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PREFACE

The purpose of this Conference was to provide the Advisory Board of the

School Mathematics Study Group with suggestions us to what it ought to do next.

This Study Group, which came into existence in 1958, devoted its mnjor efforts

to development of new mnthematics curriculum mnterinls and also to a careful

evnluation of the erfects on students of different kinds of curricula. To

reach its objectives, SMSG developed n specific kind of orgnni:lation and spe-

cific kinds of operating procedures.

As n result of SYSG's activities, nnd the activities of others, substantial

improvements came about in school mathematics programs in the United States.

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

Standing at the beginning or a new decade, it was therefore appropriate

to ask wAether the organization and''6$erating procedures which 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, October 25 and 21k, to provide suggestions to the SMSG

Advisory Board.

The Conference begnn with four presentations addressed to some of the

particulnr problems to be faced during tlr:e 70's. The participants were then

divided into four groups, each of which was asked to mnke specific recommenda-

tions as to what needed to be done during the 70's for a particulnr topic.

These topics were: curriculum construction, dissemination of new curricula,

resenrch and evaluation, and teacher training.

Reports frcm these four csmmittees were presented in n plenary session at

the beginning of the second day of the Conference. After discussion of these

recommendations, the participants were again divided into fGur small groups;

this time each group was nsked to prepare recommendations nnd suggestions as

to how these recommendations could be carried-out, who might be expected to do

the work, what organizations WoU1d 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 SNSG Advisory Board met the day after the conclusion of the Couference

to review the suggestions and recommendations that had been put forth. Howeve!:,

because of the large number of these, the Board requested its Chairman to ap-

point an ad hoc committee to meet later to review all these suggestions and
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recommendations and to orgnnice them in n Way which would make discussion

easier.

This nd hoc.comMittee (E. U. Begle, Burton Colvin, Donovan Johnson,

Karl Kalman, Jeremy Kilpatrick, Joseph Payne, and Henry Pollak) met December

11 and 12. Detailed accounts of the discussions end group reports, prepared

by the SMSC, staff, were made available to this ad hoc committee in advance.

With these ns n starting point, the committee wns able to orgnnice the con-

clusions, suggestions and recommendations from the Conference into summary

reports for seven broad areas - objectives, teacher training, research, cur-

riculum, evaluation, communication, and exploiting the work of the past decade

in the next decade. The committee also 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, 191.. At that meeting the summaries

and the draft proposal were reviewed in detail. Some minor editorial changes

were made, after which the proposal was approved unanimously by the Advisory

Board.

The Conference Report, which follows, consists or the texts or the four

opening addresses, the summary reports prepared by the ad hoc committee as

revised by the Advisol7 Bcnrd, the proposal for a new organization for mathe-

matics education as approved by the Advisory Board, n list of participants in

the Conference, and, as an appendix, an article written and submitted during

the Conference.
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TIM STATUS QUO - AND WHAT TO DO ABOUT IT?

Phillip S. Jones

.The'Univcroity of Michigan

The task set for me was to present n perspect!ve view of the present

situation in mathematics education, together with n list of the most urgent

problems ns seen by one person. The modification, acceptance or rejection of

this cataloguing, nnd n11 the solutions for the problems are the task for the

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

When I asked myself what are the arects of our grentest currPnt concerns

and difficulties, I found that in this dny of strong and sometimes illogical

views, kidnappings, and guerilla warfare, I was thinking first in terms of

the forces impinging upon us rnther thnn in terms of the issues, the open

questions, which might seem the more logical beginning. For mathematiNa.

education I see three groups of forces: (1) Those from the mathematicl:ans

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

matics earlier. This means a more varied mixture of mathematical concepts,

perhaps nn "integrated curriculum", as well as a translation downward of the

topics of the existing curriculum. I believe some of this can and should be

done, but thnt there are serious dangers nnd overly simplistic analyses in

some proposals for doing it. (ii) I think that I also see in the mathematical

community a slight movement toward Less fnrmalism and perhaps less stress on

rigor and precision in the early years of mathematical training. (lii) I

believe that there is also a growing concern for displaying the connections

between mathematics and the rest of the world 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 problems, but also

to give them an understanding of mathematical models, their nature, uses, nnd

construction. Concerns for pushing content down in the curriculum, for

teaching insight into good modern mathematics, and for n proper regsrd for

the utility of our subject have all functioned as issues in the teaching of

mathematics for literally hundreas of years, but I have tried to imply thnt

there are new views of them and new forces bringing 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 educRtional philosophy

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

programmed materials, and some computer-assisted irmtructional materials seem

8



.15e,

to represent a return to a stimulus-response psychology, while (il) the pro-

noUncements of Bruner stir recollections of both Mental discipline nnd gestalt

theories, and (iii) Gagne's stress on the importance or hierarchies in learning

recalls Thorndike's theory or bonds. Here, too, the newer views are not

identical with those of the pnst.

There also seems to he a similar revival :n educational phitonophies.

We hear much of Open schools, or free schools, of students "doing their thing"

and of need for relevance. In a recent panel discussion or problems in the

schools on the Today television progiass, the "interlocutor" repeatedly asked

the pnrtleipants if this wer(' not a return to the progressive education of

thirty or more yearn ago. I did not henr n good reply to this.

This tends to my third (3) zntegory of forces impinging upon mathematics

education. These nre the societal forceS. They nre embodied_brrboth. the deep

problems of pffluence, colonialism, war, rnce, etc., and nIso in more overt

public attitudes Ind demands. A recent CIllup survey(1)of the current public

views of the major educational protlems listed in order: l. Discipline;

2: Integration-segregation; 3. Finnnce; 4. Teachers; !",. Facilities:

6. Drugs; 7. Curriculum.

Several of these may appenr to have little to do with mathematics educa-

tion. For example, I reel sure thnt when discipline WAS listed first, the

persons interviewed visualized protests, trashings, riots, and rights.

Although this may seem to havejittle to do with mathematics education, if

the causes of these breaches of discipline include inck of "relevance" in

the schools, failure to recognize and deal with students t:s individuals,

overly formalized and routine instruction as well as administrative orgnnizn-

tion, and just plain failure to teach effectively, then we must ask if either

our mathematical content or methods may not Le signiflcant contributors to

the problem of discipline.

But turning bazk to our list of major problems, and skipping for the

moment integration, we arrive at finance and teachers. Here the name of the

game is accountability. In the Gallup Poll, 7..t of the adults favored

national educational tests, 67% believed that teachers and administraLoI

should be held "accountable", 584 expressed the opinion that teachers

should be paid in accordance with the quality of work which they did, and

53% registered themselves as opposed to teacher tenure as it is known today.

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 bPing tied in with the employment of pri'vate eiucational
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contractora, and the purchase of expenoive equipment and materials, then lt

behooveo the educational eonununity as n whole and the mathematics educational

commanity in particular to study critically the tenth to be aped and the

educational objectiven upon which tent development muot be based.

It will not be fair to nchoole or to tenchern or to the utudento ir the

expectations of the community are not phraseu and meacuired in termn of both

the carerully defined goaln or mathematics education and olno In tennn or the

nature or the educational netting. If teachern are to be judged, ponnibly .

even paid, on the baais of come measure of their educational errectivenenn,

then this effectivenens munt not be meanured solely on the bonis or a perfor-

mance of ntudentn on any old tento. All of oar objectiveo, whatever they are,

muot be measured nhd the effectivenens or teachers munt not be measured merely

by the raw ncores of our ntudents. Effectivenenn must be meanured in termo of

the relationnhip between tent ncores and such other rectors on the size of the

class, the backgroands and native abilitieo of the otudentn, and the materiath

available for USP in inotruction. A teacher who is able to mnke nmaller

changes'in his studeLts hut against greater odds may actually be more effec-

tive than one who with a small clans and n)..1c1 students can produce high scores

on the college board exams. Thin new strens on ansessment, nationnl, state,

and local, aloo has itn revivalistAc overtones, recalling the tenting movement

of the early 20th century and its role in 'he attacks upon mothematien prior

to World Wai II. At that time the poor showing of studentn on computational

exams supported accusations that we were doing a bad job of 'aaching skilln

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

We must become quite specific about the goals for our instructior. We

should not ignore, even if they would let us, those who !twist on a behavioral

formulation for our objectiveo and testing in terms of theLe objen-

tives. However, mathematicians and mathematics educatin must decide: whether

or not they do believe in such goals as training in reasoning, prohlm solving,

perception of mathematical structure, understanding of the model-building

process, appreciation of the nature and role of mathematics, the disrovery of

fun and aesthetic satisfaction in mPthematics. If we really do believe that

vc can and do taach for any of these goals, then we must come to grips with

the problem of defining them more clearly and testing them in some reasonable

and reliable manner. If understandir e.. is important, we must try to develop

testing devices which will measure different levels of understanding 3S wel1 .

as the well-known problemo which measure manipulative facility.
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We liii 1 also look carefully ant reallotleal., at our own mntimates or

the levels we aPpk tc, twhieve. The National Atl,leham,pnt Tettng program

attempted to clansify ire questions into three :evels: those which wore

expeeted to 1, rwiewere,1 lv IO ', '01, and 10i or thx. teotel population.

After this classification had teen completed ty experts, the '101 exercises

were tested out on a sample group or students. n the 4!, exerellieo looted,

43 ncored at the t0'1 level or telow, 4:1 scored at telow the '0 level,

and no one or the questions wan !WW1Werna corrne..4 1'y Morn tIPW1 N:lf Or the,

fltUdeniti. Flther our teaching Is pct.-r or our golla are unrealistically set.

Our protlem In of course to rattle the level or our students, tut It 1,, also

ennentlai !JPI! Wn te realistic with rererence to these levels or qehleve,e,o.

let us now turn away from this analysis or the forces for change teing

lirught to tear today ly mathematicians, edlcational philosophers, and the

genera' putlIc. Let us try another, seml-historlea' approach to vetting

the stage ror the discussions to COMP,

At a conrerence On thin same general topic and unler the same sponsorship

ten years ago, the opening, rather extensive, hintorical surey ended with the

warning that the mathematics educetion cmmaunit; could not expert the 10%el of

financial support and popular Interest in mathematics education to continue

Indefinitely, that mathematics educators themselves must guard against the

onset of lethargy and a diversion or interest to other fields and other prot-

lems, and finally that continuing regular and frequent minoormoot or the

curriculwn Materials projects then In their hey-day was necessary.

In a look at the future for mathematics clucation, Marshall Stone pointed

out at that conference that there would be a continuing need to puah more

advanced mathematical materials down in the curriculum, tut that there may

he some things that you can not du with children at too early an age. Hence,

he felt that there was a great deal of need for additional data from psy-

chology. He also stressed the need to continue educational reforn down Into

the elementary school, to seek Rnd utilize letter coordination with the other

subjects of the school, that attention must iv glven to the high school mathe-

matics desirable for non-college-hound students, and that there must 11.

closer relationship hetween the mathematics we teach and the applications of

mathematics. In the foillemIng decade attacks were mounted on all those prol-

leas, tut many remain /argely unsolved, proliably Icclq::e they nee difficult,

perhaps besause they Rre unsol.tatle. Let us hurriedly list some or the,

attacks.
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individualization programs. There is a growing interest in materials -

centered and manipulative laboratory activities patterned after some English

elementary school models. The problems of adapting to individual interests

and capabilities at n11 levels are substantial and increasing. Experimenta-

tion seems to have show that students learn better 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 defined conclusions on classroom management which nre easily

passed on to yoims teachers arc hard to come by.

In addition to new curriculwn materials and classroom management experi-

mentation, the past decade has seen several 'viol' measurement.projects,

S%SG's NLSMA and the International Study L. Achl.evement in Mathematics

testify to how costly and difficult measurement is. The rapid current growth

of national and local assessment point out how urgent it is to work on this

problem.

Probability nnd statistics has probably been the one area which coulA be

classified under the heading of motivation (although it also involves curricu-

lum materials) which has had the most vocal and insistent proponents. How-

ever, materials in this field have been in short supply, and little used.

Those experiments in :.enching probability and statistics with which I am

familiar have been disappointing in their effect on both students' knowledge

and attitudes. It seems that a great den? more needs to be done here.

This past decade has also seen the development of fi- new journals,

everal of them stressing research in mathematics education, as well as a

research-oriented organization and a first international congress. Organiza-

tion seems to flourish; major definitive advances in motivation, management,

materials, and measurement are harder to come OY.

How can we assess the actual effect of the so-called "revolution" and of

the activity of the past ten years. An interesting study was published by

Milton Beckman in School Science and Mathematics for April, 1969. Beckman

has long been iwterested in the "basic competencies" which were defined by

Post-War Plans oil the National Council of Teachers ol' !-Iathematics as being the

essence of what they called mathematical literacy. Their work was done and

published prior to the development of so-called "modern mathematics", and

their recommendations focused on the over-all needs of the.school population

as a whole. In 1.950-51, Beckman gave a test based on these competencies to

42 schools and found that the menn score in the fall of the year on these

tests was 45.7 and tha': it was 54.3 in the spring. He gave the same tests

13.



in virtually the sa, 1 schools in 1965-66. The means were 54.9 in the fall

and 61.1 in te 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 because the change of

course is not tremendous, and one can always raise questions or objections

with reference to the 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 added insistence on tech-

nical terminology 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 mathematics 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 be validly

administered or interpreted with respect to students tqught under a different

regime.

At the college level, a number ofAudies 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 tbe time put in on

analytic geometry as evidence of the fact that content is being t.whed down

from the upper reaches to the lower levels. We have seen stadents continuing

to perform and even performing better than in the past in courses which are

not only more advanced in content but taught at a higher level of rigor and

abstraction. We are now seeing linear algebra incorporated into the fresimmn-

sophomore program either incidentally to the calculus or in courses companion

to the ca,..:ulus. Similarly, units and even shorter courses in probability

and statistics are being developed for engineers 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, perhaps even for all college mathematics s:udents. If we needed data

on the changed preparation of the average college freshman, we have a study

(2) which showed that at Western Michigan University there has been a sub-

stantial decrease in the number of students entering without mathematics or

with algebra only and a substantfal increase in the students enering with

algebra, geometry, and trigonometry incorporated into a year or longer high

7
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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.school programs reflected the

recommendations of the Commission on Mathematics. I shall not use our time

here to detail those recommendations; however, 85,1, Of her sample had studied

the field properties and 3/4 of them had met them before their junior year

in high school, 1/5 before c;rade 9. Inequalities had been 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% of her sami)le, and 50%

recorded that they had met exponential functions. 50% also leported that

their high school geometry had included ,:oordinate geometry, and 33§%

rated their geometry course as being both plane and solid geometry. However,

only 20% of her student population had studied probabilitY and statistics

for as long as at least one month.

Insofar as teachers are concerned, we have the evidence of the tremendous

growth of the National Council of Teachers.of Mathematics from a membership in

1950-54 of 8,000 to a membership of 76,000 in 1965-69. However, the rate

of growth oC the NCTM has been declining in recent years, the interest of

elementary teachers and supervisors has been turning away from mathematics if

one can judge on-the basis of subscriptions to The Arithmetic Teacher and

attendance of elementary teachers at meetings. Studies of the effect of the

CUPM teacher training recommendations for elementary teachers show a tremen-

dous growth in one-semester courses In mathematics for prospective elementary

teachers, a moderate growth in two-semester courses, .but far from any general

ac7eptance of their recommended four semesters of mathematics 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 required mathe-

matics for elementary teachers in the fort:.loming revised teacher training

recommendations.
.

Another trend in the past decade which we should not ignore has been the

change in the objectives of our students. As early as 19E:4, a study of the

career decisions of very able students showed thal.. "Talented male students

appear to have shifted their interests from physical science and engineering

to the humanities and the social sciences. Exceptions to this general trend

are losses in the fields of education and music and the gain in Mathematics."

(4) 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 flocking into the social sciences.
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Apparently associated with this trend are the data drawn together in an

editorial by 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 slccessfUl and raised the question as to whether or not

this shift wan chargeable' to more stringent secondary school curricula? He

felt that there was a growing concern that too much being asked of the

young in our secondary schools, especially with reference, of course, to the

college-bound students. In 1967, Carol King, professor of chemistry at

Northwestern, stated in a speech that secondary school students are being

asked to do "too much, too fas, too soon". Here we see an echo of Marshall

Stone's concern of ten years 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 testing and evaluation,

though admittedly expressed in a different situation and probably envisaging

a little bit different type of evaluation. Let me now turn from this semi-

historical survey of the past decade to a summary of those forces which seem

most active on the current scene and those issues in Mhematics education

which seem most to the fore in today's schools.

Both current educational panaceas involving "assessment" and "account-

ability" and long range educational research and development demand a careful

review of the goals of mathemattcs education parallel with the development of

new and imaginative testing procedures. The question of whether or not all

the valid goals of mathematics education have teen or can be expressed

behaviorally must be wrestled with. If accountability is to be stressed and

based upon some set of more or less objective measures, then these measures

must also include parameters associated with the size of classes, the back-

ground and motivation of the students, the support repeived by students and

faculty from parents, the assist.' orovided to teachers y the school system

in terms of materials, time, ant . forms of' supervisory support. Further,

if schools and teachers are to be m....-.iured in these ways, they must be

involved, along with mathematfcs educators, not only in the formulation of

the tests and in the specification of additional parameters used to determine

educational return per dollar investment, but tney must also be heard with

reference to the realism with which the goals are formulated and the tests are

weighted. Measures of mathematical understand!ng, insight, problem solving,
.

and perception of the structures should be added to testing programs, but the

nature and level of achievement in these'areas and the stress upon them in

the measuring instrumen-.0 must be realistically adapted to the facts that

children develop their Capacities for higher levels of abstraction and

9
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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 popvaar social outcry, that for relevance, should be

associated with a longtime debate amongst mathematicians themselves. I believe

that it is important for learners to see bo!.1-, aspects of mathematics: its

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 applications. 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 belief from the viewpoint of mathematics. From the view-

point of psychology, I believe the same goals, teaching applications and

modeling, are important aspects of motivations. How to define, teach, and

measure for such outcomes 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 objectives,has been explicit and implicit ever

since man began to test students. The importance of motivation and the recog-

nition 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 about all of these items which say there is something new and different

about the situation today.

A somewhat similar statement may be made with reference to today's demands

upon classroom manageMent. We are witnessing what appears at first glance to

be a return to the progressive education of the thirties. Some of the termi-

nology is neW. We hea of "free schools" and "open schools", and everyone

today associates some vision with the phrase "doing your thing". Here again

the philosophers and Psychologists who call for these types of classroom

management must not be ignored. Their educational goals are broadly desirable,

und unmotivated, disinterested, unwilling students are at their very best only

poor learners. On the other hand, a significant part of the essAnce of mathe-

matics is structure, deduction, and organization. Although there is no unique

sequence for the org anization 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 A basis upon which classroom teachers who

are responsible for classroom ma%agement 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 learning

and of pointing Out interrelationships between mathematics sind its environment.

We must not lose sight of the existence of intrinsic interest and motivation,

but we should not regard it as thc sole motivation to be presented. Similarly

we should continue to build problems and exercises that provide incidental

maintenance of past learning and skills, but experience has tended to show

that this is not enough. Adequate recurring practice must be planned for.

In the thirties and forties mathematics educators had to fight the postpone-

ment and disorganization that came 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 inten-3t and motivation with-

in the framework of mathematics itself. We insisted that the utility of

mathematics lay in its very abstractness and generalization, in the capacity

for making one mathematical structure fit many real world situations. All of

this was fine, correct, and I personally believe in it. However, I also

believe in the existence, reality, and importance of bot: sequenced I:arning

and incidental learning, of motivation from intellectual curiosity and the

internal structure and beauty and logical constructs of mathematics and also

motivation from perceptions of the physical world, of social-economic problems

which may be formulated in mathematical terms and use the abstract structures

as a part of the model-building process which helps to solve problems and

predict changes. In the past ten years we have tended to swing from one

extreme to another, to focus on a new and changed perception of mathematics

and its goals and thereby lose a valid view whrbh s'Iould have been retained

from the past. To incorporate all of these factors into teaching and teachers

is a tremendous challenge which must be done not only to improve the instruc-

tion in mathematics in the next ten years but even to retain for mathematics

the public view of its role and importance which has developed in the past

decade.

Teachers also need help in evaluating and using the opportunities pre-

sented by new forms of classroom management. Do mathematics educators know

enough about thc role of computer-assisted instruction, of modular scheduling

and team teaching to prepare teachers to reject or accept them, or to function

effectively in schools using them? In it possible to design relatively inde-

pendent mathematics models which will allow d4 f.`0,..nt 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

program?

The role of the teacher needs analysis as never before. As I see it,

today's varied concatenations of computers, tests, para-professionals, teams,

and modules call, as never before, for well prepared flexible teachers with

background and self confidence. The teacher still plays a major role in the-

selection, sequencing, and assigning of priorities to the content specified

by a text or curriculum and this role becomes even more important today.

Flarther, the teacher is responsible for developing the informal and intuitive

approaches which lead to desired understandings. It il largely the trained

teacher, not a machine or a para-professional, who will eommuricate to students

enthusiasm, perceived relevance, and perceived goals. Training such teachers

is an increasing challenge.

In a somewl7at impassioned speech given in 1894 the mathematician and

logician Charles Sanders Peirce (6) stated that .r..e intellectual powers needed

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

pausing for effect, he asked, "Did I hear someone say demons',.atio-? Why

demonstration is but the pavement on which the chariot of the mathematician

rolls!" Let us keep that chariot rollingt
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PROBLEMS OF CURRICULUM DEVELOPMENT FOR THE '.70s

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 thP problems of the school mathe-

matics curriculum. A few dates will help: the first National Science Founda-

tion Summer Institute in Mathematics was in 1954; the first grant was awarded

to SMSG in 1953; 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 book 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 curriculum in a systemhtic way only a very

Short time, and we have come a very long way. Mathematics itself has changed

enormously, in methods, in approach, and in terminology, in the 28 years

since I received my Ph. D., and these changes will certainly be reflected

soon in the school curriculum. At the same time, the electronic computer has

brouga in an almost inconceivable change in the speed and cost of numerical

computation and has created a whole set of new COncepts that are already

shoWing uP in fhe curriculum.' Combining all these, you will see why I feel

disti.nctly hesitant in making predictions no..7 about 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 cohomology theory

on a fourth grade class in a ghetto school, and finding that it is wonderfully

successful. I would have more concern that such developments would invalidate

my predictions if.it were not for the comforting fact that there are about a

million elementary school teachers, and there is 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 talented youngster bound for four-year colleges. One indication of

this had been the sharp increase in level of freshman mathematics in the four-

year institutions. This change in level is thoroughly documerr;ed in Volume I

of the report of the CMS Survey Committee,1 summarizing data gathered in

1Aspects of Undergraduate Training in the Mathematical Sciences, Con-
ference Board of Mathematical Seiences, 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, could 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 no_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

irreveraible 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-

tual life through the contemplation of mathematical truth; it is rather, can

we teach him enough mathematics to keep him off welfare? I think it is that

question, in its variouz 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 Mathematics Study Group,
The University of Illinois Curriculum Study in Mathematics, the Minnesota .

National Laboratory, etc..) on the entering college student. In your judgment,
have such materials had an impact (e.g., extent of preparation of students,
level of preparation, etc.)?"

3Approximately half the enrollment in mathematics courses in the junior
colleges, freshmen and .!..,Ophomores alike, in the fall of 1966, was in courses

below the 12th grade.
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characteristic of all the new elementary curricula is that the development of

mathematics has been 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 arithmetic, the way one would approach

his education would be exactly in the spirit with which we approach the six-
4

year-old. One could, for example, take Landau's Grundlagen and proceed

through this. This is exactly the line of development of some commercial

series, developing set theory, the whole numbers, the integers, the rational

numbers, and finally the real numbers. Or one could take something of an

axiomatic approach and begin with a simplification of the definition of the

real numbers as a complete ordered field. This is approximately the line of

development urged by 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 these. One could talk about 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 outside the control

of groups like ours. But the fact remains that, because of our ignorance,

we have now no real choice but to teach in a logical order. We know almost

nothing about the psychology of mathematical learning in the child - or indeed

of any other kind of learning. We have experience, we have intuition, we have

introspection, but little knowledge. We know more about the mental processes

of schizophrenics than we do about 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 the teaching of rational numbers than does - well, I won't select a

victim.

I am beginning to encroach on the territory of Professor Begle's paper,

but the encroachment seems to me unavoidable. A major part of our effort

must go into finding out now the child learns mathematics, and teaching him

in the order of topics best suited his psychology, with less regard to the

logical order.

4
E. Landau, Grundlagen der Analysis, Chelsea, New York, 1965.

5Goals for School Mathematics, Cambridge Conference on School Mathematics,
Houghton Mifflin, Boston, 1964. Also see their Goals for Mathematical Educa-
tion of Elementary School Teachers, ibid, 1967.

17

23



Iet 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, but at age 12 had lost interest and was 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 takP

up finite sets in the Uth grade, whether or not we had prepared a 1,:gical base.

By grade x, < x < 20, the whole process of instr 2tion should presumably

have covered the logical structure necessary for adult understanding, and the

student should so understand it. But it is not necessary before 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 been 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 be.

Let me elaborate that a little. A fact of physics, in the handbooks, is_

that copper is a better conductor of electricity than iron. That one can dia-

cover ay,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. But 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 a 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 its specific heat, a simpler thing.

Besides these problems 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 with Henry Pollak to Africa to

study the effectiveness of Entebbe mathematics.° We found ourselves for the

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

6 "Entebbe" refers to primary and secondary school mathematics 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 questions 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 cooperativea. There are decisions to be made by such cooperatives,

such as, "With this year's profits, do we buy another pump or buy a tractor?"

The analogous problems in a major U.S. corporation would be approached mathe-

matically. In Africa, in the first four grades, should some attempt be made

at least to make the child aware that such problems can be studied analytically?

That is a question about goals. We still have the difficult, if not impossible,

task of implementing that goal, if adapted.

In this country, we have no such dramatic problems. But nevertheless I

cannot say what are the goals of our curriculum. I thinic it is not too much

of an exaggeration to say that the bulk of our curriculum work in the schools

has been aimed to maximize the number of children who will be prepared for

calculus. 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 it is we should be doing.

A major part of curriculum development in the next decade will be 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 project 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 be 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 successful. 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 firmly

in control of the Africans, and in the other country the schools were still

controlled by expatriate teachers. In the second country, it seemed quite
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clear that no one expected the African children to perform at anything like

European level, and the children didn't. Now that, I believe, is the situation

in our'ghetto schools. No one telieves 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 been teaching, as on the firm belief he and his co-workers have had -hat

these children can do wonderful things.

Let ME give another concrete examplc, an embarrassing and painful one to

present publicly. I was finally convinced that I had eradicated all vestiges

of prejudice in me long before I went to Africa. In Dodomo, Tanzania, 200

miles from the coast, I taught for an hour the most responsive, brightest 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 better than most first-

year graduate classes. I was amazed by these students. Later, I realized

that until I taught these-students, 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 is evidence besides my own limited experience to confirm me, but,

if I am correct, our major problem in the ghetto schools is the eradication of

racism. This will be 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 this point because, if it 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. But such materials will not be

successful if they are based on our unconscious presupposition that the chil-

dren cannot do well.

I would like now to address myself to specific problems of the carriculum.

Let me summarize quickly the mathematics curriculum of the '40s and early '50s.

Grades 1 thru 6 studied "arithmetic", the rote manipulation of whole num-

bers, fractions, finite 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 problems of interest, stock broker's

commission, and other such matters of vital concern to the age group. Grades

9 thru 12 .followed a curriculum which ultimately had ibs origin in British

school mathematics of the 1850s, and which had changed primarily by successivs

dilutions as the secondary school itself changed to mass education. I have

said earlier that the changes since then have been amazing, but they have been
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motivated primarily by the desire to give the stwlent the same content in a

form that can be understood. This c1arification.has been more successful in

those projects that have included professional reSegch mathematicians than in

those that have not. There have been astonishing distortions 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

raticnale is given in terms of operations on equivalence classes of ordered

pairs of equivalence 'classes of ordered pairs of equivalence classes of ordered

pall's. I hope in fairness I have the right number of repetitions. Or of

another 8th grade text in which it is explained that rational numbers were

introduced to make it possible to solve equations of the form ax = 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 enough well trained mathematicians to do the

necessary taskI. Another factor, arising from the first, has been the neglect

of teacher training in the stronger mathematical centers, a problem still not

satisfactorily resolved. Still 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 numbers as something they could teach to their

classes. These distortions must be cOrrected, and I hope tilat one result of

the several new journals in mathematical education will be 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 been estimated that

we will have 100,000 computers in operation.. It does not seem unreasonable

to me, and I have tried this figure out on various computer experts, that, on

the average, for each such computer there will be or should be about 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 positiona who must make decisions based on an

understanding of what the coMPUter can and cannot do, advanced programmers,

and other tecnnical 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 around 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 particular predictions because nothing that is being

done at this meeting will affect the employment of anyone 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 way down further and fur-

ther in the grades. But I believe that more than that will occur. I wish I

were technically competent to map out the changes. But I cannot 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 briefly, a very

great deal of the calculus turns out to be in there for the purpose of avoiding

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 topics should remain, I said in the

earlier paper that I feel like an old flint-worker, aware that the Bronze Age

has arrived, discussing what techniques of flint making should be taught to

all the young braves. All I know for sure is that we must give most serious

attention to the implications of the computer for the school.
8

Let me give one small concrete example. I am sure that many- of my readers

have seen George Fo--ythe's CUPM paper, "How to Solve Quadratic Equations."9

When we come to the :.'dratic formula, should we now stop and talk about the

computational questions Forsythe raises?

The advent of the computer has meant a great increase in the mechaniza-

tion of society. It is, I believe, the ultimate cause of the tremendous accele-

ration of technological change.

7, 'The Computer and the Calculus", Educational Studies in Mathematics,
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 monograph, 1967.
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I mean by this that the computer makes possible the non-experimental

solution of problems of design, replaces much testing by computer simulation,

and controls directly processes beyond human skill. The time scale for

development has been altered. It seems to me that one implication of this is

that the':.e must be a greater increase in the student's understanding of mathe-

matics as a tool for solving real problems. At the least, the student being

prepared for the '80s and the '90s must be aware that there are whole classes

of problems which yield to mathematical 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 mathematic:. 'aced on physi-

cal lawn to the newer ares of application, one finds probabi: theory te-

coming important. I myself managed to take mathema.ics for 19 years without

ever running into probability, and I suspect that this still occurs, but that

is also something that must stop.

I have been 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 applied mathematics and probabilit I

would now like to switch abruptly to another side of the curriculum. It may

appear that I am trying to make sure that when 1980 comes I will e Eicle to

say that I predicted successfully the direction of the curriculum, whatever

that direction has been. But suppose that I now were given a class of 9th

grlders, told that I could teach them for 4 years, and that I could rest

aured that'every one of those students would go into scientific work in the

physical sciences, engineering, or mathematics. What would I do with them?

First of all, I suspect, I would start teaching them group the,..ry. Additionally,

that first year I would teach them geometry from the standpoint of transforma-

tion groups and begin 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 In calculus. All through the 4 years I had them. there

would be 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 successful; I don't know of a college in the country

I could send them to. It is clear that when I thin% of students like that, I

have entirely different curricular ideas. How do I resolve this conflict in

my own mind? At this point of writing,. I don't. There is a real difficulty

here. To take the case of physics alone, it is clear that the highest and

22;
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most Tecent abstractions are finding employment there. I have seen the reports

of a summer research seminar on relativity theory Alich included a chapter on

cohomology theory of locally compact spaces. Lie groups and group representa-

tions are becoming commonplace. In my own university, the physics department

offers a course called the Algebraic Methods of Theoretical Physics, parallel

to the traditional Couranl-Hilbert course, that includes linear algebra, vectOr

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-

matics" and was pure mathematics 30 years ago. 1° A very few children 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,.. the European curricula seem to me to have it

all over our own, or over the Russian. This superiority is gained at a price.

It seems to me that both in Russia and the United States, countries with

amazingly similar problems, much better attention is paid to the mathematical

needs of everyone.

My own belief is that there is a genuine conflict here, that we cannot

use the same basic curriculum, altered for different levels of ability.

"Tracks" 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 a 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 better

trained than he knows. Yet none of the developments that I have descrihed

can possibly take place unless we have the cooperation of mathematicians at

the highest level of research trr,lning. We must regain the attention of the

research community.

10For a further discussion of this point, see parts of my note, "Comments
on a 'Commentary", School Science and Mathimatics, 1964 pp. 545-549.
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A vastly larger manpower problem, so far as numbers are concerned, is

that of teachers. My readers will all be aware of the recommendations of the

CUPM Teachcr 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 still far from producing secondary teachers

really well trained 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 visible targets for this shortage. Society itself has not

seen the need. Curriculum 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 dollars a mile. I think that the sum total of all expenditures

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

This paper has presented a bewildering number 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. But success in all these tasks is

necessary - though not sufficient - for the preservation of our society.
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RESEARCH AND EVALUATION IN MATHEIMICS 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.much 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 mathematics.

FUrthermore, we have learned over the past decade how we can continue

to make sure that students are provided with better mathematics. We have

learned how to arrange the needed cooperation between classroom teachers and

research mathematicians, how to write new text materials, and how to'ev6Iuate

them. In short, the problem of.teaching better mathematics is under control.

The problem of teaching mathematics better is not. Let me list some of

the attempts that have been made during the past dozen years. In 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 it 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 or teaching has been

held out as the answer to our problem of teaching mathematics and other sub-

jects better. More recently, individually prescribed instruction has been

proposed, as has been computer assisted instruction. We have been offered

modular scheduling and flexible scheduling. Quite recently our attention has

been called to mathematics laboratories.

However, the actual state of affairs Ls 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 demonstrates 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 al'out the effectiveness of

individually pred-dribed 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 empirical information about the effectiveness of mathematics labora-

tories. All I could find was one report of a study done in England about ten

years ag0, which indicated 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 hand, it turns out that there is quite a bit of information

about the effectiveness of teaching by television: 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 is another case where it.is at a disadvantage, and in all cases the

differences are small.

The same thing is 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 conventional teaching procedures

have been made. The distribution of differences in such comparisons seems to

have a mean of 0.

The same is true for discovery teaching. A vast number of comparisons

with more conventional teaching procedures have been made and again the dis-

tribution of differences seems to have a mean of O.

To sum 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 better is not under

control.

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

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

'bomb; the cther included a report on the development of the Proximity fuse.

This latter was a small radio set which could measure the distance between a

anti-aircraft 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-aircraft gun.

The developers built a radio set of the proper size, and then threw it

out the window onto the pavement of the next door parking lot. They then

retrieved the set, opened it up, and looked to see what had broken. 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. cl (4

at)
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/ have the impression that in education we have been trying to construct

an atomic bomb rather than a 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 looking for major break-throughs.

/f 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 paper*

which / prepared a year ago. / 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 confirming

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. /n 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, becausu he knew perfectly well

that it was all right to teach English literature, or political science, or

freshman chemistry, or practically anything except mathematics, by means of

large lectures. When it came to mathematics, however, teaching had to be done

in small discussion groUps. I was very pleased that this obvious fact was so

clearly understood by the Dean.

The Role of Research in the Improvement of Mathematics Education.
Educational Studies in Mathematics, Vol. 2 (l97g) PP. 232-2E4.

29

3 4



Only recently did I come across evidence indicating that loth the Dean

and I were wrong.

It turns out that there have loen.a large numler of studies, at the

college level, comparing different procedures wnich ranged from Ihrge leetures

through discussion classes to independent study. When these studies are

examined together, it becomes clear that no one procedure has any advantage

over any other, and In particular that small discussion classes are no more

effective than large lectures on the one hand,, or individual study on the

other. The plausible (n fact; the obvious) just was not true.

The same organization which carried out this compilation of studies on

class size was also the one which compared TV with face-to-face teaching, as

mentioned above, in which no significant advantage for either procedure could

be 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 had access to a

microphone and could question the lecturer. This plausible suggestion, how-

ever, turned out to be a mistef4e. Feedback and questions from the students

resulted in significantly less student achievement than without.

My second law about mathematics education reads as follows;

Mathematics education is much more complicated than you expected

even though you expected it to be more complicated than you

expected.

Professor Higgin,s.study of the effects on stadent attitudes of a junior

high school science-mathematics unit is a good illustration of this law.

Another illustration is prvided by an analySis of the effects in grades four,

five, and six of certain conventional and certain modern textbook 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 conv,. :onal textbook groups. Finally, contrasts

hetween the modern textbook groups and the conventional textbook groups were

equally complicated. The simplistic answers which many of us had originally

expected to obtain frowthis study did not appear.

I try to keen these two laws in mind when I am planning research in

mathematics education. In the first place, I do not choose the most plausi-

ble alternative before me and invest all of my time and resources In it. I

have no expectation of developing a major breakthrough.

.50
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No matter what I do decIde to inaentigate, I expect the results to be

quite complicated and therefore I am not satiurica with aimplictic MenOUVOH.

I prefer to measure the values of many different independent and dependent

variables.

One source of problems worth empirical investigation io suggested by the

question or objectives or mathematics education. A large number or objectives,

each specific enough to be menoured, have been suggested at one time or

another. These seem to fall into three ciasses. First, a topic may be

recommended for inclusion in the mathematics curriculum because it is intrin-

sically valuable. For example, these days it is often stated thnt every well

educated citizen should have some understanding of what a computer can do and

what it Cannot do. A statement of this kind is, of course, a value judgment

and if there are differences of opinion about such a statement, there are no

rational ways of adjudicating these differences.

However, there are not too many objectives in this class--most nre in

one or the other of the following two classes. The seond 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 arittunetic are in the curriculum. because we feel

that practically every adult will often have to use these topics in solving

everyday problems.

A third class of objectives a,.e of the form: this topic should be in

the cuericulum because it is a prerequisite for another topic. An example

would be the state. at that the concw of a derivative :is a prerequisite for

the concept of margina: 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

these two classes can be tested empirically. If it is claimed that a particu-

lar arithmetic topic should be in the curriculum becaase it provides an essen-

tial tool for solving a certain class of problems, then by testing suitable

children in suitable numbers, hpth on the arithmetic topic and on the problem,

the actual relationship can le ascertained. Similarly, teaching "marginal

cost" to students, some of whom understand the notion oC a der:vative and

others not, will tell us it. the derivative is indeed a prerequisite for the

understanding of marginal cost.

During oar curriculum development work over the past decade we have

built many things into the cirriculum because we felt intuitively that they

were useful, without checking in advance to see whethei'lthese oljectives could

be empirically substantiated.
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Let me cite two examplea: one rather global and one much more narrow.

It aeema to have been an article of faith for SMSG, from ite very beginning,

that streasing understanding of mathematical ideas over rote learning of mathe-

matical techniques led to easier learning, greater retention, and greater

facility in problem eolving. 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.

Tbday there is a considerable body of evidence, some of it resulting from

the SMSG longitudinal study, but much from other smaller studiea, indicating

that our faith was well placed, with respect to this particular aspect of the

curriculum.

But now let us iook at a much amaller piece of the curriculum. We felt

that elementary school students should understand why the standard algorithm

for long multiplication works before they were drilled on the use of this

algorithm. Since the algorithm dependa 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 atandard

suggestion., and was implemented not only in the SMSG program but in many of

the others developed during the 60ts.

Here the empirical 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 is suggested by

the fact that there are various ways of providing the first introduction to

a new mathematical concept, just as there are various forms of many mathemati-

cal algorithms.

Most of us have very strong feelings on 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 is, however, at least one study which indicates that passive

observation of the teacherts manipulation of objects is equally effective.

A much more important, but alco 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 of the research which hnn boon done to date the erfect4 or two

different teaching procedures are compared. Alinont invariably) thene Proce-

dures differ on a number of variables. Consequently) Lf the two procedures

have different effects) it is not pof' Ile in general to separate out thone

variables which were responsible. For this reason) we are working at USG

Headquarters to prepare some teaching units which nre so clearly structured

that it will be podefbre to manipulate one variable at n time. With thene an

tools) it should be possible to get n much better understanding of the vari-

ablen that are important for the learning of mathematics.

A still more important) and ntill more difficult) nrea for renearch is

that of problem solving. We know even less about problem oolving 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 sny n few words about evaluation or mathematics programs

and the uses to which it can be put in the decade we have just 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

array of tests, and we know what each one is good for. Consequently) we are

now equipped to undertake much 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 assessment of mathematical knowledge. The mathematical community

had very little say in the construction of these tests. However) they happen

to be fairly good) which is fortunate, because some important educational

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

Another practice which 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 based on student

achievement as measured by certain specified standard tests. An instance

which has received cons..derable publicity recently is that of the Texarkana

school system which contracted with a private agency to have the agency teach

reading to certain students in the Texarkana School District. Unfortunately

it 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 is only ono of many rw!. cases. As far an T rind out,

little attention has teen pnia In theoe vases to the quarty or tale evaluation

Instrumento, and mo.A. or them seem to sw to le not, vpry Wo woula

te doing R great nervier, If we could nammte ne101 toaols to tIA, fact that

more powerfu l. and more urerul tents have teen developed recently.

Another notion has teen put forward recently which also Involves evalua-

tion. This In the notion of account-0d I !ty. Schools, nod even Individual

teachers, are teIng hold accountatle for the progress of their students. An

Interesting example is a recent actlom ty the District oC Columila School

Board. A recommendation wan mac last year to ttat Board that thl:1 year

(1970-71) to very heavily devoted to increasIng the reading alllIty ni tile

stuaents. Along with thin recommendation wan another one to the erreet that

teachers in the District of Columbia scool system te paid on the tasin of

the gains in roadIng scores made ty their students. This would, or 00111TC,

mean that there would no longer a uniform nalar:," sehedule

Thy teachers, of course, were moot unhappy with teing held aceountatle

in this fashion, tut the School Beam' nevertheless accepted the recommenda-

tion. Whether thin is Nat an Isolated ca.zo, or whether 1 lu the teginning

of a trend toward accountatility, lt Is too early to tell. IV the latter,

however, then evaluation will play a still larger role In the near l'uture.

To summarioe very briefly, there is more than enough research on mathe-

matics education that ought to be carried out during the t")'s than our re-

sources and available manpower will he able to handle. Tt seems likely.that

ev%luation will play a more prominent role during the .:0'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 liv)re useful tests and more penetrating

evaluation procedures.
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FEDERAf, flUPPORT OF flChOOL MA1ifl21A1TC(1 IN THE 70,0

0ohn M. Mas

Orrice of flelence and Technology

Executi vo Orri cc of the President

T shall start wl th the President's March 3 Message on F4ucation which In

sign! rt ly ent: tied Message on Education Reform and who:le opening sentences

are:

"American education is in urgent need or reform.

"A nation just ly proud of the ded ca t ea ef forts of I ts mi 11 I ono

o r teachers and educators MUO I jo 1 n them I n a search ing re -exam I no td on

of our entire approach to learning."

A 11 t tie later, perhaps anti el pa t I ng th: s con ference , he goes on to say:

... the decode of the 1.970n calls for thoughtful redirection to

Improve.our abt II ty to make up for environmental. deft el encies among

the poor; for long-range provisions for financial support of schools:

for more efficient use of the dollars spent on education: for struc-
,.

tural reforlos to accommodate new discoveries: and for the enhancement

of learning defore and beyond the school."

and then makes, among others, the following proposal:

"... I propose that the Congress create a National Institute 07

Education as a focus for educational research and experimentation In

the United States. When fully developed, the Institute would be an

lmpo rtan t element I n the net! on, s educati onal sys tem, oversee ng the

annual expenditure of' as much as a quarter of a di Llion dollars."

Having estabished the tone of the presen t tidal ni s trati on s concern for

t educational reform I shoula like iscuss for a while pertinent programs of

the National Science Foundation, Office of Elucation, and the Office of

Economic Opportunity. I shall t::en return to a more detal iel liscussion of

The National Institute or Education.
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National Science Foundation

The National Science Foundation has, of course, been the major Federal

source o'f 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)
E. G. Begle, Stanford Univ., Direetor
Complete curricula for gres K-12 with
alternative courses; teacher training
materials; longitudinal study of mathe-
matics achievement.

Minnesota School Mathematics and Science
Teachinf, Project (MINNEMAST)
James H. Werntz, Jr., Director
This project has produced close to 30
coordinated path-science units for
grades 1-3.

Uhiversity of Illinois Committee on School
Mathematics (UICSM)
Max Bebennan, 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
Patrick Suppes, Stanford Univ., Director
Included are drill and practice for grades
1-6 and a "tutorial" curriculum in logic
and algebra for bright students in grades
4-8.

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

Madison Mathematics Project
Robert B. Davis, Webster College
and Syracuse Univ., Director
Davis has a particular interest in
influencing what goes on in the classroom.
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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 for the college-bound which eliminates

the traditi,3nal separation into arithmetic, algebra, geometry, and

analysis, Jrganizing 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

informsfion, source materials, techniques, and data designed to help the

teacher handle this more difficult open-ended type of activity. This

project grew out of the Cambridg, Conference on the Correlation of

Science and Mathematics in the Schools held in August 1967.

Development of instructional models, under the direction of Glenadine

Gibb at the Southwest Educational Development Laboratory in Austin,

designed to improve teaching of mathematics to minority groups including

Mexican and Afro-Americans.

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

matics for thn college-bound:

mathematics 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 mathematics in FY 69 and 70 has

been in the neighborhood of $1.5 million a year and is expected to be about

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

NSF remains o7.en to proposals for imaginative projects in school mathematics.

Areas of particular emphasis at this time are integration of mathematics and

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

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 separate program aimed at developing model preservice training programs at

individual institutions was started last .;.:ar and has $2 million available

thie year. Mathematics is involved in about half of the projects.

Office of Education

The U.S. Office or 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'Development Center at the

University of Pittsburgh and taken up for field testing by Research for Better

Schools, the Regional Laboratory in Philadelphia. The project has produced a

complete mathematics curriculum for grades K-6 designed to allow students to

proceed at their own pace. Detailed specifications 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 manipulative

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

$1.4 million in the development of this mathematics program and the Philadel-

phia Laboratory has spent $2.35 million in the field testing and disseminating

or the program.

Whereas the creators of IPI have not been concerned with innovation in

curriculum content, the Central Midwest Regional Educational Laboratory 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 associated with the piojeCt.. Az with

IPT, the materials have been found to work well with classes of inn-6i city

children. Support has totaled $2.5 million through FY 1970.

The Southwest Educational Development Laboratory in Austin has been

working on improving mathematics 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 to those heing developed

at the Central Midwest Laboratory (CEMREL). They are also exploring the use-

fulness of a bilingual approach to mathematics for Spanish speaking students.

Funds expended to date (including ESF contributions) total $700,000.
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The Wisconsin R and D Center for Cognitive Learning has completed develop-

ment, at a cost of rougtilY' 4800,000, of Patterns in Arithmetic, a course in

mathematics for grades 1-6 involving 336 15 minute videotapes and associated

student workbooks 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 statistics, with provision for students who learn well from the

printed work after beginning with concrete manipulative materials and those

who profit by continuing in the concrete style. Expenditures to date for this

and some exploratory Work in computer management of instruction are 4530,000.

In addition to these and some other smaller proJects relating to mathe-

matics in the Regional Laboratories and R and D Centers, roughly 4200,000 a

year has been devoted to individual projects in mathematics. As will be seen

later, present plans are that the research activities of the Office of Educa-

tion will be transferred to the National Institute of Education.

The OE Bureau of Education Professions Development deals with mathematics

education as part of its focus on areas such as education of the disadvantaged.

Roughly 4800,000 was devoted.to mathematics in FY 70.

Earlv 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,

imclude in the Office of Education the National Laboratory on Early Childhood

Education, with .six university centers and Head Start Follow Through which is

systematically studying a number of approaches to early education fo'.. dis-

advantaged children. Elsewhere in HEW the new Office of Child Development,

headed by Dr. Edward Zigler on leave from Yale where 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 Onportunitv

The Office of Economic Opportunity, in a search for hatter means of

helping break the cycle of povery through education, have embarked on two

experimental programs - one in so-called performance contractlng; the other

in use of education vouchers.

Ile performance contracting experiment w112 focus on educational results

rather than the means for achieving them. The experiment will attempt to

determine whetner it is possible, in the words of 0E0, to:
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hold accountable those providing the instruction--individual
teachers, a teachers' union, or private firms--for the success
of their students in such basic areas as reading and mathematics.

guarantee poor children the same results from classroom effort
that now is achieved by students fram nonpoor homes; i.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 firms are not being reimbursed, even for costs,

if 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 norm.

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

cated by the title of an OEO.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 be responsive to the needs of

many citizens of diverse backgrounds 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. While

the Office of Economic Opportunity is not an advocate for adoption of any

type of vouchers system) it does believe the concept merits consideration.

"Such 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 probable that an unrtgulated system would worsen
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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

iystem because they would not be required to accept standardized programs

offered in assigned public schools. 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.

(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. Small 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 Educs;.tion, I will first quote

again from the Pre'sident's message on Education Reform:

"As the first step toward reform, we need a coherent approach to re-

search and experimentation. Local schools need an objectiVe-netional body

to evaluate new departures in teaching that are being conducted here and

abroad and a means of disseminating information about projects that show

promise.
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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 disciplines as psi-

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

"While 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-proflt institutions and other

organizations. Ultimately, related research activities of-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 a "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 numbers 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 better applica-

tion of what we know and additional research.

Television and other technology - 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 broader and more sensitive

measurements of learning than we now have.
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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

"immeasurablee of schooling (largely because no one has yet

learned to measure them) such as responsibility, 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:

1. 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 emphasized problems close to the firing

line 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.

4. 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
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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 E 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 be responsible for support of more discipline-oriented or basic

projects. Individual NIE extramural staff members would work in both areas,

thus fostering interconnections between more basic work and attacks on pressing

educational problems. A third assistant director might head an analysis and

planning unit, with a considerable rotating complement of first rate people,

which would help 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 VIE has already been authorized by Congress. A Federal program of experi-

mental schools has been proposed by several Presidential advisory groups in

the last 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 forms of education, almost always with inadeguate

funds for development and evaluation. The basic purpose of the program is to

go well beyond experimentation with this or that aspect of conventional

schools .into experimentation with fundamentally new ways of organizing educa-

tion along lines that informed intuition and earlier small scale trial suggest

are likely to be fruitful. The resources in each case would be large enough

so that the idea can'be properly tested 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 organizat!.on in the past.

Numerous experiments in school organization have been tried in American

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

414

4 9



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 like 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 a whole-school (or whole-school-

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 modification 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, adequate 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 possible, the conditions that were

critical to the improvement, so that we would both have firm 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 envisioned that the work carried out by a mixed group including

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 mention the students themselves. I have

already mentioned three experiments along these lines being supported under

other Federal programs - performance contracting and the voucher system under

he Office of Economic Opportunity.and Individually Prescribed Instruction at

the PItts.gurgh 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 a rich Variety of

equipment, specimens, books and other objects in the class.room and

considerable freedom for.the student 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 laboratory in which youths

R. W. Tyler in Agenda for the Nation, Kermit Gordon, editor, The
Brookings 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 students or members of the community or a//

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 feel 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 answars 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 aduits, of earlier study of mathematics?

It has been my experience that mathematics curriculum development

projects involving4mathematics come rather rapidly 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 calculus. What I am suggesting is that it would

be useful if mathematicians 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 background 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 it 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

about 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 mathematics 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

"slow learners". In contrast, :the Individually Prescribed Instruc-

tion project and others aiming at mastery by all students of a set

of "behavioral 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, described 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 a major objective of school mathematics is to lead stu-

dents to use mathematics 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 circumstances where it is made

clear to him that mathematics is what is called for. The achievement

thus measured is, of course, a valuable preparation for future

mathematics courses and ultimately for careers explicitly.requiring

mathematics. For many students, perhaps for most, however, one has

an uneasy feeling that 9 - 12 years may have been spent in teaching

mathematics much of which will never he used even in situations where
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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 mathematics than is paper and pencil

instruction alone. More experimentation a/ong this line seems very

worth'while. Rather than demanding that this produce greater achieve-

ment on standard tests, I would be willing to settle for equal or

even somewhat 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 toC,'

engage the interest of inner city children?

I have in mind here not only finding ways of teaching mathematics 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 attractive to children who are not normally

enthusiastic students.

5. Can instructional material in mathematics be designed to contribute

significantly to improving skill in reading?

This question is prompted by the tendency of many projects aimed at

improving reading 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 reading 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 mathematics.

First, the likely creation of a National Institute of Education With

a broad charter for research, development, and dissemination of

results in education, drawing very broadly from the various intellec-

tual communities and seeking to create new syntheses of their contri-

butions. The Institute would be concerned both with education out-

side 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 by 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 childhood

education by the Office of Child Development 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 come into these enterprises with an open mind and will-

ingness to explore new ways of combining their talents with those of persons

from other disciplines for the good not only of mathematics education but of

American education generally.
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GOALS AND OBJECTIVES

Karl Kalman

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 Committee are

the follow:ng:

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

which are concerned with "measurable objectives." Goals such as problem

solving, appreciation of mathematics, and recognition of the significance of

mathematics in society are important. Some objectives may not, at first, seem

measurable but may turn. out to be measurable in time.

2. Some textbooks for grades K to 8 are written in terms of behavioral

objectives.

3. Statement of goals and objectives ought to be broad--general enough

to be concerned with all pupils of our school society regardless of abilities,

background, race, inner-city or not, etc.,.but specific enough to be useful.

Also, it should be couched in language understood by laymen.

4. The scope of the objectives ought to be the 3 year old nursery

through grade 14 and recognize the needs of college-bound, employment-bound,

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

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

such list will be written for the new junior high school program.

6. It 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, and communities--perhaps the students also, if only for political

reasons. A contest might be designed in which students compete by submitting

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

During discussions at the conference, it became clear thst few of the
mathematicians present were familiar with the phrase behavioral objectives."

For an explanation of the way in which this phrase is currently used in dis-

cussions of education,1 goa13, see the article."Objectives and Instruction" by

W. James Popham in Instructior:al Objectives, AERA manograph ser!es on Curricu-

lum E:ialuation, 1969, Rand McNally and Co.
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8. Some work has been done in this area and this should be looked at.

7.77 has written behavioral objectives and RES is putting this on tape.

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

perhaps, a rationale for the inclusion of each objective.

10. It is not entirely clear, nor did the discussion indicate, who should

do this work. It appears, though, that a 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 behavioral

objectives. It was clear that many of the participants were not familiar with

the term "behavioral objectives." Some participants found the term 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 deflne behavioral objectives as behaviors we can measure. He

stated that behavioral objectives were an attempt to pin down the outcomes of

instruction. Consequently, any desired goal of mathematics instruction that

can be broken down in terms of specific behaviors, may be used as a behavioral

objective. For example, if one can specify the behaviors involved in appre-

ciating the beauties of mathematics, he can use this as a behavioral objective.

It is very natural for natural scientists to find the term behaviorial

ob ectives 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-

mance in the classroom and you have ambitions of communicating a great deal

beyond what yol 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 question, "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.S. 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 group 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 acceptar.le. 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 be involved in setting

these objectives. Otherwise, non-mathematicians will be setting the goals for

mathematics courses. The mathematical community should decide whether or not

behavioral object...yes are appropriate and, if they are, should be involved in

setting these objectives. The mathematical community should try to extend

behavioral objectives beyond computational skills.

One can think of many misuses of behavioral objectives. However, the

State of California 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 about the political side of this development. Also behavioral objec-

tives present a msrssive 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 that

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 Seal of Approval" on
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selected curricula. Those that receive the seal would merit dissemination

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

alternative proposals!

First it was suggested that professional organizations of some kind

establish a carefully prepared set of minimal objectives which could serve as

a bench mark for the evaluation of curricula. Some 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 beyond the minimum,

so that the consumer (the buyer of a curriculum) can make choices among

curricula on what is included over and above the minimal objectives. It was

suggested that these statements of objectives should include more than content

objectives; they should also include methodological objectives and objectives

in other areas. Another suggestion along the same line Was that the profes-

sional organizations again establish a systematic review service that would

focus on qualitative judgments as well as on information. There have been

sttempts, I understand, in the past by NCTM in the Mathematics 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 textbooks. The

NCTM analysis of new programs at one time did this in a more or less informa-

tive way without passing very much of a value judgment. They said "These

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

As an alternative to the "Good Housekeeping Seal of Approval," the suggestion

is more in the nature of a consumer research service which would report to the

consumer on what a program will do.

There was concern that if the mathematics education community does not

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

of the National Assessment as .guidelines for selecting curricula. Several

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

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

made aware of-the range of materials that are available and even an objective

unevaluative listing of curricula resources would te of value. We do have a

beginning in that lirection in the ERIecenter for mathema,Lics education which

is just getting off t:.e ground:, it is precisely %his kind of service that EPIC

intends to fulfill at some time.

: Educational Research Information Center. ibis is an information
system sponsored by the U.S. Gffice of Education.
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(C) Publish Objectives.

Job for SMSG. Put together n collection of "behavioral objectives" for

math (elementary and secondary--? and JC?) and, parallel to these, a set or

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

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

topics, 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 examples:

e.g., model and modelling

examples: graphing as device for displaying relationships, flow diagram

for displaying relationships, syntax analysis, etc.,

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 but rather the concepts

themselves).

(D)

There was some concern, I guess, for who establishes or selects obiestives,

and who wou'i make some decision as to Priorities. But certainlv the grout', in

their discussion, considered broader objectives than the skills and concepts

that we usually think about. I think that it was very evident that the group

was highly concerned about attitude. The idea that learning mathematics should

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

hostilities. And I think that there was a co;mon desire for greater interest

to be shmm in applications of mathematics and the relation of mathematics to

other disciplines, perhaps, even the idea of interdisciplinary approaches.

(E)

There was some discussion about the relation of setting goals and

develoPing hehiora :bJectives or simply trying to state objectives

behaviorally. It was pointed out that behaviorist have probably 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

at a low level, however, they do have value in Judging the overall quality

of a teaching program, a curriculum or a test.
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The question was raised who should do thin 1212. There are probably a

number of objectives tacitly assumed within groups in the mathematics

community, but no organization of this community exists to focus on these

objectives.



TEACHER EDUCATION

Joseph Payne

It vas 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 as

CUTM and AAAS, both active in the 60's, continue to be active in the 70's.

CUTM 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 the Preparation 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 vill 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. With such a view, it should be possible to analyze the

needs of the teacher at various stages and to make 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 as 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 strong suggestions that the internship start earlier in college to help

ioung 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 be eager, willing at least, to increase his

sophistication in mathematics and to examine curriculum and methodology more

critically.

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 is needed on the kinds of courses, mathematical and pedagogical, that

best suit the needs of teachers at this level. Perhaps special courses such as

problem solving a In Polya would be helpful. NSF Summer Institutes and regular

summer school and evening clssses 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 bourses have helped.

However, what may be of even greater value is some joint experimental effort

involving school, universities, and national projects. We saw the excitement

and genuine rejuvination that occurred with the SMSG Expqrimental 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 special 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 about

learning and how to produce 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 from selected institutions.
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3. Differentiated t,raining probably is needed for the wide variety of

jobs in mathematics education, e.g., junior high achool teacher,

senior high school teacher, department chairman, oupervisor. Can we

give some guidance on the differentiated training? Can we asseas

whether or not differential training is needed for a given 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

atudents, mathematics is not a 7now" subject. How can we help

teachers assesa honestly the values of mathematical study and

communicate them to their students? Can this be a more obvioua part

of instructional materials?

5. Mathematicians, mathematics educators, and school mathematics teachera

all have a stake and a responsibility for the preparation of teachers.

What are some ways that cooperative effort can be achieved?

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?

2. Can we design better 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.

3. 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 n coordi-

nated effort of many people and several institutions with the goal of develop-

ing some =del teacher training program for elementary school and sr:condary

school teaChers. With impetus coming from an organization like SMSG, there

could 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 seleeted sdhool districts, would develop programs. The

central organization would coordinate the efforts of the various universities,

assessing results, stimulating action and helping set new directions. Publica-

tion and dissemination of results would likely be the responsibility of the

central organization.

60

6 1



RESEARCH

Jeremy Kilpatrick

Again and again, in various ways, participants in the Conference on

Responsibilities for School Mathematics in the 70's asserted their belief

in the importance of carefully controlled,and also of exploratory research in

mathematics education. They indicated that more and better-coordinated

research studies are needed in a variety of arena. In fact, if the 60's

were "the decade of the curriculum" in school mathematics, the 70's might

well become "the decade of resesrch."

As Gail Young put it, the relevant question now is not "Is this better

mathematics?" but "Is this the way children learn best?". The learning of

mathematics was probably the area mentioned most frequently at the conference

as 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,

but research need not wait on these efforts.

Other assorted areas in which research is needed include problem solving

(what is it? what processes are involved in it? how can students be taught

to solve problems?), teacher effectiveness (what accounts for it?), and

instructional techniques (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 just

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 shou2d 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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Inottavnents nre also needed to menantre attitudes, apt] tudev, and personality

traits related to the learning of mnthematicv.

If one surveys the field of research In mathematics education, one Iv

likely to be discouraged by the view. Studien are limited In scope and rarely

build upon previous work. Resultv of exploratory studies are nut widely

disseminated. Most of the research in done i doctoral students; few research-

ers have published more than one research ntudy: almost no one devotes more

than a fraction or his time to research. This nItuntion in particularly

depressing In the light of nn observation made by F. C. Begle in his paper at

Lyon; namely, that the complexity or the phenomenn we are ntudying--the mind

of the child, the children In a classroom--demands that we make much more

careful observations on larger and more'diverse samples of students nnd

teachem than has been customary in the pant.

It does seems to be true, however, that the number oV mathematics educa-

tors trained in empirical, research has grown enough in the last decade or so

to enable us jointly to attack some selected research problems, if these

problems can be identified. At t'le San Francisco conference, the group

charged with making recommendations on research called for an organization to

coordinate research activities in mathematics education. The structure and

the precise functions of this organization were 7eft unspecified, but it

might identify problems needing research, set priorities, contract with groups

and individuals 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 criteria for evaluating research proposalr and

completed studies, and provide s%pLes of designs that could be used for various

kinds of studies.

Although legitimate concerns were expressed that no group should be given

exclusive power to control the direction of research in mathematics education,

some coordination seems to be essential if future research is to have an

impact. At present, collaborative research is almost nonexistent across

universities and seldom occurs on a sustaine,1 basin between universities and

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

like-minded colleagues from ether institutions. At thr time, teachers

can profit from participRtion in reseaiTh studies; the: > challenged to

reflect on their teaching and their instructional goals. organization

that would coordinate research could stimunte col:el-orative studies in a

concerted, sustnined Ittac'e on research problems in mathematics education,



CUMRICUIUM; A POSITION PAPER DASED ON TICE

DAN FRANCISCO CONMENCH

H. O. Pollak

The San Francisco conference aremed to NI fairly weLL agreed that totally

new curriculum development is for the most part relatively low In the hier-

archy of priorities for mathematics in the MO's. [Mere wan high priority

for curriculum studies with the goal of teaching mathematics I,etter.1 Never-

thelees, a large number of suggestions related to curricullun matters Mny 14%

found throughout the conference. This may perhaps In a form or cosy, comfort-

able conservatism an in many organisms when growing old; It may be a feeling

that after all curriculum development Is one of the things we know bert how

to do; there may be some darned important Items on the lint; it may 14, the

only subject some of us could talk nbout--but anyway there it in. The Lint

consists of two kinds or items with a,separatIon In degree rather than in

kindcurriculum problema In the "old" style of the last ten years, that in,

items where we would probably know how to proceed Lf we decided to undertake

them, and problems particularty caused by changes In or new looks at the world

around us where we probably do not know how to proceed. Before giving you a

list of each of these, there are some other remarks at the conferPnce about

the people and aims or curriculum work that should he mentioned.

We observe that the second round of SMSG, a new look nt grades 7 to 9,

has a structure which Is strongly motivated by putting that mathematics first

which Is most important to the population na n whole. It is thus an example

of a curriculum development closely
tied to social objectives.nnd one from

which therefore a useful set of objectives might be and is being abstracted.

This is related to the question of why kids should take math, or particular

parts of math, anyway. Is there always an answer to the question of a topic's

relevance?

It was remarked that the time allotted to mathematics, particularly in

the elementary school, was Tikel:, to come under attack, and that we will have

to be ready to defend it. lt was also remarked that in future curriculum

work, social scientists, scientists and perhaps also secondary school drop-

outs should participate.

Coming now to specific suggestions for curriculum development, let us

first mention areas in which tne method of attack is probably "traditional."
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mathematics 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?

It is perhaps fitting to close this section with one more question: Why

do curricula work? It is clear from the preceding that there are situations

which are not felt to be covered, students for whom appropriate materials are

not available, potential participants in curriculum thinking who have not yet

been 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 this.

Who should do these things? SMSG or other curriculum ,roups might well

handle the first category. If we knew who could do the second they would be

half done.
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EVALUATION IN MATHEKATICS EDUCATION

Donovan A. Johnson

In the Conference, it was clear that appropriate decisions regarding the

accelerating changes currently taking place require evaluation of the appro-

priateness of mathematics programs, the total achievement of students, the

effectiveness of instructirn, and the role of instructional material. Tb

evalt:ate 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 stu-

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 standards, 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 individua/ized instruction.

4. 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 be perfbrmed by experts with computer assistance.

8. the innovations in teacher 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 teit items is facilitated.

2. 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 setting

solving of original problems

attitudes such as appreciation, curiosity, loyalty

applications of concepts to new situations

discovery of generalizations

creation of a mathematical 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 sometimn

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 complete tests should be examples which could be use'd by

teachers and publishers. The attached proposal suggests one way !.c, deyelop

new tests. Hopefully, these would be developed in such a way !hat they will

be understood and interpreted properly sy the public. When used for account-

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

Evaluation of Mathematics Programs

A mathematics curriculum needs to be evaluated before it is accepted as

appropriate for a given school. It would be the purpose of this project to

establish guidelines and standards for a mathematics program. rn establishing

these guidelines the following aspects should be considered:

1. Philosophical: Does this program have acceptable objectives?

Is it designed to meet the needs of society and

the needs of students?

Is it relevant in today's world?

2. Psychological: Will it be of interest to students?

Does it have appropriate difficulty level for the

students involved?

Does it make provision for individual differences?

3. Mathematical: Is the mathematics correct?

Is the mathematics signtficant?

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 means of evaluating students' achievement?

Is there a means of comparing achievement with that of

another program?

Evaluation of Instruction

At the present time there is no valid or reliable 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. It is obvious that the main criteria of a teacher's performance

is the learning of the students. However, what students learn depends on the

student's ability, 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, it does not seem probable that a major effort

at this time would be productive in finding a way to measure instruCtiogal

effecdveness 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 variety of instructional devices, audio-visual aids, and

published Material available from commercial companies. The te'zher who must

select those items which he can use to improve his instruction needs 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 mathematics education materials. If this were to be 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!SST DEVELOPMENT PROJECT

Xii2atrick

(kASuppiement to the Report in Evalua.:ion ln Mathematics Education)

One of the themes running through the confe,..nce was a concern for

behavloral objectives; what Lhey nre, and whether, if the mathematics

community abdicates responsibility, the task of sr-cifying objectives will .

be ur by others. A related theme concerned. "performance contracting"

prolects and the nction that, in the absence of anything better, narrowly-

based test: are being used in these 'projects to evaluate students' perfo_nmnce.

A perusal of the National Assessment Project's "Mathematics Objectives"

and a close look at some of the standardized mathematics achievement tests

now on the market convince me the's; a major effort should be made to develop

tests to measure some of the things that we consider important, but that are

not touched by existing tests. We can waste 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 beauties of

mathematics, attitudes toward mathematics--seems, at first glance, a utopian

goal. But if we don't make a start on this, 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 mathematics education is in

the development of new testing instruments. Needless to say, the practical

value of such tests would also be considerable. SMSG has made a start toward

the development of new mathematics tests in the National Longitudinal Study

of Mathematical Abilities, but much more would have to be '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 problems of mathematics

education in the next decade--to undertake the development of mathematics

achievement and attitude tests. The study group would convass the mathematics

community for test ideas and sample items--drawing on the expertise of the

sizable group of mathematicians who have worked for such enterprises as the

College Boards. Then the study group would 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.

7 5
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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 canmunication

system is 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. Ob ectives. A message might be a list of mathematical topics 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-

Ushers, school administrators, and parents. Each of these targets should be

able to provide feedback to the source, and it (the source) would also wish

to be the target for other messages from.such sources as educational researchers

or 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

is 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 ability students no achievement. Another

message might be that this test does not discriminate between high and low

achieving students for topics A, B, and C, but does discriminate for topics

D and E. The source of such messages nould be a "National Bureau of Standards"

or a "Consumers' Union" for mathematics education.

7
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Since any message of this kind will have financial implications, great

care will need to be exercised in setting up an agency to make 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

be feedback with respect to which texts, tests, etc., should be evaluated.

3. Research. Here a message might be that there is an interaction

between 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 administratorz, teachers, textbook writers, parents, etc. The channels

would be, usually, research reports or journal 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 above message requires a different wording from that

appropriate for a fellow research worker.

Present channels between researchers are reasonably satisfactory, but

other channels need either improvement or construction from scratch. 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 ques-

tion with no easy answers.

Finally, it should be 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 combination of school

administrators, teachers, parents, and laymen (and also the Bureau of

Educational Standards). The usual channels of Communication, journal articles

and lectures (and advertisements) are not very efficient.

The system of tryout centers, developed by SMSG, seems to have been quite

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

7 7



none of them felt lonely or isolated and so that there were several others to

call on in case of trouble. A mathematician provided inservice instruction.

These centers made it possible for a large number of other teachers.in

the area to see the new text in use. The participating teachers were asked

to speak at local meetings. Direct information about the new curriculum unit

was ,easily available at that locality. Some of the participating teachers,

especiary those who were also inovlved in the writing sessions, were invited

to testify Lr=fore text selection committees, and spread information even wider.

A of the geographical distribution of orders for SMSG texts early

in SMSG history 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 faith in what they are supporting

by budgeting also for a number of information spreading tryout centers.

5. Information. At this moment (December, 1970) it iz not clear whether

there is an oversupply or an undersupply of high school mathematics teachers.

This is just one example of an information gap. We could plan improvements in

our teacher-training programs much more effectively if we had a better esti-

mate of the current supply of teachers.

CBMS has already demonstrated that it can collect and disseminate useful

Information, and it should be encouraged to continue.

A(), we urge CMS, in its work on, a Uational Information System, to give

a high priority to the needs of mathematics education.
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EXPLOITATION

OR

EtttCTIVE UTILIZATION OF THE PROGRAMS OF THE 60's IN

ATTACHING ThT PROBLEMS OF THE 70's

B. H. Colvin

The decade of the 1960's-has seen an unprecedented surge of progress in

curriculum development in the U.S. and in many other countries. New programs

in mathematics, in astronomy, in physics, in chemistry, in the biological

sciences, 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 been made in the language arts, in social studies and in the

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

A variety of approaches have been tried in developing and in introducing

these programs. Moreover, a 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 society has

brought new problems into critical focus. Thus the decade of the 1970's pre-

sents new problems, 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

society: mathematics and society, etc.

2. An articulated national concern for improved education for certain

subgroups ih 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 problems of a new magnitude in preparing for the

vocational and technical education of millions of students at the

high.school and early college level. This is one component of vast
. .

new educational concern for the programs preparatory to and appro-

,priate for junior college, community college, and two-year or four-

year technical colleges.

It. The 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

becomes difficult if not impossible, and certainly not optimal.

The decade of the 70's thus adds a new spectrum of problems to those

attacked in the 60's. New visions, new goals, new patterns of organization

and fresh ideas will be needed.

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

sibilities for 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 19'0's must le to explore all possibilities for

exploiting the curriculuz . improvement, teacher training, and course-content

improvement accomplishments of the 1960s in seeking solutions for the problems

of the 1970's.

As possible examples of such exploratory activities, we identify the

following questions for study.

1. Can the course content programs in physical sciences and mathematics

be used as the basis for developing an "interdisciplinary" curriculum

of broad interest and relevance?

2. Can the existing programs in the social'sciences, social studies,

language arts, etc., be "integrated" in some reasonable way with

mathematics and physical sciences topics, to achieve a similar

advance in relevance, in.terest and teaching effectiveness?

3. Can "modules," some disciplinary in character - some interdiscipli-

nary in character - be developed frOm existing curriculum programs to

meet the need for flexible blocks in a revolutionary new type of

smorgasbord, selective access, multi-stage type of instruction?

(cf. item 13)

What more effective use can be made of present programs, or of these

freshly-baked casserole courses, in improving the teacher training

programs? 8 0
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5. 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 objectives?

6. How can these exploratory 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?

7. As an example of special significance, can the various materials for

learning the operation and application of computers be further

developed into helpful series of computer-oriented modules for the

physical sciences, social science activities, business and industrial

applications, medical and hospital applications, etc.?

8. Can the exploration of such integrating studies be tied to an effort

to develop mathematical models and to develop an expanding source of

relevant, related, understandable, exciting applications in mathe-

matics and computing?

9. How can the existing programs in the various areas of mathematics,

physical sciences, social sciences, language arts, etc., be used to

provide special materials for special use in urban schools, poor

rural schools, newly integrated schools, etc.? Such packages would

in general serve as valuable enrichment packages for the average

classroom.

10. How can the developments at grades 11, 12, 13, lh be utilized as a

possible mechanism for developing curricula at black colleges and

black community colleges and for two-year colleges in general?

11. 'How can the activities, the developments and the data accumulated in

the course content improvement activities, etc., of the #_0's be

effectively made available to suggest research topics or to refine

the choice of research topics or to help coordinate the development

of research projects in the 1970's? This 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 laboratories,

8 1
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12. Are there programs or approaches deveioped or now developing in other

countries which offer the possibility for exploitation in the U.S.?

13. Can the development of new course materials--e.g., a minimal core

mathematics.program, an interdisciplinary mathematics, science, social

science, language arts program, a flexible module series in some area--

be utilized in a radically different type of teacher training geared

to the teaching in just such courses? Could we develop the background

training in conjunction witll the actual teaching of the course?

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

exploitation might use an existing course sequence.)

IL. How can we exploit the discipline training of some mathematicians,

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

educationa/ progress?

Characteristically, most of these suggested studies involve greatly

increased collaboration between mathematics and other disciplines and with

numerous sectors of the education and government communities. By the nature

of the problems confronting us in the 70's, this seems inevitable and should

be recognized in planning, in proposals and in organization for the work.

Especially, to achieve major alterations in the educational patterns asso-

ciated with mathematics it will be necessary to develop more realistic working

relationships with a number of organizations--e.g., the Education Commission

of the States, NASDTEC,

,E3
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PROPOSAL FOR A NEV ORGANIaATION FOR

MATHEMATICS EDUCATION

On October 23 and 24, 1970, SMSG sponsored a Conference on Responsibilities

for Mathematics Education for the 70s. The extensive proceedings of this con-

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

At its working session in Washington on December 11 and 12, the ad hoc

committee organized ideas suggested by the conference into seven major cate-

gories--objectives, teacher training, research, curriculum, evaluation, commun-

ication, and exploiting the work of the past aecade in the next decade. Each

of 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 might be encouraged to take the action.

At least one-half or the suggestions would easily fit into SMS as presently

constituted. On, or two could Oe incorporated into the pr(,enc dctivities of

CMS. Several are new kinds of activities and new ider:i. coordinated

research efforts and the onsortium on teacher training requiring a different

kind of organization.

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 mathematics community.

Many of the problems are too big to be undertaken by a single university,

school, or other existing organization. Marshal1ng the efforts of the mat:re.-

matics community at large requires some SMSG-type organization that can cut

across the various specialties needed to work on the probJems.

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 current Problems

could be attncked by the present organization. However, we Ceel that a fruit-

ful attack rn the problems of the 70's ideally requires nev people, frcsh 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 :rod

by its vitality attract competent people ith needed expertise. Furthermore,

productive action results in the confidence and acceptance necessary to attract

and keep widespread support of the academic community' as well as financial
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support from gove'rml i ';undation funds. However, the organi:!ati n should

'be :**ee to enlist the coolr,;'ation of schools, universities, and other groups in

its various activities.

The organiatot Ld consist of a Director, some permanent staff, and

a working Board O D,!.eotors of from five to seven members. Board 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 activities of the organization and can

provide thoughtful leadership. The : 'A, should be representative of the vari-

ous constituencies in t'!-' cc-Lmunity. Since the effectiveness of

the Board and the Direo

special effort should

sound judgment and wit:

epend very much on the quality of the people,

..msure the appointment only of individuals of

.:1derstanding of mathematics education.

The Conference Board of the Matheratical Sciences seems a natural parent

for such an organit'ation because CBMS dc.es represent all organizations. Pro-

cedures for election of the Director and the Board would have to be worked out

with CBMS.

We recommend that the SMSG Advisory B:,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 focus for the organization.

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

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

We also recommend 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 are crucial and

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

January 5, 1971
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SCME CONSIDERATIONS ON TEM ROLE OF PROBABILITY AND SIT:iISTICS

IN THE SCHOOL MATHEMATTCS PRWRAMS OF TIM 1970'S

FrederLck Mosteller

In plans for the future of prola, :lity and statistics in school mathe-

matics, the same empirical investigat:ve attitude em!ouraged by.Begle for

other issues about content, objectives, methods, and equipment continue to be

appropriate. At the same time, some information about current trends in

statistics may have value, even though they inevitably are colored by the

beliefs of the author. It should also be noted that these remarks arc being

written during a conference and therefore mercifully cannot be very complete

or detailed.

The American S''.Y 'cal Association end the National Council. of Teachtrs

of Mathematics have a :,t committee on the curriculwn in statistics and

probability. e Committee has two immediate projects for which they hope

to complete mant:icripts :97l.

Ex.atioles Volume

This votute deveaops statistical teaching almost ermirely through the

analysis of real life statistical problems. Generally si:eaking, an open,..;

problem is solved and then the student is offered a set of exercises. The

material is in "exampie sots" which correspond to sections in a taxt and may

build up to a complicated point. Example sets from 1 to '3 examples

and from a,o,.lt 2 to pages. We ahDut sets. Committee members

and secondary school teachers criticize 'he examples which are supplied by

statisticians, Committee mer.bers, and secondary scl,.,e] teachers. Then the

authors revise in the light of the critiques.

We do not think material. comparable to tl,!s : 'a .,ra:lable (in

school or college): on th, other hand, that doe:: tiat ve have a

good way to teach statistics. Our not:on :s tha' :fw, can make examples of'

genuine statistical thnking available, a'. a .:nbta.., consstent with

ulementary work, ot:!ers can consider .kow to alalmr. tb.e : !eas for tte curricu-

lum. We are not preparing what we regard We are offring

topics treated in this manner. Coherent units of szen, can he con-

structed, tut there are intellect. 'retwe,>s ",

The work of t:.e Cotee has .:een gr,tt from the

Sloan Fotmiation.
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Some examples are argumentative and require consideral le vire because of

the complications of rail life Proliems. Others require us to take a second

attack on a prohlem after a seemingly succensfu first one. Some do not have

just one answer, or ,iast two either. Some deal with the ar1 or data analysis,

some with modellinj. (I emphasize this variety lee:lase the Conference has

been discussin,; the desirability of r.us- prollems. A ma,lor drawback can he

that the beginning teacher will find some of the material substantially differ-

ent from both his experience ano -is preconceptions of statistic's.)

Some Illustrations of the types of examples treated but not the format of

the treatment appear in a recent Mathematics Teacher (Vol. c'3, March, 1970,

pp. 199-208), a recent American Statistician (June, 1970, pp. 8-12), and a

recent issue of 'he Journal of the American Statistical Association ("Collegiate

Football Scores, U.S.A.", Vol. (, March, 1970, pp. 3.`)-1.8) all by the author.

Ao-iitional material by William Kruskal, "Statistical Examples For Use In High

Schools" in a Proceedings of An International Conference on the Teaching of

Probabiiity and Statistics at the Pre-College Level he1d at Carbondale, edited

by Lennnrt Rade and tn be punished 1y ALmqvist and Wikrel!, Stockholm.

E.:says on Annlications

This volume consists of ahout 40 essays on uses of statistics in prob-

lems of significance to everyday life, science, government, etc. These lo not

"teach" how to do things but show successfUl uses, for instan:- measuring

unemp T.:anent, consumer price index, --.(,.:Iponing death, safety of anesthetics,

anti-aircraft fire, baseball, ii,roducing a new product, epidemics,

.etc. Except for the essay on epidemics the mathematical exposltion is minimal,

nearly sero, though graphs, figures, and tat les are sometimes used. It is not

intended that one exercise explicit mathematical. skills to read it. The volume

is :ntended to. familiarize the reader with the breadth, variety, and impor-

tance of the applications of stAtisbics and to communicate some tai.ic notions.

Data analysis. ew in statis'ie- just now Is a reviva!

interest in expler-itary oa'na par'1:::.:recause of the avaiial'''

computers and part y because of a ma`ura1 resource ailled 2. W. Tuke:;. Semi-

systematic approacbes to explosin: data are being codified and tried out in

various colleges and universities. Sevesa: substantial distinct renearch

projects will he contributing their findings to the common pool. Some work

in interactive mode, some batch, in azallable on canputers. At several paces

data sets -siderai ie variety of matter are availalie.
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This data lnalytic development !: refreshing lecalse It moves strolli:ily

away from the simple and often artlfirHa. problems of "confirmatory data

analysis" Into the complicated world of the structure of the data. In. thir

port of the work the protntAltr,tie attitude toward the material may IP ,rgely

neglected. Graphics mny play it reat role. lurved lin,s may be drawn in dy

hand and further calculations 1.:sio.

New courses In this subject obviously can de developed In a variety of

ways. I think that the use sir the (I:in-lay tube will be too expensive except

for a few demonstration installations until the very late '70r. Meanwhile, I

think there some promIoIng ideas for Its development. First, by associat-
-.

ing it with either batch mode with fast turnaround or interactive mode we can

get a close relation with the computer and make the computer work pay off by

decreasing the dmigery and by increasing tle variety of parameters that cnn

be adjusted in '..he anuLyc1,1.

Second, I think that there are some soPhisticated ideas where the computer

will be used to °reduce material which can ne.ssed out to a class, and a

grent deal. about datn analysis can le learned from these materials which would

ss.:t too much for each class member to program or produce himse:f. 'Thus the

corter will be used In a sma:1 wny 1"y the specific student lut its product

can lecome familiar, and dIscuss:ons about what the next step in t.e analysts

should 1.c can still tP quite satisfactory.

Therefcre :sere are three main ways I see at this moment to introduce

this course. Paper anl pencil lase.l, computer material based, with molest

direct computer suppont, and A:see. computer haed, or wi'i,out dispiays.

Interdisciplinary with the social sciences. Mo:'t of the rocfa: sciences

bec-.7lng strong1;: beha,.ioral based, which means qunnt:tati..-C. At

Dartmout:. a data bank related prog/ Project IMP= is 1::::Itra-

t've. 71:e fres,nan :;cc 1 In Cr Cconcr:Ist itt a: :-oy: a! pro} cmc

attenllnc ts sues data sources as the sample fIrm the

censs'. He has many varlallps a' disposa an! can ash for a variey or

lcs.T.s and percent:ages, and he can also arS var:.1s statistical

device:: -.CD romIndern frc.n the macl.Ine 12 s'.ean

and warngs a'out how the partic'r: ,r stal.'s:c may le a silly one to s,:s.pue,

tut -..e student. CA:1 have it. There !s also r.-s,ser:al or. a :arge numter of

companies over a sul.;tantial period. This project is a fascina-.:ng one, a:H

ye would do we:: to cz,s, stud:: it, taih. to the stalts, see whether it

some hint: ror relating socH,1 science 'r .ss.so:s to stat:stls, and

mathem--:cs. Tie data are v.palse and extens:-..e, 1 ..'let'ss
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nature or a non-experimental sortthat :o, the one-ohot ohoervall opal study

sort like censuocan le made avel lahle.

Naturally, th o sort ti re l a t . ! ono h p I h o t I In I ooc i a l

Ociences does out h:JY(' to 1 e computer Iduir.'d. There are other sia'les, such

as simple crosstaho, how samples are actual :y taken, and so on, tha can he

treated . om Esoays on App IA cations section wos Id he use ru . The mathematica/

content can he ra'hor smal , lut the tn'erest of some students may he high.

I do not want to say al L y even students would l 0 de l I ghtpd wi th such

wolk. Put I might emphao1se that : t moves in the sat:- I! section 1.:1' ;;MIIG

s goi ng. That I:, it offers Mnpi V: cal sou earch as a ouho t 1 tate fo, arschai r

thinking ahout social proi lems and the properties of society. (Let me ray

though that many vtioorono changes in society haYe oen lone from the arm(n.alr,

hut othors ha..e heoh in rerponoe to rather oimple oyerwhe Im: ng data.'

There here cTrortunity to see dad, so tha' can he regnmied

as popuLation n format: on and to see othier data 1 s ihot' larany

I to v :I 1 I ty and I to re i [1: 1: ty. Under the la' s (2! smto tances rr t -el los

d i scuso i on s. mus t . Under the forner , the %le fteh s t heP I hr. hat a

ds adequate for polley and ask:: what poily shod! le .leyolopel.

Ono could Lq70 here without necessar:::,.

tSe riatliemat I cal fed* .

Intend se( ul I nary wl th the nny.. I ca I ;:c: I haY0 ..een uni to prepared

for the analysis of data from experlmento I wel: at ho level i y physical

scientists, f,:r example to whether two m,ti.o is prodsee oi servati ono w'

means alike, o whether fferetco serYt.1 ag:ees wi th pi ys:ca: th0(..ry.

I that t woul : e : .
!,0 ark

tse 1 r whotuc.:- 1' should haye a so . : n 1: L. cuc.s I ng r separ:ng such mates: a L,

or whether i t wishes to hdye the phy:::e::.t, chom'st.: and log's' talte the

leadership and reopons:. I :I for such teashni...

Prohahi ty ( and s t I s t i cs ) :nose 1 . s siatd s en comes '

taught in a more integrated way, It v: e man. Haces

1..(_: short oect: ono on prod al listic and st h,t,n; wh-s0 the stati s-

ties and prol ahi : Ilus e he ye u:e ' eel que n a way ' hat

may go w0 11 eyond the oimi.. ..!1 T:' ': na mathema. : cal. :lea. (The

d I s: Sut I : o now the I man:, . ) D: s coy er: ng places

whore this approach : and valual...e I ..osething ho A2A-N(717.4 con-

sidered as a poos i hi II t for s work ah . We fel t that 'his

required a direct team attacit on the whole c.hrr:eulus.: an! needed many m:nds

with curric.....r: I leas lefoSe them. Io seemed mcd'e -d;:nropriate for suns:or
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work for a gronp tran for I co Fated poop', 6 work [lig on a coruld t en. The com-

t tee thlt5 :;(?.!:3 a ntted rot thi:; to by ti,no but .loeh, nt at. thin tic neat; have

have plana or rund or it,: own to ,dt believe that w atid encourage L:01110

other group to do :to, and that, it would be happy to give adv: g or dih,ou;n11.011.
Ourno or the niatyr :ctentt nthl in the Xt.:ample:I Vt Lute hottion that I hah

gathered etti edited are, .hturde, appropr1ate r..a ,atekt tip,tt-c,

aplotch rtit iter conn I de rh the opyortan I t I er ror the two httit.iht -

cal and total Little teclmi queh in the retpor I t! on of' other matherrtti ea I tech-
n Another re ! project !.- Iihat. and Hear and inethodh

shoui ! te pre:tented -LH oar: serth of ht.: Ient : attled progrant?
Again tl,ir Ls a worth:: piece o!' rehearoh hH could go a:ohg. :inch the
Conference ha:: .-liscuth-ted for other IOrth , fr:.:(!e! th!ak that,

we are a iitt, le dotter prepared 61.,:ewhr.re !ta.thercat es te 'c eon-

tch tation 1.1nu needed than we az'''. h-!',.. 're'. 1 eVe tr.! t; 1,.,','ect that

wi Ii, r6cpt: re the crhp ct re:.rruch tat.: r.t ci a.nn fror. t !cop', r: olds ah we 1 1

thohn fror the more ma' I:enat h: le to cooperat
and curt': ca I tut. dove topr Again, I r,: ion', that tt

wea I encourage having !I.:: werh lone. Viet' her w,'11

the etto: oct nht coa

Prot:: o i et- rorIence ' each I ac 0 'Iten* h tr.c.:t. or uh

have fa :nd 'that ti ore are : : etc .: : a (.7 11 !"..t

whf to n coo *C e eaC. .e :'!.11etr.i7 0tc ha'ie htti cert n

exner: ence:: 7 " th-c r , ' can't

: n C yet:. 'nle e he l.1,1 110

r',.pert -

menta -I en gn, wh! : :7

t".! , s for cur en" '1!:1

in a grata' r.6 6 ,- - I : ih aari tao

get entrge : Iect,ua T pec PcC:.:, rt.!! 1;0

tur.-n6 .1 go to t, r` I 6 , I., . "2", 6 hart(' !:,1. tent.

tc;-. n,7

. hate hero fore t.*.6: .

I zen:-te -I : :6; or. i

r,t,,der.th crrtoli n at: .nr, W!J-)

opent a h-t=6.t doi cher-.7 ca appren ce::. 1: i

grtd.lna:e student who has rirl.^,r?.e

find the ef feet of -1:-1,;?r; . re evance no .".c: th

I an I .

tl.
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I tun !lot. tr.., I ng to say what pro:L.0.111 y and :It a" Ir. or shod Id v taus. '

tn what orde,. ',it rather occepting the polnt thot jar' lesaure somethIng can
I-0 taught '1.1,1 k"lit even 1 e l IC, .0 hove taught .0 a gl Yen Level I

does not mean that student,. wl I pl cli up errl en" they take I t t non

Thore may I.r room for el

St! Anothnr po!;! ttqt I thlnk worth men"lonIng Iv the detemlnistIc
world pro: lorl. td,n.,. students have teen Irought up on the theory tIrlt !!le

world Is o very determlnlatIc place, an. so. I' sometImes la when wa coh con-
rol many of the cond! !ono. But a t.0.' t Ics at! t : t y en some of

...herin it to I''' AgaI II, It Is not thq: !:ar. taRt erl n !a so Intel lectual
II ef! cult , Ian this feel ing that t' there are ....any tfferent Inawern ,1/1,1 f
one con t I how thIngs come out then the world In a threat nnIng place.
Cow-v...110n t.IY on"' wl I a, hnee t,raau Ied yes t e a whD I sting the
material. not from II "2:li cal t wl 'la the mathemati cO. teat u , lath 'real

implIcatIons whIsn tney vaguely see it having for the world. And or course
t rot se, ques cos ai oat the ease f " t mpro"temen of :Int, ot I s fact ory

al tato' Ions In the world. We aye Con too, or' saying we don' t know shout
IrIA W, k:a,n4 OU!. e 1 y , comp.:I:nes w. on we Ic know

y out this and that , he mathematic:- tel us rv.: con't change thl ngo ra! t
ourse ! yes l'ecadfe of excess am Coat or lock control o varl Al

ose oat ie liana for on Ideal I at c 50 ;.ng mon or e.,-en a harinosei old
one to 'Accept. I mudt not overesildlasIce thlr. n:mdrome, :.ave seen ...ny

good stu lent very troll. red . Fz..:cept for ng, uncertainty drropo-
ar product .

I not ex,..ect al I tudent:, to like any 1-1, of and 13

any more tha.- r.t.oy are lng 10 ..!!,.e ate graphing con:
P a I think. a e project woul I ar to sc.,...er the er ler:, I:.

to prer,on" :.et ter tO j"c yehloles for In ere ."
tho 3"..ident.

On '..e ono I W."! olt !ng.',".47. 7r, rn',!.
::cen wh.!hra -t pro: lean -hat
:.q13 no role...once to onyt!ing except t..ot he oailen:y
Ot en :relevant :ems are -.err: y ctapil cote 1 ar !':

Ir. re ","fered ec's, I "Int
tne recretory rro: o, an! 7 "trl -^r47. 7., :eat

att.:act . 110 a own rliti, eyon they tome ,:ehulne
app..: cation : n more :;ophl sti cote s

-C. out

9 3



!Intl] A,1 p.t t101 ?old

.1 I ocwin I on IV. thin :Z113C; reline Pirt LY Y 0%,-! t tier" the

mitlikulerl n ror t:n Pinr EVItnr !Pr. Vo I tune 'tod n'illtyli App 1 I eq.!. ontt "."ww 11-

nhrq next ye,11., the Al3A-17CIT1 t conVen! Mit I I etnti ',:fsrPtlep

I Erni Deeemler j, 14:0. The Con l'erence I 1 'x,nr, the \wt. her neeciti rtml

l'UtUre ttnIco n e [mon' qrs.' 'to I :conItry ::oo wo:k m prot tti : ty qnI

ct!At hit I cc '41 ill the th.1 or Iir o= rtcm t felt ConCerenee, I Conun.l tt en

hopo :it.* ru:t her recomendt, hr parent noel r.t.,!ro.
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Work pnn nelt. ti Mrs "
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w-ty:; :- ac;,.. I.: n6 ....rtte : It, 1.nd C 7.,11P1r..

:Ire ".e. H. tzrn 'toe nornew:Itit :Peron*. frO:".
r..nn :!nr : nr: : 9,LoThP .7trP1 C't 1

"'"! 7ani rtnI "n
err-cm:C..
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PROPOSAL FOR A NEV ORGANIaATION FOR

MATHEMATICS EDUCATION

On October 23 and 24, 1970, SMSG sponsored a Conference on Responsibilities

for Mathematics Education for the 70s. The extensive proceedings of this con-

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

At its working session in Washington on December 11 and 12, the ad hoc

committee organized ideas suggested by the conference into seven major cate-

gories--objectives, teacher training, research, curriculum, evaluation, commun-

ication, and exploiting the work of the past aecade in the next decade. Each

of the attached mummeries 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 might be encouraged to take the action.

At least one-half or the suggestions would easily fit into SMS as presently

constituted. On, or t:,*(o could Oe incorporated into the pr(,enc activities of

CBMS. Several are new kinds of activities and new ider:i. coordinated

research efforts and the COnsortium on teacher training, requiring a different

kind of organization.

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 mathematics community.

Many of the problems are too big to be undertaken by a single university,

school, or other existing organization. Marsharng the efforts of the mat're-

matics community at large requires some SMSG-type organization that can cut

across the various specialties needed to work on the probJems.

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 current Problems

could be attncked by the present organization. However, we reel that a fruit-

ful attack rn the problems of the 70's ideally requires new people, frcsh 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 :r,d

by its vitality attract competent people ith needed expertise. Furthermore,

productive action results in the confidence and acceptance necessary to attract

and keep widespread support of the academic community as well as financial

81
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support t'rom govenment i ';undation funds. However, the organi:!ati n :;hould

'be :.ee to enlist the coolo,oation of schools, universities, and other groups in

its various activities.

The organization consist of a Director, some permanent staff, and

a working Board o ll,!.ectors of from five to seven members. board members

should meet three or Cour times a year for sessions of three or four days so

that they can be aware in depth of the activities of the organization and can

provide thoughtful leadership. The : 'A, should be representative of the vari-

ous constituencies in tr' cc-Lmunity. Since the effectiveness of

the Board and the Direo epend very much on the quality of the people,

special effort should ..:n1sure the appointment only of individuals of

sound judgment and wit, .:1derstanding of mathematics education.

The Conference Board of the Matheratical Sciences seems a natural parent

for such an organit'ation because CBMS dc.es represent all organizations. Pro-

cedures for election of the Director and the Board would have to be worked out

with CBMS.

We recommend that the SMSG Advisory B:,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 focus for the organization.

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

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

We also recommend 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 are crucial and

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

January 5, 1971
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SCME CONSIDERATIONS ON TEE ROLE OF PROBABILITY AND STA...ISTICS

IN THE SCHOOL MATHEMATICS PRaGRAMS OF 71E 1970'S

Frederick Mosteller

In plans for the future of prota, :lity and statistics in school mathe-

matics, the same empirical investigat:ve attitude em!ouraged by.Begle for

other issues about content, objecLives, methods, and eq4pment continue to be

appropriate. At the same time, some information about current trends in

statistics may have value, even though they inevitably are colored by the

beliefs of the author. It should also Le noted that these remarks arc being

written during a conference and therefore mercifully cannot be very complete

or detailed.

The American S.'. 'cal Association and the National Council. of Teachers

of Mathematics have a :,t committee on the curriculwn in statistics and

probability. ''' a Committee has t'wn immediate projects for which they hope

to complete mant:icripts by ,1.,:nm 0, 971.

Examples Volume

This .:oltzme develops statistical teaching almost carirely through the

analysis of real life statistical problems. Generally :7i:caking, an open,.,;

problem is solved and then the student is offered a set or exercises. The

material is in "examp1c seta" which correspond to sections in a taxt and may

build up tn a complicated point. EY.ample sets 1"In from 1 to '3 examples

and from a,out 2 to pages. We ha-:e abput sets. Committee members

and secondary school teachers criticize .he examples which are supplied by

statisticians, Committee merers, and secondary sch(,m: teachers. Then the

authors revise in the light of the critiques.

We do not think material. comparale to tl.!s :n a' a avai:able (in

school or college): on th, other hand, that doe:: ::m", we have a

good way to teach statlsticn. Our notion is tha' wm can make examples of'

genuine statistical thnking availaLle, a'. a ':"Ita;.'m conssten" with

ulementary work, otaers can consider .kow to .he : for :te curricu-

lum. We .are not preparing what we regard an We are offring

topics treated in this manner. Coherent unIts of var:zs s:zes can he con-

structed, tut there are intellect ,,aps 1etwemn "m

The work of ti.e Co!- "tee has leen facilitate a gr. from the

Sloan Fotmiation.
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Some examples are argumentative and require conrideral le care because of

the complleat:cns of real life Proliems. Others require us to take a second

attack on a problem after a seemingly successfu first one. Some do not have

just one answer, or ,'11,!1 two either. Some deal with the ar1 of data analysis,

some with modellinj. (I emphasize this variety lecause the Conference has

been discussing the desirability or prollems. A ma,lor drawback can he

that the beginning teacher will find some of the material substantially differ-

ent from both his experience ano preconceptions of statistic's.)

Some illustrations of the types of examples treated but not the format of

the treatment appear in a recent Mathematics Teacher (Vol. c'3, March, 1970,

pp. 199-208), a recent American Statistician (June, 1970, pp. 8-12), and a

recent issue of 'he Journal of the American Statistical Association ("Collegiate

Football Scores, U.S.A.", Vol. (, March, 1970, pp. 3.`)-1.8) all by the author.

Auiitional material by William Kruskal, "Statistical Examples For Use In High

Schools" in a Proceedings of An International Conference on the Teaching of

Probability and Statistics at the Pre-College Level he1d at Carbondale, edited

by Lennnrt Rade and to 1, pullished 1y Almqvist and Wiksel!, Stockholm.

E.:says on Anelications

This volume consists of ahout 40 essays on uses of statistics in prob-

lems of significance to everyday life, science, government, etc. These lo not

"teach" how to do things but show successfUl uses, for instanr. measuring

unemt T.:anent, consumer price index, --.,.:Iponing death, safety oh anesthetics,

anti-aircraft fire, lasetnll., :',..roducing a new product, epidemics,

.e.tc. Except for the essay on epidemics the mathematical exposition is minimal,

nearly sero, though graphs, figures, and tat les are sometimes used. It is not

intended that one exercise explicit mathematical. skills to read it. The volume

is intended to. familiarize the rea,ier with the iTeadth, variety, and impor-

tance of the applications of stAtistics and to communicate some notions.

eew ir just new Is a reviva!

expler-.tory p recause of tl

computers and part y Lecause o!' a ma'ural resource cs.11ed 2. W. Tuke,;. Semi-

systematic approacbes to explosin: data are being codified and tried out in

various colleges and uni7ersities. Severa: su'sstantia: distinct renearch

projects will he contriluting their 17niings to the common pool. Some work

in interactie mode, some batch, in azallable on computers. At several places

data set; -silerai ie variety of mater are availalic.
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This data lnolytic development refreshing lecadro if mover strongly

way from the simple and often artl firHo. problems of "confirmatory data

analysis" Into the complicated world of' the structure of the data. In. 'Hs

part the work the profabilfstic attltndP toward the material may IP ,rgely

neglected. Graphics mny play ii great role. lurved lin,s may be drown in t'y

hand and Oarthor calculations

New courses In this subject obviously can be developed In a variety of

ways. I think that the use ,of the disr'ay tube will be too expensive except

for a few demonntration Installations until the very late Meanwhile, I

think there are some promising Ideas for Its development. First, by associat-
-.

ins it with either batch mode with fast turnaround or interactive mode we can

get a cLose relation with the computer and make the computer work pay off by

decreasing the dmlgery and by increasing the variety of parameters that can

be adjusted in '..he analysis.

Second, I think that there are some soPhisticoted ideas where the computer

will be used to nroduce material which can p!uh!ed out to a class, and a

great deal about data analyss can 1.,e learned from the,le materials which would

,so.nt too much for ench class member to program or produce himse:f. 'Thus the

corter will be used In a sma'l way 17 the specific student tut -its product

can iec,:,me familiar, and dfocusIons about what the next step in tJ, analysts

should te can still tP quite satisfactory.

Therefore t:!ere are three main ways I see at this moment to introduce

this course. Paper and pencil lased, computer material based, with molest

direct computer support, asd computer hasel, wl-h or w-l'out dispLays.

interdiscinlinary with the social sciences. Most of the social :-ciences

bec-.ming strongly beha,-ioral based, Xnich means quantitati::C. At

Dartmouth a data bank !,nd related programs called Project IMPRF:l'.7 is I!!!stra-

t:ve. :le freshman !!oclogin' cr economist ls rOy :11 prol :ems

direo- attenilni: ts cb:..ta sources a.! the one- - :.- bCil sample frrm the

cens!.:'. He has many varial!lps a' hlo dinsosa' an! can ash for a variety or

bn--.2.downs and perc-ntages, and he can also as's for vari,us

devices '!co 5e app'.el, Wth reminders fro:n the macioe as to w.at they mean

and warTlings a'out how tl-,e particu: ,T stat'stic may le a sl!ly one to c!!:..pute,

tut student cArl have it. There is also m!:,ter:al cr. :arge num,er of

companies over a su';tantial period. This nro,:ect i.: a faselnat:ng one, ,

ye would io well to go study it, tall,. to the stui,--.s, ,:ee whether

oome hints for reLating socinl science o--k 'r :-o!..tols- to !!oatistics, and

mathem:.:cs. Tle data are c-,,:slin^ and extensle, a!!! O 'deas of a factual
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nature or a non-experHental sort--thm. :s, the one-shot ohservallonal study

sort like a census--can le tmde

Naturally, th::. :.ort or relationsh*p io!-4,;h ot,**,-* ahl social

sciences does nut La':e to le computer hasr.,d. There ql., ether maet.s, such

as simple oVOSStRLI, how samples are actua:y taken, "ilia :to on, can he

treated. The Essays on Applications section would he userW. The mathematica/

content can he ra'hor sma',:, tut the tn'erest of some students ma:,. high.

I do not want to say all oven moot students would le delighted With such

wotk. Put I might omphasi*oe that :t moves in the sam- section t*:1!

is going. That 1:, mnpirical research as a Luila'ititute fo, armchair

thinking ahout social proi lems and the properties of society. (Let me say

though that many 'vigorous changes in society !,T:e ioen done rsem the arnieda1m,

hut ()thorn ha%e deen in rorponne to rather simple dat overwhelming data.'

There is, here cpport,ity to uc,-: ,1,Lt..L so : i 0111 1.p re:71rded

as population information and to ottler data Is lho°t lIcrtny :011

its vtillity and Ito Under the la-os ciscumstdnces firs" -slams

discussion 1s a must. Under the former, the losuo ofter !s th,

ts adequate for po:Ic and Rn1'.:, what poi1oy :o do-:olop(**A.

Ono could have infesontial :1-1'.1:% here without necessar:ly dev-'oping

the rathematical lasts fnr 1*.

Interdincinlinary w:th ohy;:cr: I :,!en units prepared

for the analysis of* data from exper:mentol wer;: at *he hcr:onl. !eve' iy physical

scientists, l'es example to s,e w;:ethes met*.ois proosee eiser !ono w:-

means alike, whother -de dIfferece c:served wY.h y:ycica: tho(-y.

lelint-e that it woull :e dw1.:e *.ttd* tdo ce*t-unity to ask

itself whothes l' should have a ro.o in cr *reparing such mater:al.

or wdother it wishes to o-ive the phyo:c:ot, ","1.1.:e "he

leadesship and responcl.: lIty por such teocO:ng.

Prohaldlity (and s--t:st!cs) moro i-ehert :tat: -saties comos 'o

taught in a more !titecre,1 way, It seem.5 'hese w-H! 1e man- Haces

short sections on prolaldlistic st ..t me*hods, wh-mo hhe statis-

tics and prolahl :11.us"e *he u:e 'eo..:.:que in a way '

may go well :oyond simi. ty T: mathema':cal -Idoa. (The

:s now the 1a..*I: man:, oect:cnc.) .D]scovering places

annroaed : and valual...e :s 'ho A2A-NOITI con-

sidered as a poosiloil:t. for o*,:n work a:- --2:ected. We felt that 'his

required a direct team attaclt on the w'.ole csrr:culum an! needed

with curric dot !leas defc:.*e them. It seemed mcd'e -1:;:nroprate for surner
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work for a greqp titan rev t co toted poop', o work [lig on o eeruni t Fen. The corn-

ttlf t tee thun :;(?,!:3 a fitted rot thi:f to by d,,no, but hot nt at. thit: :it neat; hove

have plann or runti or it:: own to Litt Lt. F Itelleve that w tuld enecautage :tome

other group to do :to, and that it wouli he happy to give advI cte or ditteutnt
lorito or the matyrLo.L. :ttc'tntt nt ttl in the Xt.:ample:I ';.ti.urte ftefti that 1ft haft
gatherft.! 'tuff edited are, t' ttour.tc., appropr fate r..tr ;Ipttttf.

-pprotch rro Itc,r coon I de rtt the oprorttnn t I es' ror the Iwo :It -

ct1.1 and total Little toe ni,vcc,t n the ett'cnt tlti Of. other !Tit t rcttmci tech-
n (plat. Anot her re I project ttat. and Hyatt ond metthodr

shout! le presented 4 tLitt can conic of id t : tent tt : c program?"

Again tittc Ln o wott4,Ity piece ot' rette,tret. ft. coil 1,1 , rrie:1 tite

Conference hat; di SeUSrai ttor other ttortn hertot es , rt:.:yef : t h Ink Hilt

we tire a iitt, le hotter proporal el.ttewltre t.to.therro. I oft to eon-

etch at: on o f' Moot: t-tton no !ITY, !1"!,.. 1 i'p tr.! t; 1,.',,:r,ct thrd

Ni IF r":111.: 'he tchp ct re:;e-trch ty.,; trot't t n ipp olds 1

th030 !'r..-.1r. +.1;e mol'e ct tt n to cooper , t

curri cu tur. dove '.01fr I .rrt r,tont't th.17 A: ;A- fIcTt.1 comi

we'll I encourage 'att.:trig wort.. lone. Virt!.07:* le a -ottoaree t'or

the ef'eort- ot nttt coo +,;. 't*

Ttt,..t cc Prot% o ft. et: rer: ertert ttt eactt I cf: a tett' ^17,, mo:t or t1:1

hrlye 1.0 :nd tt e:te aye : et; y e;.e.:(!: tO L i rrt

,at whf io nt zoo *c e nir2 :!.11P,,I.,t7 arc taco h".1 n

expert encat: 7 t ttoit .trn , .1. cant t.

-cn e r"::' 71e cu e he h'ul ccc

r.1,2:1r des gn, wit! r ,

, s for cur r,r," 1 . t tudent

net.tott.- cer. r:-JI re tt gent.]: r.r ct t;', : -tt ttori

T ittt-tect rtetC:.:e '

tO , . 6 ,11.',c, 't ten t,

Itt.at er' . We ha7e e %rer . "it e

-1.-t tn. :torte It:: trtgo. ct:it : rtigt.t . 1-- trt . t;

ctf I t't.e certe ti : te: : .t i !term,.

tzt.tier.-c t:e ett.tt. ettt.te- . t.tte - :eft, wt.O

.3pent a Ft doF tt-i ca aicpren : cat' ,',ftt ft t : tfe rtrte,- t. i

gra1 tte student- who ttos ertt tyri,te I ttprtr. : t.: c tat ;tern

fin e f feet. V'sr: 1,;?i; . ^ ec t-tore :: th he

' ''cot.

tl.
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1 un !lot I lot to oly what pro'. API 1 I ;. attl tat !at ! oho'. Id v Aug '

in whAt ordr 'it. rather accepting 'ho polnt that jar" Inraurr anmOtIng, cun
de taught. And m. ktht even 1 P :10t1:111.1(` '0 have t aught :. gl yen 1...wr. I I d !a

loon not mr.An tint tu.Iont a wl 1 1.10: up eerl el rot t' Ivo.: take
Thom, may I.r ^Ire. vra

St!' Anothor poli ttat 1 thInk worth mention!ng to the detcminisiIc
world pro: lom. otutrnts have tern Irought up on the thoory that !!,e

wor :d 1 a very determinioti c place, An I ao I oomet oleo !a whoa. :,:ou can con-
rol many or tne could! !ono But au t t Ico an I pro tat I : t v.k en noon

tat, uneoay. Agol n, I t io not that 'tar !Totter! al !a on I tate 1 loot:tinny
II er! cult , Vut III: a rer 1na that r thorr are 'ton:: rrerent Anowern and r
ono can' t 1 how thing:: cm!, out then the world a a threatenl ng place.
Conorquently onr wI I a, have trout ted o'ulenia who arr rooIsting the
ma terlal. not rrom coal ty wl the mat hernt tu , it rrom

imp! I cat !ono tney augur y ore It towing ror the world . And eouroo
! I rat sos queo I ens ai °V the cnar o Ino "ant :mprotement or 'an:. at I ti Cart ory

al. tut.. :ono to tto world We aye Con !. too, or a:wing t !art wr don' t know al:out
this, 'Ind wo ion' I know rI Out tint e 1 y , comet:I:aro w. on we do know
.: out tki o aryl , no :nat.:mat:en tel un we can't changr thi ngc aul t

ouree!..-es l'ecaufo r rxceos -am Coat Or loci'. control o var. AI Ina . A' 1

oao h:e tarot rot' an Ideal I at c yet rag man or evon a ar1noori oil
one to accept". I root not orerrntOrl:I rra ^h! a oyndrcrto , ' .
a good :Po.: lent very "volt red .

product .

I '1- not ex,-oct a'. I "udento. to any pat P ant 13

tew acre 'top- arr I going 10 .!ke prt-or -ato r".: "1- giapning con: ea
Put I think .."'l.:-.1,!CHP project weal: I an to tte er ot.' lora t
WI.: et to preoont tit'. rag::: 'and "no te""er 7.' ror 0 oro :t
tto ot tident.

On ' ;.r one :!an we can mak : nat o

eeen the 1 ored ote.dent, who'. tra i.:: !, oe pro: Iran

:.q13 no re:co.loco "o an.vt:ng rxcopt ttat te tr
crtro role...ant pa."' :ems ae cato tave no

trout thei r ear o g:.' :,7`11:r.r,',.

whl ""rorr:1 'rat !!rt:
pre1 !era, tne recrotary ae: ot, -oit -:"..-. 1 itt:1 2:.-orog: ply!' :rat a art

t t.oac . r'In a:1 own rio.! even r they ,.-.-.: at: ne

app. 1:cat:on more c-r^r rr.: `

9 3



,11.0 " '1st ,7!t'n r y Hyr !Mtl

..titurttirt I on IV thin :XII t','111'0101100 , ptot. ly I y 'Ai o%, t I rlet al to , !!!lir, the
mnlituicolp!:; rot' t.:1V LtpMC EXI.Mrlor, Volltpt0 qnd Xonnyv or ApplIoqtlonr w,ott1,1

rd 1 nex I.- y0.11.) !Ale AftA.-NCIT.1 Comm; rt OP 1, coNorn orn.11 eon r"r0e0

I t Dner,Int.r. u, to:o. Tho corv:or,,nco ,II,01111.$ the (\tot. tiro neecle .tn,1

future ttrtice n lemon. tt .trt I recon.Itry r.cnoo 1 wo:k m prolttl ty out,1

ctttt t cc, th the .0. lireAoft ionr, Com tie-0, Conreoener, the Cottun.I tt 00

hope.. .0 roCk... reeotr,ttiond.t. t.-.r.t to ' he parnnt roel 0t! or

F001,1i0TE. Con:Thnatrory tL' ttriat.,,T.1:-. Inc !es rr,r, -_.!0. (pt.' ttnt,'...:ni.7

:gni f.st:c.Inc0 or o',,ker rtettiodtt c r rerOrle,t W!::C!; p!".'OP:e 000C,C,c1.!r!
resettArct: workerr,. . : ttt

lurking `..0 ockgr.t.1 r, -,rt oxpe...tinert.. tIt.z.; eell
speci ott.:0 or 1: not on t : "t.e._oJ". ir et ,ertge
`01.7 tio:'k c1:1 t ly. The r:,err,r1!: 0:!

or.:;wr.rc . o wc e'ettt.nt:tr
c't.tlti tt:cr, nti.p...ot-t.trory t!ltrt 1.1.ttett.- orfer,,
way1; :- act,: t.: t o ond ne Cr!..!!:". :Jerre t.,kort.

., tt, 'LIT! scrter,:tla! :t.'etrortt. frottt .7trettpl

ettor.,tr..t tar'. tgn, or 9.7,1c-t',ettt 10.71 wet

met-.t.et.1- tr.F.7 "l!!!!!-, voiri %bier". rtni, rt-
.7,1,71p1:1
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