyving--the mind
of the child, the chlldren {n a clnssroom=-demands that we make much more
careful obgervations on larger nand morc.divernc samples of students nnd

teachers than has Leen customnry in the past.

It does seems to be true, however, that the number of mathematlcs educh-
tors trained In emplrical research has grown enough In the lant decade or so
to enable us Jointly to attack some selected research problems, If these
problems can be identified. At tYe San Francisco conference, the group
charged with making rccommenda<4ions on research called for an organication to
coordinate research activities in mathematics education. The structure and
the precise functions of this organization were lef* unspeci fied, but {t
might identify prohblems needing research, set priorities, contract with groups
and individunls to carry out investigations, and perhaps conduct research
studies of its own. It might also undertake reviews of the research literature
in selected areas, lay down criterin for evaluating research proposals and
completed studies, and provide s:w.ules of designs “hat could ne used for various

¥inds of studies.

Although legitimate concerns were expressed that no group should be given
exclusive power to control the direction of resenrcih in mathematics education,
some coordination seems to te essential 1£ future research is to have an
impact. At present, collalkorative research {5 almost nonexistent apgrose
universities and seldom occurs on a sustainel tasis between universities and

school systems. Too many researchers are isolated; they need the stimulus of

like-minded colleagues from cther institutions. At the © time, teachers
can profit from participation in research studles; the: - 2 challenged to
reflect on their teaching and their irstructional goals. organi zation

that would coordinate research could ctimulate collatorative studies in a

concerted, susteined attack on resenrch protlems in mathematlics education,
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CURRICULUM: A POSITION PAIER DASED ON TIER
AN FRANCIOCO CONFERFNCE

. 0. Pollnk

The San Franciaco conterence neemed to be tairly well ngreed that totally
new currlculum development (g for the most prart velatively low In the hlere
archy of priovitiea for mathematics !n the 1970%s, [There was high prilority
for curriculum studles wlith the goal of tenchlng mnthematics tetter.] Never-
thelens, n large nunter ot suggcat!ona related to curriculum matters may be
tound throughout the conterence. This may perhnps le n form of cony, comfort-
able conaervatism g {n many organlsms when growing old; {t muy te n teeling
that after nll curriculum development !s one of the things we know best how
to do; there may be nome dnrned important [tems on the 1{ot; (L may be the
only suttect some of us could tnlk arout=--but nnywny there It 1o, The liot
consicts of two kinds of 1tems wlth n sepnration In degrec vather than in
kind=-currlculum protlems !n the "o1a" otyle of the last ten yenrs, thnt is,
{toms where we would probtably know how to proceed Lt we decided to undertake
them, and protlems particularily caused by changes In or new looks at the world
around us where we probably do not know how to proceed. Before gliving you n
list ot each of these, there are some other remnrks At the conference ntout

the people and alms ot currleculum work that should te men<ioned.

We observe that the second round of SM3G, a new look n* grades 7 to 9,
has n structure which !s strongly motivated by putting that mathematics first
whieh ls most important to the population as a whole. It is thus an example
of n curriculum development closely tied to gocial objectives and one f'rom
which therefore a useful set of objectives might be and is being abstracted.
This is related to the questica of why kids should take math, or particular

parts of math, anywny. Is there always an answer to the guestion of a topie's
relevance?

It was remarked thnt the time allotted to mathematics, particularly in
the elementary school, was llkel; to come under attack, and that we will have
to be ready to defend 1t. It was also remarked that in future currlculum
work, socinl scientists, selentists nnd perhaps also secondary school drop-

outs should participnte. s

Ceming now to specific suggestions for curriculum development, let us

first mention aress in which tue method of attack is protably "traditional."”
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People wers fnterested n the comiination ot matienmttos, cofence apd gooinl
solenoe, espentally tn tie elementary setont, BN Ui dotng sogething in

this Hae, Puf ARt 6 A apeci Ple protfem whieh fms plagued 1s fop yea s and
was mentioned sgain, apd that {6 the prot lem o teing vlear to oypeelven wiat
mengurement 1y all adlout, hers waa Interear th a colleettion ot renl problema
showing appticntions of Al hindes of acboo!l mathematien to nll kipde or human
aetivities, Theas might also e uuetil fn talking 1o Iny people, amt in intes
grating mathematics Into the carrently popuilar form of fnatrction tul 1t ayound
contemuporary tauues, Deper!ptive couprass untaisly tar Leat deacyrited ar mathes
matices or eamputey appreetation courues were agaln suggestel, 1t wap felt that
the Tom and rolé ot A mumt ey of contypoverata! or puptdly developing nyreas in
the currfeulum were not yet asttied. ‘There topley include the vompmter, geomes
try, atatintten, wni togte. The computer in particuinry haw not an yet paally
come up wgainat the calonlbin many of whone toplesn are altapr !l theps for
computer purposeal  7nll! Young ralaed an Interenting "tpaditional” kind ot
queation: Tr 1 tnd v elaag of Oh gradern knowt to te golng Into selence,

whnt would T teach ~hee 7 Nig nnuwer:  Uroap theory, transtommation geometry,
and other toplen In the algeabyrale mathods of mathematicn! physies. Ag n t'inal
Ltem in the preaent category, there wia ratsrence ta the tig themes of mathe-
maticyg, themes that cecur aluo In many aren: outal-de of mnthemat!en, thiemen
around which unt*as might te organlzed at many growde leveln, Examples: the
organlzation wnl Haplay of lntarmation, modeling, esquivalence, proot vernus
nonsproof versuc Haproot, {nvarlance, ramlomnesst, sxtensions of synteme with

thelr gulna and lengen, paveiad onlering,

In the entegory of candiidates for curriciium -levelopement whers the pon-

sille procedures are more !iray, we leg!lr witn nomalor erines in our asoclety,

n the inner clty schooln. Clonely relnteal o *his "In Yant one of our A1ri-
culties !n tint we do no* know Wit the rela*lon (o) are *he Muture Aropout:,
the 27 who wlll physledlly Y e elsewtere, anl the x7 wio will mentally

Ye elgovhern. Wiat do we o for tnem? Are multiple approachen avallatle to

the rencner for the game s 'ec% an ancwer? What ! e banle mintmum of

mathematical knowledge for everytody? What happens alfter tiis core? What !sn

the polylithic {na oprosed to monoli*:iis) strictare *ha* might rollow? In

there a gmorgastor! of models, and how can we Lelp *ie ntudent and teacher to

set priorities? Whiat alout mathiematian Yor everyone a* iis own paen?  What

*The "'nified Selence and Mathema*ls tor the
1s beinz ~arried out under She auspi~ns 37 F hiasi
wewhon, Massachusests.
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methematics should be taught in community colleges, technical institutes and
Junior colleges? If we organize the curriculum in its psychological rather
than its logical order--and neither of these is unique--what would it look
like?

a0

It is perhaps fitting to clogé this section with one more gquestion: Why
do curricule work? It is clear from the preceding that there are situations
which are not felt to be covered, students for ;hom appropriate materials are
not aveilable, potentiel participants in curriculum thinking who have not yet
teen tapped. In this last category one important remark needs to be reported:
the overall mathematics education effort needs the participation, among many
other people, of the research mathematician. He can do many things, but we
need to get his attention. Curriculum development is perhaps the best means
for thisp

Wno should do these things? 8SMSG or other curriculum .:oups might well
handle the first category. If we knew who could do the second they would te

half done.
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EVALUATION IN MATHEMATICS EDUCATION

Donovan A. Johnson

In the Conference, it was clear that appropriate decisions regarding the
accelerating changes currently tnkihg place require evaluation of the appro-
priateness of mathematics programs, the total achievement of students; the
effectiveness of instructisn, and the role of instructional materisl.' To
evaluate these different factors requires measuring instruments which make
comparisons possible, measuring instruments that are precise enough to detect
small differences. These measuring instruments must be usable for the stﬂ-
dents, teachers, materials, or programs involved and in the school situation
for which they are designed. Then the measures obtained must be analyzed and
evaluated. This evaluation may require stsndafds, norms or the subjective

Judgement of the evaluators.

The changes in modern society which make evaluation such a critical need

today include the following:

1. the criticism of mathzmatics program: because of the level .of

computational skill of students as measured by standardized tests.

2, the role of commercial enterprise in contracting for the education

of groups of students.
3, the variety of new programs promoting individualized instruction.

L, the increasing role of the computer as a tutor and as an instructional

tool.

5. the freedom of choice of students in schools with modular scheduling

and mathematics laboratories.

6. the increased role of the computer in record keeping, test administra-

tion, and decision making.

7. the increased sophistication of and potential for research in mathe-

. matics education to te perfbrmed by experts with computer assistance.

8. the innovations in teachker education which need to be evaluated before

they are accepted.

9. the variety of instructional materials produced by commercial

enterprises.
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10. the crises in the classroom, especially in the schools in the inner

- city.

11. the demand for accountability of an educational program and the

instruction.

12. the growing interest in performance contracting.

Evaluation of Achievement in Mathematics

There is a critical need for new instruments for measuring achievement
in mathematics. These instruments should be designed to meet the following
criteria:

1. Tests should measure the attainment of all types of objectives, If
objectives are not available, the first step would be the statement or
collection of appropriate objectives. If these objectives are stated as
behavioral objectives, the writing of test items is facilitated.

27 In order to measure broad cognitive objectives and objectives in
the affective domain, test items should include measures of achievement in
the following categories:

understanding of computational algorithms

logic of a proof used in a unique settidg

solving of original problems

attitudes such as appreciation, curiosity, loyalty
applications of concepts to new situations
discovery of generalizations

ereation of a mathematicel system

learning independently

This requires new test situations that are currently not available.
These are the type of tests which are desperately needed at this time.

3. The test items should measure different levels of mastery of a given

objective.,

4, The test items should measure the residue of achievement sometim~

after instruction has taken place.

5+ Some test items should be designed for different settings, for example
with a text available, or a laboratory device, or a computational device.

Tests which are constructed should be used experimentally to establish
the reliability, validity, and discriminatory power of the test. The tests
might collect information from stratified samples - to provide bench marks for

comparative studies.
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Test items and COmpIete tests should be examples which could re gséd by
teachers and publishers. The attached proposal suggests one wey ‘o develop
new tests. Hopefully, these would.be developed in such a way ‘hat they will
be understood and interpreted properly oy the public. Wwhen used for account-

ability of a project, they must be used in terms of the rcjectives measured .

Evaluation of Mathematies Programs

A mathematies curriculum needs to be evaluated before 1t is accepted as
appropriate for a given school., It would be the purpose of this project to
establish guidelines and standards for a mathematies program. In establishing
these guldelines the following aspects should be considered:

1. Philosophical: Does this program have acceptable otjectives?
Is it designed to meet the needs of soclety and

the needs of students?

Is it relevant in today®s world?

2, Psychological: Will it Te of interest to studants?
Does it nave appropriate difficulty level for the

students involved?
Does it make provision for individual differences?

3. Mathematical: Is the mathematics correct?
Is the mathematics significant?
Is the sequence appropriate?

4. Pedagogical: Is it teachable by the teachers available?
Is it teachable in the time available?

Are adequate materials available?

5. Evaluative: Is there a meapns of evalusting students’ achicvement?
Is there a means of comparing achievement with that of

another program?

Evaluation of Instruction

At the present time there is no valid or reliahle device for measuring
the quality of a teacher's performance in the classroom. The checklists,
interaction analyses, or attitude inventories now used are notoriously
inadequate. t i5 obvious that the main criteriz of & teacher’s performnnce
is the learning of the students. However, what students learn depends on the
student?s arility, the student's prior educational experience, the environment

in which the student lives and other factors, all of which are outside the
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control of the teacher., Thus, 1t does not seem probable that a major effort
at thi§ time would be productive in finding a'way to measure instruétioggl
effectiveness of a teacher. Hence, at this time, it does not seem reasonable
for teacher effectiveness to be evaluated by student achievement or current
rating devices, although both these methods are frequently used.

Evaluation of Instructional Materials

. There are a varlety of instructional devices, audio-visual aids, and
published material availéble from commerelal companies. The te-cher who must
select those items which he can use to improve his instruction reeds help. .
The purpose of this project would be to establish guidelines for selecting
instructional material, It would provide standards of quality which could be

used for decision by curriculum consultants and state departments of education.

To implement these proposals for the evaluation of programs or instruc-
tional materials, it might be desirable to establish a "Bureau of Standards"
for mathematiecs education materials. If this were to bte done, the Bureau
should be an independent organization and not a part of the organization

suggested in this proposal.
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A 7%ST DEVELOPMENT PROJECT
Je iy ¥llipatrick

RQAwSupplement to the Report in Evalusiion In Mathematies Education)

One of the themes running through the conference was a concern for
behavioral objectives, what ihe; nare, and whether, 1f the mathematics
cormuni ty abdicates responsibility, the task of st-eifying objéctives will
be *zren ur by others. A related theme concerned "performance contracting"
prodects and the nctior that, in the absence of ahything better, narrowly-

vased test: are being used in these projects to evaluste students' perfo.mance.

A perusal of the National Asscssment Project’s "Mathemctics Objectives”
and a close look at sure of the standardized mathematics achievement tests
now on the market convince me that a wmajor effort should be made to develop
tests to measure some of the things taat we consider important, tut that are
not touched by exdsting tests. We can vaste a lot of time talking about
behavioral objectives, but unless we spell out what we mean by devising actual
test items, trying them out, and putting them into usable form--complete with
norms, etc.,~-the test publishers, like the textbook publishers, will not be

moved ,

The development of tests to go after some of the ideas tossed around at
the conference--problem-solving ability, appreciation of the beautles of
mathematics, attitudes toward mathematics--seems, at first glance, a utopian
goal. But if we don't make a start on thls, who will? It seems to me that
the one place in which the professional mathematician can and should make a
substantial, immediate contribution to research in mathematies education is in
the development of new testiné instruments. Needless to say, the Lrictical
value of such tests would also be considerable. SMSG has made a start toward
the development of new mathematics tests in the National Longltudinal Study

" of Mathematical Abilities, but much more would have to te ‘one to produce

"sample tests" for classroom use.

Accordingly, I propose that a small study group be established~-as an
offshoot of whatever mechanism is devised to deal with protlems of mathematics
education in the next decade--to undertake the develooment of mathematles
achievement and attitude tests. Thne study group would convass the mathematics
community for test ideas and seample itgms--drawing on the expertise of the
sizable group of mathematlicians who have worked for such enterprises as the

College Boards. Then the study group wduid contract with researchers in
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mathematics education to undertake the tryout studies that would be needed to
get the tests into shape. Since the study group would have a national con-
stituency, norming studies could be conducted in schools across the country--

an almost impossible task for a researcher working alone.

Like SMSG, the new study group would not compete with commerical pub-
lishers. Instead, it would provide samples of the sorts of tests that mathe-
maticians and mathematics educators consider appropriate for measuring the

outcomes of modern curriculum programs.
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COMMUNICATIONS

E. G. Begle

Two general observations need to be stated. First, communication must be
thought of as a two-way flow of ideas. Much of our present communication
system 1s designed for one-way dissemination and needs to be supplemented with

better feedback mechanisms.

Second, different communication channels are usually needed for different

messages.
Here are some examples of different important messages:

1. Objectives. A message might be a 1list of mathematical topies asserted
to be important for all students, or a list of topics important for any student
planning to attend a four-year college, etc. The source of such a message
would typically be a committee or panel of experts. The targets of such a '~
message would be many, among them being curriculum developers, textbook: pub-
iishers, school administrators, and parents. Each of these targets should be
able to provide feedback to the source, and it (thé source) would also wish
to be the target for other messages from_such sources as educational researchérs

wr scientizts and other consumers of mathematics.

Typical channels for these messages would be journal articles, lectures
at local, state, and national conventions. More usef:. meetings bringing

together representatives of the source and of the targets.

A mechanism for noting the need for and then organizing such meetings
1s needed.

2. Standards. A message here might be that for high ability students
this textbook results in excellent achievement, for middle ability students
rather poor achievement, and for low ebility students no achievement. Another
message might be that this test does not diseriminate between high and low
achieving students for topics A, B, and C, but does discrimingte for toples
D and E. The source of such messages could be = "Hational Bureau of Standards"

or a "Consumers® Union" for mathematics education.

76

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

Since any message of this kind will have financial implications, great
care will need to be exercised in setting up an agency to maoke these evalua=-

tions. However, the need for it is great.

It is not necessary to list all of the targets for such messages or the
channels through which they would flow. It is clear, though, that there would
te feedback with respect to which texts, tests, etec., should bte evaluated.

3. Research. Here a message might be that there is an interaction
tetween IQ and verbosity of a presentation of probability concepts. The source
of such a message would be an individual research worker or a research project,
such as an R and D Laboratory. The targets would be other research workers,
school administratcrs, teachers, textbtook writers, parents, etc., The channels
would be, usually, research reports or Jjournal articles and oral reports at

various kinds of conventions.

Here it must be noted that the wording and format of these messages will
depend on the particular targets. To explain to a parent the meaning and
implications of the abtove message requires a different wording from that

appropriate for a fellow research worker.

Present channels between researchers are reasonably satisfactory, tut
other channels need either improvement or construction from seratech, It
would be helpful, for example, if NCTM could arrange for an annual review,
aimed explicitly at classroom teachers, of educational research, and if MAA
could do the same for research on post-secondary mathematics education. How
to convey research results to parents and other laymen is an important gues-
tion with no easy answers.

Finally, it should bte noted that one target of research messages should
be an organization which is concerned with quality control in research. At
the moment, the SMSG Panel on Research through its Journal of Abstracts serves

this function.

4., New Curriculum Materials. A message here might be a new textbook.

The source might be a curriculum development project or it might be an
individual author. The target would be the usual comtination of school
administrators, teachers, parents, and laymen (and also the Bureau of
Educational Standards). The usual channels of Eommunication, Journal =zrticles

and lectures (and advertisements) are not very efficient.

The system of tryout centers, developed bty SMSG, seems to have been guite
efficient. For each new text, a dozen or so centers were established, with a

wide geographical spread. Each center had enough teachers included so that
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none of them felt lonely or isclated and so that there were several others to

call on in case of trouble. A mathema*ician provided inservice instruction.

These centers made it possible for a large number of other teachers. in
thé area to see the new text in use. The participating teachers were asked
to speak at local meetings. Direct infommation atout the new curriculum unit
was .easily avallable at that locality. Some of the participating teachers,
especial’y those who were also inovlved in the writing sessions, were invited

to testify 1~tore text selection committees, and spread information even wider.

A svily of the geographical distritution of orders for SMSG texts early
in SMSG nistory showed that adoptions clearly radiated out from these tryout
centers, and that these were much more influential than articles, lectures,

or advertisements.

Agencies willing to provide financial support for the preparation of new
curriculum material should demonstrate their faitn in what they are supporting

ty budgeting also for a number of information spreading “rrout centers.

5. Information. At this moment (Decemter, 1970) it iz not clear whether
there is an oversupply or an undersupply of nigh school mathematics teachers.
‘this is Just one example of an information gap. We could plan improvements in
our teacher-training pfogrmns much more effectively if we had a tretter ecti-

mate of the current supply of tenchers.

CEMS has already demonstrated that i* can collect and disseminate useful
informntion, and it should te encouraged to continue.
Alzo, we urge CEMS, in its work on =2 National Information System, to give

a2 high priority to the needs of mathematics education.



O

ERIC

Aruitoxt provided by Eic:

EXPLOITATION
OR
EFFECTIVE UTIIIZATION OF THE PROGRAMS OF THE 60's IN
ATTACKING THE PROBLEMS OF THE 70's

B. H. Colvin

The decade of the 1960's-has seen an unprecedented surge of progress in
curriculum develovment in the U.S. and in many other countries. New programs
in mathematies, in acz-ronomy, in physies, in chemlstry, in the biologiecal
sclences, and in the earth sciences, have been brought to the schools. At the
elementary level, programs in the processes of science and in pre-science
topics have been developed, in addition to a variety of new mathematical pro-
grams and curriculum materials. At the secondary level, some more advanced
programs in engineering concepts, in computing and in computing application

are available.

In fields outside the physical sciences and mathematics, comparable
strides have bteen made in the language arts, in social studies and in the

social sciences and, indeed, in almost every spectrum of the curriculum.

A variety of approaches have been tried in develoﬁing and in introducing
these programs. Moreover, & number of different approaches to improvements in

teacher training, both in-service and pre-service, have been explored.

During the period of these developments the evolution of our socliety has
brought new problems into critical focus. Thus the decade of the 1970's pre-
sents new protlems, some of different character and different scope from those
which led to the curriculum development activities of the 60's. Typically, we
identify:

1. A general societal and educational concern for interrelationships

between and among subject matter field and a grand concern for rele-
vance of all education to "real" world activities = science and

socfety; mathematics and society, ete.

2. An articulated national concern for improved education for certain
subgroups in our society, e.g., inner-city children, for rural area

children, and, quite broadly, for "dropouts" everywhere.
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3. The recognition of protlems of a new magnitude in preparing for th
vocntional and technical education of millions of students at the
nigh school and early college level. This is one component of vast
new edﬁéglional concern for the programs preparatory to and appro-
.priate for junior college, community college, and two-year or four-

~ year technical colleges.

L, fThe recognition that individual educational patterns are rapidly
changing from one of continuous sequential school attendance to one
of interrupted periods of education where a lock-step sequence

tecomes difficult if not impossible, and certainly nct optimal.

The decade of the 70's thus adds a new spectrum of problems to those
attacked in the €Q's. New visions, new goals, new patterns of organization
and fresh ideas willl te needed.

Nevertheless, in our planning it is important not to sacrifice any pos-

sibilities fer exploiting the substantial achievements of the past in tackling

the problems of the present and of the future. One proposal for school mathe-

matics activities of the

“0's must be to explore all possibilities for
exploiting the curriculwn inmprovement, teacher training, and course-content
improvement accomplisiments of the 1940's in seeking solutions for the rroblems

of the 1970's. .

As possible examples of sucih exploratory activities, we identifly the

following questions for study.

1. Can the course content programs in physical sciences and mathematies
te used 2s the tasis for developing an "interdisciplinary” curriculum

of broad interest and relevance?

2. Can the existing programs in the social'sciences, social studies,
langunge arts, etc., be "integrated" in some reasonatle way with
mathematics and physical scliences topies, to achieve a similar
advance in relevance, interest and teaching erfectiveness?

3. Can "modules," some disciplinary in character - some interdiscipli-
nary in character - te developed {rom existing curriculum programs to
meet tie need for flexitle tlocks in a revolutionary new type of
smorgastord, selective accecs, multi-stage type of instruction?

(ef. item 13)

h. Wnat more effective use can te mnade of present programs, Or of these

freshly-bpaked casserole courses, in improving the tencher training

programs? ()

3
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How can such unifying, interdisciplinary, socially relevant recombina-
tions of newly developed course content programs be used in the
development and refinement of goals, obJectives and evaluation
criteria? Can these studies contribute to developing a rationale

for such otjectives?

How can these explorafory studies be used to achieve a greater effi-
ciency in communication and in understanding with teacher certifica-
tion groups, state curriculum officials, parents, teachers and school

boards?

As an example of special significance, can the various materials for
learning the operation and application of computers te further
developed into helpful series of computer-oriented modules for the
physical sciences, social science activities, business and industrial

epplications, medical and hospital applications, ete.?

Can the exploration of such integrating studies te tied to an effort
to develop mathematical models and to develop an expanding scurce of
relevant, related, understandatle, exciting applications in mathe=

matiecs and computing?

How can the existing programs in the various areas of mathematies,
physical sciences, social sciences, language arts, ete., be used to
provide special materials for special use in urben schools, poor
rural schools, newly integrated schools, ete.? Such packages would
in general serve as valuasble enrichment packages for the average

classroom.

How can the developments at grades 11, 12, 13, 1: he utilized as a
possible mechanism for developing curricuia at tlack collegec and
black community colleges and for two-year culleges in general?

‘How can the activities, the developments and the data accumulated in

the course content improvement activities, ete., of the ©0's be

" effectively made available to suggest researcn topics or to refine

the choice of research topics or to help coordinate the development
of research projects in the 1970's? Thic would include possible
research in learning, in teacher training, in teaching approaches, in
school organization, in "modules" use, in studying the effectiveness

of learning games, mathematical mat rials gadgets and latoratoriec,
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12, Are there prograns or approachtes developed or now developing in other
countries whieh offler the possibility ror expioitatior in the ".5.?2
13. Can the develozment of new course materials--e.g., a minimal core

mathematics program, an interdiceiplinary mathematics, science, social
science, language arts program, a flexible module series in some area--
te utilized in a radieally different type of teacher training geared

to the teaching in Just such cqurses? Could we develop the tackground
training in copjlunction with the actual teaching of the course?

(This is really second-order exploitation, although a first order

exploitation mignt use an existing course sequence.)

L. How can we exploit the disciplire training of some mathematicians,

§-s

physicists, chemists and engineers in retraining them for teaching
opportunities? Does this offer a special opportunity to help a group
of citizens with unique educational qualifications to contribute to

educational progress?

Craracteristically, most of these suggested studies involve greatly
‘increased collatoration tetween mathematics and other disciplines and with
nurlerous sectors of the education and government communities. By the nature
of the protlems confronting us in the 70's, this seems inevitatle and should
bte recognized in plenning, in proposals and in organization for the work.
Especially, to achieve major alterations in the educationsl patterns asso-
ciated with mathematics it will e rnecessary to develop more realistic working
relationships witi: a number of organizations--e.g., the Education Cormmission

of the States, NASDTEC, ...
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PROPOSAL FOR A NEY ORGANIZATION FOR
MATHEMATICS EDUCATION

On October 23 and 2k, 1970, SMSG sponsored a Conference on Responsibilities
for Mathematics Education for the 70's. The extensive proceedings of this con-

ferer.ce have been examined by an ad hoc committee of the SMSG Advisory Board.

" at its working session in Washington on December 11 and‘IE;Athe ad hoc
committee organized ideas suggested by the confeyence into seven major cate-
gories--objectives, teacher training, researcn, curriculum, evaluation, commun-
jeation, and exploiting the work of the past aecade in the nex* decade. Each
af the attached summaries points up the major Problems in the given category
with indications of what might and should be undertaken in tne ".'s. For some

of the most urgent problems, specific projects are suggested for action.

The ad hoc committee thought of who mightvbe encouraged tc take the action.
At least one-half of the suggestions would easily fit into SM:5; as presently
constituted., Onr or two could ve incorporated into the present activities of
CBMS. Several are new kings of activities and new ideru. =.g., coordinated
research efforts and the donsortium on teacher training. requiring a different

xind of crganization.

overall, there is a recurring feeling--implicit and explieit--that the
nature and size of the problems identified and the actions suggested require
the participation of a wide variety of people in the mathematies comrmunity.
Many of the Problems are too big to be undertaken by a single university,
school, or other existing organization. Marshalling the efforts of the mathe-
matics community at large requires some SMSG-type organization that can cut

across the various specialties needed to work on the problems.

We believe that the organization set up by SMSG was appropriate to deal
with the problems of the past decade and that a number of curren® problenms
could be attncked by the present organization. ilowever, we feel that a fruit-
ful attack ¢n the problems of the 70's ideally requires new people, frésh ideas,

and new organizations.

) We believe that one new organization is needed to plan; to stimulate, and
to coordinate worl on the problems identified. The organization itself should
initiate action. Action is needed if the organization is to have vitality ..d
by its vitality attract competent people with needed éxpertise. Furthermore,

productive action results in the confidence and acceptance necessEIy to attract

and kee} widespread support of the academic community as well as firnancial
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support {rom govevnmant - *sundation funds., However, the organi:ation should
‘be Tree to enlist the cocye sation of schools, universities, and o*her groups in

its various activities,

The organization ui;utd consist of a Direcfor, sorie permanent staff, and
a working Board of D.rectors of from five to seven members. 5Hoard members
should meet three or four times a year for sessions of three or four days so
that they can be aware in depth of the activitles of the organization and can
provide thoughtful leadership. The ! '+ * should be representative of the vari-

ous constituencies in t+ - ~nhies coamunity. Since the effectiveness of
the Board and the Dire: 2pend very much on the quality of the people,
special effort should ansure the appoinément only of individuals of
sound judgment and wit: -iderstanding of mathematics education.

The Conference Board of the Matheratical Sciences seems a natural parent
for such an organization because CBMS dces represent all organizations. Pro-
cedures for election of the Director and the Hoard would have to be worked out

with CBMS,

We recommend that the SMSG Advisory 8-ard go on record as supporting the
formation of an organization as described herein. The problems identified in
our recent conferences would provide an initial “ocus for the organirzation.
It would, of course, be encouraged to identify other prcblems, initiate plan-

ning, stimulate the mathematics cormmunity, and move to some course of action.

We also reconmend that action on this recommendation take place as soon
as feasible so that the organization will be functioning at the time SMSG ac-
tivities are completed, The problems in mathematics education ave crucial and

serious. TheY deserve forthright action by the best talent of the country.

Ad Hoc Tommittee

. . Zegle

urton Colvin
Donowan .‘chnson
tarl ¥alman
Jeremy Hilpatrick
“~seph Payme
Henry Pollak
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SOME COMSIDERATIONS ON THE ROLE OF PROBABILI'TY AND ST/ .ISTICS
IN THE SCHOOL MATHEMATICS PROGRAMS NI THE 1970'S

Frederick Mosteller

In plans for the future of DProtn: Ility and statistles in school mathe-
matics, the same empirical invest.gat.ve attitude encouraged by Begle for
other issues about content, objectives, methods, and equipment continue to bte
appropriate. At the same time, some information about current trends in
statistics rf\ay have value, even though they inevitably are colored tyv the
Leliefs of the author. It should also Le noted that these remarks arc teing
written during a conference and therefore merciiully cannot te very complete

or detailed.

The American &7 22l Association and the lNational Council of Teachers
of Mathematics have n . % committee on tne curriculuwn in statistics and

twa tmmediate projects for which they hope

ATl

probability.”

to complete man.u.

Examples Volune

This volune develops swatistical teacking almost entirely through the

c
analysis or real life statistical protlems. Generally suenking, an oper:.»
problem is solved and then *he student is offered a set of exercises. The
'

material is in "examplc scts" which correspond to sections in a taxt and may

build up tn 1 complicated point. Emanple sets »in from 1 to 2 exnmples
and from a:out 2 to 2% pages. We hnve atout .»0 sers. Committee members
and secondary school teachers criticize 'ie examplec wihilch are supplied bty
statisticians, Cormittee mer:ers, teacters., Then the

ooan

authors revise in the light of

We do not think materinl cox

we oean make examples of

good way to teach statistics. OQur nctlon s
consistent with

genuine statistical thinking avallal
Dieas o vie curricu-

vlementary work, o-iers can consider .ow to

lum. We are not preparing what we regaxd . We are oiering

manner. Corerent units o vari. s ©lzeg can te con-

topics treated in th

structed, tut there are intellectin! gups Yetween the un
. .- .
The work of tie Coru-l-=ee hag ol Ty on gmoet Urom the
Sloan Foundation.
o
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Some examples are argumentative and requlre considemt le eare becaune of
q

the complieaticas of real life protlems. Others require us to trke n scecond
attack on n preoblem aftor a seemingly successtu! tirst one. Gome do not have

two either. Some deal with the nrt or data analysis,

Just onec answer, or M
some with mode!ling. (I emphasize thls variety tecnause the Conterence has
been dlscussing the desivability o rter protlems. A malor drawback can he
that the beginning teacher will find some of the materinl sulbstantially difter-

ent from both his experience anu !z preconceptions or statisties.)

Some lllustrations ot the tvpes ot examples treated tut not the roimnt of

the treatment appenr in a recent Mathematies Tencher (Vol. t3, Mareh, 1970,

pp. 199-208), a recent Amerlcan Statisticlan (June, 1970, pp. 8-12), and a

recent issue of *he Journal ot the Ameriean Statistlcal Associntion ("Collegiate

Football Scores, '1.0.A.", Vol. &%, March, 1970, pp. 3%-L8) all by the nuthor.
Asiitizonal mater;al by William Kruskal, "Stat!stical Examples For Use in High

Sehools" in a Proceedings oV International Conference on tiw Tenching of

Protabi ity anl Statisties at the Pre-College Level he!'l at Cartondale, edited

s Lennart RBade and to Ve pul lished 1y Almgvist and Wiknell, ftockholm.

E:-says on Applleations

This volume consists of about U0 essays on uses o statistics in prok-
lems of significunce to everyday life, science, government, ete. These 10 not

"teact." how to do things but show success®ul uses, for instan: measuring
unemy consumer price index, voctvoning denth, safety ol uwnesticties,

smo¥’ .1, anti-afrcraft fire, tasebnll, i:+roducing a new product, epidemies,

ote. Except lor the essay on npilemies the mathematical exposition is minimal,
nearly zero, though graphs, figures, and ta! le: are cometimes used. It is not
intended that one exercise explieit mathematical skills to read it. The volume

is intended t¢ tamillarize the reader with the btrendth, variety, and impor-

cations of statissles ant to communicrte some tnrsic notions.

tance of the app

statisgtieos Just now I 2 revival ¥

Data analysis. Wha~ !¢

617 LAt

-

partly recause of

in<erest in exple:

vasouree czlled J. W. Tuke:.. Semi-

computers and part y becnuse

systematic approaches %o exploring €24 nye ng codified and tried out in

various colleges and universitiec. Severn. suvstantial distinel research
projects will ke contrituting their Tinlings %o the common pool. OSome work
t

in interactive motin, some bateh, $o asailatle on computers. At several places

variewy of swoect matter are avai latle,

data sets aavine ssiderar

89
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BT DRC

Thig data anaiytie development to retreshing tecanse [ moves atromgly

away from the simple and ot'ten artiflci. protlems of "contlmmatory data

i

analysis" Into the complicated world of the structure of the data. In. thin
part or the work the protat!ilstie attltude townrd the material may te . ogely
negleetet. Graphles may play n great role.  Jurved lines may be drwn in by

hant nnd turtlier cateulations done.

New courses in thls subJect otvlously can te developed In a variety of
wnys. I think that the use of the disylay tute will be too expensive except
for B few demonstration lnstallations until the very lnte '70s. Meanwhile, I
think there 7o some promising ldeas for its development. First, 1y nssoclat-
ing it with either bateh mode with fast turnaround or interactive mode wg cun
get a close relation with the computer and make the computer work pay off by
decreasing the drulgery and by inereasing tie variety o! parameters that can
be adjusted in tlie analysia.

Secend, I think that there are some sovhistietted ideas where the computer
w111 be used to produce material whieh ean t- pasred out to a elass, and a
great denl about data annlysis can le learned from these materials whieh would
cost too much ror each: elass member to program or prorduce himself., "Thus the

comriter will be used In 2 smal! way by the specitie student tut i<s product

ean iecome ramiliar, and liscuzoions abeut what the next step in t.e analysls
should te can still te quite satisfactory.

-

e are three main ways I see at th introduce

oy
(=]
1
2
Z
=
*
(o)

Therefcre

this course. Paper and peneil iacal, computer material tased, with motest

direet compuier support, unl dlese computer rased, wl or wi*hout displays.
reienees

AT

Intordiscin ry :
ng stron beharioral o

the sceial seiences. Mozt of the

sased,

s Ilistra-

Dartmout:. a data bark wnd related prograns cnll

sHe’ - laglst or economist s oAb oo raclal prot ceme

tive, The fregt

direc: oty oatvenling ¢ ouen dwta sources ao She ona-':n-.0C0 rample Trem the

s disoosa’

censu . He haz many v

btye-iiloms and perceontages, and he ean alfo

veminders §

davieges "o Fn

and warnings wiout how Lthe partlenl . st

rut .~ student cul have it. There

rg over o sutstantial period.

15 el to go studv it, tall to the stuiocas, il cee

>

‘e dou

some hintz for relating sociul gelence
Tea, aniose iear o A Metual

ine Aand ex

mathem:-* ez, dnta are e



nature ot 1 non-cxpe ntni sort--thut g, the onec-shot obacivational study

sort like n census--cnn te unde avellatlo.

Naturally, thlc cort or relation conoprtar oo ] oeinl

o

here are othor mate:

sclences does notb Lave to teo computer bt Hy such
ns simple crosstats, how gwnples are actun: 'y taken, nnd 20 on, thit enn be

treated. The Egoe on Applleations scetion weuld be uset™'.  The mathematlenl

content can be puther asmail, Lt the Interest of sowe students may e high.

I do not wunt to say all o even most studencss wonll ta delighted with such

work. But I might emphasice that (v moves In the gane Lirection toit OMSG

io going. That iz, it orfars empiviecal regearel 1 o substlitute tor armehair

thinking about soela! proi lems and the properti ot noeletys (Let me

though that many vigorous ehanges In society bhave tren dane trom the amceinir,
tut othern have Yeen in reacponse Lo rither simple tat overwhelming data,

There o here i~ opportur

to son Jdata so 1o lve itoean be regsaded

ag papalation inrormation anl to gee othar Aty - L 5 pott pleany iu

tranees 1y

It valldi

Ly and ftg reliwilitys., Under shea lyr-oan

disel

cion i o omust.  Under the towmer, the isusue ofter o ;..'!xr".hm" e Lt

ig adequate for pollcy and nsks wheat poiiey ginoull in leveloned,

One could haye infa-enbial stas neeas

vy devetoping

the rathematica! lagis !¢

Interdiseiplinary

copenr,  ITohave caon unita preparad

o of data from exporimenti)

for the nan«a! ke venonl leve' by phnoiend

geientistg, o exumple to coe whethor wwo meviols produce obgervat!

athay --0 G

means alike, o aveend gy eog

PAKAIND WA

ave Lhng L worlil ot e wet Wk la ey e et e aunity Lo ask

Proelt whothior should makerinl,

o wi.nt Lake hne

tewiorship and recponut. ity f'or suech tescline.

Provnbi iy

taught In n more integroed

5

Coners Le Gwmomadreratien comer Yo e

) . Discovering places
“he ADASNCTM eon-

it

awnoworyh oan. elfecved,  We o relt that

requived 2 direet tewm witack on i Wwaele errvicuiws an! nesded many inds

with eurrie: . ate for summer

e
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work for a group than tor luolated people working on o coumitree, 'The come-

have plans or tunds of It own to Jdo Lk, T belleve that L would encourage some

mittoe thua deens a need for this to be Jdene, but Jdoes not at g omoment hnve

other group to do sn, and tihat it would bie happy to glve adeler or diseusalon,

Jume of the materianl. menti ned in the Nxamplea Volume geckhion that {F h

garhere! and edited are, O ocourse, approprliate Copoauch apots,

o use ot atatietl-

Aapprotch rather conshines the oppovianitien’ tor th

cal nnd protatrilictic techniques in the exporitlion of other mathematlenl tech-

nlques.  Another velace! nrojeet o thile: Wit Pooand O fesw and methods
shoul i te pregented o warious serts oU ateients o we’ -semded programt”

ol g ovlony o lines the

Arzain this Llg o worthy plece of receavel o

Contevener hus Alseucsed vor other zorts o cothematies, exerys 0 othink that

oo con-

we are 1 little bettey propred ain rre Cnosinthomaties to roce

wion of Idear neelded Rian we nre Sere, 1 believe

nUnet thit

avatinticliang from

will wopiiee Lhn nelp ol resen tee uppiied ields e woll

the more mathraaticd! siie to cooperare Wwith gecondnry teaches

ags those e

arl euryicalun develore . Agning I oam oconrtient tiar e ASASHCTN Committede

Sownl Dbe v msairee tor

lone,  Whetiare G5

ving !

wo'rtl b oenecourage b

or net I oconldi wn ony e this bime,

ot w

GRS

e e nEotrien

trore wen el preaent no taete iave Tectuanl A rviealty

srooen o e e te e 0 hnl eertain

e mpe ee toeel, Pt e e seient eantt

enens. T

* an lnterest v, e e : [ s hed no
Anee teat e oo PN .o A e fooenperi-
monta’ desisn, norany Sy e A S

ke, et enlls

oo ctwdent

roanrd te

Wi DA

materinl.
Tleyel™ At v e sone T

culnure=i oy e ren!

e s Vreccsee TroasUlapt Y0

souie

"

spent oS nEeonenn

sralunte studer ingperate o

With
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T osun nor trvtng to sy what prolbabd Ve el atatist fen ahoatd e oy 0
n what onder “at rather nceepting the polnt that Juos tecauee sometihing ean
te taught il wmipht even e aenaflle s have taught 0 o glven level, this
]

doen not menn thnt otadenta will plek f0oup erttelont iy 11 e take T ooy,

Theve piny Lo roon 101 aleet o,

St amother pafit that T think worth mentioning Ie the deote niatie

world prosiems Mueg stutents hnve Yeen Lpoaght ap an the theopry that the

worid is a very deteminlatic plaee, nnt o 4 dometimes !n when you can cone

Trol many o the cond!tfons. But ataciaticos aot provad ity mekes some of

thease gtulesr o aneasy. Agaln, 1t fs not that tae material s so intellectunlly

i

Al rvicult, tut thiag fealing that 1t there nre muny i Crevent ancwers and [ ¢

one ean't tell how things come out then the world in a threatening place.

Coungnypientiy one wily have srout lad pestle  stulents who nre resisting the
g

Lonat Urom 1

fentty with the mathermasicnl taatures, tut trom the

!

matnrl

implicarions whicn tney vnguely see 14 having or the worid. And or eocurse

20 inoennt rovement of unnat!igthctory

lt ralses questicns atolr the eaue

We ave foni, toe, oY sring ten we don't knew atout

sltuations in tie wo:

thils, and we fon?t kuow ndout that.  nrortunately, sometimes woon we Jo know
cout this and that, che mastematics tellr us we ean' changn thinge o it

argeiveg btaclsn o axeessive cogt or lack 3 contro! o vaprialles. Al

cae ldeng e e hawvdt ror an Ldenliatic young mun or aven a1 hasinogsed ol
ane to acenpt. I omust not overempiasice chic aymdrome, 0 T Lave peen oy

1 good stulent very trouabled. Fxeept Mor gl lluy, o w

XN e
inr broduct.

I {4 not expeet alt roudent:
i

are all going to i

aba preJect woull

witler to preosont it one et ter sub Lo
st geient,
Oon *te one [ S o o T B e R AN UL P we L oave

TArCnt o prer tem tnnt

seen uhe tornd ghilent, wintiior

e oRmW. Ve
Do and Lave £o

miolelling. An

R

e ARSI A pIvi
Avan DUn et come cerngline

Yo tes ntoey SO Yo newe
.
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Bture of ASA-NCIM Suenttror, Pt by st imdated by et ione adaed and

dlsewslon at thls SMSG Canterence, el partly by Tha own timetal tey, ainee the
manuser!prs ror tne reme Fxamples Voluwe and Buonaya o Appllentionn saould be
tinlshed next yesy, the ASANCIM Committer Lo convenlne v oumall conterence

Itgelt, Decomber 13, 1970, The Conterence will diseuss the furtiier needs nnd

future tasks in elementaey anl eecondnry sexool work In protal DLty and

atatiotles, With the nld of teusaionn reom that Conterence, the Commlttee

hoper o midie turther pecommendatloneg to che pavent soeletles.

FOONOTE., Contimartory i'a ant.yels inclules me':rois ol teuting
. preple assoclate Wwith

signi tcanee or other methods of Inference Lomany

statistlicn tor researen wWorkers, ! [ o omeviodn o
lurk s an exper mor 5 wrentel "
soect on te e Mteoval”, :

work enn te neat and tidy.

wWOrD More of thin worhk
funlorto:
At oand crving to
ey inosim o are sone
dosnign, nnl Loanctaer areq we m

sty e ing variable

soday
e ol
ant,
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PROPOSAL FOR A NEY ORGANIZATION FOR
MATHEMATICS EDUCATION

On October 23 and 24, 1970, SMSG sponsored a Conference on Responsibilities
for Mathematics Education for the 70's. The extensive proceedings of this con-

ferer.ce have been examined by an ad hoc committee of the SMSG Advisory Board.

" at its working session in Washington on December 11 and‘IE;Athe ad hoc
committee organized ideas suggested by the confeyence into seven major cate-
gories--objectives, teacher training, researcn, curriculum, evaluation, commun-
jeation, and exploiting the work of the past aecade in the nex* decade. Each
af the attached summaries points up the major Problems in the given category
with indications of what might and should be undertaken in tne ".'s. For some

of the most urgent problems, specific projects are suggested for action.

The ad hoc committee thought of who mightvbe encouraged tc take the action.
At least one-half of the suggestions would easily fit into SM:5; as presently
constituted., Onr or two could ve incorporated into the present activities of
CBMS. Several are new kings of activities and new ideru. =.g., coordinated
research efforts and the donsortium on teacher training. requiring a different

xind of crganization.

overall, there is a recurring feeling--implicit and explicit-~-that the
nature and size of the problems identified and the actions suggested require
the participation of a wide variety of people in the mathematies comrmunity.
Many of the Problems are too big to be undertaken by a single university,
school, or other existing organization. Marshalling the efforts of the mathe-
matics community at large requires some SMSG-type organization that can cut
across the various specialties needed to work on the problems.

We believe that the organization set up by SMSG was appropriate to deal
with the problems of the past decade and that a number of curren® problenms
could be attnecked by the present organization. iiowever, we feel that a fruit-
ful attack ¢n the problems of the 70's ideally requires new people, frésh ideas,

and new organizations.

) We believe that one new organization is needed to plan; to stimulate, and
to coordinate worl on the problems identified. The organization itself should
initiate action. Action is needed if the organization is to have vitality ..d
by its vitality attract competent people with needed éxpertise. Furthermore,

productive action results in the confidence and acceptance necessEIy to attract

and kee} widespread support of the academic community as well as firnancial

83



support {rom govevnmant - *sundation funds., However, the organi:ation should
‘be Tree to enlist the cocye sation of schools, universities, and o*her groups in

its various activities,

The organization ui;utd consist of a Direcfor, sorie permanent staff, and
a working Board of D.rectors of from five to seven members. 5Hoard members
should meet three or four times a year for sessions of three or four days so
that they can be aware in depth of the activitles of the organization and can
provide thoughtful leadership. The ! '+ * should be representative of the vari-

ous constituencies in t+ - ~nhies coamunity. Since the effectiveness of
) the Board and the Dire: 2pend very much on the quality of the people,
. special effort should ansure the appoinément only of individuals of
sound judgment and wit: -iderstanding of mathematics education.

The Conference Board of the Matheratical Sciences seems a natural parent
for such an organization because CBMS dces represent all organizations. Pro-
cedures for election of the Director and the Hoard would have to be worked out

with CBMS,

We recommend that the SMSG Advisory 8-ard go on record as supporting the
formation of an organization as described herein. The problems identified in
our recent conferences would provide an initial “ocus for the organirzation.

It would, of course, be encouraged to identify other prcblems, initiate plan-

ning, stimulate the mathematics cormmunity, and move to some course of action.

We also reconmend that action on this recommendation take place as soon
as feasible so that the organization will be functioning at the time SMSG ac-
tivities are completed, The problems in mathematics education ave crucial and

serious. TheY deserve forthright action by the best talent of the country.

Ad Hoc Tommittee

. . Zegle
Surton CTolvin
Donowan .‘chnson
tarl ¥alman

52 U5t

Jeremy Hilpatrick

eph Payme
ienry Pollak

January 5, 1971
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SOME COMSIDERATIONS ON THE ROLE OF PROBABILI'TY AND ST/ .ISTICS
IN THE SCHOOL MATHEMATICS PROGRAMS NI THE 1970'S

Frederick Mosteller

In plans for the future of DProtn: Ility and statistles in school mathe-
matics, the same empirical invest.gat.ve attitude encouraged by-Begle for
other issues about content, objectives, methods, and equipment continue to bte
appropriate. At the same time, some information about current trends in
statistics rﬁay have value, even though they inevitably are colored ‘v the
Leliefs of the author. It should also Le noted that these remarks arc teing
written during a conference and therefore merciiully cannot te very complete

or detailed.

The American &' 22l Association and the lNational Councll of Teachers
of Mathematics have n . % committee on tne curriculuwn in statistics and
probatility.* ~ ~ Committee has two !fmmediate projects for which they hope

ATl

to complete manuscripts @

Examples Volune

This volune develops swatistical teacking almost en:irely through the
I3 X &
pr

analysis o!f real life statistical otlems. Genexrally suenkin an oper..
’

problem is solved and then *he student is offered 2 set of exercises. The

material is in "exan

ie sets” which correspond to sections in a taxt and may

ple sets wn from 1 to 3 exnmples

build up tn 1 complicated point. E
and from n:out 2 to 2% pages. We hnve atout .+0 sers. Committee members
and secondary school teachers criticize e examplec whlch are supplied bty

statisticians, Cormittee mem:ers, and secondary schon! teachers. Tren the

authors revise in the light of

We do not think material comparable %S¢ fhis g o

school or coLlese): on th~ other hand, that dce: uns prav we have 1

good way to teach statistics. Our netion (5 o thas 7 we ean make exambles of

genuine statistical thinking avallaile, a* consistent with

for vie curricu-

vlementary work, o-uers can consider .ow to

lum. We are not preparing what we regaxd - c reiringt . We are oilering

~izes can ne con-

topics treated in this manner. Coherent units o variol

- rng

structed, tut

(

“rom the

.
The work of tie Coru-l
Sloan Foundation.
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Some exnmples nre argumentntive and vequire considerat le eare becnune of
the complieaticas ot real 1ife protlems. Others require us to tuke a2 second
attack on n preoblem aftor a seemingly successtu! tirst one. Gome do not have
Just one answer, or ‘ust two e!ther. BSome deal with the nrt ot data anatysis,
some with mode!ling. (I emphasize thls variety tecnause the Conterence has

been dlscussing the desivability o rter protlems. A malor drawback can he
that the beginning teacher will find some of the materinl sulbstantially difter-

ent from both his experience anu !z preconceptions or statisties.)

Some lllustrations ot the tvpes ot examples treated tut not the roimnt of

the treatment appenr in a recent Mathematies Tencher (Vol. t3, Mareh, 1970,

pp. 199-208), a recent Amerlcan Statisticlan (June, 1970, pp. 8-12), and a

recent issue of *he Journal ot the Ameriean Statistlcal Associntion ("Collegiate

Football Scores, '1.0.A.", Vol. &%, March, 1970, pp. 3%-L8) all by the nuthor.
Asiitizonal mater;al by William Kruskal, "Stat!stical Examples For Use in High

International Conterence on the Tenching ot

Sehools" in a Proceedings o

Protabi ity anl Statisties nt the Pre-College Level he!?l at Cartondale, edited

s Lennart RBade and to Ve pul lished 1y Almgvist and Wiknell, ftockholm.

E:-says on Applleations

This volume consists of about U0 essays on uses o statistics in prok-
lems of significunce to everyday life, science, government, ete. These 10 not
"teact." how to do things but show success®ul uses, for instan: measuring
unery ment, consumer price index,'yo;fnoning denti:, snfety ol wnesticties,

smo¥’ .1, anti-afrcraft fire, tasebnll, i:+roducing a new product, epidemies,

ote. Except lor the essay on npilemies the mathematical exposition is minimal,

are sometimes used. It is not

nearly zero, though graphs, figures, and ta
intended that one exercise explieit mathematical skills to read it. The volume
is intended te tnmillarize the reader with the bhreadth, variety, and impor-

:ations ot scatissies and to communicnte some tnsic notions.

tance of the app

statisgtieos Just now I 2 revival ¥

Data analysis. Wan®

incerest in explermtory uatn

che v

3 partly recause

computers and part y beesuse of a nitural resource czlled J. W. Tuker. Semi-

‘ng codified nnd tried out in

systematic approaches %o exploring €24 nye

Sever. surstantial distinet research

various colleges and uni
projects will ke contrituting their Tinlings %o the common pool. OSome work
t

in interactive roln, some bateh, iz asallatle on compusers. At several places

data sets aavine
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oBTL DeC

Thig data anaiytie development to retreshing tecanse [ moves atromgly
away from the simple and ot'ten artiflci. protlems of "contlmmatory data
analysis" Into the complicated world of the structure of the data. In. thin

 work the protat]llstie attitude toward the material may te . ngely

part o
negleetet. Graphles may play n great role.  Jurved lines may be drwn in by

hant nnd turtlier cateulations done.

New courses in thls subJect otvlously can te developed In a variety of
wnys. I think that the use of the disylay tute will be too expensive except
for a few demonastration instaliations until the very tate '70s. Meanwhile, T
think there 7o some promising ldeas for its development. First, 1y nssoclat-
ing it with either bateh mode with fast turnaround or interactive mode w'ewc'm
get a close relation with the computer and make the computer work pay off by
decreasing the drulgery and by inereasing tie variety o! parameters that can
be adjusted in tlie analysia.

-0 the computer

Secend, I think that tnere are some sovhistietted ideas whe

w111 be used to produce material whieh ean t- pasred out to a elass, and a

great denl about data annlysis can le learned from these materials whieh would
cost too much for eael class ter to program or produce himself. "Thus the

comruter will be used In n ! way by the specitie student tut i<s product
ean iecome ramiliar, and liscuzoions abeut what the next step in t.e analysls
should te can still be quite satisfactory.

Therefcre re are three maln ways I see at this moment o introduce

this course. Paper anl penciti iacal, computer materia tased, with motest

out displays.

direct computer support, -aml dlsaes computer tased, witinoor wit

seienees

AT

Intordiccin ry with the sceial selences. M

ng stron

behasiora: ., nased, which menns guantiia

s Ilistra-

Dartmout:. a data bark wnd reiated progranc c~lled Preject

trve., The frest agoncmist g Al looen raclal prot ceme

sources a. Sue one-i:n-.UCC nample Trem the

direc’

s disoosn’ ani can

cencu .

bFye-iiloms and percentages, and he ean alro as:

yeminders

davieer "o re aoplled,

and warnings wiout how the partieilar

Ty

rut .~ student cal have it. There g

iz

s nver a sustantial period.

companie

s well to go study it, thik to

‘e dou

e hin-z for relating sociul selence vk Troroia0lns

ire Aand ext ani ose liear o A Metual

Adnta are
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nature of' a4 non-experizental sort-<that s, the oneeshot observationn! study

we avnallable.

sort, like n census--cni te

Naturally, thlc covt of relatlonsi p batyen gteo fovies nnl poeinl

te There are other macte: such

selences dees aot Lave to te computer b

ns simple crosstats, how gwnples are actun: 'y taken, nnd 20 on, thit enn be
treated. The Escuys on Applleatlons scetion weuld be useth). The mathematlenl
content can be puther asmail, Lt the Interest of sowe students may e high.

I do not wunt to say all o even most studencss wonll ta delighted with such

work. DBut I might emphas iromoves In o the game lipection tood BMSG
io going. That iz, it orfars empiviecal regearel 1 o substlitute tor armehair
thinking about goela! proilems and tne propertiecs ot society, (Let me sny
though that many vigorous ehanges In society bhave tren dane trom the amceinir,

tut othern have Yeen in reacponse Lo rither simple tat overwhelming data,

There i here Sopportuni Sy Lo son data g0 mes e Proean e ray

ag paplation inrormation anl to gee othar data inoroth

Ig valldity and Ttg reliwility., Under the !

voouat, Under the toymer, the iz

is adequate for pollcy and agks whoat polley ¢

One could haye infa-enbial stacic: len tera oping

the rathematica! tagis

Interdiscinlinary Coocaen unita prepoared

opimontn)

for the nna! 5 of data from e: work ot che o remonl leve by phsiend

geientisty, o exumple to eoe wiethor wwo meviels produce observiat iy

soseend g eoy

PAKAIND WA

means allke, o whathay -0 diplavarce o

aanity Lo ack

PLowWwoull te wet Wi e ey

Liove

$oshould Bava a o In A

fng; < orreparing ouceh material,

Tomtat take b

or wether [+ wishes to nave
tewiership and recponsi. ity

fen comer 4o o

Proinbilisy (nud oo

taught In n more integroed

Lo shors

tles ant

teal fdea. (The

. Discovering places
“he ADASNCTM eon-

Weo el that

requied ~ diveet ole errricuiws ani nended many winds

with ecurrict seemad more annvopriate for cunmer
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work for a group than tor lusolated people workling on o comm ttee,  The com-
t oat

Leve that Ur would encourage some

moment hnve

n need for this to be dene, but Jdoes

mittee thua e

3

haye plans or tunds of fta own bto s Lk, T bel
other group to do 30, and that it would bie happy to plve adeler or diseusaion,
Jume of the materianl. menti ned in the Nxamplea Volume geckhion that IF has

garhere! and edited are, O ocourse, approprliate Copoauch apots,

Approtci rather consldees the opportanitien’ tor the use ot statintl-

e tecknique: in the expositlon of other matheratlenl tech-

cal nnd protabtl!
nlques.  Another velace! nrojeet o thile: Wit Pooand O fesw and methods

shoul i te pregented o warious serts oU ateients o we’ -semded programt”

LEomo o wlon - lines the

Avain & L o oworthy plece off receavel

Contevener hus Alseucsed vor other zorts o cothematies, exerys 0 othink that

vehomatios to rocosnlee ocon-

nred aile

we are 1 little bettey pr e

popve/ect thnt

ateliation of Idear neelded bian we nre Sero, 1 believe o

aatiaticiamg fram tre appliet Cieldy e owell

will woopiiee Lhn oelp ol reseu

Vniie to cooperte witho weoondary toaches

the morne mathematd

ag those s

Yotie ADASCTM Commi ttee

anl curviculun dovelore . Again, T am oconttien:

lone,  Whetiaw ¢ W Uie o msadrer tor

wo'rtt encourage ing thiz wo:

’

tie efvart or not I ocould no o s vime

wostelente In oenlTepe, most of un

o e

trore oen el preaent no taete iave Tectuanl A rviealty

+ 0 bl oeertain

ot o Tali tooctalente

at whien o

enees. T s bl e e e meing eantt

an lntavect oo he s bl no
axprrienens oAt .o Ane ol eneri-
manta’ desd ' CRRN
tient, i Ce T chwdent
Wi Al B cenn invalvel o in R S | 5 roanrd te

come norlent

sane ln
Hteront
LInpe RO D

mreoneend

w5 R S bl A B oo H ingperate o
Tie yeievanee  en oo . AP
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T osun nor trvtng to sy what prolbabd Ve el atatist fen ahoatd e oy 0
n what onder “at rather nceepting the polnt that Juos tecauee sometihing ean

te taught il wmipht even e aenaflle s have taught 0 o glven level, this

does not mean that gtulenta will ptek 10 up ef'ttelon T othen take Tt taon,
t h

Theve piny Lo roon 101 aleet o,

St amothey pafit that T think worth mentioning Ie the determinintic
world prosiems Mueg stutents hnve Yeen Lpoaght ap an the theopry that the

worid 1s a very deteminlatic plaee,

coo [0 domet

e when you enn cons
ol many ol the cond!tions., ut atatiatios ant provabt Uy mekes sone of
ol ool Ul it But atat st t it ¥

thease gtulesr o aneasy. Agaln, 1t fs not that tae material s so intellectunlly

Al rvicult, tut thiag fealing that 1t there nre muny i Crevent ancwers and [ ¢

one ean't tell how things come out then the world in a threatening place.

Congegientiy one wile have srourlad pestie  seulents who are resisting the

material nat Urom HDOrienlty with the matherasical teatures, 'ut tfrom ‘he

implicarions whicn tney vnguely see 14 having or the worid. And or eocurse

20 inoennt rovement of unnat!igthctory

lt ralses questicns atolr the eaue

sltuations In the world. We ave fori, toe, oV swaving teat we don't knew atout

thils, and we fon?t kuow ndout that.  Doortusately, ecimes woon we Jo know

and that, the masnematicr tellr us we cants mgn things o ot

aargeives beglsn ol axeessive cogt or lacr 3N contrel o0 varial les. Al

cae ldeng e e hawvdt ror an Ldenliatic young mun or aven a1 hasinogsed ol

one Lo acen not overemp Areme, P00 T rave gesn winny

2 good ghulens very troabied.

e Ly, P
inr broduct.

I d° not expect all coudent: no
)

are all going to Lin

“n oprelect woull

witler to preosont ings and e ocenter

Lo gtwlent.,

on ‘e oneou

ALt o prot tem Tt

Ve

LU8 NG relovanca o oanyt

ton relevnut p

“ront len

norvelavaien oo e sfVered Tt oe

Tt e e e ne

T unaw
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Bture of ASA-NCIM Suenttror, Pt by st imdated by et ione adaed and

dlsewslon at thls SMSG Canterence, el partly by Tha own timetal tey, ainee the
manuser!prs ror tne reme Fxamples Voluwe and Buonaya o Appllentionn saould be
tinlshed next yesy, the ASANCIM Committer Lo convenlne v oumall conterence

ltaelt, December 13, 19070, The Conterence will dizeuss the furttier needs and
) )

future tasks in elementaey anl eecondnry sexool work In protal DLty and

atatintles, WlHth the nid or lizcuasaions trom that Conterence, the Commlttee

hoper o midie turther pecommendatloneg to che pavent soeletles.

POONOTE. Contimartory n'na analysis
canee or o+her methods of Inference
sRNren WO
Igotentt an exper’m
o re Mt
neat and
More of *¢

srary

oo

nso

i

at o Lhem.
nocamnle
¢+ el
anl Tnne

semewnat
anmt

afining
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