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< Mathemat ics Educntion-aeports

M

. Mathematics Educntion'leportsvzzc developed to disseminate

information éoncernins mathematics education documents analyzed at
g .

: . . N
‘the ERIC Clearinghouse for Science, Hhthematics and Environmental

Education. These reports fall into three broad catdgories. Research

reviews summarize and analyze recent gesearch in spacifiq areas of ° .
usthemntics education. Resource gu dentify and analyze msterials

v {
A and references for use. by mathenatics teachers at all lcvola. Special

[ ' i

bibliographies announce the availability‘of\documant. nnd review the

literature in selected interest areas of mathematics education. Reports

-

in each of these categories may also be targeted for specific subpapula- . :
tions of the matﬁsmstics e&scatioq community. [Priorities for development
2 a .

of future Mathematics Education Rebsrts.are eatsblishsd by the Advisory

Board of the Center,, in cooperation with. the National Council of

Tenchers of Mathe tics. the Special Interest Group for Resaarch in

Mathematics Ed cation,_the Conference Boatd of the Hsthématical Sciences,

and other professional groups in msthematigs'eq?cation. .Ingividual‘ i . s
‘comments on past Reports anq suggestions for f;ture Reports are sldays-

- welcomed by the Assodiate Director.
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This publication was ptepared with funding from the National
" Instftute of Education, U.S. Department of Health, Education,

and Welfare under contract no. 400-78-0004.' The opinions ‘ 7
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. Rditor's Porcword\\

‘This publication was prepared at the invitatian of tyn Nat*onal ]
Thstitute of Education to report. on the currént status of mathamjtico \
education in the Union .of Soviet Sbcialist Republics. It;udp dhv010péd
by two persons who visited the Soviet Union a year ago -~ lgbﬂna {a~».,~.
and Tom Romberg -- and.two pérsons who have spent-the pastfsev al
years delving deeply into the available Soviadt Litarature“bqpc 1p mathe-
matics education —-- Mary Grace Kantowski and’ Sid Rachlin. .Tbey were :
"Mided by the specific knowledge of others, whcm~they-ackqowlo%’p.

The chapteph unfold the pBrccptiona 3‘ Dagia‘and Romberg. writing
from the immedicacy of their visit with 1tq kalaidoscopc of observations’
of Soviet schoole and discussions with ledding Soviet educators, In
contrast are the careful analyses of Kancowshl ahd Rachlin, 'unfolding
their impressions gleaned from reading ‘repart§ on Sowlet research techh+
iques and findings. The curriculum in Soviet school¥,, instructional
practices, research ideas, and the generﬂl milieu of the students,

" teachers, parents, and others in a system chat has different heritage,
- and thus different strengths and weaknesses, ftOm the American syatdm

are presented. "\ >

»

ERIC/SMEAC is pleased to make this book .available to reeders. It
provides information and impressions, and ingdjicates gome benefits of
international comparisons. The need for a yeanalysis of what research
and developmeént in curriculltm and instruction are all about is thus

apparent. N ' ' J

1' . : , Marilyn N.. Suydam

_ , Editor
-
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: ' o Chapter I :

- ‘ Explanation of the Present Qocument

Robert B. Davia ’ .

In the sﬁring of 1979, e National Institute of Educatien requeaceé
the_prepatation of an a ytic report on "Mathematics Education in the
Union .of Soviet Socialfst Republics" that should include information on

. the following matters: : .

’

7 t . ~\ - - -
\ ¢« 1) A desc iptton of the state of educational ;esearch development;
: h ) and practice’ in, the U.S.S.R. in the area of’ the teaching and
o7 ~  learming of mathematics . .

2) Opportunities for the United States to conduct observational
research on Soviet practices in the teaching and learning of
X mathematics, and of reseayxch and development in. mathematiCa
' . educationt. .

"3) Areas in which Soviet research could ephance U S. researcherg\

- : : ability to define research questions er approach research '
problems differently, or in which Soviet practice might be

. especially relevant to the U.S .~

- &) A .selacted bibliography of the wost important publications
’ . 1in the field. . . . '
N.ItE. further requested that partidhlarly careful attantio should be
paid to two matters: the effective improvement of actual aily class~
room pracbdce and the question of. educational equity. :

The present report 18 a requnse to this asaigulent, prepared by -
a gtoup of UY? researchers each of whom haq some knovledge of Soviet,
a work. e . '

The form of this report deserves explanation. Any'analysia'of'
Soviet research and development ("R and D") in wathematics education
. involves some fundamental judgments that are nnttar..oi dtnagreenent
‘ éen among reasonable peogle. At first glance, one might say that
: -research seeks the truth about reality, and development is: &oncerned
. ‘ both with the ,improvement of practice and with the creptiou of better-
tools for future research. Isn't this clearly obj-ctiv., and raised
above the level of possible dinagréements? .

In fact, it is not. Whatever R #nd D is done grows out.of the
.reality of existing classroom practices—whigh' vary cousiderably, and
are not the\name in the U.S. .apd in the U.S.83.R.~—amd is done in
respanse to perceptions of. vhat is’ needed, what is possible, and what
weuld be valuable. But there are variatioaa of a -am& subtle eort

HETe s
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Research grows out of exis€ing conceptualizations. As Kuhn (1962)
points gut, when Lavoisier and Priestley independently heated an orange
- powdef and obtained a colorless gas, thelr realities were essential
the same. Their conceptualizations, however, were entirely different.
Priestley concep&ualized this reality in terms of adding the fluid
caloric CD“the powder, and obtaining dephlogiaticpted air as a resulg.
Lavoisier, on the other hand, inveated the idea of "elements" and "com-
pounds,” and ¢oncluded that the red powder was a coppound which, upon
being heated, had decomposed into its elements. Despite correppondenqe
between them, neither was able to convince the other, -

) : It may well be the case ghat a human beipg e inking mathematicak'
s . thoughts," and human students in a social situation which is intended
- to help them learn mathematlics, are both realitiés gt least as complex
* as the orange powder of Lavoisier and Priestley, and at least as sus— *
ceptible to alternative conceptualization. Indeed, anyone familiar
with mathematics education over the past five or six decades can hardly
doubt it. -

In fhct a magor part of the value in 8tudytng Sovzet mathematics
education is to leaym from the contrasts between their conceptualiza-.
s  tions and those. that are current in the‘United States. j One must realize

‘i -that the goal is not to\decide who is right and who is”wrong. . Probably
" I no conceptualization represents the whole  truth. The goal, rather, is
to compare and contrast alternative conceptualizations, thereby myving
on Ep new and improved conceptualizationl.
L 4

But even within the United States there are. different Lconceptuali-
zations, both as to how to analyze "mathematical’thought" in all its
diverse ramifications, *and also as to how to analyze the social settings
and activities that constitute the teaching and learning of mathematics.
Mathematical thought is considered by some obsérvers to be the rote.
process of carrying out an' explicit mémorized al orithmic procedure,
by others to be a sophisticated procegs of combin procedures and’
creatively modifying procedures (even to the point of. inveriting ney
ones), and by yet othHer observers tg/be a complex process invelving meta-
language, heuristics, and so forth. Over the content of mathematics to
be learned there are disagreemeny§s, as there are over the questions of
what kind of behaviors to expect,' and under what conditions. (Should a-
calculus test be open-book? Should students be allowed to use hand-held
calculators on a test? Should students know immediately the factoriza- ¢
tion of §5 + 1, or may they'take time to work it out? , Should mathematics
tests be timed, or should students be allowed all the tim¢ they need?
Should two students be allowed to collaborate in solving a problem? Must
students be able to justify on logical grounds the steps they take? The
1ist of uncertainties is very long, and range from ninute details to the
most sweeping fundamentals.)

1

& /

We are, in general, more interested in major difforences in concep-

. o tualizations than’ ip details. If the phenomena themselves are viewed

( differently, there are perhidps even greater differences in answers .to
the quesgion of how to study these« phenowena and what sort of "know- .

ledge" to seek. Are case studies \useful?. Should individual differences

.-

%
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be destribed in terms of a small number of variables, mostly numerical

(as in reparting that a student has an 1\.Q. of 142)? Should one observe

primar11§ (o olely) the products of a student's mathematical effort:
(which usually means the student s_ final Mawers), or should one study
the process by which thesé¢ answers were produced{\ (.

ecalse of the range of diffaerent coﬁceptgglf;ations,‘even among
present-day U.S, experts, this report hae beenprepared by a group of

cbllaborators, each of whom attempts to build on his or her own concep-

tualizations, values, and judgments. .We believe this offers'a sounder
basis for conclusions than could be obtained from any single perspec-
tive. In point of fact, however, there is a fairly substantial agree-—
ment on the main matters thgt are diticussed) . (The suthors of the
various chapters” are expligitly identified. -In addition to the main
group of collaborators—Sidney Rachlin, The University of Calgaryy
Thomas Romberg, The University of Wisconsin-Madison; Mary Grace
Kantowski, University of Florida; and Robert B. Davis, University of "
Il1linois, Urbana/Champaigin—important assistance has been reteived
‘from Bruce Vogeli, Jeremy Kilpatrick, Walter Reitman, lzaak Wirszup,
'Leon Hénkin, Lee Shulman, Donald Michie, ‘Peter Maggs, and Harold
Hodgkinson.) ' X '

Given the uncertainties, ambiguities, lacunae, and disagreements that
we have encountered in our attempts to assemble relevant descriptive
materials, we are well aware that t ere are almost certainly both gaps

* and errors in our final result. WeTask readers to acgept this report
for what it is: the hést description of Soviet R and D in mathe-

matics education, and its relevance to U.S. practice, that we cduld

" put together within reasonable constraints on time and ather resources

»

Readers who send us corrections or additions will find us grateful, and

not. disposed to argue,
C &

e

<
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\ ' Chapter II i;1~ ' o ;
Common Practices in Present Soviet Schools

ﬁobert B. Davis and Thomas A. Rombergl .

-

/ _ ) A. Somae General Remarks
. T -
Within the past 15 months, both of us have had opportunities, aa‘*-
\)official U.S. delegates and guests of the Soviet government, to visit
/’schools in several cities in the U.S.S.R.2 Considering the size of
the U.S.S.R., the diversity of languages3 and cultures which it
includes (e.g., Eskimoes), the range of life styles (from peasants to
nuclear physicists, from sparsely populated rural areas to Moscow and
Leningrad, from the Baltic to the Arctic), and the range of cultures:
(northern European, southern Europeap, Asian, and so forth), we sus-
pect that at best we have seen very, very little of schooling in the'
U.S.S.R. There is the further problem that gge have seen a non-random

sample of Soviet schools. Yet both of us independently arrived at
gimilar conclusions, which have subsequently been compared with those

4 of Bronfenbrenner (1970) and of Smith (1977) and foudld to be substan-
tially -similar. Hence, we have some confidence ;that our perceptions
) correspond to at least a plece of the reality\oP'Sovict schools.

/1. The first thing that strikes you, the moment you enter a
_ Soviet school, is the orderliness. Children are polite to adulfs,
v polite to one @nother, and attentive during leeturea.' For U.S.
visitors, this is a 8urprising novelty. ’

2. To the preceding remark another must be added immediately:
a visitor can see no evidence of blatant force or compulsion. Arch-
itecturally, schools are reasonably open and inviting. There are no
police in sight, Windows are not barreéd, there is no great prevalence
of locked doors, keys, and so forth. Clearly, thers is adult control
—a world of children would be far- less orderly—~but the controls are
subtle, even warm and loving. St : ‘
“3. That brings ds.to a th;:a point, on which we rely primarily.
on the reports of Urie Bronfenbrenner, Hedrick Smith, and Harold
X Hodgkinson: the Russians give a very high priority, snd a deep, warm
. affection, to children. The Soviets provide food, clothing, amd

; VA
lw. wish to acknowledge thcqéaluable assistance of Bruce Vogeli and
Harold Hodgkinson in putting together this view of Ressian schools.

2gpecifically, Moscow, Leningrad, Tallin, and Kiev. /

-

for example, it i3 worth recalling that Russian is the principal lan-
.guage of less th1F SO percent of the population of the U.S.S.R.

:
\ l .
~
. . ‘ . ’
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. madical care lavishly to children—far mo’iwishly than to adults.
* Childreg who don't even like caviar may get some, at the éxpense of _
: . adults who crave it (and it is typically in short supply). ' The g&
3 Soviets claim that every school has its own full-time physician, ‘ : .
despite evidence of inadequate medical care of adults. Grandmothers
wait outside schools to walk home with their grandchildren. When the
movie The Russians Are Coming portrays Soviét sailors abandoning other o

.actjvities to rescue a chifd who is in danger, the film is true to a &
deep trait in Russian character. Many generally similar incidents

have been feported. This looks very strange to the eyes of an . _
American visitor. ‘ . : . . S . -

Workers, astronauts, and top-level-scientists all find time to
work with young people: the astronaut, Yurie Gagarin sponsers a club
in the Moscow Pioneer Palace; A. N. Kolmogoroff, one of the greatest .
math‘baticiang of the twentieth century,fsponsors‘a‘high.school and
teaches im it three times a week. (The tradition is not new: ‘Leo
Tolstoy created and operated a schodl for peasant children,)

Responsibility for young children is et.xthuaiastically accepted
even by teenagers; there are many reports of teqnageras spontaneously
(and affectionately) showing ¢aquand,concérn'fdt;child;pn,kakrangpth :

to them, whom they encounterwégfg street. ' R .,
- L . Y A A i o

- 4. One of the most strikiiig characteristics’of ‘sbvte-z;m%hbfq;ﬁ?sf:‘
and of Soviet life in general, 1s the;QOlZéctiug3q~}.o{udeht iiiggkﬁ e
of a group of students, and evexy.student in the. group has raspd'ii%@%';f%iJTg T
bility for every other student in the group. .If a student is not . . Rt e Tl el
learning satisfactorily, the group—called the “collective'"—must deal .- RN
with the problem. Similarly, if a student is not doing his or her R
homework, or is being tardy, the group takes action.

Nor is égg'collective limited to students in achool. Even the ‘
American visitor, traveling for two weeks with .a group of Soviet and ey
A\ American educators, finds that he or she-is a member of a collective. }///
In fact, it can be a surprisingly sdpﬁ%rtive and reassuring environ- .~
ment—one 1s never alone, never faces alone the problems of currency .
or transportation or housing. The welfare of every member of the group
is the business of—indeed, the responsibility of-—every member of the

group. : : C,

-

5. Hedrick Smith reports on "parents night" in a Soviet school..

In the'U.S., parents night is typically an occasion for teachers to

- report to parents, to be questioned by parents, not infrequently to
be accosted by parental complaints, requests, and demands.. One might A .
give the capsule description: phrents sit in judgment on teachers. = '

Parents night in the U.S.S.R. is quite thc_opﬁoc tel1 The voice

of authority is the teacher's. If Ivan has not been his home-
vork, this deficiency will be publicly proclgimed, and Ivap's parents
. -~ N 0 '
/
.. G * } *
" 15 7
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"prepared for an individual member of the ¢
ferepce for going,to the ballet.

. Bequence involviné first a lecture, then qpeetidns..

EY

uill be publicly admonished and told shat they must correct the problem, 4°

. There are even reports of authorities restricting the vacations awarded
to parﬁnts of childnen 3?0 are doing poorly in achool 5, '

. 6. The general atmosphere in schpols is !egularly reported as

varm;\caripg, even loving. . : <.

7. If a greit deal is given tq children, - that doea NOT include
fdividual .choice. The same is true for visiting U.S. guests: the
collective provides good meals and*excellent entertainmgnt, but if this
evening's schedule calls for going to the c!;cus Russians 'will not be
olfective to express a pre-

"8. In regard to the general appearance of Soviet schools that we
visited, physically the rooms were clean, well-1it, well-equipped, and
attractively decorated. The walls displayed a profgg*pn of socigl
consciousness statements ("A Pioneer does his homewofﬁfcarefully. "A
Pioneer obeys his parents "). Classrooms had paired 3 of desks
firmly fixed to the floor.r Students were dressed in ﬁﬁigofms, raised
their hands to be called on, and stpod up to recite. However, students
did talk quietly to-their deskmated, with whom they share answers and
discuss the work./ [Indeed, Soviet\gtudents spend more time copying
answers from othgr students, or from the teacher's work, than an ,
American visi is prepared to accept. This copying is NOT cheating:
it is an official (and very common) form of "helptng."] '

9. As to the role of Soviet teachers, beginning with the fourth
grade, mathematics is alwayd taught by a specialist’ teacher who teaches
nothing but mathematzca This applies to every grade level, from grade
four upward.

Furthermore, it is-alwayé taught in the same way in every class~
room throughout the country. Teachers follow a prescribed didactic
Students féllow
in somewhat rote fashion, upon the prodding of teachers.. In the Soviet
instiuctional system, the teacher is viqwed-aé a coduit. Teachers are
NOT supposed .to adapt or change materials to meet the needs of their
students. Teachers are not seen as professional decision—makers respon-
sible for planning the curriculum™ 2 .

4Her¢ again we see the collective in operation.

* "home collective.'

. : ' + ( S , w )

L ]

that a child should do at home—is, in effect, a responsibility of -the
The family is responsible for waking sure that Ivan
gets the work doné, and assists him with it. If the child does mot get
it done, it is not his fault alone: 1it is-the uhold fniily fanlt.

5Parcnts are expected -to assist the school. not only 1n thn.nattcr of home -

assignments, but in other things as well. We have visited schools and
found parents making bookshelves, flooding a playground to make an ice
rink, etc. Parents are expected to assist ih the operationof the school.

s : -

That sort of thidg.eimply isn't done._.

"Home assignments"—work’

¢
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%ﬁﬂ, The job of a school teacher in the U.S. S R. in to carry out a
" well-designed, carefully elaborated program of instruction.. Indeed,
“ inspectors check on teachers to see that they are teaching the
syllabus as intended. . If a teacher wants to adapt a program of .
instruction, it isa expected that . he, or she will get permission and
an inspector will in turn check to see athat there is a rationale for
making the adaptation, and that'the results of the adaptation are
appropriate. It fs assumed that teachers,treat all students equally..
, In summary, teaching in a Soviet classroom is more formal and
1natitutiona11y gstructured than in U.S. classrooms. The teacher's
role is functionally prestribed. Nonetheless—perhaps surprisingly—
- the Bchool _atmogphere 1is markedly one that is .caring and supportive.

10. The organization of the schools differs from that in the U.S.
The education of the young 1is defined'differenth in the U.S.S5.R., as
we shall see in later sections. But it would be fair to say that, to .
begin with, it is split into two parts: schools and Pioneer Palaces.

From morning through early afternoon each child attends a school.
in late afternoon, nearly all children,attend a quite different insti-
tution, known as a Pioneer Palace. The Pioneer Palace—possibly one
of the most impressive structures in town—is something like a4 combin-
~ "~ ation, in a single institution and a single building, of what in the
L ' U.S. would be paxceled out to many different institutions: the YMCA/ @
' - . %  YWCA, museums, zoos, Boy Scouts and Girl Scouts, piano lessons, music
'~ + ° clubs, student orchestras,: computer clubs, ballet lessons, and so
forth. :

. In a Pioneer Palace you may find: ‘ ' “\\/K
“ ) !:’ ! . \
R a) ﬂFrien@ship Club," composed of children who are learning
5 , _ English, and who correspond with childrih in school in various.
N English-speaking countries around the world read books (in
;o l_ Engliqh) from the U. S., etc. .

» te

b) ’bdllet classes (Russia is, after aldl, Russia)

. . . ke a gomputer club where students make and use computers

¥ . L S ~ -' N .\'
h B

A VA Yo d) &g ture astronauts" club, which has flight simulators and
' ) . ethir equipment .

e) a radio club where students mnke radios. ‘ »

b'ﬁih--.f) n zoo, where students care for the animals

. ' - L 3

S :Jg) a "future farmers" club, where students learn about agri-
-'j%,»;;iﬁ' cul ture ) - ;

ey
SN « 1

h) classes 1n,peinting,‘cerénics, and sculptu:e.

1) cooking clessea o ( .




pad ""backgrounds from those in schools. They may be chemists, working payt ) i

' 1lyrics of rock music, or television viewing cannot occur in ‘Soviaet e

‘N

) ‘classes in dressmaking . s ) . K

k) classes in interior decoration _ | -
) <« s : L . ) ) " l .
1) science alubs ; : . \ - T
m) swimming instruction : » - ¥
R -

- ) classes 1n how to set a table, how to entertain, "good A
’ manners, etc. . T _ L

‘0), a model railroad clubd o T ) '

\ p) an’aquarium cared for by students ' ) B T |

q) a drama club ) ;

and special inéeresf clubs of other types. . f
. P

The personnel at a Piqneer Palace have quite different educatdopal - o

time (perhaps as volunteers) at the Pioneer Palace. Some actually are
professional astronauts. )

One immediate consequence of the dual sfstem is -important for U.S. |
educators: because the "activity" and "special interest' classes are
in che Pioneer Palace, they are not in schools. The school is a formal,

]
. academic place. The familiar U.S. problem of seeing demanding courses .o f

in Euclidean geonetry or English losing out in the competition with
more "exciting" (and less demanding) courses in film-wmaking,  shop, the .

schools. These "activity” and "special interest" cdurses are not part . ,

of the school at all. They happen at a different time and in a differ-' y 1
“ent place. The school deals with the serious academic subjects. K .
- - ’ !

- B. Soviet Schools and Curriocula
Deferring, for the moment, any further discussion of Pioneer
Palaces, we turn exclusively to the question of Soviet schools, which
children typically attend for the-morning and the earlier part of the
afternoon. Descriptiornis of the Soviet system vary somewhat (as do
descriptions of the U.S. systen) but -the geheral pattern seems to be’

as follows.

S i st em aa

P

General Patterm

A
-~
B T o PR

1. Por the youngest children—below age 7—s new system of early
childhood education has recently been davised, and is now in the pro- T
cess of being implemanted. These schools are an impreasive innovation,
accepting (if parent$: request) even very young infants, and placing
equal emphasis on atademic learning, "up-bringing” (amn intereating

<
™




Soviet feature which we discuse 'b"elow),"phyaical caxe, and, social
development. These schools are- unmistakably worthy of pt:udy in them-
"selvep; since, however, they do relative.ly little.in, the way of teach—
ing mathematica, we do not connider them extensively in the présent
teport. _ , s , : .

| ‘ - L _ - . Q
2. For children from age 7- to age 15 there.ig a single 'kin\g of ’
school, sometimes called thé "etight-year school ." This may, in fact, .

be a separate school, or may be part of a so-called "ten-year s 1,"

3 enrolling stu&ents from -age 7 through age 17 (Shabanowitz, 1978, p. 25)., T

3. 'I‘he first three years of 'the "eight-year school" (or of thé

. "ten-year school'").may be separated, constitdtimg a primary school
(Shabanowitz, 1978, p. 25), although just how distinct these primary -
schools are (or, conversely, how cémpletely integrated into the eight-

or ten-year school) 18 a matter on which various reports do not agree.

The distinction may or may not be important—within the.U.S., for

example, there are isolated cases where all fourth grades meet in a
sdparate building, cases where grades 1-3 meet din one butlding, and

‘grades 4-6 meet in a separate building, cases where f{fth grades meet

in a separate building, and so on. These speclal axr
usually either the résult of aftempts to make effective’ use of existing
buildings of varying sizes, or are caused by constraints in school bus
schedules, or represent attempts at improving racial/integration.
Perhaps they do not alter the broad pattern of
sidering them can greatlyv—and perhaps diaproportiomtely—-—compl1cate
the task of describing U.S. schools. Presumably there are similar ,
variat:ions among Soviet schools. : . : /\_/__,,.-f——

4, Thus the eight- or ten-year school can be thouyght of, at least
roughly, as a Soviet equivalent f grades 1 through 12 in the United
.States. What is especially striking to U.S. observers is the absence
of "tracking" or "homogenized classes'" in the usual eight- or" ten-year
schools. The Soviets believe strongly in the goal of giving.all citi-
zens the same education—at least in this basic sense—and are very
proud of their success in achieving this. To American eyes this 1s
very strange indeed, perhaps even incredible. Within the scope of
- these eight- or ten—year schools there is apparently. np division into
a "college preparatory" track, a "business" or Tretail" track, a
"vocational" or "shop" track, or other tracks, There is just one
single v\n'sion of education, the same for everybody.

Well, not quite everybodyi,\ as we shall presently see. The' Soviets , \
have some remarkable arrangements for a small number of gifted students, .~ \
and provide some other forms of variation. But for most students, from
the time they, are 7 until they are 15 or so, there ts & aingle basic
educational program, exactly the same for everyone.

* - e

5. Attached to the top end of thq/ cight4year school (thereby trans— -
forming it to a "ten-year school”), or perhaps existing deparately, one .
finds at least four kinds of schools: the '"secondary general polytech-
nical school" for ages 15 to 17, the "secondary specialirzed schools" for Y
ages 15 to 19, t‘.he "evening shift" schools and the "cormpondence ’

- -

emenits are L

. scl'l)ols, but con- i
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schools" for ages 15 to 18, and the "vocatienal-technical schools”

(Shabanowitz, 1978, pp, 24-25). It is at this point that-the major

alternatives in Soviet education—analogous tb "tracking" in the U.S.
—magke their appeanance. These alternatives correspornw roughly to
U.S. alternatives provided by "votational" tracks, by "commercial
tracky, by “college preparatory" tracks, and by conn%nity'collegaa, .
though we shall not try to match the possible.rout of a Soviet
student through the various sé¢hools with torresponding routes of U.S
students along the variety of paths that are possible here. Our
present data are not good enough to 1ust1fy gsuch an attempt at making

' correspondentes.

6. Soviet kchools meet six days a week“;gondny through Saturday.
The school year lasts. from 35 weeks to 38 weeRs, depending upon grade
level. - . . : ‘
. . : . L

7. According to Shabanowitz (1978, p. 25) a student who receives
unsatisfactery grades in threq/gr more subpjects must repeat that year
(in U.S. language, the stident would be "kept back" or "not promoted").

8. Shabanowitz (1978, p. 26) also reports that any Soviet citizen
who completes (at least) de 10 is eligible for admission to higher
education. There are, however, competitive, examiuations for admiasion $
to higher education programs. e . -

A

9. . basic elight-year school 1is reported as offering the fol%p
1ng subject Russian language, world literature, world history, sociaI

- _ sciences, natural history, geography, biology,\phyoica, astronomy, draw- "’

ing, chemistry, English, other foreign languages’, . physical culture,
labor training—and, of course, mathematics. This is reported as the
universal. curriculum for all Sovtet students from age 7 to 15. .

(One has the very strong sense that something here is beinz mis—
tranalqted; .or otherwise misunderstood; a persistent theme in U.S.
attempts to describe and undeggtand Soviet educational practice—-and
even more so in the case of tesearch and educational theory—is the’ need -
for clarification and specificity. There is no shortage ¢of reasons for
doubting the cqmpleteneas and correctness of our present descriptions.
Getting clear and accurate descriptions could be a .trong first step
toward more effective communication. Certainly, a school program as
heavily academic as the one just described, required for every student,

would not be considered a realistic possibility in the United States at FR

the present time. How, then, can it succeed in the Soviet Union? There
is much here that requires further clarification.) .
4
10. The present situation can, to some extent, be clarified by
considering how Russian and Soviet education has evolved. The history
of Russian schooling can be seen as the story of tryiﬁa to adco-pliuh
fout main goals:

:b taking the diverse collection of schools of the Russian past—-
ranging from the Smolny Institute "for young ladies of noble .
birth,” founded in 1764, and the Moscow School of Mathewmatical

|
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and Navigational Scicncdu, founded by Pater the Great in. 1701
(which, af that time, was one of the leading’mathematical
schools “in the world), to one-year village schools: that taught
some reading, some writing, and the four operatians of addi-
tion, subtrac€ton, multiplication, and divisions—and from such
boginninga creatiﬂg a unified nation-wide system of schools’.
that would \provide identical educational opportunities to.
_ . . + every child .in the U S.8. R.,_. ) .
- . - . P PRy
L oo ' . b) within the framework of a deep. and publicly deolared belief in
% 2L the equality of all humans, and in the deairability of an
p'vﬁfﬁ_ _ egalitarian society, somehow providing for individual differ-
' ences in people, and for the national economtic need for a -
diversified work force; - ~
c) relating education to the practical world of work, including
the provision of "labor experiences" for all students;

d) using systematic study, ("educational research") as a tool to
o improve the operatipn of the educational systes. \\

A greag deal of what has haﬁ%éned can be seen in relation to these
four themes. In particular, there has been a history of efforts to get
a¥l childreh to work in some industry or productive labor, countered by’

. an opposing. pressure to keep students at work learning trigonometry '
A calculus apd English instead of "running off tq the countryside to fhelp
bring in ‘the crops.”  The more-work-vs.-more-study pendulum has eady
w had several swings (cf., e.g., Vogeli, 1968; Vogeli, 1971; Shaban¢witz,
1978). Prominent Sovtet professipgnal mathematiciana have argued
neéed to modernize the mathematical content taught in ®chools, which is
perhaps one aspect of .the general problem of relating schqol to the -
outside-of-school world of work—in this case, to professjional work in
mathematics, science, and engineering. In most cases, however, "labor
education" probably refers more to work in factories and on farmad than

it does to sophisticated professiona.
/

11. "Kindergarten" in the U.S.S.R. is sometimes taken to mean a
school that is attended for as long “as four years, from age three until
age seven.. The actual patterns of attendance Seem to vary considerably; !
for_ example, Taruntaeva (1971) says: ''If the children previously
attended nursery school, and directly entered the second of the four

ndergarten years from their first year, mathematics activities can
begtn...immediately after September‘ﬁ The interesting word here, of
_.course, is "If." '~ _ - . )

The mathematical content dealt with in the four years of kinder-
garten is described as: ''numbers and éounting,"'"pit- " “ghape,"
“orientation and spaee," and "orientation and time." Thin work may
include the beginninga of a fairly wide range of mathematical skills
: and understandings. Taruntaeva (1971) ligts 'vision of a whole object

. as it can be divided into equal parts" and "development of the visual
' estimation ability of the children,” as well as "orientation in space—
to be able to determine the position of some obj not only with
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xoopoct to [ the student] himself, but also with reapect to some other
person.”" Vocabulary includes: cube, large, small, ahort' very short,
square, triangle, léft side, right aiaé, morning, day, evening, night,
vidcat narrower, circlﬁ\ rectangle, sphere, ¢ylinder, in front of me,
above me, today, tomorrow, fasty slow, and so on.

12. As a further attempt to define and clarify Soviet practice,
conaider the third-grade curriculum The "third grade"” in an eight--

year\or ten-year school enrolls nine- and tan—year-olds. [Notice; as .. '

this 'instance suggests, that ''grade 3" in Soviet sahools is Qmechiﬁg

of a batch in terms of the chronological age of the stydents, to "grade
.5" ‘(or at least "grade 4") in the U.S. With thig in. mind, much of the
Soviet mathematics curriculum does not seem unduly advanced, but ‘some
isolated items do seem surpripingly advanced (e.g., proofs by mathe—
matical induction 1in grade 9).] Pchelko (1971) reporta that the mathe- .
matical content of grade 3 includes'

skill in reading and writing multi-digit numbers
the place—value meaniﬁg of digits

"gmaller than" and "greater than," as applied to four-,
five~, or seven six-digit numbers
‘ ‘ !

"expanded notation" for piacefvalue numerals (decimal

V~. ‘ base only) _ ’ .
! N "
measuring lengths (metric)
-measuring.weight (metric)

.the study of the four arithmetic operations for multi-
digit nopbers ‘

the solution eof "missing addend" or "missing minuend"
problems such-as 18 + x = 60, or x-16 = 64, etc.,®

experience with expressions such as (932 -256) + (68-17)

)

ability to solve WOtd problems such as:

"1 ton of potatoes was taken from three sections. 450
kilograms from the first, and 3 times less from the
second. How many kilograms of potatoeu were taken from
the third section?”

tha order of operationl, and tha usc of patenthclau (e.8.,
finding the value of 72 + 2 - 2)

J i N 4

\ 4 . . ' -
Gnere, ‘once again, we are unexpectedly confronted by rote teaching and
learning, in a highly verbal form—after some initial .xpcrieneq# ;
‘ children are to memorize the appropriate rules: "To find the unknown,

'sddend, one must subtract the knowh-:?dend from thc-oun, andd 80 on.

Ul



./
s

14'(

For further details on the Soviet currdlum in mathematics’, pleal&-:

see Chapter IV of this report. )
] Lo h -

13. One of the most striking ways in which the Soviet mathematics
curriculum—and Soviet teaching practice—differ from U.S. practice 1is
this: for the entire U.S.S.R. there 18 a single mathematics curricus-
Lum, specified in extremely minute detail, that is to be implemented “in
every classroom across .the nation. The degree of specificity will amaze
U.S. observers! -

So great is the uniformity that Pchelko (1971, pp. 109, 118- -120),
speaking to every third-grade teacher sacross the “vast Soviet natibn,
can write' ;

_ YWe shall now turn to specific subjects #1th1n the curriculum
and [wiqhin] the third grade textbook...'™

"In the second lesson, the students are given the rule for .
solving ekamples in which various operationa are 1nvolved for
instance:

65 + 8-7 60 - 32 +2

72 + 2 - 40 72 52 + 10 - 4" - %

-

“In...the new mathematics textbooks, much attention is given
to the study of the interrelationship of quantities that are in
proportion to one gnother, [either] direct...[or] inverse...
Such quantities &ds price, number, cost, speed, time, and dis-
tance are distinguished in the textbook, and the interrelation-
ships between them are traced with tables (see tables on pp. 93,
101 and 104 [these references are to the textbook used by all
third-grade teachers, and are NOT references to Pchclko s dia-
cusgsion of the third-grade curriculum}).

[cf.] The assignment:

Make up and solve probleps on the basis of ‘the following data:

% f | Speed T%mc ‘, | DisFance
12 km. per hr. . 4 hr. x km.
x km. per hr. 4 hr.. 48 km.
12 km. per hr.  x'hr. 40 kmy

"...After considering this table, it is usaful to cusg.ot that
the students solve Problem No. 787 followfng it with these same
‘quantities and write it in hort form in the table. ..."

"[A similar] table is also.giﬁin in the text [dealing].vith the
quantities price, number, and cost (Problem NRo. 896)." .

[
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. Thma lavel of spaomfiotty, in addresszng all - thtndhgrade teachers
in the U.S.S.R., refbrrtng to teéxtbook problems by mynber, and des-
orzbtng stactly how. every student should write his or her response,
ta almost unthinkable to- the .U. S. observer. It implies a degree of
uniformity nation-wide that the WxS. does not seek on even a city- .
wide basis. 1t implies leav to teacher judgment no role at all .-
in shaping the curriculum, or even individual assignments. And it
implies no adjustments for individhal differentes between different .,
s tudents. , . ‘ =
14. 1In the present "section we have attempted td distinguish éhree
levels of Soviet education: .- . :
* ‘- ' re y -
a) "kindergarten and aarly childhood eduqation, for children -
younger than seven years of age; . :

b) the basic "elementary and secondary" ‘education, provided
typically in an "eight-year school" (or in the first eight
years of a "ten-year school"), for children from age 7 to
(about) age 17;

c) the late secondary, trade school, vocational school, junior
college, or comnunity college Jlevel (to seek U.S. parallels),_
which may be, provided eitfer sEparately, or cld& as the final

few years {n a "tenryear schoﬂ)r (or some rnughly similar N
arrangement), for students (roughly) 15 years old to 19 years
old. ‘ : » :
We ve . to give some degree of specific definition to the -
cuyriculum in the eight- or ten-year schpél by looking briefly at the ~

mathematics content of - the third grade. We conclude this section with

some general remarks about the mathematics qurriculum in the ten-year

school, and sope consideration of external factors which relate to
ladgeration, such as teacher education, cultural impera- -

tives, and needs of the Soviet economy. '

s . - : :

The Mathematics Curriculum in the Ten-year School

Our inforpation about the present-day mathematics curriculum in
the ten-year school 18 of course, sketchy. However, it seems almost
certain that for younger children the program, as part of Soviet '"new
mathematics," became cognitively more sophisticated, somewhat resembling
some U.S. programs (cf., e.g., Davydov, 1975) . A ninth-grade Soviet textbook
uses mathematical induction for some rather complicated proofs, suggest-—
ing at least occasionally high levels of expectation and of abstraction
or formality.- A

From this and other observations, we have come to suspect that
there may be an extrewne formslization of many .subjects~—particularly
mathematics and the sciences—in Soviet schools. -In fact, Soviet :
educators have distussed with us the extyreme diffficulty of the mathe-

matics curriculum that seems to have resslted from Soviet-style new -~

. b
! J L
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mathematics."” There are many reports of teachers having difficulty
teachtog the new cufriculum. In the U.S.S.R., as in the U.5., it was
realiz that teachers would.nged special training to prepare them to
teach the "new mathematics’ curricula. JIn both countries, it -seems,
insufficient teacher training was actually. provided, In the U.S.S.R.
there are reports of large numbers of studeunts failing (and hating).
mathematics, apparently to a greater extent than formcrly, although '
there are. alsb reports, that teachers have been working together, help-
ing one another (and learning which sections in the books to leave opt s

or gloss over), afid that the situation'is improving.
s , .
Yhe following excerpt from ah observer report ig typical: -

... in one school we visited; I saw a teacher who frankly did-

not understand what she was teaching. The lesson was to prove .
some elementary propositions 1q transformational geometry with
respect to parallels and perpendiculars. She described to me.
before class what she was attempting to do. She had diffi- ,
culty getting students to respond during lecture-recitation; in
fact, her frustration level was high. She got only about a

third of the way through the lesson and then in frustration

gave the students the rest of the assignment as additional
homework. It reminded me of classes I have seen in the United
States. I might add this was an experienced teacher, with a

very good group of students. (Romberg, 1979, pp.-9-10) IO

Teacher Education in the U.S.S.R.

Recall that the ten~-year school i8 not necessarily divided into
"elementary" and "secondary." Recall also that all matﬁematics, after
grade 3, is taught by a maizematics specialist who teathes nothing but

mathematzcs' r
J

In general teachers in the ten-year gchool havethemselves
finiahed the ten-year school, at about age 17. They ‘have then received
three years of teacher education at pedagogical institutes. They have
almost certainly NOT attended a university. As a result, at what would
correspond to U.S. elementary school levels the Soviet child is study-
ing with a teacher who knows substantiaily more mathemstics than his or
her U.S. counterpart does, but at the higher grades this may not be

true.

The situation is quite different in the various "special echools,
which we shall consider in a subsequent section of this report. Vogeli
(1968, pp. 39-40) reports: _ . )

. Like the school curriculum it is designed to serve, the program
for training teachers of [high school] computer prograpming is‘>
both intensive and of high mathematical quality. Its duration
is five years, in contrast to four years. fpor programs without ‘ .
dual specialization [''dual specialization" refers to high o

* school programs that provide simultaneous specialization in : .

w
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mathematics and 1n,c0mputer53ciqnce]. Teachers f;:\heconﬂavy
schools with specialization in computer programming [and also "
mathematics] receive g total 4,388 hours of classroom and
laboratory instruct{i“ In contrast, graduates of four-year
American colleges or vexsities receive about Z,000 hours
of classroom instruction and laboratory work. Of the 4,388-
hour Soviet total, 2,730 hours [or 62 percent of the’ total
college proggam] are 1in mathematics, and 450 hours are in -
physics and electronics {sothat physics, mathematics, and
electronics together represent 72 percent of their entire .
‘"college education!’ This is 5 times as much instruction in
. mathematics and physics as comparable U.S. teachers receive.]. .

s

For one of us [Robert Davis], meeting with Soviet mathematics
teachers and mathematics educators had very much the feeling of the work
done by PSSC, ESI, ¥nd other curriculum development groups in the late
1950's in the U.S. These were people who were very serious about. the
study of mathematics. - -

(

Sovtet Mathematics

The average. American may know that Soviet music achieves the highest
standards of excellence (as in the work of Prokofieff and Shostakovitch),
that Soviet ballet is unsurpassed in quality; that Soviet athletes are
very good indeed, that Soviet chess players are not at all easy to beat.
But, since mathematics looms so small on the popular culture scene, the
typical American may not know the quality of advanced mathematical
research in the Soviet Union. 1It, too, is unsurpassed. During World
War II, to give one example, working independently and under conditioms
of strict military security, Norbert Wiener of the U. S. and Kolmogoroff
of the U.S.S.R. each developed information theory, one of the major .
mathematical contributions to the modern world.

Soviet excellence in gdvancé§ mathematical research is so pronounced
that U.S. mathematics students aré regularly advised to study Russian, in
order to read Russian scientific papers. TIh the important matifmatical
field of functional analysis, the Soviet mathematician Gelfand nas been
one of the world leaders. In mathematical logic, P. S. Novikov has
contributed to the proof of the unsclvability of the so-called -"word
problem" for groups (a highly technical, very important, and quite pro-
found plece of research in advanced mdthematica) In model theory, and -
the relations between logic and algebra, A. Malcev (who recently died)
was world famous. ' Within the present decade, the Soviet mathematician
Y. Matiasevitch solved Hilbert's problem on the undecidability of thc
existence of solutions to:Diocphantine equations.

A}

In thort, at the level of the frontiers of advanced mathematical g
research, the work of Soviet mathematicians is of thc;vcry highest
éaliber, and of the very greatest importance. .

4
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Given what we knew of the excellence of Soviet machematiEal
'}esearbh of the difficult Soviet competitive exams and their emphasis
on non-routine (ipdeed very creative) problem solving, and on such .
Soviet literature as we had read, we were entirely unprepared for the
teaching that we observed in Soviet classrooms. It consisted entirely,
as nearly as we could judge, df*rote instruction! Students are told
that this is_ the hyperbolic sine (sinh x), they are told that its graph
looks like this, and so on.

Finding this ?ard to believe, we inquired about it; Soviet teachers
were surprised at dur inqu“. Their attitu_cle was - isn't this the
way that everybody teaches m&Thematics? Isn't it the ONLY way to teach
mathematics? - Mathematical facts are facts, and if you want someone to
know a fact, you tell him! . -

It appears, however, that the common practice of Soviet achool
teachets (and teacher belief systems in the U.S.S.R.) may be at
variance with the conceptions of Soviet psychologists and educational
regsearchers. [This may not be surprising; a similar gap exists in the
U.S.] Consider, for example, the 1962 report in Doklady APN RSFSR, by
Julius G. Goldberg, that lists 14 recommendations for effective teach-
ing, including:

1. Teaching mathematics by demonstrating the problem solutions
does not appear to be sufficiently effective. Asking students
to copy ready-made solutions should not be the main method
used for teaching problem solving.

2. Higher standards for mathematics teaching can be attained if
the instructor discards the traditional routine, {i.e., ‘the
teacher writing the solution on the board, with the stydents
copying it down. In the teaching process, one should
systematically increase the element of indepemdence on the .
part of the students in accordance with the difficulty of
the material and its novelty. .

3. WhQ;/;%e class is exposed to a completely new problem, the
teacher should abstain fromisolving it himself or having one
of the better students solve it at the board, so that the
remainder of the students can copy the solution. It is more
desirable to use a collective method whereby each student can
make his contribution to the solution, and to eliminate student
passivity. Students take their turns in suggesting steps for
the solution; this is done eith ¥ by answering the instructor's
leading questions, or, without such questions, offering their
own suggestionas. Each suggestion is discussed by the clnss, '
the best being chosen from among the alternatives. The prob-
lem is, therefore, being solved by the entire class, and
questions are put to all the students. Each subsequent step

» of the solution is written out on the bogrd only after it has
been elucidated to the entire class. We shall call this
method frontal. . ' .
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4. Frontal work should be accompanied by board-work only in the
case where the problem is very difficult, or if the students 2
are not yet familiar with the fovm-of its written presenta-
tion. If a problem is difficult, even after a given step has
been discussed and clarified, the teacher canmot be sure that
the students will carry out the solution correctly. At this
point, in order to verify the correctness of separate steps
in the soMtion, one may resort to writing.the material on.
the board. Chre should be taken as to the proper timing in
this sequence. The prgeentation.qh the board must appear at
a point in time somewhat later than when the material is
written by the students, themselves,» in theilr notebooks. As
the students master the solutions to given.types of problems,
we can dispense with the board presentation of separate, easier
steps, gradually shifting to frontal work without board pre-~
sentations. At the teacher's request, the studerits put forward
their suggestions: these are discussed and perfected; and
finally, the students write them down.

* 000 . .
]

6. The teacher's ultimate goal is to teach his students to be
able to solve problems on their own. Therefore, all -types of
frontal and semifrontal work should altermate with partially
and totally unassisted work. The usual order, while intro-
ducing a new problem type, would normally be: begin with"
frontal work, pass on to semifrontal, them through partially
unassisted to completely unassisted.

e o o

9. When a new chapter is started, students should be given a set
of exercises apart from the daily homework, covering all the
material from the forthcoming chapter. The students do these
problems as they progress through the chapter and turn them
in at the end of the time allotted for the chapter. As a rule,
this set should contain more challenging problems, and the
students should have more time at their disposal to fully think
over thie problem. They are often deprived of such an oppor-
tunity when doing daily assignments. Moreover, daily work is
normally assigned from the text, where the title of the saction
prompts the way to the solution. But, as soon as there is a way
to solve the problem, there is no longer a problem. Review
exercises may contain textbook problems, but without reference
to their section. Likewise, when solving problems in class,
the number of the problem and number of the section can be
mentioned only after the problem has been solved. The students
are well aware of the difficulties that this practice emtails,
but they are also aware of the benefits. In the case of teach-
ing calculus, for instance, it is especially true of problems.
involving techniques of integration, convergence and divergence -
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of infinite series, multiple intagrals differential equations
as well as applied problenn. :

3 ’ 7/
—1
11. As far as daily homework assigpments are concerned, it is
useful to discuss the more difficult problems in advance.
This should be done when the twacher realizes that the
students are unable to cope with the problem on their own
- during the limited périod of time before the nex¥ class. .
Needless to say, one is not compelled to assign such problpms
at all. However, it is beneficial to expose ‘students to more
’challenging problems gradually, discussing certain points R
with them, and at the same time giving them an dpportunity -
/' : to try and carry out the solution on thedir own. Special
emphasis should be placed on the discussion of those problems
which develop an uynderstanding of the material in general.
A prelimin&ry'discuésion is indispensible for problems and
questions which give the fundamental concepts of the tourse,
A for example, in calculus: function, limit, derivative,
differential, integral, continuity, cdénvergence, the mean-
value theorems, basic facts about vector space and thé;zsgl;w
number system. ([Goldberg, 1962; 1978, pp. 385-388])

EducStionaZ T@Zevision in the U.S.S.R.

American visitors in their hotel rooms, secking entertajinment, may
find chat‘the television set will bring them wainly the same rote lec-—
ture on the hyperbolic sine that they could observe in living color in.
various school classrooms. We do not have statistics on how much Soviet
TV broadcasting is devoted teo such lectures; by our very small sample
technique, we consider that it might be quite a sizeable proportionm.

Student Response
Given the warm and caring school, the formal, academic curriculum, -
the rote instruction, the cooperation of the collective, amd the pressure
to take one's work seriously, how do Soviet youngsters respond? One
o ' observer reports: )

In spite of many reservations I have about the lack of .
variability of instruction and the lack of attqntion to indi-
vidual differences, it was apparent that the students were
engaged during instruction. I did'a random time sampling in
one 50-mintite mathematics class. I estimated that for 37 of ~
the 50 minutes of instruction, students wera actively engaged
in learning. This is considerably higher than any math classes
I have observed in [the U.S.]}...In particular, re was much .
less vait-time and transition-timé than I have found in Ameri- .
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+ Bquipment in Soviet Schools’ | : ;e

" vision of children. By building large schools, staffed

can classes. This is partly dué to the pedagogical atructupdﬁ .
i.e., [mainly] lecture-recitatios...Also, there ia very Lyg&leif}/f i
seat work or work with manipulatives. . (Romberg, 1979, p. 8) .
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There are essentially no computers in Soviet schpols, nor handr;
1.

held calculators. But the schools we visited were remarkably well': - |
equipped with other materials. In a social .studies ‘class oné would find
videotape recorders being used to present material via TV mdﬂitorqi{fx'
special 16 mm projector, designed by éducators, is said to be in qyéﬁﬁg
achool ' in the U.S.5.R. We did NOT, however, observe .any Soviet equivg~,

lents for Cuisenaige rods, geoboards, or Dienes MAB blocks, which play™:.:
an important role in manyfﬁ.s. schools. ' S

n.h.
2N

Vospt taniyeh [BOCTTVTIHMe)
/ There seems to be no English equivalent‘bf this word. It means
"moral education," "the inculcation of good work habits,” "teaching
good citizenship,” '"the development of a sense of responsibility." -
This is VERY prominent in educational ‘thought in the U.S.S.R. ‘U.S.

public schools have, today, mo ‘equivalent, although in.the McGuffy oo

readers they perhaps once did have: Various U.S. private and religious .

schools do provide equivalents, however. ' ! -
_ _ , _

[ o

mjow To Be A Parent." -+ S

Soviet educational philosophy, advocates -leaving NOTHING to chance.
This includes the question of how parenta'ahoulﬂ behave. There are
many books on "how to be a parent,” and these dre widely read and much
discussed. There is a single official Soviet theory on bringing up
children—very, very different from the myriad compating theories in
the.U.S. In the U.S,S.R., dev&anc_thegtiéc_are denounced, forcefully.
"
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Adult Attemtion to Children . : = o

0

e matter of super—
_ few adults, .
the U.S. in effect creates teenage ghettoes. The abundancé~af rock

music and other aspects of teenage culture has creatad a teenage world
vhere adults are uncomprehending strangers. (Ask a teenager to explain
the background music in the moyvie -Coming Home, and. compare what they =

say with your own spontaneous perceptions!) N b

Soviet and U.S. practice diverge dramagically on

The Russians think children ahovéld be broﬁgh't' up ‘by' ndulu,' super—

. vised by adults, watched over carefully AND CLOSELY by adults. U.S.
families in Moscow arf always finding themselyes accused of neglecting <

their children. -As o example, Soviet grandmothers Wait outside schoole

to walk home with’ their grandchildren. The U.S. system of having a group.
Y e B o
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of children walk together under a peer leader seems to the Soviets
to be a shameful neglect of adult supervisory responsibilities. And
letting children walk home from school by themselves (!)—as is done
in Urbana, Illinois, in what is probably the typical U.S. pattern—
would be entirely unthinkable. Scandalous child-neglect! ‘

.
Caste Systems Access to Sohools

Hedrick S;ith repqtts that the separation in the U.S.S.R. between —
intellectuals and blujicollar workers is absolute and is hereditary.
Children of blue-colldr workers do NOT play with the children of white~

collar workers. And they know, absolutely, what they'll be when they .t -
grow up. : - )
From an observer report is this commént: i -

-

In spite of the rhetoric about a classless society, there is

very strong evidence of cultural and social class differences.

The Estonians made a point of describing the unique Estonian -

aspects of their program. Their educational system is not

identical to that in Moscow. The Soviets also_admitted there '

were problems in rural areas in contrast to city education. . ‘\\/f”f
And® finally, in the English-speaking school we visited in
Leningrad, we were told that children of all segments of
society had the opportunity to attend such a school...However,
we met and talked only with children whose parents were in

professional positions. (Romberg, 1979, p. 10) ~
Control of the Culture ‘ .
\ T .
Soviet theory and practice valde, and aim for, a high degtee of ‘

control of the culture. This is generally well-known in relation to

plays, movies, operas, etc., which present approved views of approved
topics handled in an approved way. Similar is the case of poetry -

(which is very important in Russia). Painting is also similar. The
Soviets heavily subsidize Prokofieff, Mozart, and Beethoven, as well i
as Russian folk music, but roék is anathema So are some western dress
styles. Television presents what is good for Soviet culture and Soviet
aociety,$and NOTHING else.

~

The extent of this_was brought hoée-to us when we met with members
of a committee that approves toys. When a toy is proposed, this-commit-
tee studies it carefully.. Until and unleas the committee concludes .
that the toy will teach children desirable behaviors or values or -
expectations, and will NOT teach undesirable ones, it will not approve

the toy. . And without the approval of‘thza conmi ttee, that toy canmmot é
be manufacturcd _ o

'3

Is Evuryone the'Same? L | : /

A 3rcat deal of Soviet thought is based on the premise that every- . o
one is really the same. Yet, to this thesis thc;g is an antithesis: : '

s
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Soviet work on defectology, for example, 18 regarded as excellent—
this corresponds roughly to "special education” imn the U.S. In the
following séction of this report we shall consider apecial Soviet
schools for the Mathemattsally.gifted, with their highly selective
entrance examinations. In the Soviet Union we had the opportunity —
to meet with psychologiﬂts whose task it is co find which people ’@%
should become truck drivers, which people should become teachers,:
which people should become astronauts, and 8o on. These psychologists

g were clearly humane people who thought that proper placement could
greatly add to the sum total of human happiness.

Soviet thought tries to separate "ability" to do mathematich

from the "inclination" to do mathematics, as this excerpt from
Krutetskii (1976, p. 74) 1nd1ca£fg;

)The entire "ensemble," a synthesis of personality traits,
since it is a considerably broader concept than ability, we
prefer to call suitably or readiness for an activity. Anan'ev,
for instance, uses the idea of ''readiness for highly productive
activity in a definite province of work, of societal life" (20,
pp. 16-17; 21, p. 15). Rubinstein uses the idea of "suit-
abilicy" (354,"p. 533; 355, p. 126), although he connects it
with the concept of ability proper, rather than with the con-
cept of the "ensemble.”" A. V. Yarmolenko (474, p. 78) cites
an interesting instance of the divergence of interests (inclin-
ations) and abilities. Student M, in the opinion of all of his
teachers, possessed very strong abilities in tik thematics bdt
openly hated it. Since Student M did not combine abilities,
properly 'speaking, with inclination, Yarmolenko concluded
Y . that Student M had "no real ability, but only an éxternal

" image of it, which led to a:false diagnosis." We would have
put it differently: Student M had ability, but there was \\

* really no readiness or suitability. It was not a case of -
"false diagnosis." It would have been, however, if one had
said that Student M was sulted for mathematical activity. Our

~diagnosis is that. he was capable but not suited, due to: the
total absence of inclination.

The above interpretation of the structure of suitability
(readiness) for activity is represented sthepatically below:

Readivess (iuitapi;ity) for an activity o
Ab!lity : . ~ General psychologicJ conditions needed for
successful performance of the activity
| T T® ]
~ . Positive attitude Character Mental Know .
' , " soward the activity - traits stale skills,
(interests, incli- habits

nations) .
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Thus, suitability for an activity (the ability to perform it
successfully, or ability in the broad sense) cannot be influ-
enced only by the presence of ability in the proper sense.

It can be influenced only by a whole complex of essential
perséonality traits, involving the intellectual, the emotional,
and the volitional.

Thus we can define the concept that is fundamental to our
study. By ability to learn mathematics we mean individual
psychological characteristics (primarily charactertiatics of
mental activity) that answeér the requirements of school mathe-
matical activity and that influence, all other conditions
being equal, succesg in the creative mastery of mathematics
as a school subject—in particular, a relatively rapid, easy,

d and thorough mastery of knowledge, skills, and habits in
mathematics. The specific content of the concept of mathe-
matical ability will be disclosed later, when we analyze 1ts
structure. \ ,

: L D. N.: Bogoyavlenskii and N. A. Menchinskaya, in discussing ,
! individual differences in children's educability, infroduce the

“idea of psychological properties that determine success in .
studies, all pther conditions being equal (44, p. 182). They ’
do not use the term "ability," buc their idea is essentially
. close to the definition given above. And if one speaks of
educability, then ability to learn mathematjfcs is, in our

. interpretation, apparently none other t the property of -

" creative educability in mathematicsg. '

Krutetskii has much more to report on individual diffefences in’
abilities, skills, and inclination, but that leads us int Soviet
theoretical thought, rather than classroom practice. For the present
we merely note that the tension between an axiomatic equality of indi-
viduals and a pragmatic selectivity shape actual educational practice
at every level, -and make for special complications in the rhetoric
that is employed. ‘ ‘

Needs of’the Soviet Economy

G Analyses seem to indicate that the Soviet economy suffers from a
shortage of skilled workers at nearly .every level. European firms,
such as Fiat, have difficulty finding workers with adequate measure- - %
ment skills and skill in shop mathematics. We have heard laments over *
the Soviet shortage of computer experts. This seems to represent a
marked difference from the situation in the United States—and it is
surprising, given the goals of Soviet education and the emphasis rhich

seems to be placed on’computer science. ]
*

4

’
. 7

W

- ——Ce—— T L



25

C. .Speetal Schools

\

In discussing the basic '"common" school, t&ughly akin to U.S.
. elementary and secondary public schools (the Russian "eight—year
v school” or "ten-year school'"), the Soviet egalitarian theme comes
through very forcefully, at least working from the sources presently
available to us. . .

But, in any nation with the ballet, music, athletic, chess, scien-
tific, and mathematical performance of the U.S.S.R., there MUST be an
opposing theme, a "quality'" or "excellence'" theme—and, indeed, there
is. In this section, building primarily on the experience and studies
—— of Bruce Vggeli, we report on the "special" schools for mathematically .
) talented students, and the special high schools that educate future
(fyk computer scientists. In looking at these schools, we see a concern

2 for quality or excellence that, in its direction, goes as far beyond
typical U.S. practice as the Soviet egalitarian approach does in the
opposite direction. We are dealing here, unmistakably, with a talented

‘elite, who are to be recognized as such, treated as such, and educated
as such—at public expense. Nearly all U.S. parallels (of which there
: are, in any case, very few) are private, and stand outside of our
‘' publicly-supported systems.

. 4 < 1 ¥Y

- Imagine identifying students gifted in a specific discipline,
selecting them out, and having ‘them leave home, to attend a special
restdential high school for students who share this gpecifio gift!
That is what we find when we look at the "special" Soviet schools.

The preceding Section B might be described as a long-distance
macroscopic view of the Soviet school, through a wide-angle lens. We
see a single type of school, perhaps not even divided into our familiar

' sub-categories of "elementary'' and ''secondary."
. £

When one looks in more detail, to be sure,, one sees some very
important variants—variants more extrem& than one finds among public
schools in the U.S. There are, for example, spectal reatdenttal schools}
for mathematically gifted students. This a more extreme ''special

treatment’” than any in the U.S. There a owever, four such schools .
in all of the Soviet Union [or were at thefitime of the Vogeli study °
(1968)]. ; .

Our big, broad picture canngt see¢ such small details. (We do not
mean to minimize the importance of these schools, nor of other Soviet
_variations. What we mean to emphasize is an almost total homogenity,
.- quen identity, of Soviet schools, with .no variation—except for a very
small number of special cases.) -
| Setting aside the infant schools and the Pioneer Palaces, what
i, of Soviet schools are of 1mportance for mathematics education?
: 2y seems to be as follows: ST : ,
Y. ah k) The "Eéﬁ;yunr“séhdblyﬂfn-picﬁhntins the ochooling for almost
o every Soviet child, attended from age 7 through age 16,

. .
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perhaps with no division into "elementary" and "secondary; b
which we considered in Section B.

Boarding schools offering a npeciaiization in mathematics.

There are four of these in ‘the Soviet Union; each is spon-

sored either by a university or by the Academy of Science. ;
Their affiliation is, in U.S. terms, more with the College

of Arts and Sciences than with a College of Education. ~

A. N. Kolmogoroff -(one of the greatest mathematicians of

the! twentieth century) teaches at one of them three days a R *
week (or did,‘aa reported to the Moscow Mathematical Society '
in March, 1964; cf. Vogelt, 1968)7/

: The seriousness of intent involved in operating board-

ing schools is notable, a typical instance of Soviet deter-

mination. Kolmogoroff's Moscow school includes grades 9,

10, and 11 in the Soviet system (ages 15 through 18.)

Instruction in mathematics and physics occupies on the

average 17 hours per week, or 51 percent of the- total

number of 33 hours per week. The overall curriculum, in

terms of time allocation, looks like this: : C

Russian Language and Ldter;ture 9z o
History and Social Studies 10T e
Geography - LY 4
Biology 22
Chemistry : 6X i
Foreign Language 9z
Physical Education . 9X
Mathematics and Physics ~ 512
The curriculum in mathematics and physics is divided up
follows: '
Algebra and "Analysis . 23%
Geometry ' 172 ;
Lingar Aigebra , 5% - .
Discrete Mathematics ¥ 7X : /o
Probability Theory 3 - ‘
Problem Seminar 9%
'Physics - ' / ' 372 . ?
Vogeli (1968, p. j1) reported: ’

Because the Moscow school is a boarding school,
Kolmogorov is able to stimulate individual pupil research
and evening discussidns relating to mathematics to a far
greater extent . possible in day schools.

. » .Boarding-scho 11s study functions of a cpmplex varia- -
ble in analysis and the elements of a group theory in algebra
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/ 1
Secondary day schools ﬁith-%pecialization in computer program-
ming. As of 1968, Vogeli reported that there were about 100 ' -
special secondary day schools in the Soviet Union that of fered
a specialirzation in computer programming. -

Engliah—speaﬁlng—schooln. Anoth:; special kind of gchool, of
interest to Americans, is the English-apeaking school. We do
not know how many of these there are, but it is clear (because
we have visited some of them personally) that they do succeed
in producing students with a good command of English. Begin-
ning in the first grade (chronological age 7 yearg) the
students study English, and by age 15 or 16 theé students. are
taught in English in most of their courses.

/ ' '
Part-time schools for mathemjtically-talented students. These
schbols meet outside of regular school hours, in some cases
meet\ing evenings: Admission is less restricted than gdmis-
sion to the boarding schools. 1In ohe such school in Ivanovo,
classes meet twice a week, for two- or three-hour sesaions
(Vogeli, 1968, p. 55). ' -

The mathematics correspondence school. Established in 1964
at Moscow State University, the '"Republic Mathematics
Correspondence School" was intended to serve mathematically
talented youth throughout the entire Russian Republic (not
the entire Soviet Union!). The intent was to reach students
who could not be “accommodated in day, boarding, or part-~time
schools. Vogeli (1968, p. 63) reported: :

Correspondence pupils from the same school or community are
permitted to complete lessons cQllectively. In the opinion
of school officials, "nothing but good can come from collec-
tive work—in the first place, ...groups [pf pupils who work
collectively] can be formed by degrees into a first-class h
school circle [a math club, especially one that specializes

in coaching for the highly demanding Soviet "mathematics
Olympiads']}; and, in the sec®dnd place, at the present time

-in science basic strength rests, not with the individual,

but with the group."

”

Vogeli also reproduced the énttance exhq;nation for the Correspon-

dence School for 1964. Because it gives an indication of the flavor of
Soviet work, we reproduce it here:

1.

/o : .
Two people play the following game: the first names a one-

digit number (that is, a number from 1 through 9); t4e.second adds to

it snother one—digit number and states the suym. To this sum the first
player adds still another one~digit number and states the sum, and so

The winner is the one to name 66 first. How should one play this
game in oxder to win? Who is the winner in a fair game of this sort,

. the beginning player or his opponent?

on,
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2. Facter:

a) 28 ?A + 1 (into 5 factors)

+2 #1 (into 2 factors)

3. the vertex B of the triangle ABC draw the median and the
altitude. sume that ‘they divide £ ABC into three equal parts. Deter-
mine the mehsures of the angles ‘6f A ABC,

Fbéur children—A, B, C, and D—participate in a race. After
each asks the other in what position he finished. A answers,
wasn't first and I wasn't last." B answers, "I wasn't last." C
anavers, "l was first." D answers, "I was last."” Three of the
children have answered honestly, but one has not. Which one has
answered 1ncorrchy?. Who was first?

4.

5. How many six-digit numbers are there, all digits of which are

6. Prove that in an arbitrary triangle

a) the sum of the lengths of the medians is less than the
perimeter, and

b) .the sum of the lengths of the medians is more than
3/4 of the -perimeter.

7. .On a table lie some books that must be wrapped. If they are
wrapped four, five, or six to a package, then, one extra book remains;
but if they are wrapped seven to a package, then there are no extras.
How mgny books could there be on the table?

8. Construct a triangle given two of its sides, a and b, if it
is known that the angle opposite one of them is three times greater
than the angle opposite the other. .-

9. a) Find all numbers satisfying the equation

z+y = xy.

"
}y

b) ’hat kind of positive whole numbers could satisf; the
equation '

x+y + 5= xya?

10. A four-digit number is multiplied by the four-digiit number
obtained by writing its digits in opposite order. The eig -digit
number obtained has zéros as its last three digits. Find all such
four-digit numbers.
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'11. a) Construct the circle_fangent to both a given circle ag/
a given point and a given line.

b) Construct the circle tangent to both a given circle and
a given line at a given point on the line.

12. a) How many roots does the following equatiom have?
1,'2"'3‘3""1"'00-—-

b) Sketch the graph of
y =x2 - 3z + 1.

Many observers have commented on the contrast between Soviet and U.S.
demographics, in music, athletics, science, mathematics, and other fields.
At the highest levels of excellence, on a world-wide basis of comparison; '
one finds Sergei Prokofieff one of the very greatest composers of the
twentieth century (and probably of all time); David Oistrakh, one of the
greatest violinists of all time; Rostropovitch, one of the greatest
cellists of all time; and so on. The Moscow Symphony is one of the
world's greatest. Soviet ballet is unexcelled, possibly unequaled. It
is the same in many fields of endeavor, including (emphatically!) ‘mathe-

matics. « '

But one is talking about a small quality elite. The U.S. has not
merely the N.Y. Philharmonic, but also /he Boston Symphony, the
Philadelphia Symphony, the Pittsburgh Symphony, the ChicCago Symphony,
the Cleveland Symphony, the Los Angeles Philharmonic, the St. Louis

- Symphony, and so on, for a VERY long list.

In athletic terms, the Soviet first team is fully a match for any- .
one, but they tend to lack depth on the bench and in the bull-pen.

There jis little to be gained, and much to be lost, by comparing
national systems in an "our-system-can-beat-your-system'" frame of mind.
The important gains are to be had only if each nation tries to learn
from the other. This is not unreasonable—no country has an educational
system that satisfies all the national rteds, and all the personal needs
of individual citizens. In that sense, every nation should be seeking
improvement. One road toward that improvement miy.be the careful study
of what other nations do, in the hope of learning from them.

In thét spirit, the U.S. can learn ionc*rnluablc"lcsaona from
studying the "special" schools in the Soviet Union.
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Chapter II1I

Difficulties in Language

v, Robert B. Davisa

Precise communication between Soviet and U.S. researchers is sever-
ely impeded by differences in langdzga that reflect deep underlying
differences in concepts, assumptions, and expectations.

. Every Soviet school has its own full-time physician, But is thiq__
' "physician" really similar to -a "physician" in the U.S. sense of the .
"word, or more nearly a '"nurse practitioner," or is she (most are female)
nnith How could we describe her in U.S. terma?

We have already considered the Russian word vospitaniyeh. It has
no English equivalent as a word, because it has no U.S. equivalent as a
practice or as an idea. Within some special religious groups it may
have a parallel. 1t combines moral education, the inculcation of good
work habits, training to live within the collective, developing a sense

' of responsibility, shaping good citizenship, forming values, aspirations,

and self-concepts, and holding up desirable examples for emulation, It
includes parent education, and is a major cémponent in the professional
training of early childhood specialists ("upbringprs").

We had a demonstration of translation complexities when we met two
psychologists who, according to the translator, were specialists in
"genetic psychology." What did that mean? Piaget has called his work °
"genetic epistemology''-—was that what was meant? But in recent years
the Soviets have been generally negative toward Piaget.l Could they
possibly mean Piagetian work? Only by very great insistence—almost
to the point of being obstructionistic~—was it possible to discover vhat
they meant by "genetic psychology': they studied the differences in
abilities and inclinations of identical twins!

The Soviet attitude toward Piaget is somewhat similar to their attitude
- toward }blstoi which Menchinskaya (1969) expresses as follows:
It was once contended that the teacher should not interfere with the
child's process of conceptualization. L. N. Tolstol expressed this very
clearly. He interpreted the formation of new doncepts as a "complicated,
mystexjous and delicate process of the spirit,” with respect to which
"any interference is a rude and awkward force delaying the developmental
process”...0n the question of conccpt.dlvclop-nc. Tolstoli essentially
held to the false theory of free upbringing. He insisted that "the ‘
school provides no -new concepts” and that "only firlt-hand, vital rela- - :
tions with objects can teach and provide new concepts...” Ha also
stated that, "Freedom is the most advantageous condition for acquiring
the greatest number of comcepts..." In Tolstoi's view, the schuol can

)
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We have also considered the case of the "collective," a dominant
influence in the life of every Soviet citizen, for which there is no

equivalent in the experience of most Americans.

- Some idea of the complexity of the translation problem can be
agen in this example from Krutetskii (1976, pp. 76—77) ’
Of all the most widely used foreign.scientific terms
corresponding to the Russian sposobnost'’ (ability), the German
Fhigkeit comes closest to our interpretation. Unfortunately,
we can accept none of the three English terms that denote the
idea of sposobnost' as adequate to our concept of ability
vithout essential reservations. In English and American psycho-
logical and educational literature, the terms ability, capacity,

and aptitude are used, each of which has its nuances. Ability -

is aomething midway between_ our concepts of aposobnost' and

umenie (8kill) (it means skill in performing an operation, : .

including the solution of mental problems), although there are
special terms—attainment, acquirements, knowledge—to desig-
nate analogues of the Russian terms priobretenie, smanie,
umenie.* Teplov was even inclined to believe that ability does
not mean ability (sposobnost') at all but’ designates an aggre-
gate of habits and skills (408, p. 11). The aspect of the
organism's innate possibilities is too heavily stressed in the

" term eapactity. The third term, aptitude, is less widely used
and seems to convey the meaning of abtlity, but it conmotes
inclination for an activity. Sposobrnost'’ is usually translated
into English as ability. "

Hathematical ability (as, in general; all abilities for
complex types of activity) is a mental formation that is com-
plex in structure. It is a unique synthesis of properties, an ~
integral quality of the mind, "including diverse mental aspects
and developed during the process of mathematical activity. This
aggregate is a unique, distinct whole: only ‘for purposes of
analysis do we single out individual components, by no means

only systematize concepts that are unconsciously acquired in the process:
of 1iving. It is perfectly clear that”“such a view fundamentally.contra-
dicts the basis of Soviet schools. In our schools the children
consciously master the "foundations of the sciences,” and the teacher
directs this process.

It 'was not arbitrarily, then, that Soviet psychologists substituted
the -term mastering for the terms conceptualiszation and development as
they applied to teaching children scientific concep A. A. Smirnov
uses .the term mastering in his article, "Questions on the Psychology of

.Concept Mastery in Schoolchildren...” That articdle is, in-fact, the

first psychological work to characterize,the process of concept acquisi-
tion ‘in schoolchildren and the changes which the children underxgo as the
result of instruction. Such a formulation of the question raises a
whole series of research problems. (pp. 76-77)

~
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regarding them as isolated properties. These components are

closely connegted, influence each dther, and form in their ' o
aggregate a single system, whose manifestation we conventionally . .
call the mathematical giftedness syndrome (a number of inter-

related elements that characterize thé psychological phenomenon) .

The term "giftedness" was current in Soviet psychology in
the fortPes and fifties. -Teplov (409, 411, 412, 413) convinc-
ingly showed that to implement any more—-or—less complex activity
one needs not one ability but a whole series of them. The
unique combination of abilities on which the possibility of -
performing an activity successfully depends Teplov called
glftedness in the activity. As he himself indicated, the only
reason for designating an aggregate of inclinatipns by the |
term "giftedness" is the literal meaning of the Russian-word
"giftedness" (odarennost'—darovitost’ {giftedness) —darovanie
[gift, talent]—dar ([gift]—that is, what is given from birth).
' After Teplov, -other authors of textbooks and manuals adopted
o a new ‘terminology. P. A. Rudik interpreted "giftedhess as
"{mnate characteristics which are preconditions for the
. development of abilities" (359, p. 397); P. 1. Ivanov used
"giftedness'" to mean '"inborn traits which, as they develop,
manifest themselves in abilities" (139, p. 423); N. D. Levitov
. defined it as "an innate fund of abilities that are anatomical
or psysiological inclinations" (249, p. 82).
. - \
We feel that at the contemporary level of development of
psychology, this last definition of "giftedness" tends to be
meaningless. We .still do not know which specific anatomical
or physiological features are inclinations for mathematical
ability, and the term "giftedness" (in §he sense of an aggre-
gate of inclinations) remains empty. Perhaps this is why some
leading Leningrad psychologists react negativnlf to the concept
" of an inclination in its anatomical or physiological sense,
) asserting that it is "only a logical conjecture ... a verbal
screen for unknown causes" (§ovalev and Myasishchev,;174, p.
63). Therefore we have found it sensible to return,ﬁb}the
former meaning of the term "giftedness." Mathematical gifted-
ness is the name we shall give to a unique aggregate af mathe—
matical abilities that opens up the possibility of suégessful
performance in mathematical activity (or, with schoglchildren
in mind, the possibility of a creative miistery of the subject).
~ As a further example, we have mentioned our surprise at the rote
presentation atyle in Soviet mathematics classes which we observed. An
American can easily fo¥m wrong images when hearing the word "teaching"
as applied to mathematits classes in the U.S.S.R. - Pyrasumably Russians
have a similar problem when we spepk of “teaching mathematice." They ;-
might be quite surprised to seea what we actually do. n .

* p

Xrutetskii gives his translations into English of ;hd/;n:iian vords
here. A closer approximation of the usual rendering into English .
mould be acquirement, knowledge, skill or aoquirement, achievement,

skill for, respectively, the Russian grzobratgnicﬂ.inqnic, ymcnic.-—ED.
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The problem of confusion of lnnguage has long ‘plagued education, in
a most extreme fashion. Soviet-U.S, differences merely exacexrbate a _
fundamental difficulty. Looking only within the U.S., one finds nearly
incredible levels of confusion. 'Discovery" teaching has meant so many
entirely different things as to be virtually meaningless, or worse (cf.
Davis, 1967). .

The term "new math' has sometimes referred to abstract mathematics°
at other times it referred to highly "concrete” mathematics using geo-
boards, Cuisenaire rods, Dienes' MAB blocks, and other materials. It
has referred to Euclidean geometry, to Cartesian analytic geometry; to
"informal” geometry, to engineering drawings and descriptive geometry,
to vector geometry, to tranaformational geometry, and, even to "concreta
geometry, as 1n Marion Walter's VOrk with milk cartons. =~

« o

" This Zevel of linguisYio confuston i@ virtually an ABSOLUTE barrier
to real educational progre 8. It is literally impossible, in most cases,
to tell what someone 18’ talktng about.

Serious Soviet-U.S. communication MUST useé very specific examples,
sample test items, films or vtdeotapes showing specific lessons, and
sitmilar specific 1tema,1¢zorder to give adequate definition to the
words that are being used. [Actually, this is equally neceesary within
the U.S., but that should be part of a separate report.}

One "new math" controversy relates to the propriety, or otherwise,
of "teaching sets" in the primary grades. So wide a range of activities
18 included by different teachers and educators when they speak of
"teaching sets," that the positive or negative value of this 111-
defined activity cannot possibly be determined. Moreover, the idgetical
activity will be described as "teaching sets" by one observer, and as
"not teaching sets" by another observer. This is the level of confusion
that exists if one looks merily within the United States!

In going thtough existing English translations of Soviet writing,
we have found the following, which (unfortunately) is entirely

typical:?2

[Conclusion of a research report]: '"The atﬁdy made it

possible to conclude that fairly complex forms of analysis

. and synthesis of the properties of perceived objects, compari-=
son and generalization of observed:phenomena, and unders tand-
1ng of the simplest relationships And their interaction could
be formulated in children.”

(

2W¢ omit lpecific citations since we do not mean to be critical of
any particular writer or tramnslator. The problem, regrettably (or

3 A alarningly),.ia an entirely general one.
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[From an article advising Soviet teachers how to teach °
the Soviet version of "new math"]: "However, one should not
;f;,dg::h:ii work on the study of operations to nothing more '
than olution of examples and problems. Skills must be ",
. based on the properties of operations only under comprehended
conditions so that they are well understopd and hence lasting.
' ,/ The successful formation of skills also assumes knowledge of
the interrelationship of operations and the interrelationship:

of components and results of operatigns. There thus follows
the necessity for including these matters in the work plan

5 . for the study of operations." - . >

. g = em e e e e me e e

Here again one finds oneself asking: "What, exactly does that mean?
What will the teachers assume that it means? How might one expect the
teachePd' behaviors to change as a result of this official' advice
from an expert?" . .

In most such cases the reader can make an educated guess—but this
comes closer to projective tests like the Rorschachs and the TAT than
to serious scholarly discussion. .

Every effort must be made to determine, as precisely as possible:
EXACTLY what was done? EXACTLY what was intended? How,- EXACTLY, did
students.perform?...and so on. This will be no small- task, but without
it there will be little progress and great confusion. )
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Chapter 1V

A More Detailed Look at Soviet Mathematics Curricula

Robert B, Davis . .

The parallels between Soviet efforts to improve and tiodernize school
mathematics and similAr U.S. efforts are so striking as to deserve a more
detailed consideration. In this chapter some of the details of Soviet
curricula will be conside¥Yed, including changes that have been attempted
from time to time. : : .-

~

If' we begin around 1921, with the published mathematics syllabus of
the so-called "Unified Labq; Schpol," we find, at the outset, a consider-
able surprise. The Soviet program of 1921 bore some considerable resem-
blance to the U.S. "new math" programs of the 1950's and 1960!s! Vogeli
(1971, p. 6) reported that "the study of arithmetic was compressed into
four years," that '"plane and solid geometyy were partially integrated,”
that the function concept was emphasized{as a unifying theme, and that
the eighth- apd ninth-grade program included parts of both analytic
geometry and introductory calculus!

N

+Compare this with the U.S. "new math": spending @t least aorewhat)

less time on arithmetic was a theme of several "new matR" projectsd
(including the Illinois Arithmetic Project of David Page and the Madison
Project of Syracuse University and Webster College); combining plane and
solid geometry was a recommendation of the early CEEB Commission on
Mathematics reports of the 1950's, and continues to arise as an alterna-
tive treatment for geometry (but somehow this is a change that is made
over and over again, rather like giving up smoking, without ever being
finally accomplished; in 1979 there were still schools in the U.S. adept-
ing this innovation); the Madisvn Project, among others, used the concept
of function as a main unifying theme in grades.4-12 and introduced analy-
tic geometry in these grades; and the excelicnt textb by Stein and .
Crabill (1972) introduce beginning calculus in grades § 9.(at
University High School in Urbana, Illinois, these texts are used to
introduce calculug in grade 7, so that tools such as differentiation
Nre available throughout the entire secondary school program). The simi-
larities are indeed striking and not unimportant ones. They represent a
or re-shaping of school mathematics, particularly with respect to the
inclusion of functions, analytic geometry, and. calculul early in the
program.

The number of times this program has been (independently) designed
by experts is testimony to its internal strength--internslly, it can be
a very effective curriculum. The nuwber of students who have success-
fully been educated by this curriculum is large, and provide evidence
that 1t can be a feasible program (Davis, 1976a, 1976b; Hannibal, 1976).
But experience in Russia in the 1920's and in the U.S. in the 1960's

o | | 43
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demonstrated—if there were ever any .doubt--that ambitious curricula
of this type require special (and extensive) teacher education, and
* that they are dbpropriate for only som¢ students, almost certainly
not for all students.

\

In Russia in the 1920's, Jogeli (1971) reports that "{in actual prac-
tice the 1921 syllabus proved too difficult for general use, and a less
demanding syllabus-—known as ‘the minimal syllabus—-was employed by most
schools” (p. 6). . But surely the essential questions really are: "For
which students is such a curriculum’ aghropriate?” and "How can one pro-
vide adequate teacher education?"

Of course, in the Soviet Union the 1921 syllabus had the #ddi-

tional important disadvantage of operating in a soclety that was being = *

transformed by a revolution and that was devastated by war. Further-
moré, the nation was being remade econonically, with an unprecedented
cmphaais on industrialization for which Russia's peasant past had not
" prepared it. Soviet schooling was reoriented toward practical voca-
tional roles in industrialization. .As a result there was a decline in
* mathematical scholarship (Vogeli, 1971, p. 6), and the school mathe-
matics syllabus lost much of its theoretical content. The new goal.
was to train students in immediately uaefulipracqical/ikills of a low-

level vocational sort. 7
. (ngeli brings up another matter that deserves study—the iets

embarked on what Vogeli calls "che weakly-constructed complex-theme
curriculum” and began to employ the "brigade” or "project” form of
teaching. It would be interesting--if it is still possible-—go find °
out what this actually meant, as it was imp{fmenced in the 13‘8'3.)

. In any event, by the end of the 1920's the graduates of the unified
labor schools were judged to be too weak in theoretical mathematics to

continue easily into university-level studies, and too weak in practi-

cal skills to be employable in factory jobs. Under the circumstances

of the urgent Soviet industrialization, this situation was considered

unacceptable--something had to be done!

After discussions at the 1931 and 1932 Communist Party Congresses,
it was decided to rearrange the entire structure of Soviet schooling.
An immediate goal was the creation of a vast army of skilled industrial
wrkers. The "brigade" and "project" teaching methods were abandoned,
and in their plaée a very formal.academic program wefs reinstated, pre-
sented via highly-structured lesson® (a pattern that one seems to see
in Russian schools today). O0l1d mathematics textbooks by Kiselev, which
had been discarded, were now resurrected and put into use.

The 1932 program remained in use for twenty years, until in 1933
the Ministry of Education of the Russian Republic proclaimed the need
for modernization. ‘The new goal was to provide move inm the way of poly-
technic labor training, via what is sometimes callet the "“Kruschev
school reform" (Shabanowitz, 1978, p. 40). The central problem, as -
dnscr;bod by Shabanowitz, was that the demographic mix of skills and
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career goals that was being created by the Soviet eaducational system

did not match the demographic @ix that was needed by the Soviet economy.

Rusaia had been moving very rapidly from a peasant society to a modern
industrialized society. Where there had been one-year schools in
peasant villages that attempted to teach "addition, subtraction, multi-
plication, and division" as effectively as they could within the pro-~
gram of a single year of schooling, there ware now eight-year schools
that roughly matched the U.S. K-12 schools. -Russian youth were
suddenly far more sophisticated than in former years, and very large
numbers of them sought ‘iaces in higher education.

A typical U.S. response would probably have been a vast effort to
expand the institutions of higher education, with all that that might
entail. The Soviet response was also typical: --it was decided, first,
that a rapid expansion of higher education would necessarily imply a
lessening of quality standards; second, that the Soviet economy did

indeed require large numbers of increasingly more sophisticated workers,

but at something considerably less than the uniwversity level of sophis-
tication. It was decided to "strengthen the ties between school and
1ife." The program to do this was called "polytechnical labor train-
ing," and was intended to prepare young people to take up a vocation
immediately after graduation from school. Students were to partici-~
pate in®socially useful labor at an early age so that they could plan
their ‘areers on the basis of more mature personal viewpoints, and so
that they wouyld not automatically look to higher education as the only
poasible‘nqxt step after high scheol. For admission to institutions of
higher education, preference was to be given to applicants who had
several yearg of practical work experience after high school; as
against 8pp1;£ant8 vho sought .to enter college imnedistely upon com-
pleting high school. -

(In both the U.S. and the U.S.S.R. there is a persistent theme of
the unresolved tension over more or less education, and the resultant
effect on lifetime careers.. You can quickly learn to be a key-punch
operator, a typist, a draftsman, or a practical nurse. Considerably.
more qducation is required to become a computer scientist, a manage-
ment consultant, an engineer, or a surgeon. But the lifetime rewards,
at least in economic terms, will be far greater. In both the U.S. and
the U.S.S.R., many parents appear to. suspect that 1f their children

are peing prepared for a career immediately after high school, it will’

be a career with a low ceiling for long-term economic prospects——in
effect, they feel, their children axe being shanghgied into .a lifetime
of menial labor. The issue is unresolved vithin the U.S., and one’
presumes also within the U.S.S.R.) ‘ :

In effect (if one seeks a very rough U.S. equivalent), by the
Kruschev plan the Soviets created a program that combined the fodllow-
ing U.S. institutions: the vocational high school, the technical
institute, the community college, the Civilian Conservation Corps,
the Puture Farmers of America, and the draft (but for work, not mili-
tary service). Discussiotis on the Kruschev revision took place from
1953 until 1958, by which time the reorganization of all Soviet '
schools was proclaimed by the Supreme Soviet of the U.8.S.R. \
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Perhaps unsurprisingly, action and reaction were eq .‘lnd 6ppd— '

site, though they may have taken subtly different forms. . Faced with
the prospact of more low-level vocational and technical egmphasis,

representatives of the humanities were able to get statements Fcaffirm-

ing the value of the humanities, and promising that ''there must be no

reduction in the humanities as a result of the school reorganization”

1

("The Party...", 19358, p. 43). _ ;

Confronted with the prgspect of mathematically gifted;stud‘nt-
running off to farms to gatlier crops instead of learning about conic
sections, or working in a factory instead of studying the delta pro-
cess, the scientists and mathematicians were presumably in/ an even

stronger position to fight back. A group of scientists a mathemati-

cians petitioned the Communist Party leadership.and the Mingstry of

Education to establish courses in theoretical mathematics in special

" schools for mathematically gifted students. Thus were the "gpecial

achools'" initially created.

O0f course, in a way, studying calculus and physics and biology in

high school igs—-or at least, can be--preparation for the world of work,

if one 18 to go on and become h computer scientist, a surgeon, or an
aeronasutical engineer.

During the 1960's, the role of the special schools increased
rapidly: by 1965 more than 100 such schools were in operation,
enrolling altogether more than 25,000 gifted or talented students. .
For the nation as a whole, however, this was still a matter that
involved trelatively few students.

¢

That, howéver; was to change. The more -ophiscicated mathemati-

cal curriculum of the special schools turned out to be a laboratory .
vhereifi a new national curriculum was developed. Vogeli (1971) des-
cribed the situation as follows: " :

'Y

[These special] schools provided the opportunity for exper-
imentation with curricular designs that would ultimately be

. introduced into t athematics syllabuses of the entire
secondary school :ﬁigem of general education. Topics from -
abstract algebra, prbbability and statistics, numerical
analysais, topology and non-Euclidean geometry--which had ,
been considered too difficult for the eighth through eleventh
grades~-vwere successfully introduced into the syllabuses for
the special schools. The results of the experimentation
supported the arguments of mathematicians and teachers who

* had been urging—-in opposition to the official ministerial
sanction of the polytechnic reforms-—that the entire Soviet
school mathematics syllagéﬁ"ba reorganized and modernized.

The anti-polytechnic and pro~-reformist impetus drew
support from outside the educational policy-msking comaunity,
that is, from the leadership pf the industrial, technological
sectors of the Soviet economy, who felt the need. for workers,
technicians and scientists with an increasingly sophisticated
knowledge of mathematics. . : = .
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_Thé Soviet Union, like the United States, Japan, and
Burope, is engaged in post-industrial technological develop-
ment and expansion. The Soviet space program reflects a high

Yevel of achisved mathematical competence and demands con-
tinued effort in theoretical mathematics and applied techno-
logies. If the former Soviet school curriculum and syllabus

in mathematics was adequate to support the industrialization
of the Soviet economy, it was evidently not considered adequate
to support the ongoing needs of science and technological
development, )

Participation by Soviet mathematicians and mathematics
educators in international meetings and conferences on mathe-
matice education informed them ¢of developments and achievements
abroad. The inclusion in European and American school programs
of abstract algebra, prpbability and statistics, numerical
analysis, computer and applied mathematics, and other areas

not represented in the Soviet ten~year school syllabus undoub- ‘
tedly must have aroused the{nterest and concern of Soviet >
mathematicians, Although inf\tial informal proposals for reform ' ‘
went unheeded, in part because\of the persistence of efforts to g

devise a ptacticable polytechnic program, the success of the
advanced, theoretical curricula in the special schools.provided
the support that the poirents of reform were seeking. (pp. 8-9)

As a r:§u1t, the new Soviet version of "new school mathematics"

vas developed, under the leadership of Academician A. N. Kolmogoroff,
~- 1in the, years from 1966 (when work on it began) until 1975 (when it was

to be installed in all Soviet schools). Reliable reports from indi-

vidual teachers seem to indicate that this latest Soviet curriculum

has not met in an entirely satisfactory way the test of viability

under the conditions of egalitarian implementation on a vast scale.

Probably that was too much to expect. As usual, two questions remain,

not yet satisfactorily dealt with: "For which students is 4 more

s$ﬁ§5 _ sophisticated curriculum appropriate?” and "How can one acquire a
Ty .- cadre of teachers of the requisite (high!) level of technical subjecg , ‘
W . matter competence, combined with the necessary pedagogical ability?"™ ~

The specific mathematical content of the 1975 chrriéulum is roughly
as follows: ‘

Grades 1 to 3 (ages 7 to 10):

In these grades are included the operations of addition,
subtraction, multiplication, and division; the basic laws
(commutative, associative, distributive, etc.) for these

" oparations; the beginnings of algebra (on an introductory un-
- pressured level); measurement (including ares snd volume);
the basic geometric concepts of point; line,! and angle; and

1ﬂ.r., again, - the nead for -becificity arises. Just what is a young c¢hild
supposed to think that a "point” actually is? How does he deal with its
idealised (unreal) nature--if at all? [cf. Davis, 1976c.]
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elementary aurveyina,z actually carried on outdoors. Shaban-
owitz (1978). says of the curriculum for grades 1 through 3:

- "The connection between geometric, algebraic, and arithmetic
material is an important feature of the mathematics program
in the primary grades" (p. 56). The same is true for some,
but not all, of the "new math" curricula in tha U.S. .

- Gradss 4 and.5

The arithmetical operations are extended to fractions and
decimals.3 Extensive use is made of number lines. gimplo /
equations are used for physics (a8 = v ¢ t, atc.) and for
geometry (areas, volumes, etc.). Plotting points in Cartesian
co-ordinates is introduced, as are positive and negative . . ... . . . _ .
numbears. Geometric topics include: use of ruler, protractor,
and compasses in geometric constructions; the theorem that ver-
tical angles are congruent; parallel lines; theorem on sum of
angles of a triangle; congruence of triangles; Theorem of
Pythagoras. (All proofs are described as "intuitive.")

Grades 6 through 8 (ages 123 through 15) '
The concept of function is introduced in grade 6. Otler L’*”/”

topics include: 1inequalities; graphical representation of

functions; the properties of integer,exponents (without proofs);

polynomial functions; and the soluti¢n of systems of two equa-

tions in two unknowns (both algebrafcally and graphically). S?J

!

Grade 7

Topics include: the study of rational functioms, includ-
ing transformation of expressions, as in ) :

6 | =g |
1

+

M| |

'
x2+ax+bx+ab_ x+b
2

]
|
)

12—8

t

. 28urvuying in grades 4, 5 and 6 (U.S., atyle) was also a feature of some,
but not all, of the various U.S. /''new math' programs. Lauren Woodby,
especially, developed teaching units for "outdoor mathematics."

' 3Oncc again, questions arise about apecifien} Would not the outdoor exper-
' iences with surveying require fractions or decinals? The topic cam hardly

be new at the fourth-grade level. (Presumably what happens in grades 4

and 5 is a more thorough and systematic treatment.) ' ‘

R ey
At ]
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binary numerals (and decimal-binary conversions); absolute
and relative errors, including the formulae -

L()- v

A_&-____Bl-é.é-'ésla

+
at+b a

the function y = v x ; and certain special functions such as
"the greatest integer function and the absolute value function.
Geometric topics include: circles; chords, arcs, and central
angles; intersecting and tangential circles; inscribed and
circumscribed circles; and translation and rotation. - There - -
is also a separate course in descriptive geometry and engineer-
ing drawing.

Grade 8

t

. Topics include: the solution of quadratic equations;
Vieta's coefficient rules; arithmetic and geometric progres-
siohs; easy examples of ‘proofs by mathematical induction;
fractional exponents; informal treatment of irrational numbers;
the exponential function; and the logarithmic function. This
* includes formulas such as ’

- logBA - l_ogB C logCA .

At this point the students are about 15 years old, and this seems
to mark the end of one stage of mathematical study. Up until now this
has been a program for all students. After this point has been reached,
students' paths begin to diverge. The work of the "eight-year school"
has been completed.

Grades 9 and 10

At this stage, for those students who go on, the reqiired
coursework in mathematics 18 reduced slightly (from 6 hours per week -
to 5), and ¢ vas make their appearance in a larger way. Geo-
metric topic clude: measurement results obtained from similaricy
principles; the trigonomctric functions; law of, sineo, and law of
cocines. . ¢

Grade 9

_ Topics include: 1limit of infinite sequences; irrationality
of/ 2 ; limits of functions; continuity (defined by ¢, § method);
the derivative developed fyom the study of concrete exsmples
involving velocity‘ followed by undertaking the general study of

‘For a sigilar program in the U.S., see Davis (1976b) and Davis, Jockunzh.
and McKnfyht (1978). b
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derivatives: vectors; trigonometryf differentiation of trigono-
matric functions; differentiation pf exponentisl and logarithmic
functions (and applfcations to prohlems of growth and decay in
physics, biology, and economics); anti-differentiation; definite
integrals; surface areas: and' volumes of solids of revolution;

the harmonic oscillator; solution of certain second-order differ—
ential equations; combinatorics; probability; and Chebyshev's
Theorem and the law of large numbers. Geometric topics include
vector geometry and proofs of theorems in axiomatic Euclidean

synthetic geometry.

Optional Ibptos

What has been described above, especinlly for grad.- 1 through 8,
represents essentially the required curriculum for agll Soviet childyen.-
The difficult problem of providing for individual differences must gbw
be faced: In addition to the special sthools, the new (1975) ‘Soviet

curriculum tries to provide for ,individual differences byiie rpf
optional mathematics courses.’ These do mot replace any of /(A& basic
courses, but are taken in addition to them. According to anowitz

(1978), main emphases in optional courses, which begin.at: grada .

include: transformational geometry, ex numbers (including

De Moivre's Theorem and Euler's Theorém), the solution df differential
equations, non-Euclidean geometry, further study of the. . axiomatic

method in geometry, vector spaces, computor programming, and nuuori~ ,

cal analysis. :
- ot

As a suggestion of grade-level placement, geometric proof& using
Cavalieri's theorem appear as an opt¥onal topic in grade 8 (14+ and
15-year-old students); a more thorough study of the field of %he reals
and an introduction to complex numbers both appear in grade 9;; while
additional topics in the theory of probability, an 1ntroductiop to
computer science, and a course in programming digital conputerg all
appear 1n grade 10 (16- sand 17—year—old students) . \ )

)

In the effort to define the 1975 Soviet curriculum more p ‘cisely,
ig 1s helpful to look at typical questions from the examinacion§ that
are used at the end of the school year to determine which children will
be promoted to the next grade.

L)

' For pra;rotion from grade 4 to grd_‘d; §:

e et sttt g, e et

A state farm sent 1l .tons 975 kg of fruit to a caomery,
tons_950 kg less than that to various stores. Apples accoynt ed
for gioflthe_wnight of all fruit shipped. _ .,

¥

0 f
-

N
!
|

lr. _; ,."‘ +

x> g
A considerably more detailed dincuaaion of the 19 ; ugthiugtics curric-
ulum is presented in Shabanowit: (1978). S
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14

How mny boxes were needed to pack the apples, if omne
box can hold 30 kg of apples? (Shabanowitz, 1978, p. 73)

- For promotion Jfrom grade 6 to grade 7:

Solve the following equation and check it: o | | .

(3.2-2x) 2.5x 2~0~ x(5x -0.5) = 1.5. (Shabanowits, 1978, p. 74)
For pWﬁon from grade 9 to grade 10:

" Find the value of r such that the graph of the function y = x¥
will pass through the point

-T oL I PO . N - B e
p (2 7108 o .
4 ° 4

(Shabanowitz, 1978, p. 75)
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Chapter V-

e

Onc View of the Value of Studying Mathematics Education
Research and Development in the Sofiet Union

Rob.rt B. Davis

-A. What Do ﬁe Need?

What a supermarket has to offer to &ou depends not only on what it :
has in stock, but also~-and usually more importantly--~upon what you )
"need. So, before we consider Soviet R and-D, we should: perhapa—loek
around the U,S. and try to decide what we need. This is the hardest .
part of the task. Even if we could all agree on what 4s available in
Soviet R and D literature (and we are hardly well-enough informed to ., |
be able to do that), there are surely markedly different views as to
wvhat s lacking here in the U.S. That, of course, is the reason for
providing four independent chapters by different authors in this report.
We begin, then, with one observer's shopping list. As we identify items,
we shall consider what might be available from a study of Soviet work.

B ask the reader to bear in mind that what follbws is a petsonal
1ist, written in "objective" language only for the sake of simplicity.,

’

1. Desceription

There is no more grievous lack in typical U.S. research and
development work than the absence of enough désartptions -~ and good
"enough ones. A very common kind of research repotrt will assert some-
thing like this: 'The use of artto moti%&tp arithmetic in grade 5
was found to yield no significant diffhrange in’ atndent gain scores,
as measured in grade equivalents by CTBS testa.

But, typleally, the report does NOT tell you how "art" was "used"
to relate to arithmetic. Did students use wax crayons to color in
purple—outlined pictures that had been run off on a ditto machine?
'Did they make original "sculptures," using wood and metal scraps from
the junior high school shops? Did they make silk screen prints?

How was the art related to the nathenatichz Was art actively used
as a reward--after getting a score of 90 or better on an srithmetic test,
a student could go to the art room for a two-hour session? Or were the
art and the mathematics inextricably interwoven, pethnpn in theé task of
building a massive mobile.that required an a przqrz determination of
balance points, using the computation of turning woments? ‘If so, was
the specific project of such a nature.that computations were in fact
inherently heceasa:y, or were they a gratuitous requirement imposed by
the '‘teacher on a task that couild be done wore simply by "cut-and—tty” o
nonLnnthamatical methods? -

N
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How about the teachers? Did a single teacher deal with both' art ' ot o
and mathematica? 1f\so, was the teacher fully competent in, and enthu- '
siastic about, both ant and mathematics separately? Was the teacher
enthusiastic about the\combination? p

How)gooa vare the s ific tasks that were used? What were they,
specifically? Did thegy involve spatial visualization, as Marion
Walter's "milk/carton dutting" does? .
v ' o

The. conm

‘to argue that such "details' were neither necegsary nor appropriate to

Bof decisions, where the importance of detail is undeniable.

of such. dotatls-auggoots—a~prcvat$tng4vt.ww_ ........................ e

“that questions rand answere 1) of that type are not important. But

avery good teacher knows that this is false. What you do 18 tmpor-
tant, but the details of how you do it are no ‘less dectsive in ahaptng
the outcome, . o B )

A decade or two ago, U.S. research and development efforts seemed . =~ <o

abstract sctence, to the "scientific" study of education. This was °
clearly false: very often the details are of decisive importance. . [

More recently a different defense has been used: The study,of
education needs to concern it8elf with policy questioms. A superin-
tendent of schools, or a principal, can make decisions and se® ida-
lines only at an abstract level, such as scheduling art and mathematics
teachers to work together; the superintendent cannot be involved in the
details of program implementation.” This argument is no less specious ) ¥
than its predecessor: why sheuld research and developuﬂﬁt be aimed
priparily (or solely) at administrators? The needs of teachers--and,
in fact, of parents—--are just as great, and they make different kinds

Py

Far wore research and developmenf ig needed where gractly what, is
done 18 recorded and reported in the fullest possible detail, and where
the entire oytcome is similarly recorded and reported. This can some- \
times be done by detailed verbal descriptions, but can sometimes be
handled better.via videotape, audiotape, ‘or film.

Education, after all, is not merely "applied-science"--indeed, it
is not mainly applied science. It is also very largely an art, and .
must be treated as one. The long-term history of music shows unmis- - -

. takable periods of progress. But these have depended upon knowledge L
- of the details of performance, usually ichieved by hearing live per- '

formances. Could Beethoven have composcd as he did if he had never )
heéard a performance of the music of Mozart, Haydn, Bach, or any othar - .
predecessor, but had seen merely "abntrn&t”‘dqacriptott. written not o

in musical notation, but in ordinary German prose: "The composition

begins with a loud chord, followed by a silence, then a rising Y

- sequance of notes, in which the violin is prominent...”? Cleasrly not!’
-. The details of composition and perforumnco are critical. These are

captured.in live performances, in recordings, and in sheet music--but

not in abstract verbal dencriptions‘&‘ . i , .

& ' s
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To some extent an alternative approach~--fundamentally different--
"has been provided by Piaget. He has observed the details of certain
bshavior, and has described it quite well.l His impact in the United
States has been useful, but some Soviet studies offer more, and some
. Soviet discussions of methodology are especially valusble. Consider,
' for example, this passage by Krutetskii (1976): )

~An an 1llustration of the aforementioned deficiency of teat
studies, we can cite the research of J. Murray, devoted to
an analysis of geometrical abiligy and published in 1949.
The author, using a testing technique that completely ignores
the process of solving test problems, found a correlation
between success in mastering geometry and particular abili-
ties: reasoning ability, the ability to "grasp" spatial
relations, and so on. The same kind of research is repre—
sented by the more recent investigations of mathematically
gifted adolescents by W. A. Kennedy and others, the research
of E. Locke on the correlation between indexes of gifted
science students' intellectual abilities and personality

' traits obtained in the classroom and their out—-of-class
achievement, and mgny more. It is hard to understand how
theory or practice can be enriched by, for instance, the
research of Kennedy, who, computed, for 130 mathematically
gifted adolescents, their scores on different kinds of tests

_.and studied the correlation between them, finding that in some
cases it was significant and in others not. The process of ’
solution did not interest the investigator. But_ vhat rich
material could be provided by a-study of the proceaa of
mathematical thinking in 130 mathematically able adoles-
cents! (p. 14) .

- Krutetskii does not leave us in doubt as to the kind of alterna- N
tive he has in mind; he gives us examples—-and these examples show a
good level of detail in observing and describing a student's actyal

_ thought processes-

Let us consider a few examples to convey as clearly as possi-
ble the essence of our criticism. In most cases where the

same ‘test result has been obtained, the mental processes that :

have led tb the result can be essentially different. And this
very difference can be the most valuable material for judging
an examince 8 psychological traits--his abilities.. With this
in mind, we shall discuss a few examples from our work:
examples of different psychological means of arriving at the
same result

-~ -

cht Piaget's alternative, though vnrf important, has<not entirely filled
the need for #lternative R and D methodologies for the U.S. We return
to this -theme below in a later section of this chapter.

*
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. the first once every 3 days, the second once every.4 days, and
the third once every 5 days. The last time théy were at the
liﬁtary together was on a Tuesday. In_how msgny days will -they
again be at the library togebher, and what day of the Voek will
it be? _ .
Solutions. Puplil G.S. (seventh-grade boy) rapidly wrote ddwn a M
series of consecutive numbers starting with 1 and bqsan quickly
crossing out numbers: every third one (with a line), every" -
fourth (with a dot), and every fifth (with a cross). He got .the
right answer mechanically: 60 days. He rapidly counted off the
days of the week and got Saturday. Correct answer; solution
time: 2 min., 2 sec. ST T ey ;
‘ N -
Pupil Yu. A. (seventh-grade girl) thought a bit, then said,
~ "So this will be the least common multiple!" Without hurrying,
- " she calculated (3-4-5 = 60). She divided 60 by 7, obtained ‘8
: veeks, with a remainder of 4 days. She declared:. '"Wednesday,
Thursday, Friday, Saturday. 1Two months from Saturday." Correct .,
answer; solution time: 1 min., 22 sec. ;///?0 i
For both the result 2h the same. The psychometrician - ‘ -
evalpates both pupils as &€qual (at best, making a “correction" .
_for the solution time),wdlhe processeés of solution are at - :
‘entirely different leviidi 3§;

2. Problem. Write dawn 100, 101, 102,...What do the three
dots mean? What is the first number you have.written down?
What ig the first digit? The third digit? Question: What
will the thir%eenth digit be? The twenty-first digit? « \

Solutions. Pupil A.K. (fifth-grade boy) simply continues the :
series and primitively counts off the specified digit. The :
answer 1s correct; time: 29 sec. ‘

. Pupil S.B, (sixth-grade boy) reads aloud (and shows on his
- fingers) the digits from 1, until he reaches the needed rasult.
Correct answer; time: 21 sec:

. Pupil R.V. (sixth-grade girl), having noticed after some
reflection that each number has three digits, reads aloud in
groups of three, without reproducing the whole series. Correct
answer; time: 24 sec. . .

For all three, the result is the samet the problem is
solved correctly. Moreover, the solutiori times approximately
coincide. Any psychometrician is obliged to rate all three {
- pupils as altogethet equal. But it is clear even to someone :
inexperienced in psychdology how different were the psycholosical
paths leading to the result. .
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To show how important a pupil's unique problem—solving -
mathods can be and how much an analysis of the process can
contribute to research, we cite an example of the solution
of two problems by three pupils (we shall give brief descrip-
tions of the solutions). The test problems were taken from
Werdelin's study. Pupils in the Moscow schools did the solv-
ing. . k
Problem 1, 1f we add 360 to a certain number, we obtain the
same result as we would if we multiplied this unknown number
by 4. What is the number? ‘

I&oblam 2. A wother is three times as old as her dahghtar.
Ten years from now she will be only twice as old as her
daughter. What is the mother's age?

Solution by Sasha R. (seventh grade). Quickly, without
pausing, composes equations and solves. .

1. 360 + x = x -4. 360 = 3x x = 120
2. x; - x4+ 10 3x ¥ 10 = 2(x + 10) x = 10
Ix; 3x + 10 3x + 10=2x + 20

Solution by Raya Ts. (seventh grade) Quickly, without pausing,
draws a diagram:

+

W

60 _ ‘ . .
. D 0o o D-lzo,\' R

a
2. 0O ()

D Oo+0 | : .
"oogo-0o0a0 0 K D- 10 years (daughter)

D+l

Solution by Robert N. (seventh grade). Does not write or draw
"anything. Quickly says, for (1), "Add 360 and take it four
times--it's all the same. Then 360 is three equal factors.

The number is 120." (2) "The difference between mother and
daughtar vill always make up two initial ages of the daughter,
and in 10 years these two initial ages will eqnal to the next
age of the daughter, that is, in 10 years the daughter will be
twice as old. The daughter is 10 and the mother 30 years old."

All three pupils solved both problems; all three were con-
sidered able pupils; the solution time for all three was approx-
imately identical. A psychometrician would have to rate all
three-as entirely equal. But even a superficial analysis of
the process should suggest essential diftcrcnca- in thcsﬁ5
pupils' mental processes.

We have dwelt on this matter because it is 1mportant to
show concretely the different possibilitiel that are nillcd 1n

L J
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testing and the erronecusness of i{ts conclusions. The psycho-
metrician, in each instance cited above, musit conclude that
the pupils are equal in their manifestations of mathematical
ability, whereas analysis of the process suggests that we are
dealing with different levels of mathematical ability in the
first two problems and with different varieties of mathe-
matical ability in the second two. (Krutetskii, 1976, pp.
14-16)

\ * e o0

As a result of all that has been said above, one must agree
with Teplov, who wrote that testing on the whole has not
cleared the way for a study of individual psaychological
differences: "In a scientific respect it has proved unavail-
ing, and in the sphere of practical application sometimes
downright injurious". (Krutetskii, 1976, p.-17)

The omission of detailed desoriptions in typical U.S. educational
research ts, in part, a misreading of the history of science. In recent
years, one or another kind of expertmvnt has been important in the
_traditional. sciences (though not, as Kuhn (1962) points out, nearly as
important as the popular folk-lore suggests). However, in medicine,
physics, and chemistry this age of experimentation had been preceded by
many centuries of careful observation and description (cf., e.g.,
Davis, Jockusch, and McKnight, 1978). The lagk of comparable descrip-
tions in educatton must be pvercome; a major effort at desoribing
treatment, describing outoomes, and descoribing thought processes is
needed. The use of audiotapes, videotapes, and film can greatly
betZztate this process. And, as the Krutetskii excerpta should
suggest,” this 18 a matter where we CAN get some help from Soviet work,
espectally in the descrmptton of altermative "3urf&oe" thought pro-

-

cesgses.

How far'must-one go in describing, observing, and recording? My
answer is: very far, indeed! We .do not at present possess the
abstract descriptors necessary to enable us to determine the essential
nature of learning experiences, of thought processes, or of outcomes.
Consequently, we must Sometimes go even this far: record the learning
experiences on videotape; record sample outcome behaviors on videotape;
o and report that 'for the 361 students studied (for whom an incomplete

- set of descriptors exists and would be used in describing them), educa-
: tional experiences that looked like this produced, in at least 83 per—
cent of the cases, an outcome that locked like that.'

In music, the "outcome" tapes might record a student recital, or
in the case of mathematics, they might show a student as he or she is
' confronted with a problem of a new unfamiliar type, and allow us to
. watch and to listen as the student tackles the problem. Sometimes it
' is more effective to have several students work together on the unfam-
i1liar new problem, since conversation between the students will some-—
: times help to reveal more clearly the way the studentp are thinking

about the problem.

ek
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A (small) part of this matter is sometimes dealt with, within
the U.S., as the distinction between procdss and product. To some
observers (especially laymen), it seems obvious that product--the
"bottom line,'" as it were—-is all-important, whereas process is
incidental and usually insignificant. Of course this is false. One
quc-tion, intended to emphasize the fallacy in "counting right
ansvers"” as a measure of achievement or understanding, ia thip:

Would you rather have a watch that (without resetting) is correct.

twice a day, or would you prefur one that (again, without reletting)

is correct once a year? If one "counts the number of right answers,'
the first watch gets (at least) 730 correct answers in 365 days, and _
should presumably be chosen in preference to a watch that gets only one
"right answer" in .this period of time. But of course a watch that
doesn't run at all will be correct twice every day; a watch that is
right only once a year must, in fact, gain (or lose) 3.9 minutes each
day, and 18 perfectly satisfactory for most ordinary purposes.

Exactly similar phenomena happen with students. A student whose
procedure for, say, subtracting several-digit numbers contains one
minor flaw may, as a result, get all--or nearly all--of the answers
wrong. Yet the task of identifying and ‘correcting this “dne minor
flaw" may be quite simple, after which the student may get all of the
answers right. . , ,

-Anotﬁer student may get substantially more answers correct, but
such may be the nature of the flaws in that student's procedures (or
the difficulties of some other nature that he or she experiences),
that significant remediation may be essentially impossible. For
serious remediation--or even for correct assessments in general--one
MUST deal with "processes,' rather than '"products.'" Krutetskii and
many other Sqviet researchers hold to precisely this point of view.

2. Interview Studies

A corollary to the importance of deseription is the need for
intervigw studies. These have played a large role in Soviet work,
as one sees 1mmediate1y from, for example, the work of Krutetskii
(1976) cited earlier. Among U.S. researchers, see Erlwanger (1975),
Alderman, Swinton, and Braswell (1979), and Burton and Brown (1978).
Other Soviet researchers include Kabanova-Meller (1970), Talyzina
(1970), Yakimanskaya (1970), Zykova (1969), Yaroshchuk (1969), and
Doblaev (1969).

. /
3. A "Structural” or "Mctaphomc" Theory of Human Infomamon Proaaaazng

Chemistry could not have achieved its modern successes without the
development of a "structural” or "metaphoric"” theotry in terms of atoms,
molecules, atomic nuclei, orbital electrons arranged in layers, etc.
Had .chehistry attempted to deal only in "real-valued variables" such
as density, pH, atomic weight, and so on, it could not have made long-
term significant progress (cf., e.g., Davis and McKnight, 1979).

~
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In a similar way, educational studies must relate to a "struc- ' - ' i
tural” or "metaphoric” theory of human information processing. The
appropriate kind of theory, perhaps not yet correct in detail, but
surely woving in that direction, is being, built by M. Minsky, S.
Papert, Marilyn Matz, John Seely Brown, R. Schank, and others (cf.,
e.g., Minsky and Papert, 1972; Matz, 1979; Brown. 1979; Davis, 1977).
This is extremely encouraging, but this type of metaphoric” theory
is still of inggreat only to a sdall group of researchers. ‘A larger
-discussion of such matters should be beneficial. This might be more
likely 1if some.Soviet conceptualizations were included in the discus-
sion. -The work of Tikhomirov ard Terekhov, and of N.V. Rivkus,
reviewed by Rachlin in Chapter VIi, would be examples of relevant
Soviet studies.

There are said to be many recent Soviet .studies that follow the
kind of "artific{al intelligence" paradigm that we have in mind.
These studies are presently unknown in the United States, but per-
sistent inquiries could presumably locate them. '

4. Family and Home Environment Studieo

There is no-greater need in the study of U.S. education than the
need for atudies of the educational effect of different patterns of
parental behavior, home environments, and other determiners of student
self-concept, student preferences, student valuas, student habits,
student aspiration levels, and s0 on. It is overwhelmingly apparent
that students differ, one from another, and that these differences
are often very stable, not easily modified by achools (cf., e.g.,»
Davis and Douglas, 1976). These differences are not well-described _
by I.Q. scores--they relate to regular habits of doing assigned home-—
work on time, to working carefully, to being curious and inquisitive,
to persistence in wotking on difficult or tedious tasks, to self-
confidence, etc. . N

What kinds of parental behavior influence the development of good
work habits, curiosity, and self-confidence in childyen? Virtually
nothing--beyond folk-lore--seems to be known about such matters. Yet
nothing is more fundamental to the outcomes of education.

Soviet educators have long stressed the importance of the "upbring-
1ng" of children-~indeed, there are special professionals known as
"upbringers." This distinctive Soviet notiog lving responsible
citizenship, good work habits, respect for teachers, etc.-—bearsg ; the g
Russian name "vospitaniyeh” [BOCCMV T&HWE. 1. Thus, there tan be ;
special interest in studying the development of good wark habits and ,
similar factors in Russian children, and-—since the Soviéts devote much : B
attention to such matters--one can. hope that there sre many existing . .
Soviet studies worthy of translation into English and study by U.S. - .
researchers. Where typical Russian practice diverges sharply from.
typical U.S. practice, there is always a possibility of useful studies.
This divergence clearly occurs in the matter of. the very close super—
vision of children in Russia, quite unlike American practice (cf. Smith, 8
1977; Bronfenbrenner, 1970). _ - k .

' .
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There is the further possibility of new studies by U.S. scholars
in the Soviet Union, by Soviet scholars in the U.S., or jointly in
the two countries. One important study of this type already exists:
Bronfenbrenner's Two Worlds of Childhood: U.S. and U.S.S.R. (1870).
Given the importance of family studies, much more might be ugdertaken.

Before continuing our shopping list of what is neaded in R and D,
it may be well to pause and ask what goals we have for the entire
venture. )

»

B. Goals for the Improvement of Mathematiocs Bduoation

Again with the admonition that this 1s a personal list, I"pfopo-cf
these goals for the overall program of research and development in
education: '

1) Creating programs such that mpst students learn more mathe-
matics than they do at present;

2) Making it possible for most students to derive more gratifi-
cation from the study of mathematics than they do at present;

3) Making it easier for .students to relate mathematics to their
personal career choices [this includes both a '"curriculum"
aspéct-—trying to make the curriculqm relevant to these
careetr choices--and also a "student' aspect—making students
less fearful of mathemmtics (and better prepared in mathe-
matics), and hence more willing (and able) to select careers
that involve mathematics];

4) Increasing student understanding of the mathematics they do
learn;

.5) " Increasing competence in "routine" mathematics, such as
solving systems of linegr equations, etc.;

6) ‘Increasing competence in heuristic analysis and the various
aspects of creative and original work in mathematics;

7) Giving students a better idea of the various major aspects
- of mathematics (e.g., where is it useful, where is it less
likely to be uaeful, etc.); :

.8) Matching mathematical training to the economic needs of
. society;

9) Accelerating the pace of education so that young people are
not forced to remain in atudent status any lonscr than
necessary; '

'10) Getting a deeper understanding of the processes 6f learning
mathematics and solving problems involving mathematics.

61



C. PFurther Consideration of What Ie Needed

.

u,

: P
We resume our "shopping list" from Section A:

'S. Complextty : .

The study of learning in the United States has focused mainly--
"almost cxcluaivcly, it sometimes seems——on simple cases, often too
simple to shed much light on the learning of mathematics or the acqui-
sition of skill in problem solving. The following quotation from
Kilpatrick and Wirszup (1969) puts the case clearly:

In view of recent concern aboyt.the place of axiomatics and . .-
proof in the American school mathematics curriculum, it is )
surpijsing that there have been virtually no research studies
in thls country concerned with pupils' thought processes in
making a geometric proof. . In fact, the classic work on proofs

. in geometry is still Fawcett s study, published in 1938, which
deals only with promoting the ability to prove‘theorems and not
with describing or analyzing the process. Needless to say, if
American mathematics educators haye shied away from investigat-
ing processes of geometric proof, American psychologists have °
completely avoided the topic, with its complex tasks, its
potential for uncontrolled sources of variation, and its lack
of observable behavior. Soviet psychologists, however, have
not been so reluctant. As the articles in this volume indi-
cate, there has been substantial interest in the Soviet Union
in how pupils prove geometric theorems, which is seen as part
of the larger question of how they solve problems in geometry.
In gontrast to Polya's distinction between "problems to find"
(with unknown, data, and condition as their principal parts) -
‘and "problems to prove'" (with hypothesis and conclusion as
their principal parts), Soviet investigators appear to view all
problems as composed of.a condition (containing the data) and a
requirement (or unknown) . Pupils are apparently' taught that

- whcn faced with a geometry problem they should identify the -

principal parts, locate them in the diagram given with the
problem, and attempt to recall relevant concepts and theorems. g
In other words, they are taught to use suggestions much like
those gimven by Polya, although the approach is more formal and
the terminology different. (p. 1? _ -

/ :

6. Laboratory Schools
In some ways one of the most troublesome criticisms of educational
research is that it makes little contact with reaiity. that it is "merely
college professors writing for other professors."”
remarked that the whole adventure of the "naw math" sesmed to have been

. ' o
zFbr one interesting assessment, see Rising (1978). ’

- * L]
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a storm on the surface of the ocean, having no perceptible effect on
the actual teachers, classrooms, and students, who of cdurse dwell
far below on the ocean floor.

If chemists had no laboratories, chemistry might be an abstratt
study, lacking contact with reality. If inflation, recessions, mono-
polies, and trade deficits did not occur, economics could conceivably
be an abstract study. What could save educational research from the
fate of loaing contact with reality? The author--who, for several
years, has bgen privileged to teach in a high school- that is, in fact,
a laboratory school for the University of Illinois, and who thus has
first-hand experience in the discipline that is enforced by the '
reality of teaching pre-college students-—would argue that educational
research and development requires laboratories, and that for ventures
of significant size (NOT terms of large numbers of students, but
rather in terms of major/innovations, and following students for three
or more years), these laboratories need to be laboratory schools.

If one adds to this the unfortunate separation between LAS )
(Liberal Arts and Sciences) Mathematics Departments and Colleges (or‘
Departmentsf of Edudﬁtion, one has a clear recommendation: the
typical - U.S. university should own and operate a pre-college school,
not one associated only with the Department of Education, but rather
one where the LAS mathematics Department is responsible for mathe-
matics, the LAS Chemistry Department is responsible for chemistry,
and so on. ' i

Exactly, this pattern can be observed in a few Soviet "special -
schools" operated by major universities, one of which has Kolmogoroff"
(one of the world's greatest mathematicians) as principal Study of .
this Soviet practice might help Americans. to see the value of such
arrangdments. Vogelil :(1971) reported that a small number of "special
schools," created and operated on this principle, have come to have a
profound impacttgn ?11 Sdviet educgtidn.

?

7. Curriculum ‘Revistion , B L

. The U.S-. and the U.S.S.R. have tried remarkably similar ‘new math"
curricula, and for generally similar reasons. Although the U.S.
venture has been one of the most interesting developments in American
aducatiod it has received essentially no serious ‘study (except, per-

‘haps, for one evaluative study by-Dilworth, 1971). But subjects deemed

unworthy or unsuitable for study in a single nation sometimes acquire
greater appeal when two nations can be involved.

In any case, continuing revisions in the school mathematics

* curriculum will remain necessary for. both nations, and the Soviet

1]

practice . of extensive published discussion could be helpful also .
to the Unfited States. There needs to be far more uritten public.
discuastoﬁ\of the school mathamattos currtculum,

f,
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8. The Role of the Teachar: Partly Pre-programmed, Partly §pontanaous

Is the teacher to be thought of as the airline atewardess, who
reads a prepared statement from a plastic card, or as the pilot who
improvises travelogues over the public address system? Qs the teacher
an actor or actress, presenting well-rehearsed lines sc ipted by some-
one else, or is the teacher an improviser, responding 1n\a new and
unique way to a new and unique challenge? . \

» Every posiiion, from one extreme to the other, has it;\advocatcu
and its critics. At least one approach used successfully-in the U.S.
uses some carefully sctipted episodes, combined with some’ teachey
decision making in response to student initiatives or other transient

considerations. To continue this "dual" approach, and to make che -~ e

most of it, more attention needs to be paid to perfecting the scripted
portions, and to helping teachers find increasiggly powerful ways of
dealing with the "sgpntaneous" portions.

Something can be learned from Spviet practice. With all teachers
in the nation using the same textbook, it becomes possible for the
Soviets to give great attention to the "scripted” part of the ’
teacher's work. : .

As an illustration of the relation between the "scripted” and
"spontaneous" components in teaching, the Madison Project developed
the "pebbles-in-the-bag" activity to introduce neghtivg integers.’

This was a carefully crafted and carefully tested activity, intended
to be taught with careful fidelity to the "script' (Davis, 1967a, p.
54); for this activity, extensive teacher training was provided. But
the Project also assumed a large component of flexible or spontaneous
-tedcher behavior; for this dbmponent, a different sort of teacher A
education was provided. o

One can hardly imagine a U.S. curriculum that is uniform, nation-
wide, in the Soviet fashion. Nonetheless, the opportunity that is
thereby created for a large investment in teacher education. 18 very
attractive. One has only to read Bantova (1971), Taruntaeva (1971),
Pchelko (1971), or Shepetov (1971) to see how great attention to
detail is possible when one is dealing with a fully-scripted part of
the teacher's job. These authors are ‘able to cite individual problems
in the textbook by number, and can discuss exactly how problem number
623 (say) is to be handled. Even the: title of the Shepetov essay is
indicative of the specificity of a priorti determination in the Soviet
curriculum: "Certain Features of the New Mathematics Textbook for the
Fourth Grade." ' '

These essays have the appearance of being gandinely helpful to
teachers, and for that part of the teacher's job that is fully scripted,
such help is clearly appropriate, and even fairly easy to provide.

But the Soviets provide help also for the flexible ot spontaneous
part of the teacher's job. Consider, for example, the following:
: _ S _

»
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A striving to avoid a presentation of material where every-
thing beging with formal definitions and is developed ,
according to the laws of logic is clearly axpressed in the
textbook. In many cases, a practical problem serves as
grounds for the introduction of new subject material, and .
the problem helps give an idea of the importance of the '
nev knowledge. The solution of such a problem serves as
the basis for subsequent generalizations. There are a

- fair number of examples of this; consider only the points
devoted to the laws of arithmetic operations, The teacher .
should not only support this methodological #fproach by
‘using such problems for developing problem situations, but
should show 1n1t1at1ve, and this 1s even more true when
there are many occasions for such investigations. - For
example, the textbook begins the presentation of the con-
cept of percent in the traditional way--i.e., from deter-

" mining a percent--and there is not sufficient motivation
for introducing this concept. Creative forces are also
necessary in achieving the other object of problem teach-
ing: the organization of independent student work
controlled by the teacher and directed toward opening up
new relationships and laws in the text materjal. - (Shepetov,
1971, p. 127)

One should shor%on considerably the number of problems
solved with written questions. In acquainting students
vith a new type of problem, it is sufficient to solve
three or four problems with a written formulation and
resort later to written questions in cases where students
have difficulties in their oral formulation. Then one , .
need not regret time spent to solve the same problem by »
different methods, to work out .a given problem and solve
inverse problems, to compare problems reducing to the same
relationship, and,. after .solving similar problems, to form
a generalization and make up a formula for its solution.
In a word, one should not regret time spent on anything
that- 18 associated with independent investigations of

the pupils and on methods for solving a g&j:n problem.
(Pchelko, 1970, p. 121) .

1 Y ’ .
The Soviet system of providing detailed help for teachers is

" extremely important. A suggestion of how some of the advantages of

this method could be achieved in the {.S. is givnn in the following
section,

1

9. Alternative Projeots for A Unified Approach to Currioulum

Improvement and_Teacher Education .

To save time, let it be agreed from the outlct that a aingle,
uniform, nation-wide curriculum would be unacceptable in the U.S.
(although the existing extent of diversity is not very great and
often virtually indetectable). One could inoredse. the amount of
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diversity and alternatives——a desirable thing to do, as the genttics
of biologically successful species demonstrates——and at the same
time establish within the U.S. some of the Soviet-style advantages
of helping teachers in highly specific.wdys. Indeed, the U.S. was
well on ite way to achigving this a few years ago. The methanism
was as follows (we uhe"he Madison Project as an illustration, but .
the essence of the. argumqnc is that a multiplictty of such projects
are needed; too few projects would lead to an unacceptable monopoly):

a) In trial teaching, carcfully 'scripted” units were developed,
refined, and tested. ' '

b) Procedures for. handling the "flexible" ‘or "spornitaneous' or
"resppnsive” part of teaching were worked out, again using .
direct trials with students as part of the design process
ttself (and NOT merely for testing after design work was _
donn) . i

c) Typical clasgroom lessons were recorded on film ‘or video-
tape, so that other teachers could see for themselves
exactly what was done, and exactly what the resulting
outcome was. o . o) ’

d) A large .teacher education program was set up, in coopera-
tion with the public school systems in Chicago, San Diego
County, New York City, Los Angeles, Philadelphia,. and
elsewhere, that reached over 30,000 teachers.

This program was achieving significant successes, but for various -
reasons it declined, both in size and in vigor, and no longer exists
a8 a large, coordinated program.3 4  While it did operate, however, \\
it addressed many of the problema discussed in this chapter: by b
developing materials directlly in classroom teaching situations, and
NOT in separate writing sessions, it mainpained effective contact
with the reality "at the bottom of the ocean''--i.e., where the
students are; by recording typical lessons and typical student per-
formance on film and videotape, it preserved a great deal of depth
specificity, and (as Jerome Bruner pointed out) "immitatabilicy";

it addressed both the "flexible" and the "scripted" parts of the

teacher's job; and, in its large-scale teacher training program,
because teachers WERE offering a common seét of learning experiences,.
At enjoyed the advantage of a spectftctty and a concreteness not
entirely unlike Soviet ptractice. (A

3Howivnr, smaller versions of the program do cbntinue, with undiminished
vigor, as in the case of the’ special summer program offered by Wesleyan
University 'in Middletown, Connecticut, in cooperation with the Associa-
tion of Mathematics Teachers in New England ’

One should not, however, overlook the influence of external influences
which were entirely unrelated to the program itself (cf. U. S. House of
Representatives, Reports, 1975, 1976).
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- "What could make this appronch‘;cccptnblo to U.S. colleaguns would
be having a multiplicity of such projécts. (Indeed,.. ince did exist -
such a multiplicity: Beberman's ﬁICSH Project operate a;ﬁ~tﬁic way,
as did Loman's USMES Project, among others$y) mh;;la’gﬁocgh‘;ﬂdropocd
many aspects of the general problem of iuprovingfiﬂﬁ*ﬁf&\%ig@(hChool
mathematics. It may still represent one of the: best Hogws f&r’ future
progress. ‘ CEORTINT e
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The similarities and differences of U.S. an qulhfucxﬁctiancq in
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approaching the task of revising, the school mathsiimtias corriculum .
can be a source of extremely valuable informatjon -and .insights, The o
U.S. experience by itself has not been adequatbly studied--but, again,

it may prove easier to study two nations togethey, rather. than one by .
itself. ‘ ' L S '

s B

10. The Egplication of Alternative Beliaf Systems | “};:-~

For some teachers and some parents, “education" is_h.prdcgaa of
telling things to students, and somehow ‘causing the, students to commit
the things to memory. The "things" told may be "facgs," or they mity
be roté procedures (such as the long division algorithm). »r o

For other teachers and other parents, "education" 'is something o
entirely different. Consider, for example, the assértidns of the
Soviet psychologist S. L. Rubinshteyn, paraphrased by Jﬁliuh.cold~q
berg as follows: : P

.... during the transition from an ‘act's connection ‘with. - .

practical thinking to its association with theovetical: . “fw»;)/*a';

thought, a re-orientatioh occurs during.the systematic . '~ .0~
teaching of sciences to school children. That is, prac+w

tical activity is an extremely important stimulus for the

formation 'of thought. ...The task confronting the

educator is not only to communicate knowledge to his

students, but [to] teach them to think. (Goldberg, 1978,

p. 373) i N

The point.is that there are many different conceptualizatjouns - -~
of "learning," with different techniques for producing learpidﬁ*ahd e
"different criteria. for determining when learnifg has occurréd, .quite
comparable to the situation of "electricity" in Benjamin Frankith's .
' day, as reported by Kuhn (1962). 1Is the presence of "electricity"
to be detected by attraction, or by repulsion, or by sparks, or by
magnetic effects, or by some combination of these? Is "learning": .
to be detected by‘the student's ability to repeat-back what he or
she has beer told, or by the ability to relate new situations to
certain fundsmental ideas, or by the ability to use heuristics to-

cope with entirely new problems, or by some combination of thesa? - - e e

o

/o :

Much of the controversy over the "return to hasics" in U.S.
schools is in fact a confrontation between conflicting conceptuali-
zations of "learning" apd "education.”  Unfortunately, far too A

r
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little has been done to identify and describe--"explicate" is a good
name for the prqcess—-ths various altsrnative .conceptualizations of

learning that are prominent if: the U.S. today.

But, as Bruner has

remarked,

"the fish will be the last to discover water," and it s

" of Rubinlhteyn’i'positionl

probably caniqr to recognize various U.S. conceptualizations while -
ve are cngascd in the taak of identifying 80vict conccptualizatigno.

HDt.OV.r, Soviex scholars .ocq more ipclinod tag try to identify
and compare alternative conceptualirzations. w. have seen .omnthtng
Consgider,. itow, the following.

In che Soviet paychology of teaching and learning mathe- -
matics one can distinguish two basic' trends or schools of
thought. The first of these was created by N. A; chehih-m*
skaya, P. A. Shevarev and their studonta~ the second was

established by- P, Ya. Galperin, N.r F, Talyzina, D. B.
Elkonin, V. V. Davydov and their followers. In the Soviet
Union, S. L. Rubinshteyn was a pioneer in formulating the
theory that activity is the determining factor in the
functioning and development of thought. The difference

_‘between Menchinskaya and the Galperin schools consists in
the different means each gelects for concretizing the unity
of paychology and activity.. (Goldbefg, 1978, pp“ 374=5)

To a distant observer, it seems that there is strong disagreement
betwpcn the Menchinqkaya group and the Galperin school,. " Consider the
following} _ . . , .

At the present time, the approach to the learning process.
in.the U.S.S.R. is characterized by three types of learn- -
ing. The following classification was suggested by
Galperin, himself: ; .
THE FIRST TYPE., The mastering of knowledga occurs
spontaneously, and is an unguided process. The formation
of concepts and skills in acts proceeds according to
trial and error. Prescribed conditions are insufficicntly
distinguished. .Correct acts are formed gradually by

virtue of selection, which is controlled by a final

~ ‘e

result.
lacking.

The transfer to mew tasks is almost totally

It should be noted that this type is, in fact,

. Gnlpcrin and his follpwers.

the one which was developed by the Menchinskaya school.
THE SECOND TYPE. M student works under continuous -
supervision, receiving all the necessary instructions which
will result in a correct action or an actiqn vith only minor -
. arrors. If new tasks have something in common with the
tasks used during instruction, then-a transfer of acts to ,
the new tasks takes place. This typq wvas devaloped by .

. THE THIRD TYPE. Advantages are added to those of
the second type of Rearning. Acts of the stpdent, formed
without trial and error, occur under those conditions
during which he not only is compelled to carry out precise

e )
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instructions and demands and must submit to them, but also

~ when he understands why those . tasks are caused. In this
type of learning the cognitive interests and abllitiea of
the students are broadly developed, and a .generalized
transfer of skills and abilities to new knowledge is
obtained. This type-of lcarning was proposed by Galperin .o
as the perfection of his second type. 1t is being
developed by both Menchinskaya's and Galperin's schools, /
the latter apparently achieving more significant relults.
(Goldberg, 1978, p."379) v

11. Some Points of Contact Between Somct Studua and U.S. Mathematics

Education

In this section we look, very briefly, at six specific points
of g¢entact betweep Soviet studiecs and U.S. mathematics. education.:
Another cautionary note 18 called for: this is being written at a
quite considerable distance from the’ Soviet investigators, with the
inevitable possibility of substantial misunderstandings and miscon-
ceptions.

a) "Discovery" teaching

This has, of course, been discussed ‘'within the U.S. S
(Shulma# and Keislar, 1966; Davis, 1967b), but mainly

ip an inconclusive-way. Sooner or 1ater, further and
more incisive discussion is needed

finds points-of contact in Soviet wricing, as for example in
the worz of Rubinshteyn ["psychological processes not only appear,
but are formed, during activity" (Goldbegxg, 1978, .p. 373)]1. Such
points appear perhaps especially in Rubinshteyn's careful description
of one .aspect of one version of "discovery" teaching: .
_ ... For example, 1f a student cannot solve a problem
ANithout outside assistance, he should not be given,a pre-
pared solution, but rather should be given the separate
*  stages of analyses which, after employed, enable him to
proceed. This teclhnique should be used by a teacher who
_wants to teach his studeuts how to think, and not just '
solve typical problems using a mass of prepared pa rna.
(Rubinshteyn, as reported in Goldberg, 1978, p. 37

b) - The growth of cognitive structure in a student'e head (the
b rjtg-eaw puszsle theory"-—;f Davis, 1972) .

>

Rnbinshtayn, again, atates- ' .. .

A child can master and use knovledgc prnsented to hin only
1f the inner conditions for their assimilation anduse
"have been well established” ih his thinking. * (Goldberg,
1978, p. 374) NI _ . ' :

&
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c) Interview gtudies

The case f '/G;ing interview studies to map out a
student's thinfg;g as he or she solves a mathematical

problem is beginning to become clearer in the U.S.; it

has long been accepted in the U.S.S.R.: .

A new method of psychological research was. created.
Observation, .conversation, and finally real experi- ;o
mentation came to be widely used...[around 1940]...
(Goldberg, 1978, p. 374) .

Even earlier than Rubinshteyn (who wrote in 1940), we of course

have work of Vygotsky in 1926:

]

'd) The teaching experiment o

- Vygotsky felt that it was essential to study‘the acts of

thinking in response to an instructional process. With
his groups of associates, he researched the development

,and mastery of scientific concepts by children a8 [that

development] occurs during the learning process in
school. This work demonstrated the importance of a
gradual creation of concept systems during instruction.
(Goldberg,. 1978, p. 371) §

1

Within the U.S., optimal methods of using teaching
"situations for the design and development of new learning
experiences or teachihg units are still matters of dis-
agreement and uncertainty, There is an obvious value in
learning more about the Soviet ''teaching experiments."

e)  Cognitive processes in dlgebra and geameify - ‘

The Menchinskaya conceptualization of infoxrmation pro-
cessing involved in thinking about polynomials (Goldberg,
1978, p. 375) can be related to a similar, but different,
conceptualization presented in Davis, Jockuach and McKnight
(1978).

-

Even more clearly, cf. "the Galperin eonceptualizatioh:
\\ 4
-+ The subject's activity 8ervea as the ‘initial basis for
the formation of mental acts. The formation of mental acts
begins with preliminary acquaintance with the demands and

conditions which ought to answer the acts. The act, then,

takes place with external objects, as in the case where a
calculation is made with the assistance of concrete objects.
Here, the act proceeds under the control of the things them-
selves, and the content of the future mental act is formed.
Further, verbalization occurs, for example, calculation
aloud. Action with objects passes, i.e., is transformed,

ah e e
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into actions with concepts, Finally the action evolves into
a mental plan, acquiring the traits of the inner cognitive
process. (Goldberg, 1978, p. 377)

This bears an evident relation to the development of "integratad
procedures” and "meta-language,' as descrived in Davis, Jockusch, and
McKnight (1978) and Davis and McKnight (1979), 1nc1ud1n& the Newell /)V'
Conjecture. S

f) Uses of’mdthematios

The. importance of learning mathematics in a context of
using it, as developed by such persons as Edith Biggs, David
Page, and Seymour Papert, 1s a major, theme within the U.S.
An apparently similar position among Sbviet psychologists
has been stated by Galperin:

Galperin and his followers maintain that without the appli- ?
cation of knowledge, its mastery is impossible. Application ’ i
of knowledge is the basic means of mastering [the knowledge], ‘
not the concluding stage. There is no knowledge until it is :
applied. Knowledge is acquired in the process of the
student's activity. (Galdberg, 1978, p. 378)

Galperin's statements are very close to the statements of Biggs,
Papert, and Marion Walter. Continuing:

The problem of instruction consists not in teaching how to ;
apply abstract information in practice, but in showing how “*\\\ |
abstract knowledge is built on concrete content...Through :
practical and mental acts the student ‘discovers the essence
p of the phenomena and masters the assoclated concepts. {7
(Goldberg, 1978, pp. 378-9) ' ‘ ) . E
To be sure, there are some major unanaveréd questions in the
area. In‘-using Dienes' MAB blocks to teach place-value numerals, . i
one "goes from the concrete to the abstract" and Galperin's des- B
cription seems entirely applicable, but this becomes 1eas clear in ,
more complicated cases. Thete is the further. questi n of whether a I
sizeable multiplicity of Jifferent "concrete embodinents 1Qﬂprefer—
able to one main concrete embodiment. .

o . S | “«
12. A Third Methodology . .

- The traditional U.S. methodology for educational research has

been, as we have argued above, a relatively remote methodology, rely-

ing on questionnaires, multiple-~choice tests, statiftical analysis,

and an emphasis on "product" rather than “"process.”" The limitations
of this method are coming increasingly to be recognized (cf., e.g., & e
Ginsburg, 4972), as the remarks in Krutetskii (1976) make eapecially r‘i
tlear. ‘ \ , j

[ 4
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Piaget's "clinical interview" methodology has provided a welcome

- and important altermative of a radically different typa, relying on a

very small number of children (sometimes only three), not at all
randomly selected, on the presumption that when profound matters are
clearly observed and described in the case of a very few children,

" there will be relevance to all children--a relevance guaranteed, not

by sampling procedures or sample sirze, but rather by the fundamental
nature of the phenomena themselves. Piaget has provided evidence on
tliis; his main results are indeed universal.

While it is in no way Piaget's fault, the "Piagetiar  alternative"

that has evolved in the U.S. has developed its own liabilities. For
one thing, the fundamentals studied by Piaget are relatively remote
from typical "school-=type' tasks, such as the long division algorithm
or the solution of word problems. But more seriously, as Papert has
pointed out, the implications of Piaget's results have tended to be
reversed in American analysis. Whereas Piaget in fact identified
fundamental cognitive abilities that children develop, even in the
absence of formal instruction, .and which provide a foundation for
school learning, the popular U.S. interpretation reverses this, and
contends that Piaget found limitations on a .child's '"readiness,"
barriers to what a child 18 ready to learn. The Soviets reject this
re-interpretation of Pliaget, and argue--as, for example, Davydov does
—that young children are in fact' able to learn far more mathematics
than was previously thought possible, and more abstract mathematics.
at that. -

But beyond discussions pro and con,_ Sovtet practice in using
school-relgated tasks in task-based interviews demonstrates a third
possible methodology that i8 a valuable addition to the typical
U.S. abstract/statistical methodology and the typical Piagetian
methodology .

»>
«

13. The Ability of Children. . ' - .

One of the most stable discoyeries of the past twenty years has
been the repeated demonatrations,!ﬁy many different researchers, that
very large numbers of children can learn tonsiderably more mathe-
matics than used to be' thought possible. This has been demonstrated
in California by William Johntz (1975), in Florida by Burt Kaufman,
in Maryland by Julian Stanley (1977), in Massachusetts by David Page,
nation-wide by the C.E.E.B. Advanced Placement prograh, and else-
where by other investigators (cf. David, Jockusch and McKnight,
1978, pp. 259-269) In the Soviet Union exactly the same discovery
is reported by Davydov,5 by Vogeli (1971), and by others, and is

S"D. B. Elkonin and V. V. Davydov organized a broad, psychological-

pedagogical experiment of several years duration which intolved many
teachers and students. The hagsic conclusions of this work led to a
ndamental re-examipnation of the mathematicshgurriculum which took
place in the lower grades. As a result of the investigation, it was
concluded that younger school childrenware more advanced in the areas
of abatract and theoretical thought than-had been previously realized,
and a new mathematics curriculum was designed on_the bllil of theae
inv.stigations." (Goldberg, 1978, p. 388) '
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indicated by the new Soviet textbooks (cf., e.g., Kolmogorofé et .al.,
1975), "special schools," and elective mathematics courses.

But the larger question is unanswered: we have ngt yet found’
effective ways to build on this usually undeveloped ability of .
students in ways that can benafit society and the individuals
themselves.

14. Daaign

String quartets must be composed; plays and novels must be
written; automobiles and airplanes must be designed. Effective
learning experiences must also be designéd--but in edacation, design
is the dog that never* barked. While great attention is devoted to
evgluation, virtually no effort within education is devoted to design.
Here, again, what has 'been insignificant<-or nonexistent--in one.
country may become important when two countries are to be considered.
(Besides, the Soviets write and talk much more about questions of '
educational design--and when you are designing a nation-wide program
for all of the U.S.S.R., perhaps you had better!)

15. Refuting the’rLinear" Asgumption

In recent years one has occasionally heard, in the U.S., the
idea that there is a "standard” sequence for research and develop-
ment: first one does research, then one refines and revises the
results af the research, then these results become the basis for
"development" work, then these products are evaluated, -then revised,
then re-evaluated, and finally disseminated. -

This theory is contrary to history. . ' _ .

In fact, there is 70 "standard" sequence. Perhaps more often
than not one starts with development and implementation--with
routine practice and daily work. This has been the case with beer,
glass, pain-killers, metallurgy, thermodynamics, wine-making,
navigation, the building of the great cathedxals; Roman plumbing,
astrology/astronomy, surgery, acupunctute, and the curing of leather,
‘to name just a few familiar examples. . .

In this matter, it appears that Soviet practice in educational
research has been closer to the common successful patterns of the
history of science and technology, starting (as they often do) with
obgervation, interviews, descoription, and their well-known (but, in
thé U.S., not clearly understood) "teaching experimenks." (Goldberg
attributes much of this to the influence of Rubinshteyn in the early
part of the twentieth century.) ' : : '

Adherence to the '"linear" pattern in the United;Sthten inevit-
ably constitutes a pressure toward abstract, academic¢research,
toward latk of adequate contact with‘iagiity, towkrd"neglect of
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that which is aubcle, profound, elusive, or a matter of art--in a
phrase, toward '"college professors writing for other college pro-
fessors," neglecting the practitioners’ expertise of teachers, and
1gnoring the children whose classypooms and lives remain untouched
"on the ocean floor." It is important to develop a recognition of
where research really starts, which can be almost amywhere that .
people deal thoughtfully with 1mportant questions.

A}

X . 7
16. Refuting the Misuse: of Tests
L. Within the U.S. it is commdnly believed that objéctivc tests are
the best source of "hard data."  This is clearly not the case, an . .
snyone can see if they will look directly) at schools and children.
Recently, there have begun to appear some \well-reasoned attacks on
the typical assumptions and typical practices of '"testing," '"mpasur-
ing," and "evaluating." Particularly worthy of attention are Banesh
4 Hoffman's The Tyranny of Testing (1962); "The Score Against I.Q." and
' other articles by Morrison and Zacharias, Whitla and Whitla, Schwartz,
Taylor, and Perrone in The Myth of Measurability (Houts, 1977). It is,
of course, hard to improve much ‘on Krutetskii's extremely acclurate,
, and extremely negative, ana?ysis, some of which is quoted elsewhere
in these chapters (Krutetskii, 1976).

The present use of tests in the United States does noil have a:
scientific basis [Morrison (1977) diacusses this with his usual cbm-
bination of scientific sophistication and expository lkill], it does
have many harmful consequences and implitations, and it <8 based on
an essential circularity. Alternatives (as Perrone pointo ‘out) do
\ exist or can be created.

The moment that one looks carefully at individual test items, or
at typical conditions of test administration, or at the underlying
philosophical justifications, or (as Morrison points out) at the -
important contribhtiois made by innumerable valuable people who "test
badly" ("make low scores on the tests"), it becomes apparent that

- tests are NOT giving us meaningful "hard data” at all. They are
giving us numbers with all the simplidity and apparent precision
that numbers imply--at least emotionally. But numbers are not auto-
matically descriptive of much of anything, hownvgr much they may seem
to be. ’

Much could be gained if the role of tests in the United States
could be appropriately circumscribed. They can do some things, but
far less than they are usually presumed to be capable of doing. Here
is a situation--as Krutetskiti thakes clear--where Soviet commentary
and Soviet practice can help a great deal. .

. ¥y
17. Is School Mathematics Really Mathematice?

Krutetskii pursues an interesting discussion: '1- school mathe- |
matics a rote process, preliminary to the study of "reall (ctreative)
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mathematics, or is school mathematics @ true part of real, credtive
mathematics? "

Before defining the basic concepts with which we shall be
concerned, we must note that mathematical ability can find
expression at quite different levels of activity. We shall .
treat the concept of mathematical ability in two aspects:
1. As creative (scientific) ability--ability in scientific
mathematical activity, which yields new results or achieve-
ments that hre significant for humanity, a product that is
valuable in social terms. . .
2. As school ability--abildity in the ‘study (learning,
mastery) of mathematics (in this case, the school mathe-
matics course), in the rapid and successful naaterj of
appropriate information and skills. y
" Both paychologists and mathematics usually distinguish -
these two levels.

The question arises: Can abilities for mastering
mathematics be regarded (and under what conditions) at &
least to some extent as a manifestation of genuine mathe-
watical ability, in the proper sense of the word (aqien-
tifically creativé)? Or are they such dif ferent categories
that when the former are manifested it is absolutely
impossible to say anything.about the potential future
appearance of the latter? When we study abilitics for
mastering mathematics, can we believe that to some extent,.
within certain limits, we are studying mathematical
ability properly speaking? -

Some psycHblogists (especially foreign oncs) are
inclined to make a sharp distinction between these two
levels of mathematical ability, and thus if one looks at
achievement at the first level one can conclude nothing
with confidence about achievement at the second level...

To us, the difference betwéen the two levels of
activity does not séem absolute. In studying school-

) children's mathematical abilities, we have in mind not
simply their educability. Our study will indeed -concern _
the pupils' school abilities, but creative school abili- |
ties, related to an ‘'independent creative mastery of mathe-
: matics under the conditions of- school instruction, to .the

independent formulation of aolving these problems, to the
* invention of proofs of theorems, to the independent deduc-
tion of formulas, and to finding original methods of
solving non-standard problems. All of this undoubtedly
is also a manifestation of mathematical creativity. If
the presence of a creative principle is a criterion for
mathematical thinking proper, we must not forget that -
. mathematical creativity can be not only objective but
L - subjective. Establishing specific criteria to differen-
) - tiate the creative thought process from the uncreative,

A. Newell, J. C. Shaw, and H. A. Simon note the following

indications of creative thinking: (1) the product of
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manifestations. (Krutetskii, 1976, pp. 66, 68-69)
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mental activity has movelty and value both subjectively
and objectively; (2) the thinking process is alse novel
in that it requires a transformation of previously
accepted ideas or a denial of them; (3) the thinking
process is characterized by the presence of strong-
motivation and stability, observable either over a
considerable period of time or with great intensity.

If we proceed from these criteria (which we believe
to be yvalid), then many mathematically gifted children
demonstrate a kind of ¢reative mathematical thought. ; ,
Anticipating somewhat, we might point out that some of :
the gifted pupils we studied literally "discovnred" for

.themselves individual sections of the school course in
~algebra and geometry. They were di‘overing what had

long been well known. 'The product of their creativity
had no objective value, but for the pupils themselves
(subjectively), it was doubtless a discovery, an inven-
tion, .an independent achievement of something new. In
a certain sense, this activity most certainly is part

of mathematical creativity. The rediscovery of what was
known can be creativity, and subjkctively the product |
can be .new and original--as Newell, Shaw, and Simon
emphasize. R. Carpenter makes the same observation:
that the product cah‘Bhéobjectively uncreative but the
process still be creative.

Thus we can affirm that there is a definite connec-
tion between the two levels of mathematieal ability.
Hadamard asserts that there is only a difference in
degree or level between the werk’of a pupil who ia
trying to sdlye algebra and geometry problems -and the
work of a discoverer in mathematics--both kinds of work -
are similar in nature. Kovalev and Myasishchev discuss '
the idea that these two levels "are joined by a genetic
bond. Under favorable conditions of formation, the
abilities of a pupil-mathematician become the abilities

' of a real scientist.” Yu A. Samarin shares this point
S _ -

of view.

Thus, we believe that the question whether abilities
for learning mathematics can be regatded as a manifesta-
tion of mathematical ability in .the proper sense of the £
word should 'be answered affirmatively.. A thorough,
independent, and creative study of mathematics is a
prerequisite for developing an ability for creative
mathematical activity--for the independent formulation
and solution of problems that have new socially significant
content. Precisely for this reason an investigation of :
schoolchildren's mathematical abilities is the first step .
on the way to a study of mathematical ability in its higher:
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The two positions being argued here rspresent, in fact, two
essentially different conceptualizations of mathematics education.
The distinction is an important one, and needs further discussion
in the United States—-lopefully in ways that will reach teachers,
parents, and students. Entirely different programs of school
mathematics will be designed, depending upon which view one takes. °
I1f pre-college mathematics is a rote precursor of "real" mathe-
matics, then the old paraphernalia of flash-cards, memorization,
and drill--perhaps modernized with the aid of computers--becomes
appropriate. But if pre-college mathematics is a genuine part of
"read' mathematics, if students need creative experiences in
mathematics from an early age, then programs such as David Page's

" and the Madison Project become desirable or even necessary. .

18. Distinctive Soviet PraotidLs: The "Collective"

Obviously, an opportunity for study exists vhercver Soviet
practices are substantially different from those in the United
States. Particularly important among these is the use of "the
collective'"--essentially, collective responsibility for the per-
formance of an individual. Thus, a definite group of students is
responsible for the behavior and achievement of each individual
student who is a member of this group. This is a very conspic-
vous feature of Soviet education. : ) ’

U.S. practice has kended in an opposite direction, toward more
complete individualizatlon, often with each student working alone.
A growing number of U. S\ teachers are beginning to complain that
something is lost in the process of individualization--there is no
longer pride in grOup membership, no longer the feeling that "one
has to hold.up one's end" as a "member of the team." This may well
be an important phenomenon that has hardly been studied at all.
Many U.S. teachers and many U.S. schools do NOT make use of "being

s°on the team" in academic matters, although the majority probably do

“

in relation to football, basketball, and other athletic activities.
However, for that'minority of schools and teachers who do try to -
use pride in "being on the team" as a souyrce of achlevement motiva-
tion in academic work, the trend toward individualized study has
usually been seen as a potentially serious loss. (A particularly
promising program developed by Layman Allen, and demonstrated in
the Detroit schools, has not attractgd the attention that it
deserves.) P

The whole area of group cooperation and group responsibility
deserves more serlous stuydy. This cannot be undertaken lightly--
one can have pride in '"being a Marine" (to cite a familiar U.S.
example) only because this -IS seen as a matter for pride in the
relevant circles. In shert, for group responsibility and team
performance to be effective, ome must really believe im it. It
is probably NOT useful to try to pretend.

~I
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19. Pioneer Palaces

Another distinctive Soviet practice is the cbmbining of what ,
in the U.S., might appear as Boy Scouts, Girl-Scoutsa, miseums, zoOs,
the YMCA and YWCA, the Little League, Hebrew lessons, private plano
and ballet lessons, after-school clubs in journalism or computers, -
the Future Farmers of America, and so on, into a aingle institution,
the Pioneer Palace. 1In the U.S.S.R. this is, in effect, a spcond
kind of "school system,'" entirely separate from the regular academic
school . From, say, 8 a.m. to 3 p.m., Soviet children attend the
regular academic school, wherpe. they study the Russian language,
Russian literature,\mathematicn, English, physics, chemistry,
Rulaiib.history, world history, geography, biology, etc. This is
in fact a highly academic school. From about 3 p.m. to perhaps

+6 p.m., Russian children attend the Pioneer Palace, where they satudy
ballet; serve as zoo keepers for their own animal collection; study
interior decoration and cooking; have a model railroad club, a '
model airplane club, and a computer club; have a club that corres-
ponds in English with children in other nations; and s, on.

The Pioneer Palaces are important for several reasons. As
independent institutions, NOT part of the regular school system,
they provide what in effect amounts to the greater control that
is possible when you have two independent variables instead of
one. While, for example, the Soviets have chosen to move slowly
on the introduction of computers into the regular school program,
because--since there is a single nation-wide program for all
schools in the entire U.S.S.R.--the vast size of the venture
demands slow and careful innovation, it has been possible to move
very quickly to introduce computer clubs into Pioneer Palaces. ,
Moreover, the training of staff at Pioneer Palaces is different,
so that one 18 not locked into a single ponderous system of- teacher
education, teacher certificationy etc., In effect, the Sbvietas have
_the advantage of competition-—there are two aeparate, and poten--
tially competing, school systems, not invisibly 1inked by a single
system of teacher education and certification.

Some of these advantages c0u1d be achieved in the U.S.; for
example, by introducing ' computer science" clubs and programs into
museums, Boy Scouts, Girl Scouts, apd other agencies. Some very

" successful beginnings in this direction already exist.

»

20., Soviet Examinations .

No general consideration of Soviet mathematics education would
be complete without looking, at least briefly, at the surprising. N
phonounnon of ‘Soviet written examinations. By U.S. etandards, "
Soviet ewamznattons are rumurkably--almoat unbcltcvably -dtffioult

¢ !or“adpisoion to Moscow.State Univercity, to study physics,”
students had to demonstrate their ability on a test that (in.1969)

ipcluded these questioris (which are fairly typical of Soviet axams): e
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1. Solve the inequality N

(logsx) (2 - log3x)

log5 x + logx ?\ R
>3

N 2. Two teams of checker players A and B meet. According to

- ' the contest rules, each participant of one team' plays one ‘ i
game with each participant of the other team. The total '
number of games to be played is 4 times greater thanp the _
number of all players on both teams. Due to illness,
however, two players (one on each team) could not appear
in the match, with the result that the number of all games
pPlayed in the match was 17 less than intended. How many
players entered the matech for team A if it is known that
there were IesaAplayera in team A than in team B?

3. Solve the equation ) t

- (sin x) (cos}f— - 2 8in x) *+cos x (1+8in ; ~ 2 cos x) -0,

4. Two circles tangeht to one another are 1nscribed in angle a,

: Determine the ratio of the radius of the smaller circle to,

- B the radius of a third circle which is tangent to the first:
: : two and one of the sides of the angle.

S. A cer'tain quantity of brick must be moved at a construction
site. At the disposal of the builders there are three fork-
1ift trucks with load capacities of 100 kg. for the first,
200 kg. for the second, and 300 kg. for the third.- A )
quarter of all the brick was carriedyin nine loads on one
of the forklift trucks. Then 10 more trips were made on
another truck. After this,- one-third of the initial quan~
tity of brick remained to be carried. After all the brick ..
had been moved, it turned out that in the entire moving .

. process the third truck made two times as many trips as the :
second. In the moves the trucks were loaded to full capa- '
city. How many trips did each of the three forklift trucks
make? : ! ' :

- 6. Solve che inequality '

1 1 |
;. - 2‘: 108 i X -X -.108 i x < "'1. ) . .‘ B . -

“

7. An aitplane makes & landing sand MOVes unifomly along thc

_ . * ‘ground fof a certain time with the velocity v m./sec. Then T
- o " . . .. the pilot appliqa the brakes : -and the motiqn of the aireraft - i

o -, ' bacomas uniformly decelerating such that\in~cach uecond the .. = Kk

A ’ thocity reducés by 2 m, /acc. The disxanco f:uu the point of -

.
N . - . s [N
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landing to the point of complete stop is equal to 4 km.
The ratio of the time in which the aircraft covers the

<~ : ’ /first 400 m. to the time in which the aircraft’ coyers
ftho entire distance along the gxound is equal to —..
i Determine the velocity v. E 65
'\ " 21. A Faster Pace f

The pace of mathematics instruction-isf U.S. schools is, typically,
almost unbelievably slew, We have observed a 45-minute lesson, taught
~ to above-average students, that consisted only of problems of the type

xZ c x3 - -[Ahd.; iS]

' 2 . 12
pl0. p° = [Ans.: p" "]

and so on. It turned out that this was the second of two lessons
. taught to this class in this form.

e

Now, for some . conceptualizations of what mathematics learning
really is,: this snail's pace makes sense: 1if learning mathematics
1is nothing but the creation of simple stimulus-response (''SR") bonda,
and if one glways wants the stimulus x2 . x3 .

to evoke the response : xS
iR

-

then (to some extent, at least) the practice makes sense. But this
conceptualization is defective. -

For one thing, the range of relevant’%timuli 18 very large. Ft.
includes _
' (x + 1)‘ (x + 1Q : ‘
, § o _
and T _
2 log sin x + 3 log sin x.

\,
N

'amonéxmany others. (Menchinskaya deals with;this: cf. Goldberg,
1978, \b 275.) But further, as Bruner point out, one of the goals
- of educa ion 1s to produce an educated person who is8 not bound to a
unique, machine-like response to a given situation, but who has a
. broad enodgh repertoire of possible behaviors. to be able to produce
- I 4 variety of. responses, and who has access to sufficiently funda-
. heo ‘ memtal - knowledbe so .that .his or her responses can have an authori-
. ..““-‘tativs-cprrectﬁe;s in addition to an (at least occasional) surprising
o ST F'\uovelty.. This clearly applies to architecture, and is a major part
- .. . of Beethoven's special genius in musical composition-qbut it also
' Zun to mathama [CB . :

N . - H
bl -

‘f " ", ' Khzukq Suzuki kyan 13 years ¢ld, knew the Arehinndean Postulate
' CR 1n tha forms . - . . *
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If a and b are any positive numbers,

-~

: i . .
then there exists a positive integer .
N such that
~ ‘N)b. s

She was asked to proye that, for any € > 0, there exists a positive
integer N.such that - > ¢ provided n > N. She solved this problem
wvith apparent ease—-gut notice that some surpriging changes of form
are requtred in order to accomplish this. This is NOT a case where
single, "automatic" responses are called for. You must be prepared

to try something. original and highly imaginative {(cf. Davis, Jockusch,
and ‘McKnight, 1978, p. 90). Kazuko attended a spegial school, not
typical of U.S, high schools. In a more typical dthool she would not

have encountered a task of this}subtlety. - Tl
o .
The point, however, is that two AS-minute perioda arg far too
much time to devote to problems of the single type x2 . x . The

pace of mathematical-instruction in SoViet schools seems to be more
rapid. This should be of real interest to educators in the United
States. '

Y

22. Restidential Schools: 7

The Soviets operate residential high achools for mathematically
gifted students (Vogeli, 1968) This 18 a more serious provision for
mathematically gifted tudents than any that presently operates in
the United States. This calls, at the very least,(for study~—and
probably for some reflective thought. ,

R *

A particularly’ important aspect of these schools is that they are
owned and operated by liberal arts university mathematics departments.
We return to this point below. -

23. High Schools for Computer Sctentists

3
Vogeli (1968) describes special Soviet high schools for computer

scientists. Vogeli also‘discusses parental concern that these schools

would shanghai students into immediate emﬁloymeqt in low~level jobs,

whien these students would be better off to continue & 1ongot period

of study, leading to higher level employment in, the broad area of

computer acihnoe.

1y

" The need to try to reduce the numbar of years of study required,
for various profoabiona 1is cleadr, as the Newman report pointed out a

- decade 'ago, ' Some persongl experience is relevant hete. The author

works for the. PLATO ‘computer project at. the\University of I1linois
(actu;liy "CﬁgL," for COmputer~Ba:ed Educption Research Laboratory)
s is probablx the largcsf computer system in tha world devoted

.cntitcly‘to helping ntudcqts learn (and NOT to\keoping office records,

>
.:!‘V-..
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etc.). A great deal of valuable computer programming at CERL is done
by students in junior amd senior high school, some of them as young
as 12 years old. Much of this is very complex, high-caliber, pro-
‘ feseional work. A 'divisiop of CERL personnel into stronger and '
. - weaker programmers would find quite a few adults in’ "wesker" _
category, and quite a few high school students near hi}op in tho . -

"stronger" category. - -

‘-crc is, then, some realistic possibility of professionally use-

ful ployment- of teenagers in jobs that should pay reasonably well

(although at present they oftenm pay Nhothing at all, because of child
T labor laws). At the very least, some sorts of "appr.nflcoohip pro-

. grams could be created. Without denying the depth of study that can

' and should be undertaken by many students, it.does not aacm,denir—“m_m

able to devote the first third, or thereabouts, of a person's life

to study, perhaps through a Ph.D. or post-doctoral study, befbre the

person begins to earn money from any significant profeanional work.

\\ ; ‘Alternative arrangements can be created, and are geeded. (In some

b ..few individual cases, this happens already, as inf the case of the - . .

'*?,“““ students who work at CERL.) :

*a- &
. <~ = -T
“

. 24. . Correspondence Schools
o ]

At the pre—college level, the 80v1ets also operate some COrreéspon-—
dence schools. and some part-time evening schools. These provide more
advanced studies in mathematics and/or cquputers. .Similar arrange-
ments--or alternative arrangements to serve the same goal--could be
valuable in 'the United States, ant\ not just in mathematics. How can
ve offer courses in Russian, in Japanese, or in Mandarin to high
school students in the U.S.? Not as part of regular school programs, ’ -
4in most cases—-but perhaps as special gsummer programs, again operat- . '
ing on a residential basis for six or eight weeks? Still other
arrangements are possible. (In Maryland, Julian Stanley has wade |
imaginative use of special arrangements to provideé programs for
mathematically gifted high school students.) For relevant Sowviet
work, see Vogell (1968), Vasil'ev et al. "(1971), .and Glagoleva and -

Gutenmakher (1971). AN

. L]

K
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.25. Programs for Gifted Students

Comparison of Soviet and U.S. programs for gifted students, and -
specifically for mathematiocally gifted students, leads to the unmia- g
takable conclusiorn that the U.S. is failing to provide gerious programs \\¢//”””
for mathematically g}fted young péople. What is done in the U.S. has, :
! .- in most cases, the clear appearance of tokpnian-~ao-¢thing is done,
but it is too little or-too haphazard or too ‘lackadaisical’ to make anmy
. r.al difference in the lives of the students (cf., e. g., Suppcs,.1977)

a
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26. The Soctal Meaning of "Discovery Tegching”
N \ - o . .
In the U.S. during tha~19603, when there wua:a lively interest
in "discovery-teaching'" and 'discovery learning," seme pro-discovery
'« teachers felt that one essential aspect was that each studert parti-
eipated in group discussions during which SOME students discovened , .
certain patturns, facts, or methods. This group discussion was
itsclf an important social reality. At- the beginning of a typical
seslion. a problem would be poaed and it would usually be apparent
to everyone that no student in the group kney how to solve the prob-
lem,-or even how to approach it. But the discussion would'movgion.
Ponlible‘lines of attack would be. suggooted .and would be _analyzed,.
criticized, modified, perhaps rejected. 'Gradually, however, .} suit*
able meansg.of dealing with the problem would take shape. In one such’
lesson, recorded on film, the key "break-through" ideas were con-
) tributed by a boy named Lex and a girl named Debbie. Not every
- stodent Made the key: "discoveries"--but svery student was present -
and lived through the experience of beirtg in the group wheén dex and
“Dgbbie made the key dtscoverzee ond they aZZ,rﬂaogntaed what had
Happenad ; . |

“ - ' -
*

This, some deachers felt ‘must tnevitably affect the way all of.
. the students perceive mathematics——i is something that you can think.
.about. Appropriate methods can be dteooverede;becauae, after ali" .
every atudent had seen Léx’and Debbie maRb the ‘digcoveries.

Thil raises a question: 1is this the kind of thing that Vygotaky
had in mind, when he agid, that "all specifically mediated human mental
processes’ arise only in the course of soc@dl*activity, in the procd!h
-of cooperation and social intercourse"?lo' Given the very aonaidqrable
hazards of usaian—English translhtion, it is nmot at all easy to, )

: arrive at anjanswer to this question. -

- of the 1960’ o U.S. dognitive studies in the’1970' : mathex
matics is comp and, creative; subtle.aspecta are 1mportant; actua
thought processes are important, and.differ from one child to
another (although there are’ important underlying patterns);
"discovery learning,” under *appropriate conditions, is:highly
- desirable; an elaborate pattern of ideas must be built up in a
child’s head, and only the “child can build 1it; if 10 the" tzacher s
*job.to help the child to build up this elaboratg structure of inter-

7, rveldted ideas, and to help the child’ correct. thafq§ruq§ure whenev?r

;;> ‘it 1s found to We. in error. ) AP ;z

. . ) ) . -
o h

2\"&

O

L;\ This haa a very familiar, and very welcone, :ound to many‘pathe— o

nntica education specialists 4n the United’ States . .., but, once
asain, given tlp d ff;culties of translation fton?kustdan to English, {
. and, givan our sparse sample of ‘purce matexials, it may all be a '
ploa-ant 11lusion, a comfortable misunderstanding, and nothing more.,
We: nhall need to stndy fat more of ‘Soviet resesxch, and to have avqil-
gblc more gbod trannlatipns, before ve can deciﬁi.- R . v‘i
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27. Who Should Do R and D? |
¥ * The history of education in the U.S. shows the gradual creation \
of a separate indtitution, with a separate cadre of professionals, to
provide for the pre-college education of young people. The degree
of separation has, over the past hundred years dr so, become extreme
(cf., e.g., Crenin, 1961). It is often believed that this very
déjree of separateness in itself constitutea a liability, and con-
siderable evidence can be found to support this view. But how can
the separateness be overcome? . Many who now stand outside of educa-
tion must become involved in it, and in genuinely significant ways.
An Anerfcan cannot help but be impressed by Sovigt universities--and
‘mathematics denartmenQp, not schools of education--operating corres-
' pondence schools, part-time schools, or - .residential schools for
: ( gifted students. Or by Kolmogoroff serving as principal of one of
N ) these special high schools, or being listed as one of the authors
' égs ) of pre-college textbooks.
\

The Pidneer Palaces. also form a link between the educatiod of
you:gjpeopla and the larger society, with scientists and administra-
< o . tors taking time off from their -jobs to contribute Qirectly to pre-
- college education (Johntz's Project S.E.E.D. haa also arranged this,
on qccauion, within the U.S. ); -

e o : ' N

[ _', ' ’ A decade or two ago the demands of the computer industry, the
) v - .’ denands of the vast space ef fort, and’ the expansion of higher’ educa- -
. tioh within the U.S. pulled mathematically talented peop1e|. v .

irresistably away from work with pre-college students: ' Employment
§ of mathematically trained people is now lagging, and hence an oppor-
"+ - . 7 tunity exists in the U. S., also, to get many more mathematically
' skilled people involved dirgctly in pre-college education. But, of ~
¢ . course, some sort of national movement to accdmplish tliis might speed -
‘ the process considerably. In the 1950's and 1960's, the Nq;ional
Science Foundation took the- Lfad in this effort. Who might do it
o i the 1980's? o y . z

. . ‘. . 3y
. . . .
- -
.

Ly T s <N
- 28, Heurologtcal Studtes DU - '
' s -Romberg reports in Chapter VI Soviet education makes spme- .
what greatér usg.of neurological studiqs than is common in the United
States. ‘The wprk by Martha Denkler, M.D., and Patricfa Davidson,
Ph.D., at Boston Children's Hospital is strikingly' similar to Soviqt .
' " work, and could serve as a point ofvtbntact for closed snternatior ‘
. cooparatioqpin this very new (and potentially very importhnt) fip 11 :

. . S e -

» S o a ‘ v N

* ~

R *2§ ”Thc History'of‘Sovict thool& : SN d _
‘ v ' ' ”\'= (-

St s s In the United Statées wezncceasarily becpme s0 qccupicd in the
- ,day—to-day problems of our schools that .we Sgnd'to lose sight of the.

llPapern by Denkler and Davidson are 1istcd'in the refarcﬂtea ‘for
cmpcé IX. ~ L S
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social and economic problams that our schools——o¥ poinible alternative . i
institutions--need to be addressi The creation of the strong S
system of community colleges (whi .overlap \high $chools in the con~

tent they teach, such as trigoquptry). under the Yeadership of John

Brademas and others, may be one of the most important developments

of recent years. Headstart, -Follow-Through, Upward -Bound, and the,.’

Job Corps were other promising ipterventiouns, blthougﬁ thair'contri-

bution to solving social and- ecdhomic problehi is .probably leas clear.

~ Nl q

There is a. broader histotic&l sbcial,,and,bconomic pattern. At . .

the present tiwe, in 1979, 1t is still the Case.that many adult . ' ' -

o ‘Americans are functionally: 1111€arath -ahd : many ‘are- extremely defi- o

a _ cient in ‘saleable skills. -'No educational programs aeem to be ' T ;
addressing this problem: effectively. , - ’ ' '

There may also ‘be less obvious patterns and prasaures. Where

are tqchnological or economic changes creating new educational naeds?’ )
When Americans left farms in large numbers to migxate to cities, we. v . .

_wére not prepared to deal with ‘the phenomenon, and 4t contributed to T
the development of urban slums and the decay of urban schools. When - :
the automobile and improved highways led to a migration of the
affluent out of cities', we were unprepared for the erosion of urban
tax bases and the loss of able students. What is happening now that - R
none of us is notiting, and for which we will find that we were e
unprepared7 '

- . -, )

The study of the history of Russian and Soviet schools can be
very eye-opening: ‘the consideration of the adjustments the Soviets
have made, and their reasons for making them, cannot fail to give-
Americans a broader perspective on social/economic problems in. L
“'general. It is not so much that either country has been’ entirely
successful in arranging education mso ag. to_ eliminate social and Lo
: economic problems-~rather the point’ is that we can ‘learn from the
various efforts. And we can get more ideas from the failures, than .
© 7 we-can from the successes. The point is NOT to 1mitate, but to _
s h reconsider (cf., especially, Vogeli .}971) . S o R

n° . . .
2 . « g
“
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" 30 Y. Mbthodology in Genaral ) T B 3 : ) s
-t ! KR The tmprovement of education, Ih many different respects ia °
definité need that should be addressed in a serious ways, The present
array of methods for observing,,dn.cribing, and analyzing education
- seems not to be adequate. Far too often one gets rcport; of '
oisnificant+difference" in cases where knowledgeable - observers puspect
that there was a difference, but for one reason pr another it was-not,
observed and d;scribad by the specific methods -employed, perhaps .
. because these methods were not sensitive enough or because they were
' mot focused on the places where the difference made 1tt.lf felt, .or . o _
« _ because several effects ‘canceled wach other out (a apccific treatment,- .~ , /.
" for example, may be. better for some educational goals, o¥ for some R -
ctudents and vorse for other goa}s or other stud.nta)‘ -

A4 . e ‘ v a . “a 3 R . !
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What is clearly called for is a greater determination to observe;’
describe, and analyze more effectively--and, at least at first, that
means by employing a far larger array of methods. The superb
- journalism of the Wall Street Journal is regularly employed to
B describe and analyze complex human undertaking.——;t deservas to be
. tried out seriously in éducation. Readers can easily think of other
' serious methodologies. U.S. educational R and'D has been too exclu-
sively committed to psychometrics, questionnaires, statistics, and
low-inferencé observational protocols. Studying the Soviet litera- . \
. ture inevitably raises questions about a wider array of methodologies.
. A
31.. Demographics: Education and Careers
. . " A major task of education is to equip everyone to contribute
- significantly to the chnomic hellfbeing of society. There are oiany
- ’XunQnaweredsquestioﬁs in this area. Quite a féw of these have not
’ " “aven bgen. seriously discussed. C o

Shanghaiing. We borrow this word from Harold Howe, who once
suggested -that normql schools were created -''to shanghai young women ;
into becoming teachers."” What we have in mind, however, 13 not

- primarily ‘teaching. 1In most fields there are higher-level jobs
- gnd lower-lével jobs. In medical services there are medical special-
"{sts, "general practitioners" or "family dbctors” or 'primary care .

‘ . . specialists"; .there are-nurse practitiomers, gtaduate purses, ..
e " registered nurses, practical npurses, nurges aiges, and para-
professionals. Who 1is to play which role? Who is.tp -earn $200,000
‘a year, and who is to earn $10,000 a year?~ Y s,
‘ + In the days when genetic determination of ﬁerﬁoxmancg ﬁéﬁabili— .t . c -

, ties was a finely developed theory, -things segmed to sort thémselves {’ *( Ty

’ out- nicely. Everyone could-.be presumed to rise to his gr her highest .

T levél. The theory didn't really work, but for a time it :gurvived,: s

. and- the spns of doctors’ became doctors. o St
Our present U.S. theory seems. rematkably egalitarian--nearly _
. everyone seems to be considered a potential candidate for nearly ‘ _
anything, and the main problem is often seen as achieving a fair e
- ~ distrjibution of races, sexes, and religions *gsgvery line of work. . . . -
This theory represénts”a correct recognition o certq;n'aspects of LTl
reality, but it omits others. A ] e A o N
. . L L. e v
. - . A !
_ offering young people «who aren't sure
of career directions fayrl¥/quick access to the lower levels of+ .
-« " various careers, but at. price of blocking them out’ of subsequent
S ' advancepent. We make it eday td become a para-professional; but. -
, " virtually impossible for a para-professional to becone a. surgeon; ’
SRR, and--this is the key point--we entice young people into becoming :
_ R “  para-professionalf without giving them fair warming, in a form they- '
A oan assimilate, as to what this will entail in future decades in R
- . _ . their own lives. The delicate point js a kind.of "truth in labal-." - f
Y e ling" question. Just what 1ﬁ,soc1e;xta responsibility to young : ‘

By, "shanghating' we m '

[y
?

Yy - +. 7. people, to warn them -of what {their future may hold, and to do 8o .in: ’ '\

el a'_ form that the young people w_z;tz réally underetand? =~ .
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Of course, presumably somebody has to work at low level jobs,

diehwashera, filing clerks, dental hygienists. Who? The
women's movement in the U.S. exacerbates the problem——it was
formerly felt that easy access to low-level jobs was appropriate
for women, but not for men, on the grounds_that a woman would work
at the level only briefly or sporadically, being mainly occupied as
a wife and a mother. Hence it could be argued that a fair bargain
was in effect-—womeh 1nvested less time, momey, and emergy in their
education, and were granted quicker access to income-producing jobs;

" this fairly well matched,up with what it was presumed that they

wanted. ° From men, more income would ultimately be expected, so a
larger initial investment-—as in completing college and medical
school and 1nternehips-could reasonably be expected.

That theory is becoming increasingly untenable--but what élseu
1s in sight to replace it? The "carser ladder" discussions in the

- Hhshtngton Monthly are a partial response, not as yet taken
"seriously by the .general public.;

¢Time. As another aspect of the demographics problem, we have
obsarved earlier that children as young as 12 years old may be able
to produce quality work in, for example, computer programming.
This ktnd of activity has at. least two features:.
(1) 1t deserves to earn money, but usually doesn't, partly
because of child labor‘laws (and probably also because
.nearly everyone assumes that '"kids Bhould be grateful
. + for the opportunity to. learn’ ——which of course, may -
' -'-~aqt:ualTy be true); : o

(11) 1c differe frOm delivering papers and waiting on tables - K
. in that it can have direct and important relevance to the
"student’ 8 education and future professional careers.

More provision could be made " for this kind of experience, and possibly .
ought to be. i
32. Spectf@c COgnzttJe Theories . ' ..

-~
v"’

Within the United States, a general not—yex~we11—formulated kind
of theory is. beginning tp .take shape, . concerning the human thought
processes thdt are idvolved in learning arithmetic, algebra, and,

geometry (Burton and Brown, 1978; Matz, 1979; Brown, 1979; Dalis, \

Jockusch, and McKnight, 1978; ‘and other work, notably by Herbert
Simon,vira Goldptein, Seymoun Papert, Allan Kaye, Marvin Mineky,
Edwina Hichenen [Risaland], JiLl 2arkin. and others).

. As disc
18 -rather ‘in

!ed earlier, one hé the feeling .that this sort of work
siftit ‘of much Soviet wgrk. Yet the translations.

_available ‘to s do ot seem.:o -anawer this question clearly. is -

there, in fact, ‘the. prosgect that thia kind o‘ American approach does
have QESoviet,Parallol ggd 1f so, are the two" lines tending to con-
‘verge toward a agnglg, e fully developed theory?

. - ~ " . > )
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One Vinu of Soviet Raucarch in Mnthcﬂltical Education‘

. Thonn- A. Romberg - ~ ' : -t

-

Xy *

The view prusented in this phébter vas primarily gainnd as a
result of* a two-week visit to the Soviet Unton in December 1978
The purpose of the’ visit ‘was to payticipate in.a "Seminatr qn ‘Teach—

.« . . ing and Learning" “¥ith’ dever othet U.S{.-educatfonal researchers and .

several-Soviet researchers at the Academy of . Pcdagogioal Sciences
“ in Moscow. 1. Twenty papers (seven U:S. and thirteen Soviet) were
. written prior to the seminar, translated into' the othet language,-
and made available to the participants. - Three and 2 half days were
spent intensively interchanging'ideas from the papers with our. :
Soviet collieagues, This was followed by trips to Tallin and Lenin-
gtad where we visited with scholars in institutions in those sites.
Also, we visited schools in each city getting first-hand iwmpressions
of tha impact of their research on teaching practicaa. :
- *The titles of the papers prepated by the American delegation
. vere: ‘

Lo « L}
L .

T. A. Romberg, "The Implication of Curricular Issues to
Rnscarch on Teaching and Learning '

B. J. Biddle, "Idé qlogy, Social Planning, and'Research
on Teaching in the United States“

A. A. Bellack, "Contrasting Approgchea to Resegrch on
_.Teaching _ . o

L. S. Shulhan;. "Recent que10p;ant'in the: Study of Teaching"

B. R. Tabaclinick, '"Teacher Education as a Set of Dynmamic °
Events" : ' )

T. S. Popkewitz, "Educational Reform' Centagonistic MEanings
. and Institutional Life" o \

. \
. R ‘. G. G. Wehlage, "Can Tenchera be More Reflective About Thedir

Work? A Co&mentary*on Some Research’ About Teach.rs"z ‘

i

W : . B
) .

lthe seminar wae sponsored by the Soviet Ministry of Education. The
. American delegation was funded by the Council for the.International -
‘Exchansa of Scholars. :

.-
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In .unmary, this ccc of papera emphanized thc "teaching" theunx
of tite conferencé. Each paper addressed 1ssues about the moet :

.ff.c51v0 and promiding trends in which reaoarch on tenching can'*x;v

be advanced. Alao, there was explicit attention ‘to-ways im which '

'1doolozy dehorninea parameters of reuearch in cha United Scnccq,

) v L]

" The titlbs of the papcrs preparnd by the Soviot participhqta-

were: ' - . s

- a .
~ ¢}

v. s@Kraj&VgRy, "The Didactic Principlno Underlying Teach- .
- ins 1in Soviet Schools"

; S . -
.

I. Ja. Lerﬁer, "Curriculum as a Component of Education -
Upbringing Process at School! ‘|

)

4« L. Ja. ZOrina, "The.Didactic Principlea of Fornation of the
Pupils' Theoretic Reasoning"

-

N. A. Menchinskaja, 'Problems of Self-directing of'Coghitive
: Activity and Developmenﬁ of Pupils' Personality" .

V. V.- Davidov, "~ "Basic Problems and Tfends of Soviet Research
in Psychology in Learning

A. K. Markova, "Psychological Conditions of Motive Forpation
in the Process of Learning" _ \
Z. K. Kalmykova, "Ways of Developing }’ubils3
Thinking" - . -

. £’ .

I. D._Zverev, '"Education Content in Soviet School"

Producﬁive

’

A. M. Piahkalo; "Features of Primaiy Educat ion"

G. G. Maslova,_  '"Some Aspects of Mathematical Education Reform

in Soviet School"

V. G. Razumaovsky; "An Instructional Procedure Analtysis and
Ways of Improving tle School Physics Course"

P. R. Atutov, "The Polytechnical Principle in Teaching the
- Fundamentals of Science" '

0. F. Kabatdin.‘ "Optional Courses"3

¢ -

A

2'!ha other member of the American Delegation was Beatrice Beach

Sxzekely, editor of thc‘Engliah~1anguaga journal Soviet Education.

3Tho order of titles for- both sets of paﬂdra are 3iven herq,in the

dtder of ptclentation at.the seminar. An edited set of these papers
will be pyblished by Praeger later this yaear.

"4
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: \ In puhppry. "the 8qviet papers emphasized ”learning" rather than
@ - Vreatiching."” * Each peper'wnp.deecriptive of particular aspacts of the
B . oinglez national schogl of pedagogy that exists in the U,S.S,R. The
- Marxigt-Leninist 1deoldgy of materialism 1is often cited as the
found jtion of Soviet education theory, and was officially accepted
as the fundementel context “from wﬁich all descriptions emanated.

e In epite of the difference in ¢rientation of the papers—U.S. ~
‘ _ ' studies bn teaching- and Soviet studies on learning--the subsequent
W diacuseione between both sets of participants proved to be very
A fruitful. My cemments in this papﬁr vere fornulated as a rqsult of
‘those discuaeions

1 ehould emphasize that my comments afe’ impressions, not facts.'

'« 1 am confident that -the basic ideas expressed in this paper have some
1& . . vnlidity, but given the small amount of ‘time, my underatanding of the
T ways in which .Soviets operate 18 limited Their. system could only

S truly be understood through a longer and more intense interchange.
THis” is particularly true since discussions had to be: carried out in: -
different languages. Translations cannot capture the’ huanoee of each
other's ideological assumptions. We often use the samewords wdth
substantially. differenq*meanings. - )

/ f. | To organize my impressions 1ét me pose three answers to. the
b following question' _ .
What can be learned by examining the educational practices
- R . _ .4 of a different culture like thdt of the U.S.S.R.? L

.

L . o ' Answar 1°

4.[’ 1 i ! ) o
i . IS
|
i

- : My‘fitet answer is thac compdrapive 8 ks make what one takas
~ " :for granted problematic! - As long as one operates within a culture and
.. 1ta prevaapnt ideology, one takes for granted a host of features of
schooling, mathematics instructiop, and reeeﬂ;ch Some features por- .
tray’ oply gyrface differenchks, such as "school operates five days a
week" (Soviet schools opérate six days a veek), or that statistical
procedures. are used: to build & rational argument in research (Soviet
researchers rarely rely on suatietical reasoning). Other differences
between cultures.are more subtle and 1llumihate problem areas in "our"
- work rarely addressed. -I would like :to illustrate this with two
. examples, _ ’ - . s . " -

Example 1: The conflict between individualism and ogllectiviem.

Yo /jt) Schooling is-of necessity a collactive experience. For the child,
S being ih school means being in a crowd. For the' teacher it mesns
alvays ! ing responsible: for ‘a group of students. Thus, the.problem
v of how #small number of adults can organize and manage a %arge number
, ) " of chlldren is the central organizational problem of achools. . However,
" within thie collective experience two aspects of the doctrine of

—_—
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individuallsm-in American schooling are parnuouné;' First, we beile

)  that students differ on a variety of important intellectual traits,
and that these differences should be considered in schooling. The
implication is that, by attending to such differencea, instruttion = _

will be both more efficient for the fpstitution and more revarding’

’ # for each student. Second regardleas of the ingredinnt& of n lqsadn

the dominant pedagogy in our schools involyves intragroup compatitio
Competition- is fostered because it is both a method mOtivating
learning and a means of differentinting between studénts.-s Accom-

plishing an asaigned,tnak and perhaps doing it bette ﬁt faster 1s...

revarded. Also, going o school means being evaluated. ' Children
. -are constantly having their words and deeds judged by others.. Thua
’ the job of ‘teaching is in large part seen as creating compctitions

and judging the results. _ \

2

Before going to the Soviqt Union, I ‘4ad always taken 1ndividua1 s
> differences and intraclass competitioh for granted. It 18 trues that ‘

we haye not provided for individual diffbrances very adgquabely and
the competitions often are biased, buj.we are striving vihk odur.

o " research and reform movements to oveEgEMe our 1nadequaciea‘and our
biases. :

A
n., TR

’

. . - .
’ .
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) v . .
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/ [SE
- +
«

In the first classroom I.visited in Moacow'(a';hirdfggaqé class . D

doing multiplication problems), I noticed a child copying e gteps
of a” problem solution from his desk partner. I coummented oy guil
that the child was:cheating. The -reply was, '"Cheating? - No, he is
being helped.” This turned out not to be a unique experience. In

»  fact, deskmates werg working together in alB’cllInroomn I viaiced
cqg\ing from each dthet, assisting ench other with answers, and so
o

Intraclasé cqmpetition seemed not to axist. Instead, collabora— :

tion §bamed'tb be the rule.

ﬁgfera inethe seding [ For example, Lerner stated:
' N

. e ' . ... that the teaﬁbing ‘process is a.social-pcdagogical cate-
~ gory essenfially given by the so¢ial system, it follows. that.
" ‘the most vital link hetween the curriculum and education—--
upbringing-érocess*is,that which represents the ngeds aﬁd '
- goals of a"society vis-a-vis its schools. Educa Onﬁi .
_ systems differ according to how.they answer the. foilowing
~ four questions: for whag, whom, what and how to teach.

v other words;. the answer to the questions of educational
s :* “goald, student contingents’,” curritulum and teachlng.methods
i ~* tafsp collectively, determine thé essential features of any

. education. The ‘USSR 1is called upon to produ‘hc roundly and
" harmonipusly developcd persons capable of participnting in .
the building of the jiist social system; i: fnrnis‘:! équal ’

-‘cdudatipnal opportunities for*nll social CsFltﬁ

. Q / . Y B . q ~n A . .
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1 raised gueéciona with Soviat rescarcher- about these observa-
tions. They in"turn led me back to’ points raised in the Soviet .

‘a
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He goes on to state that "the all-around development-cf pefaonulity
is. the global goal of schooling." An appropriate personality
deyelopment involves such principles as:

-— formation of materialist outlook at ‘the acientific-
theoretical level ,
—- humanistic orientation of the content
~-— formation of progressive social ideals and a wide system ) )
of humanistic values, including moral and aesthetic ones : .
-- fostering of optimism and conviction of progressive
. development of mankind -
-— inculcation of quulities conducive to.a socially active ..
, personality : _ .
-— 1inculcation of patriotism and 1nternationnliem N
-— observance of the polytechnical principle in the content ’
of education .
-- observance in the content of education of conditions pro- ‘ .
viding for readiness for the world of diverse work
-~ formation of a creative personality :
- = formation of a physically f1t persoﬂality.

i

—

Krajevskij stated that these principles could only be accom-

plished by - ) _ .
/

J..rearing'the class as a learning co{}ective which
furnishes conditions conducive to both agtive apd well-
organized work of all pupils.ga...school children study CoA
in clags collectives " Followifg graduation school- : .
learners work also in various collectives which are
linked through numerous channels to the great collective

of our entire nation
'
/

During the seminar, I had viewed these statements as being in the

nature of public-relations rhetoric. After vigiting schodls, I
see them now as operating principles. : ‘

Soviets recognize individual differences but do not -view them
as that important. Schools should not try to differentiate ‘befween
students, Being a group member of the collective; helping each
other; not standing out or being different° minding parents, teachers,

-party heads, etc.; not complaining; and so on, are valued. Competi-

tion (for grades, class standing, etc.) is viewed as a "capitalist"
strategy to train students to be better salesmen and consugers.
Collaboration is viewed as a socialist sérategy to train students

to be better members of collectives. Some of the consequences of
this fundamental difference between Soviet and American schoals have *
been commented upon 1in' Chapter II.. Soviet schools are warm, caring
places; college preparation is not central to .schooling; parents are
idvolved. . . . _ L

This experience has made problematic the individual differences
—intra-class competition basis of instruction, I have taken for X

\ ' ! : *
) S >
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grantad. ‘Contrasting schoals has made real to me the notiows of
the "hidden curriculum” of achools and the importance of cultural
ideology on schooling.: .

I might add that lack of classroom differentiation has created
'a serious problem for the Soviets: namely, how to identify talented
studenta. They provide special training for some talented students,
bt the opportunity for such training depends heavily on parental
otcupations and on where one ldves. A child of prxofessional parents
14 Moscow or Leningrad has some chance of attengding specialized schools.
‘Children in rural . villages whose parents work on collective farms
probably have little opportunity for  such experiences. RN

Example 2: The work of teachers. N ‘l:

.In American. elementary schools, children are initially grouped
b} age (all six-year-olds are in the firat grade). In most schools,
another step in‘/grouping is taken by subdividing the chjildren into
sets containing 20 to 30 members and assigned to a teacher for a
school year--the self-contatned, age— gradéa classroom. The teacher,
within some general constraints involving grade-Ib‘°1 expectations,
18 given considerable latitude in scheduling and deciding what will
be done. The.work of a teacher then becomes: selecting’ and assign- ¢
ing lessons to a class of students, starting and stopping' the
léssons’ according to some schedule, explaining the rules dnd proce- /
* dures of the %esson, judging the actions of -the students during the
lesson, and throughout maintaining order and control. This the .
teacher does for all areas of content:for the same group of students
for a school year. A key assumption made in the American‘system is
that each teacher 1is an independent decision-maker. Although lots
" of materials, curriculum guides, scheduﬁes, pupil data, egc., are
\available, the independent teacher dgcides what content to teach
what activities and materials to use,' how students should be organ-
‘{zed, ,how lessons should be presented, how performance is to be
judged and so on. Creation and adaptation of lessons for the
particular group of students under the teacher's direction is the
basis of the job. An obvious consequence of this practice’ is ‘that
the details of what goes on in each class are different.
v : . :
In visiting eleven classrooms in three Soviet schbols, I found
striking similarities in what was goéng'on'acrosa classes. Begin-
'ning in grade 4, classes are- taught y subject matter "specialists":
mathematics is always taught by somebody who . teaches nothing but
mathematics. From grade 4 upward, the. self-contained classroom does
not exist. Furthermore, each class is taught in the same way in
every classroom throughodt the country. Teachers follow a prescribed
didactic sequence involving first a lacture and then questions. The ..
‘prescription of what to do is in the form of 4 detailed syllabus
which is almost a- script the teachcr is to follow. Students proceed

)

\

§Tho good referenced on this topic are Apple (1979) and Cagan-(1978).



N

in somewhat totd’fnshlon upon the prodding of teachers. 1In this .~
instructional system thq teacher 18 viewed a8 g econduit. Teachers
are not supposed to adapt or change materials to meet the needs of

their students unless they get prior approval, They are not deen : o
as protessioﬁii de(ision-mnkerQ, responsible for planning a curric—l
ulum, ) : R

_ This realization has made problematic the latitude we in the

v United States give teachers in deciding how instruction is to pro-

ceed. This {s of particular contern to me since, for the past
.several years, I have b:?la olved with several projects in which.
what teachers do Yteach actions) is being related to what students

v do and to their achievement.> - From these classroom studies, it 1( ' "

) agonizingly plain that the teaching of mathematics by many elemen— N
tary school teachers in the 0.5. is awful., Little. time 1s allocated .
to mathematics; structyring of ‘tessons, higher-order questioning,\ /
and appropriate feedback are infrequent; students spend inordinnteg
amounts of time wqiting or off-task. The Soviet experience has le A
me to question our tradition of allowing teathers wide latitude in & / * ’
ingtructional decision making. When latitude leads to license to be
incompetent, can we afford 1it? '

a o\ ;

Iny summary, for social scientists it is important to examine
schooling in different ideological settings. Only by doing so can o~
we discover that our assumptions are not invariant across national
boundaries, _ . . !

° - ) -} - .
! "y .. Answer 2 ' _ /;

My second amswer to the question of "What can we learn...?" is
that ‘comparative studies can <lluminate procedures used by different
systems to solve the same pwoblems. In so doing, the comparisons can
reveal the strengths and wéaknesses of each system. To 1llustrate
-this let me agqin use two examples: '

Example 3: The Depelopment of Curricular Materials. ' o
In all countries the preparation of content materi 8 to be~used : .
by teachers and pupils in classrooms is a major enterpr e. In t
country there are two systems (sometimes complementary a d sometimes
antagonistic) involved. The first: is the,foundation-spoRsqred
‘(usually with fedé%al funds) development groups such as the™University
of Illinois Committee on School Mathematics (UICSM), Schodi Mathe-
) wmatics Study Group (SMSG), Madison Project, Minnemast, Comprehensive . \ -
' School Mathematics Project (CSMP), Individual}y Prescribed Instruttion
(IP1), Developing Mathematical Processes (DMP), etc. Im these groups 4

L ~

-

L. . t

’ .

; \, ot . \ o ) ' . . ’ .

. SThc'itudigs are the Beginning Teather Evaluation Study conducted by ©
. the Far WesttLaboratory, and the IGE Evaluation Project and the Inte-
grated Studies in Mathematics Project, both conducted by he )

University of Wisconsin R&D Center.
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math,maticlans work with teachers 'and often other educators to plan,
write, and tryout sets of materials. An ideal sequence of reaearch
» dévelopment, formative evaluation, production, implementation, anﬁ
- - summativé evaluation is expressed, even if it is rarely followed.
- . The second system is the commercial publishers. - Since schools buy
: materials, competing for those orders is big busineas, Publishers
prepare materials in a variety qof ways, sometimes by producing
foundation-sponsored materials, nore often by adapting such
mafierials, and most often by having "{n-house" authors prepare the
texts. The end resuylt is a¢ide variety of matenials being used in
schools with:considerable variability in what confent 1is included,
how the eontent is approachéd, and what. teachers and pupils nctually
do with the materials. :

.
. I i

In the U.S.S.R. the aystem'for,prgaucing materials is quite
different. Educational planning follows a clear, deductive sequence.
Official planning begins with one societal objective for schools-- i
* to "‘produce good citizens. Given this goal, the organization of ' '
educational planning Wnd research follows deductively. The writings’
©of Marx and Lenin are used to outline what it means to be a seocialist
-and the attributes of how to become one. ,Then a series of princi-
ples related to learning and instruction are posited, based on such
authors as Vygotsky, Galperin, and Leontiev. These are psychological : i
- principles of ‘communist upbringing. Next, the structure of the con-

. . tent to be taught is specified. . : : g
. It 18 only here that mathematicians and mathematics enter. The \ 2
need for mathematics must be first justified as socially useful. As. ! I
ZVerev Btatest: r :

\ . . ‘

: The December, 1977, Resolution of the Cen;ral Committee of ] .
\ - the CPSU and the USSR Council of Ministers on School empha- - |
» sizes that the improvement of the content along with the
' other components of education must meet practical needs.
It also stresses the task of combining thorough knowledge
of the fuyndamentals of science and work training with
preparation of schooL students for socially useful labor.
. . ‘ \ .
To achieve such school improvement it is the reaponsibility of the !
4 . © Ministry of Education and its Academy,of Pedagogical'Sciences o ; !

... to take into account the conditions under which modern
g . school operateg, for example, the acceleration of scienti- - -
. ' “fic and technical revolution, high 1ife pace, intellectual q
A . character of labor, wider professional outlook, the. . B
AR necessity fog new, more complitated activities. These . o - f
demand better educgtional afd polytechnical training, quick . ;
oricntation in the mounting scientific and political infor- . §
mation, ¢omb1n1ng of knowledge of the scientific fundamen-- . ;
. tals of production and formation of labor habita, poly- . ¥ I
technical tfaining. : . ' |
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From this basis Lerner states that the firat principle which deter-
mines the design of curriculunmf in the sdcialist scHool is "the
scientific nature of content.'" By this he means:
... the fundamentAls of asciences central to the contem-
porary natural-scientific and social picjure of the world.
The fundamentals of sciences are seen as the sum total of
fundamental concepts, laws and theories and basic facts
they condition, as well as major types of problems tackled
by the science, and its methods... ' .

_ The responsibility of the mathematician'then is to specify the con-

cepts, skills, problems, and methods of mathematics, and to help the
psychologists and ‘pedagogical scientists in their trangslation into
lessons. Note that there is less scope for intellectual disagree-
ment as to what constitutes an appropriate conceptual framework than
we are accustoméd to in the United States, where, for example, the '
BSCS produced three different biology courses, and where three alter-
native geometry programs are based, respectively, on Legendre's,
Hilbert's, and Birkhoff's axioms.  Such arguments are interesting

to Soviét scholars, but if a single prograﬁ is to be developed, then
agreement on fundamentals must be reached before pedagogical princi-

. ples can be derived. Within the Sb}iet framework, this agreement

must be nation-wide. Finally, based on this logical superstructure,
the Academy of Pedagogical Sciences develops instructional programs. -
_ R .

At present the basic psychologicdl structure for tﬁe teaching
of mathematics has its reots in Vygotsky's seminal work on proximal °
zones of learning and several interpretations of that theory for
mathematics. Davidov's paper for the seminar outlines first the
work in the 1940's by ‘Menchinskaya (also a member of the seminar):

... one of the key moments in the child's learning is the
formation of the child's generalized modes of operations
over the obtained knowledge. * These generalized modes allow
-children to apply these modés in varying conditions within
frameworks of a definite group of objeots of common charac-.
ter (papers by D. N. Bogoiavlensky, E. N. Kabanova-Meller,
S. F. Zuickov and others). Mastering of the'geheralized .
modes of operations is am important means in the child's
mental development (alongside this process the, principle
of the unity of edqcai&q& and mental developm&n{ is
realized.) ' k\ \ //\
ke
Davidov goes on to state:
.+.In the 50-ies another approach has been ohtlined and led
by P. I. Galperin. The main gchievement received in the
frames of this approach is the assumption of bastic types of
learning and stage-by-stage formation of mental actions as
a theoretical consideration of psychological mechanisis of
concept and skill formation. Among all the variety of types

w
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\
and forms of learning it is poaaible to stngle out the

three main ones.

The first type of learning implies a spontaneous orien-

tation of the child in the situation of learning, when

mental actions are acquired without a spacially orépnized
orien—

tation vhtch similarly guide the child in realizition of

actions.

The second type involves the discovery of such a ‘system by

.the school child but with the-help of a teache®, -And

.-finally the third type of learning suggests that the child

himself discovers the general method of forming the entire
orientating basis for the required actions with the
indirect prompts by the teacher. .

...0ver the (last years on the /9818 of this approach an
attempt' was made to imp some ‘principles of the general
theory of comtrol. Jzim of this attempt was to reveal
conditions of effective control over the child's cognitive
activity and control .over the process of learning proper
(papers of Talizina and others).

El

in the 1960s:
[}
...another trend was formed led by D. B. Elkonin. In the
frames of this trend there are studied conditions and .
regularities of the child's specific learning activity,
which has 1its Qqn,needs, motives, tasks, actions and
operations. The motive of the learning activity is the
necessity of creative approach to the reality. When the
child selves a problem, he masters the universally theo-
retical method of solving the entitre class pf problems.
This general theoretical method is based upon the analysis
of inner conditions of thevorigin of the givem system of
objects., The child reveals the genetically initial uni-
versal relation which lies in the basis of all the partic-
ular manifestations inside the system. This generalization
differs from the formal empirical generalization based on
the cotmparison of external similar indicatidns of a group-
of objects. Such 4 comparison allows children to acquire .
only the ready knowledge of a dascriptive character, while
analysis and theoretical generallzatf%ﬁ reveal the sources:
of the origin of the notion of an objett. This theoretical
generalization introduces the child intg the corresponding
theory. Solving of a learning task is rried‘out with the
help of follgwing actions:
1. transformation of the situation vhfch-may bring about a

‘discovery of the universal relation propqr for the given

gystem of objects under dnalysis.

2. modelling this relation in a graphic or a lynbolic form.

3. transformation of the nodel to studying properties of
the universal relation in the general ‘'aspect.

4. deducing the series of particular concrete taaks which
may be solved by the general method. .

)‘ . | -\'.
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5. cdntrélling fulfillment of the pfeceding actions.
6. estimation of the general mothod as the result of
solving the given task in the pProcess of learning.

Although the principles’ are stated abstractly, all.of these psycho-
logists have primarily worked 1in the grea of mathematical learning.
This 1ist of six major actions is their attempt to build a set of °*
paychological principles which can be used to develop programs.

In the end, this planning sequence results in a syllabus for
mathematics for use by teachers and.student§7throughout the country.
The syllabus is a very detatled Leavon plan (not quite .a script)
which teachers are to follow. Forp crample, a syllabus includes the
kinds of quebtions teachers are to sk in each leeson and how much
to cover each day. Soviét planning, their development of syllabi,
and'thgir research show this same pattern for central control and
tight organization. The Ministry of Educatién, in response to
political priorities (established by the Politburo, ete¢.), estab-
lishes goals (five-yeat plans). Tt assigns to the Academy of
Pedagogical Sciences all tasks -associated with curriculum develop-

. ment, teacher training, and research. These tasks are ‘then parcelled®

~out to the 13 different institutes within the Academy. These insti-

tutes then work on their assigned tusks (eften with the cooperation

of experimental schools). : . - -

: In summary, curriculum development ig a top}d@wn bureaucratic .
.system. It is the responsibility o{ the Academy of Pedagogdcal

* Scilences to see that the syllabj ‘that w%ll be used in the schools

are developed. For example, the development of the last new mathe-

matics curriculum required more than 10 years to produce.

- Clearly, the gystems of curriculum production in the U.S. and
the U.S.S.R. differ. By contrasting them, it is obvious that the
strengths of one are the weaknesses of the other. For example,
in the.A@erican gystem it is easy tu introduce new ideas into
 curriculum production. There are no constraints on trying out,
producing, or selling anything. Thus, as times and technologies
change, materials can be quickly produced. . In the Soviet system
this is impossibled. New ideas must bhe approved, carefully examined,
tried out, and developed by the Academy before they can be used in
schools. However, the American system has no real quality control.
New material may be nonsense or use terrible pedagogy, but if '
schools are willing to buy, then it {s gold. Likewise, new good
pPrograms have. problems getting matervials adopted, {f the costs are
too high. Thus, many new (particularly federally funded) projecns\\
find publishers unWilling to publish and matket them. This is . )
certainly not the case in the Soviet Union. Quality control is of
critical importance, and if materials are approved then all schools
across the nation will use those materials. »

-
-

A second weakness of .the Ame:jsnn system is the lip-service ve
}ivd to research principles. . Tha {s; materials may be produced
.with little or no tryout in c¢lassrooms by teacheys and may be

- - A
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totally inappropriate. Again, this is certainly not the case in the
Soviét Union. The research paradigm is followed carefully, believed

in, and if the material {is appropriate it 18 then implemented with
the’ “full resources of the Academy of Pedagogical Sciences.

4

Example 4: ThelLogio of Research

American educational res@ﬁ?ﬁh 1s Jnrd to ‘portray adequately, in
part because its philosophic basis is as varied as the philosophies -.-
of the individual researchers. - The inadequate distinction between

"pure" and "applied" research nepardtes imquiry into two categories:

“theory-based inquiry aimed at clarifying propositions within some

hypothesized framewotk, and engineering studies aimed at building
better materials or techniques. Other distinctions, such ‘as
"conclysion-oriented" vg. "decision-oriented;" or "quamtitative"

vs. '"qualitative,'" merely .highlight the variety of activities labeled

" as research in this country. In spite of these distinctions, the

logic of American educational research most often involves the lan-
guage of experimentations and ‘the idea of cause and effect from a
"critical-realist" philosophic position.® The desired end-prodyct
of a large proportion of American research 18 meaningful causal
assertions which are contingent on many. conditions and hence
fallible bnd probabilistic. Thus, m any U.S. regearchers compmonly

. /rely on such ideas as validity, reli&bility, and generalizability.

The terminology and methods of statistics are ugsed to build logical
arguments about causation and genefhlizability.7 Most researchers -
today .follow hypothesis —-testing procedures best characterized in

terms of Popper's notions of falsification (1972). Researchers posit
hypotheses about relationships between variables, and tfien systemati—“
cally attempt to falsify those propositions While there are counte¥-)
trends within the American research scene, this "nealist" orientagtidn

.seems to be the dominant language and methodology employed by educa-

tional researchers in‘this country

q

In the Soviet Union, research follows a different logic. As
perhaps nowhere else, in the U.S,S.R. philosophical consideratdons
have-strongly imfluenced psychological theory; psychological theory
has, in turn, helped to determine educational practice. Educational
method in other words, has been explicitly justified in terms of
the major characteristics of the Soviet view_of psychology which in
turn has been justified by a coherent and unified set of underlying
philosophic principles.. This interdependence is perhaps the #vst ’
striking characteristic of Soviet research in education. Their -,

° )
- -
> [y
. .

6[!d; note: Alternative  foyhdations of reaearch'have been stated by

Herbert Simon, John Seely Brown, and others. These are probably
minority views, but they are stated by researchers of impeccable

credentials. ]

’:

A}

7An excellent book on this is Cook and Campbell, ansi-egperincntation
1

Deq_gn and Analysis (1079) .
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* research thus follows a -basic Aristotelian notion of logical veri-

fication. To illustrate this dependence, let me briefly summarize
the mafor characteristics of current thinking in the Soviet psychO*
logy and 1its philosophical determinants. . . o
In general, psychology in the U.S.S.R. is marked. by the follow-
ing major characteristics: (1) a strong emphasis on the importance
of practical activity in an objective pliysical and social world for
developing knowledge; (2) a concomitant emphasis on the importanee
of, conscioys knowledge in directing human activity; (3) a dialecti-
cal; genetic .perspective which argues that intelligent human action
can only be undérstood in its development, and that development .
proceeds by stages and as an active process; (4) a socio-cultural
perspective which emphasizes the.importance of adult-child social
interactions (particularly those involving the linguistic systemati—
zation ¢of cultural knowledge) in the determination of the child's

developling intelligent activity; (5) a neuropsychological perspective .

which dictates that whgtever neurological knowledge exists must be.
taken into account in understanding psychological phenomena, but

“without in any way reducing the psychological determinants to under-

lying neurological ones; and (6) a complete rejection of standardized
intelligence testing in favor of a clinical ‘gpproach to individual
diagnosis. i
(1) Practical Activity in Déveloping Knowledge. Soviet philo-
sophy assumes both the' existence of a real material world independent
of any knowing subject and the progressive*adequaci_of hoth the indi-
vidual's and the society's knowledge of that world over time. Both
the source and the criterion of adequate knowledge is practical )
activity. Human action 1In a real world develops and corrects man's
knowledge. Fo;,psychology, this ‘implies that' an understanding of
the characteristics of human thinking can-bé-obtained {through an

analysis of intelligent activity. The structure of hwhan action .

becomes the structure of human thought. For education this'emphasis
on action means that diagnogis of the nature of a chtld's development

' must rely on an analysis of his or her patterns of activity and that

inastruction must include the actual manipulation of concrete mater-
ials in meaningful, ecologically valid situations. Thus, academic
programs must be designed around practical, life-like experiences for
the child if, in the Soviet view, they are to attain their objectivé*
of developing the child's cognitive capabilities. .
v

(2) Conscious Knowledge in DirectingﬁHuman Activity. Just as

_practical acﬁlvity serves to correct and 'd lop hyman consciousness,
" conscious knowledge is seen ag guidipg and directing the activity by

which a person alters his or her own environment and consequently
becomes capable of self-development. . For Soviet psychology, this
implies. that the study of behavior by itself, apart from a descrip—
tion of the knowledge which guides and directs that behavior, is
fruitless.. A proper understanding of human action can only come
through study of that action as intelligent knowledge-guided action.
This implies that instruction which attempts to deal only with

s
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surface behavior while ignoring the child's understanding of what is
expected to him or her in a given situation is to be eschewed. , For
behavior to be deemed adequate and intelligent, the child must com-
. "~ prehend what he or she does and ‘why he or she does it.

(3) Dialectical, Genetic Perppective. Dialectical naterialism
is founded on the assumption that all-that exists exists in a state
of constant alteration and development, and that the form of this

~ development is described by three laws (called the laws of -the

dialectic). Very briefly, according to these three laws development i
is both continuous and discrete. "It consists of gradual quantita- ¢
tive changes which give rise to sudden qualitative changes in which
phenomena become determined by new sets of laws to which they were
not previously subject. Such development occurs as a process of the
resolution of internal contradictory teqdencies in a phenomenon. -

-t Hence the motive force for development lies within a phenomenon
rather than in the surround. Lastly, development not on§y occurs by
stages, but new stages integrate previous stages so that characueris-
tics which exist at a lower stage reappear at higher stages 1n a "
continuous progression,

Al

The implications for psycholoé& of the notions of constant
alteration and ¢f development corresponding to these general char-
acteristics are several. First, .in such a system all psychology .
-must, in an important sense, be developmental psychology. Psycho-
logical phenomena can only be properly comprehended in the prbcess
of development. Secondly, psychological theory must to a large.
extent be stage thegry. Since development i§ qualitative as well
as quantitative, #spsychological phenomena are best understood in
terms of relativeély constant, integral unities at particular points
of a genetic process, or stages. Lastly, psychology must reject

', models of human intelligence which see it as dapassive recelver of
sensations, striving-to regain a state of equilibrium. The psycho-
logical organism is an active 'unity which carries within it the

,. ‘motive force of its own development.’

Le ,

5. These views may be discerned in a number of areas of Soviet
4 work with children. For example, the severity and the source of
handicaps are classified on the basts of qualitative differences
in, performance in complex tasks rather than on quantitative differ-
enqes such as the number correct on a psychometric instrument. In
the design of curriculum materials, the principle of constant alter-
ation and development leads Soviet educators to adopt the strong
. attitude that development never sceases, even for a child whose
) " progress may be extremelyi'slow. In addﬁtion” development is seen
N as stagebound, progressing through a_number of "zones." The task
' “of the teacher is to help the child systematically lead himself or. - N
herself through this developtiental progression. .The notion of' the -
childi{"leading him%with adult help also comes from ‘the princi-
ples of dialectics, which assert that. dcvelopment is an internal -
principle. Development is in fact self—developnent, and one of the
major emphases in Soviet educational work is to assist the child in
achieving the means to continue ‘developing himself or herself.

R -
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(4) Socio—Cultural Perspective. The notion of group labor,
out.of which society, language, and culture evolved as means through_
which humans can change the world and consequently alter and develop
their own consciousness, is of primary importance in Marxist thought.
From this perspective, Vygotsky developed a socio-cultural theory of
cognitive devédlopment which continues to influence most of special
educational practice in the Soviet Union. Specifically, Vygotsky

noted the importance pf what he termed "cultural mediatoxs’ (of.which
language is the most 1mportant), which are employed in s*l inter+

course a8 socially developed alds in relating to reality as the

primary means by which the child comes to regulate his or lier own

higher mental functions. Words and other social mediators possegs

the unique characteristic, in Vygotsky's view, that they are always

a 'aign,' a reflection of something. It is in employing such signs

that humans become’ capable of easily introducing changes into exter-

nal reality which in turn reflect back upon'and develop their

~ consciousness. By altering his medium, a man is able to regulate his
own behavior and control his own psychic functioning. He is no longer

dependent on the reality of thj external situation. .

In discussing the ontogenegis of this regulatory process,
Vygotsky asserted (and Soviet theory continues to rely heavily on
this notion) that all specifically mediated human mental processes
arise only in the course of social activity, in the process of _coopy”
eration and social intercourse. Psychologigal functions at first
shared between two'people, in particular between a-child and an

1t, become the internalized psychological processes of one person
(in particular the child). "~ Thus €he structure of mental processes
18 at first present in humans' external social activity and only
later becomes internalized as the structure of inner mental func-
tions (e g., egocentric speech is internalized as inner ‘speech or
verbal thought).

- These notions figure prominently in both the classification and
training of Soviet children. For example, one major method of dis-
tinguishing amodg the three categories of functioning--""normal,"
"developmentally backward," and "defective"--is to present the child
with a task which feguires that he or she supgly missing organization
to materials. In such a situation, appropriately aged children who
are functioning normally will be capable of providing some of the
missing organization themselves, but retarded children will not.

If, however, the same task is then presented again with increasing
levels of adult organizational intervention (in which the adult _
provides the child with certain prompts in an attempt, to help him or
her to organize the information in the task), the "developmentally
backward™ child, who may perform much more poorly than the normal
child vithout such prompts, is capable of improving.his or her
perfornance virtually. to a normal level through utilization of this
additional organizing information. The "defective," on the other
hand, will generally be unable to take advantage of the increased
socia) organizational information to increase performance.'

L % ' ’
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(5) Psycho-Neurdlogical Perspective. Psychological phenomena -~ =
are seen from the Soviet perspective as vety closely linked not only
to the real physical world which the knower gradually comes to knaw,
but also to underlying heurological function (referred to s )
"higher nervous nctivlty")‘ In psychology, this 14 manifested in
the high level of development reached by Soviet psychoneurology,. in .
which various types of behavioral dydfunctions may be quite reliably
linked to respective forms of organic brain damage, and. in a
reliance on many of- the ideas of Pavlov in the formulatton of
‘psychological theory. Soviet psychologists are careful to stress
that psychology cannot be réduced to physiologj but physlologic&l;lt
laws and facts must be- taken into" account in any adequate psycho—
logical conceptualization.

«

In Soviet education, this perspective is perhapa most clearly
reflected {n the lengthy and careful clinical diagnoscic procedure
.through which the arganic eciology of particular handicaps in
children is diagnosed. As ., a rule:ZSULh a diagnosis always includes -
medical and psychonaurblogical examinacion in which..the possibilityr
ard localizatiofx-of> grganig - etiology is eXplored This lnformatigmfy R

is then employed along.with more specifically sthpl “1nform ~*5”~' Pl o

tion about the child's'action patterns tordetermipe’'p acémant and 4) -
a large extent even, the course of\training. In ad@ifiog» undhr the - . v: o
influence of the pwsycheoneurologic and Pavlovian perspéhciye, Sovietd*lgﬁ,#:;._
training programs stress the nocion of '"compensatory mechanisms,\ NGRS

a notion which derives from the idea that portions of the brain o N

which are functioning ‘adequately may in time take over some of- the , [
functions normally assigned to brain areas which have received- par- _‘m

wial lesions. - -4

[ 30Y

~ (6) Lack of Standardized Testing. For reasons derived f;om/%g;
philofophical positions gdiscusied above, Soviet theorists ej/ac the
use of standardized intelligence, apcitude, or achievemenc assess-—
ment. Standardized tests, they argue, rarely stress appropriacely )
the' child's active manipulation of meayiﬁkful objects. Rather,. such .
tests, for purposes of standardization; must place the child in what
Soviet psychologists consider highly rigid, static, &nd artificial
situations which deny.children the flexibility of Qtilizing the
skills that they do possess\yo compensate in part for those which
they do not possess (and hence, the Soviets would claim that the
examiner finds out very little of interest about either). :Further-

more, st&ndardized fests result primarily in quantitative rathex ' .

than in qualitative assessment of the individual child end hence
 stresas the continuities in development at.the expense of the equally
important discontinuities. Lastly, sta psychometric testing
drastically ,restricts the foxm of or even e rely eliminates adult-
child interactions in general,'the procedyre®thus leads to a ten-
dency to fail tq_E;Le account of important psychoneurological infor-
nation, : -

In place of standardized psychometric -evaluation, Soviet psycho-
logists and educators. employ a multi-faceted:yclinical assessment in

ra
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which" doctor, psychbneurologist, specch therapinst, hearing apecial“-
. "o iat, teacher, or whatever other peraonnal might ‘be indicated examine
' the qapabilities of the ¢hild and arrive at a conqenaual diagnosis.. -~
;‘:‘3{ .
The logic of Soviet research is to conduct .studies with this -
framework: of philosopbierpsychological thought. Each study is seen '~
. "My, 1in terms of adding & piece in a larger chain of inquiry about a P .
Ce " particular phenomena.from this perspective. The Sogﬂgt researcher
’ ) is not challenging assumptions, but is trying to verify assertions
developed from the theoryg . It should be noted that the typical
articles written by psychologists are either descriptions of instances
. of how materidls are used.from selected tryouts of topics to verify
the principles from which currieulum matgrials were developed, or
: present information on how ideas are 'processed by children within a
o o par%icular sttting. 1In this respect there is no concern about prob-
' lems of sampling, statistical inference, ruling-ou&.bfﬁgua, or alter-
. . nate explanations to particular hypotheses. .Since children are not i
, baaically different, any eample of children will do as well as any
- others. And 1f results are not verified in a particular teaching
experiment; then ft is assumeg-fhere is a flaw in the derivation

of specific activities. C/ . . (,(

.
, In comparing these two systems of research, the strengths of the
“ T American system seem apparent. ” First, the poesibility of continually %
questioning the aggsumptions upon which a research question is based
is ceptral to American research. Thus, we are engaged in a prolifer~
ation of models and methods for conducting research and a continual

' healthy argument about the assumptions upon,;,which a research sequence e Y
. is based. This is far less'prominent withi Sovies methodology. For - %ﬁ@
the Soviet researcher, assumptions are philasophically based, within S
. a particular framework. One does not ordinarily question that frame- ' ’
X ‘ ' " work.  Second, researchers in the United States are-concerned about

validity, generalizability, sappling, etc. These have hecome corner-

stoges of Americah:methodology, although we often everuse statistics,

or seem to equate the. use of sophisticated statistical techniques with -  ~ ¢
good research. The Soviets see little rationale for using any statis— * ' ‘
tical argument to justify the probability of a particular result, On

the other hand, our. wedknesses are also apparent. The lack of

systematic chains of inquiry which tie together the results of- several

studies 1s a particular gconcern. This simply could not happen in the’

-t Soviet system. Research Would not be authorized unless it did tie in
with prior ideas. Our reliance upon agricultural models éometime&
clouds our view of the underlying mechanisms of learning and teaching. )
- . Tod often our research is at a surface level rather than-at an under- ERA

lying level. .1t thus relies primarily on statistical procedures for
its validity.

In lummary, these two examples should illustrate in part the g 3gl5
distinctions between processes used within the educational research: .
systems of the two-countries. By examining such processes, one can R 'l
11luminate the strengths and weaknesses of each and in turn begin to 2;4§F&ﬂjyg'
. understand .and appreciate both systems in more detail. RO i
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My third answer to the question, "What can we learn...?" is,
compam& tive studies oan reinforce ona's unterstanding of common con-
- tempordry problems in education. Let me comment on what Zverev has
‘ indicated are four major problema which need to be addressed by the
Academy of Pedagogical Sciences. .

L4

Problem 1: -The developmant of opeative thinking. ‘
Future progress in our society will, to a great extent,
depend upon what we ach in -8chool and how we teach 1it. .
Our task 18 to teach ydungsters creative -thimking to pre-
pare them for life and practical work, said Breznev in .
. . 1970. The Soviet schoql - 'is faced with the principle task - ,//]
‘ of orienting youngsters towdrds socially youthful activity :
motivated by ¢ommunist consé¢iousness and devotion to the

- lofty moral ideas our socfety and at the sime time '
\ : developing their intkllectual faculties in creative - 5
' potential. ' KX : ’

: In this statement the conflict between wanting citizens to conform
+ and at the same time to be creative is apparent. This is the same
! ) strongly held, conseruvative position voiced during the past quarter
century in the United States. Socially, within the United States,
- the 19508 were & period of political turmoil and téchnological
npheaval. The "cold war" and the Koreap war, when added to a poten-—
al nuclear holocaust, kept both mil#ary preparedness and the
~ continual developmwent of sophisticated armaments at a level of high
riority. .Conservative intellectual retrenchment led by
BN oe McCarthy- and the emergent civil rights movement were "two
P Coe a{ﬁcal points of the political turmoil of the era. This helped form
s -).. the 'congervative" side of the tensior. On the opposing side,
s ;3 ", pteasures for creativity continued to build. The rapid devé10pment
e 3\of'chputers, .along with a series of spectapular basic inventions
Lo ~8ych-as the transistor, were creating new probabilities for giant
,,cnzﬁbrations ‘and reshaping most other industries. The need for a
- latge cadre of scientifically trained personnel was criticail and
was argped for primarily in terms of national survival.

e
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e
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Schools fit into the arguments of this period of American
 educptional discourse in ‘three ways.  First, one set of educational
critics claimed that few of the graduates of American schools and
colleges had an adequate mathematical, scientific, or engineering
background. The culprits were seen to be the pppgressive education.
movement,, the 1life-adjustment ‘curriculum, and 1 ticular educa~
tibn professors. - The antedote was seen as the dcvclopncnt of
curricula which emphasized 1ntellectgal training through the academid -
disciplimes. During this time several study groups (such as the
R University bf Illinois Committee on School Mathematics, organized
'3 %§‘ : in 1952) bpgag,to produce some curriculum materials which emphasized
PR the structure'of the disciplines. When the Soviets launched the . & -

*»
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" first space satellite in the autumn of 1957, a shocked United States .
became aware that its technological supremacy was being challenged.
What followed was the "modernqghrricqum“ movement which involved
the federal government spending considerable sums to have new
discipline-oriented materials-developed and to have teachers
retrained. The néw curricula were deliberately developed under the'
direction of scholaras from the disciplines. Experienced clgssroom
teachers were Jjunior pgftnéra in the endeavor. Educationists were

expressly excluded. v o

Fs

A second group of educational critics argueds that schocls were
psychologically alienating. Spokesmen for low-incomie and minority
groups, for example, pointed to a pattern of unsatisfactory achieve~
ment by school children from low socio-economic and minority back-
‘grounds. It was such children who were most'likely to score poorly
on tests of achievement in reading and mathiwatics There were
insistent demands made that schools.become more-accountable for the
learning of all “their pupils, including low socio-economic level and
minority children. ' - -

The third aspect of the educational debates was less. a criticism
of schools and more a prescription of how to produce a better system.
American belief in science and technology had reached a peak in the
years following World War II.” Many believed that the same rational
procedures that enabled the military and‘ industry to conduct a massive
war and then provide for an affluent consumer society could be(
enlisted to solve the most pressing social and political problems
that confronted the United States.

Throughout,these debates, while there was. the explicit desire
for a better and more equitably trained citizenry who could think and
solve complex problems in creative ways, there was also a simultan-
eous_ implied desire to "preserve democratic ideals," "keep God in
the cIassroom," "reinforce the values of home and family," etc. The
implication, then, is that it is JAmportant to lenge the assump-
tdong that underly scientific principlés or engineering procedures,
yet one 18 not expected to challenge the assumptions upon which the
social system rests. That is, citizens need to be techmologically
creative but socially accepting. GClearly, in the U.S. this has not
been the outcome of the past two decades. Our citizens today are not

aocially accepting. N
e
In summary, in both the U.S. and the U. Sﬁ§:§. there is a growing

realization that ideological rigidity can impose thought restrictions
and in turn hamper creativity; yet fostering creativity which allows
citizens openly to challenge agssump€ions may also undermine the
ideological basis of the society. . : \

r
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Problerd 2: The determination of a didadtic system of concepts in the

basic relations within contant areas 18 Jof paramount
importanoe. ] ] -

The Soviets recognize that tt i« important to foLﬂGQ tha struc—
ture and main. trends of a scientific discipline in order to obtaip .a.
.valid edtication. However, no branch o ct!hce allows for a single
approach nor hias a single structure, whijh complicates the problem
of establishing the structure of sthool bjects. Thus, content
"coordination and lntegratlon becomes a cfitical problem for the -
Soviets. Sound familiar? 1t should; th§ same concerns have been
repeatedly voiced since the start of the curriculum reform movement
in this country in the 1950s. We too have not solved the problems *
of content coordination and integration. - \

Problem 3: The further improvement of the new edubational dontent,
partidularly in mathematics. .

The new content in Soviet school mathematics is characterized by
a higher generalization level, w firmer logical and theoretical basis,
an early introduction to theory, a combination of deductive and induc-
tive methods of material preSentation, greater polytechnical know-
ledge of modern produdtion, reduced reference material, and more
assignments providing for students' general development. However,
., within this gystem, the problem of excessive material both in the
8yllabil and textbook has not been solved. 1In fact, Soviet pedagogicél
scientists are faced with the task of eliminating "excessively diffi-
cult material of secondary importance" (December 193 1977, resolution
of the Communist Party Central Committee in the U.S$.S:R., Council of
Ministers, on further improvement .of instruction and education of
geperal school students and their preparation for labor). 1In
particular, the Soviets are conterned with:

1. the avoidance of descriqéion in material presentation, ..
cutting down on facts and reference material;

2. reduced terpinology in some of the lessons of the text-
book (a’'particular problem in mathematics texts in early

grades), :
\o ,

3. cutting down on complicated scientific material while
>  preserving a theoretical level and the educational role
. of the subject; . .

4. elimination of material rendered imprictical by the highly.
prohibitive nature of teaching devices required for its
prosentapion, ) ! .

5. better methods of teaching certain concepts, theoretical
propositions, etc.;
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6. careful selection of objects of study for the sake of
greater genarglizntion and stronger links between theory
and practice, nnd -

T. Idoihg away with dupllcdtion in view of 1ntevdiscip11n§ry
overlap. -
I . .

The U.S.-Sdviet -discussions on these points with réapect tq mathe- .
matics indicated gsome of the same problems we in the U.S. are facing
in terms of the "back-to-the-basics" movement. It Was openly admitted
that " the current mathematics materials were too formal tqo abstract,
and too difficult for many students and foo difficult to teaih for
many teachers.

. /'}‘-

Problem 4: Y%e'development af moral convictions.

The Soviets express a strong deaire to have students taught to

defend moral convictions, to prove one's views, to make sacrifices

for the sake of ideological truth; to comprehend the ideological civic
meaning of knowledge, and to have a sense of uncompromising opposition
to that which is immoral. There 18 a strong feeling that today's
youth are being corrupted by immoral influences from the Wefst and

that the senge of ideological commitment derived both from the
Revolution and from World War II are Being lost. Young children

are too materialistic and not idealistic enough with respect tqg the
foundations of Soviet citizenry. These questions are very similar
- to the kind of questions being asked of American education concern- -

ing the preservation of American 1deals, rack—to~thq-basics, stan-
dardizing general education; a &owmitmenk to:democrétic ideals, and
so on.

In summary, the teaching of mathematics in the Soviet Union
differs from the teaching of mathematics in the United States. Our
research processes, planning procedures, and curriculum development
have their counterparts; but with nuances and philosophic differences
that must be understood. Only by examining different ideological
systems can we develop laws of the gocial structure, human psychology,
and education which cut across national boundaries. - Findings in one
society must be tested against the experience of other societies.
Variation through time and across cultures can be turned to scien-
tific advantage. Thus, for the social sciences in general and
mathematics education in particular, we must proceed by careful
examination of the eduacation in diversified cultures like that of
the Soviet Union so that our understanding of the educational pro-
cess can be enriched. ’ ,

> -
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D - Chapter VII

-

Soviet Approaches to the Study of Problem—Solving
Processes in" Mathematics

- i
Sidney Rachlin

'

A. A Fable

Many stories have been told about- a foreigner's first visit to
" a baseball game.” In mine, the visitor's name is Nikolai.. Nikolai
had been sent to the United States to study the American phenomenon
of baseball. After two days of intensive observation, Nikolai
returned to his native land to report on his investigation. Here '
are some excerpts from his written report.

Each session bggan with a token tribute to the government.
The tribute, though apparently unrelated to the activity,
was nonetheless ievidently essential to the process of
beginning the activity. '

‘Aa has been reported in the past, the Americans are a
. very class-oriented society.- This was again.reinforced
by the distinction in the subject's attire. The repre-

- aentan%ves of the ruling class were dressed in black suits
stood throughout the session in control locations, and
-shouted orders to the working class. The working class
were dressed in either grey or white numbered uniforms. -
Absenteeism must run very high sipce although I observed
.one subject in a grey uniform numbered 72 there were
only about 30 workers in grey uniforns present on engFr
day.

It was difficult to focus on the entire phenomenon at any %
one s‘me. Other than styles of clothing, there were very - i
few dOmmonalities observed; e.g., there was no apparent -

~ pattern for the number of people on the playing area, -nor i

for- the length of timé each group :ii/gg\the playing area.

Quantitative evaluation of the phenomenon revealed that
the grey group scores decreased from 1} to 1 while the

v white group scores remained a constant 2, The mean score
for the grey group was 7 and the mean score for the
vhite group was 2. Thus’ the grey group appears to be a
significantly better group. Yet someone said the groups
were now even in the series. t

Even my attempts to meaningfully focus on an individual . | T
A’ ' ) . provided some confusion. While observing number 72 on .




the grey team, [ noted that he hit the ball with the -
stick nearly. 1200 meters. Despite the fact that he

hit it for that distance and was still able to aim it

right at one of the other players, the spectators booed.

Yet later he hit a baLl not 30 metera and the crowd

cheered him ) ) *

My recommendation is that further research needs to be

done to fully understand the phenomenon. Perhaps future

studies should be of longer duration._ One-on-one inter: .
views with some of the subjects might prove beneficial.

Or, bgtter yet, -why not have some of our people exchange

with American counterparts; then our people could parti-

cipate in the phenomenon. , B

This chapter focuses on Soviet approaches to the study of problem-
solving processes in mathematics. Some implicit parallels with Nikolai's
exploration will become apparent. Foremost is the need for clear and -
concise definitions, illustrated by Nikolai's difficulties in {nter-
preting certain terms. We shall therefore begin by discussing some
.working definitions to serve as a common thripd woven through the .-
tapestry of Soviet problem-solving research.

Defini tions .
A ﬁioblem is defined as a "task" which a "subject" attempts to
regsolve, given that this resolution is within the subject's ability
and 18 not resolved by the subject's immediate application of some
algorithm. Resolution of the task is taken as. the subject's belief,
stated or implied, that he or she has obtained the "agtual" solution.
Hence, whether or not a task is a problem is dependent.on the char-
acteristics of -the subject and his or her Attempted paths to resolu-—
tion (Menchinskaya, 1974; Kantowski, 1975; Kilpatrick, 1969). Ty

A '"task" which a "subject" resolves through the immediate appli-
cation of some algorithm i3 called an exercise. An algorithm is an
unambiguous. series of steps which completely specifies the resolution .
of a task. By contrast, heurigtics are neither unambiguous nor cop-
plete. They must be supplemented by more specific procedures at the
level of implementation, and they come with no guaranteée whatsoever
(Landa, 1975).

In each mathematics class there exist some students for whom
only the first few tasks of a worksheet are really problems. After
solving these few examples; the students generalize &n algorithm vhich
they apply to succeeding problems. In many classes there are also
students for whom each task of -a-worksheet remains a problem. Hence,
for some students 'verbal problems" become exercises under generalized
headingn such as "motion towards--motion apart,” while for other
students & task,such as "factor 9 - 4x4" bears no resemblance to
prcvioully solved problems of the form a2 - b2, A task which is "one
stddcnt 8 problem, may be another student's exercise, and a third .
student's frustration" (Henderson and Pingry, 1953, p. 232). T

e e - . b e
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The digtinction between algorithm and heuristic 1s equally
intimate. Heuristics, giccording to Pospelov, Pushkin, and
Sadovskii (1972), is "the science which studies thetlaws governing
the design-of new actions in new situations.” But "new" is rela-
tive to the individual. Situations \gnd actions are new if they |
are perceived by the subject as new. The solution of a problem is-
a blending of the application of heuristics and algorithrs. )

13

Illustrative Example L : . -

“To illustrate the distinction and blending, consider the
"chickens and rabbits problem." The subject is asked to’ determine
how many rabbits “and chickens there -are 1f they know that together
they have 35 heads and 94 feet.

Carol, an elementary school teacher, read the problem and
immediately wrote: R + C'= 35 and 4 R + 2C = 94, She perceived
the problem as being like those she used to solve in algebra class
and algorithmically proceeded "without thought." At this point she
stopped, unsure of whatsfhe next step was. Her algorithmic pro-
cessing ad been broken before resolution of the task, After a few
minutes, Carol's eyes suddenly widened and she smiled, "I get it!"
she exclaimed. "If all the animals were chickens there would only
be 70 legs. ‘But we need 94 legs--so there must be 12 rabbits.'
to my confused gaze she continued, "Each.rabbit has two more legs
than a chicken and we have 24 more legs--so there will be 12 rabbits."
Heuristics involve the study Jf the general processes of movement from
blockage, although not necessarily towards resolution. A hint which
attempts to facilitate these movements is known as a heuristic. In
this case, Carol applied a heuristic for which she had not been given,
a hint.

Bob, also an elementary school teacher, read the problem and
immediately wiote:

R+C=35 2R+ 2C =70 R -
4R+ 2C = 94. _-—> _ 4R + 2C = 94 # ZR- 24__?{ 12

" "There are 12 rabbits and 23 chickens," he asserted 'algorithmically.'

When Bob was asked to compare his solution with Carol's, he replied
that there was no comparison. They were completely different: he
did his algebraically and she just guessed, he ‘indicated. That he
used an algorithmic process and she used a heuristic after blockage
of algorithmic processing was unclear to him. ‘ .

a” .

A Schemata for Problem Solving

In the baseball fable, Nikolai next attempted to find meaning-
ful ways to.classify the components of the phenomena under investi-
gation. As a discussion vehicle, the Soviet problem-solving research

L
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has been categorized in the schemata in Fiéure VII.1. The two '

aspects, cybernetic and pedagogic, will -be considered in the two
sections that follow. v

Soviet Approaches to Problém—Solving
' Research in Mathematics

A\ ] s . ’ /

Cybernetic : Pedagogic

‘ Heuristic studied Programming as Individual's . The effect of
as an aid to an aid to the problem-solving -instruction on
programming study of heuristic processes problem-solving . -
' ' . processes

Figure VII.1 A schemata for probiem solving.

) B. Cybermetic Approach

Among the Soviet approaches to the équy of problem solving, there
is a growing interest in cybernetics and‘d}rect analogies between the
work of computers and human thought. Cybernetics, as defined by Rubih-
stein (1966), is the studyvof the "determination of processes in the
course of which eath successive process is cgnditioned by the results
of the preceding one." .In terms of our working definitions, Rubinstein
has broadened the concept of algorithmic and heuristic activity to
include computers in the population of subjects. Algorithmic activity
occurs when "conditioning" is reproductive; that is, when the deter-
mination of a succeeding process is uniquely determined by its
predecessor. Heuristic activity, in contrast, occurs when "cond{i-
tioning" 1s 'productive; that is, when the determination of a succeeding’
process is not uniquely guaranteed by its predecessor. ‘1‘hr0ughk” '
generalization of definitions such as these, Soviet resegrchers haVe
attempted to form a theoretic foundation for creating direct analogies
between. the work of computers and human thought. '

On the one hand, psychologists such as Tikhomirov seek to inves;'
tigate human problem-solving processes in order to apply principles
used by man to perfect the development of computer programs for the
solution of probiems. On the other hand; some Soviet psychologists
such as Rivkus have utilized research on computer modeling of human

' behaviour to develop models for investigating te study of heuristics.

1
+ .
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~simulate students' proof of geometric theories:
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Tikhomirov and Poznyanskaya (1966-67) investigated the use of
visual search as a means of analyzing heuristics. They explored
the application of a system of rules which lead the subjects to a
reduction of the search space. FExpert problem solvers were found T
to crdate.what was termed an "orienting zone." The subjects would

_ 6perate within this zone in a non-linear fashion, leaving and return-

ing to possible solution paths. The "orientihg zone" differs from
a gestalt in that it is open to an objective analysis by the subject.

investigated the use of an '"orienting zone" by blind chess players.

. In a fascinating follow—up study, Tikhomirov and Terekhov (1967)\g\

Here the problem-solving process was largely externalized through

tactile activity. Two distinctive forms of planning were noted.

When the opponent moved in an expected pattern, . the subject would
generally react according to a developed plan. After a brief check-

ing of the "orienting zone," a planned move would be made--an

algorithmic activity. When the opponent moved in an unexpected fashion,
the subject's pattern of chgcking the board would change greatly. The
subject would search for a new plan which would include a new set of
hypotheses concerning the opponent's plan. Included in this plan were ,
hypotheses about affective measures. Tikhomirov @ind Terekhov discussed J
their findings in terms of a gap between human processimg and the '
heurlstic machine.

In a later study, Tikhomirov and Vinogradov (1970) investigated
the effects of emotion in the functidning of heuristics. - Certain
stages. of problem solving were found to be capable of identification
on the basis of variation in emotion. Here again the focus was on
the investigation of human aspects of problem solving to perfect . the—‘l\
problem solving of computers. N

Parallel to the elploration of heuristic activity of humans as
an aid to the development of more refined programming has been the
investigation of heuristic programming for its role in the clarifi-.-
cation of human problem-solving processes. In a study of the process
of solving geometric proofs by computer simulation, Rivkus (1975)
examined the four major difficulties encountered in his attempts to

1) Intuition rather than logic, found in many students'
proofs. Students often relied on inferences made from
drawings. These inferences. were then used by the
students in planning their solution paths.

2) A different slassification of ideas as simple or com—
plicated for man and for machine. . Some- proofs which:
are easy for humans to solve require sophisticated pro-
gramming techniques, while others which require few .
computer steps are relatively difficult for humans. ¥

3) Making creative aspects of proof algorithmic. TFor
example, programming the computer to construct
auxiliary lines. It is interesting to yote that Rivkus
defines "creative" as "that which cannot be programmed.'
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4) Thc;Lompuqative effectiveness of analytic and syn- oL -
thetlic methods of problem solving. The blend.of :
ana?&siszuuisynthesis used by students did not have -
suf 1c1qg§ regularity to be used accurately in .pro- .
gramming the computer,
In analyzing the results of the experiment,_kivkﬁs céils for further
exploration of the heuristic processes of humans in the areaw {denti-
fied yla programming difficulties.

-
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s d C. Pedagogic Approach

North American mathematics educators are perhaps.more aware of
the Soviet pedagogical appreach to problem-solving research than of
the cybernetic approach. Since the publication of the fourteen-
volume set of translations of Soviet resquch, Soviet Studies in the

. Paychology of Learning and Teaching Mathematics, interests in Soviet
' methodslogy has grown. .

Markova and Abramova (1978) distinguish between fwo approaches
to the psychologica)l study of problem-solving processes, depending
on the purpose of inYesiigation. The first approach consists of the
study of individual problem-solving processes as the premise of
learning, and the second involves the examination of the development
of these processes during some specific method of instruction. '

A series of eight mini-studies reported by Semenov (1978) is
representative of the investigation of individual problem-sdlving
activity. Semenov used normative analysis to demonstrate the

- psychological reality of several components of the Soviet "theory
of activity." 1In this thegory the human problem-solver is viewed as
bringing a complex system bf operational, object-related, reflec-
tive, and persohal aspects to a task environment. Two tasks were
used in the study: (1) "How many digit$ are used in paginating a
book with 634 pages?'" and (2) '"To paginate a book, 1,164 separate

numerical symbols are reéquired. How many pages are in it?"

» . -

In the first mini-study, twenty students were recorded as they

thought aloud.while solving the pagina?ion problem. These solution
patterns formed the norm for latter comparison. In the second and
third mini-studies, the pagination task was varied for simplifica-~
tion of the numeric operation and clarity of the object-related
aspect. The protocols of each of these two groups of twenty
subjects were then compared with the first group's protocols. The
fourth mini-study provided the baseline for the pages problem. The
fifth and sixth’mini-studies provided information on the refledtive
component of the cognitive problem-solving activity. Here the:
norming groups for the pagination amd pages problems were asked

to solve the respective problem. The personal individual component

of the cognitive problem-solving activity was investigated through

a comparison of the norms with the verbal solutions of 43 pairs of

students working together.} Semenov's use of normaelya,analytis '

: ¢
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‘provides an intereating qualttbtivc analog to quantitafive pretest-— _ -
posttest 'analysis. \ . . .

The research of Landa and Krutetskii demonstrates the peda- g '
gogicdl role for Soviet studies of an individual's problem-solving '
processes. Thelr research demonstrates .how Soviet theory evolves
from a.study of individual dffferences to an instructional mode
This transition i3 outlined in the following schemata (Figure

VII. 2)
! — Diagnostic '« Construct Teach T
_ Experiment ) Model ““"%’ Modal ‘—‘—) Posttes? . ?
y' S . - A* .
. N .

|Lf successful, use]
model in analogus area.

If unsugcegsful, improve model.
Figure VII.2. Schemata for evolving an instructional model.

For over two decades, Landa (1975, 1976a, b) has directed
research aimed at the identification of and instruction in a set
of operations "sufficiently general” to aid in thd solution of "
widely different problems. In Landa's investigatfon, into the
processes of proof, he sought first to detefmine the thought- oper-
‘ations: involved in carrying out a geometric proof and second to
evaluate the effects of teaching these operations to pupils who
had previously demonstrated varying degrees of ability to carry '
out a geometric proof. Students' ill-fated attempts to complete )
geometric proofs were compared to successful attempts and logically
. correct proofs. Landa created a set of problem—solving instructions
by determining what operations were not performed by the unsuccess-
. ful problem gsolvers. This set was then systematically taught to
those students who had demonstrated a lack of problem-solving
R - ability. Posttests administered to these students were used to
determine whether the model of operations needed revision or
whether it could be tested in some analogous situation in a
different area ofgthe curriculum.

In order to trace the thinking precesses of students, a diag- "
nostic test on geometric proof was administered to 26 eighth and
ninth graders who differed in general ability. The test was divided '
into two parts. Administered first were tep "moderate to difficult” -
. proofs in which the necessary recall of knogedge was not direqtly
elicited by the diagram and often required supplementary conﬂtruc-
tions. This set of problems proved to be extremely difficult, with

[ ‘ ) 1‘:)
' . “~
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only 24.4 percent as the uveragé'solution rate. FEven those students
classified by their teacher.as excellent solved 6nly an average of
45 percent of the problems. The atudenta fated much better (94.4

percent)

on the second set of ten '"easy" geomgtric proofs, 1in which

the diagrams strongly "hint¥'" at the theorems required for their’

solution

In an effdrt to control memory as a variable, the two

‘sets of problems were designed to refuire recall of thé same

theorems, axioms, and definitions. Furthermore, the sttidents were

directed

to use their books or notes at any time they forgot the

statement of a particular theorem, axiom, or, definition. Three to
four problems were. administered individually to the ‘students in out-
of-the-classroom sessions.. During these sessions the students were
requested to ."think out loud" as they attempted a proof, with the :
experimenter asking questions about the attempts to solve the

problem\

Hehce, by comparing a student's answers with the Dbserved

course of the solution process, the experimenter attempted to trace
the thinking process and discover those chatacteristics of each
student's analytic-synthetic operations which were associated with
successful problem-solving, as well as those which gaue“flse to
difficulties.

In the second phase of the stuay,-Landa uséd observed "defects - |

s

in the cognitive activity of students" (such as not knowing 'some .
operations to try, a lack of skill with some of those operations

known, an insufficient level of generality of operations, a chaptic
process for attacking a proof, and an ignorance of processes neces—

sary for

proof or even of what was being done) to construct a model

of the processes that should -be going on "in the head” of each

student.
1)
- 2)
3)

4)

5)

8)

“attributes areéalready given,

.4

The model was then formulated into a set of instructions'”

Separate what is given from whats«is to be proven.
Draw the most immediate conclusion'from what is given.
Go  to what 1is to be proveun and determine which of its
Recall the sufficient attributes of the given figure
and choose one of these to use as a basis for proof.

Isolate the elements of the figure, imagining each
element as a.-part of different.figUres.

' J‘

" Draw any needed elements and let these serve as ar aid:

1n analyzing the proof.

&f theda new elements may be the parts of other figures
whose properties are hecessary to the proof, draw thn b
figures. - Sy

'y
Make all conclusion- possible on the basis of thes.
ﬁiguraa..

L)
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9) Re-read the problem to check givens and what is ta'be =

-

proven. : ZEEEERTS 5

. . “i . . . .

©10) Check the steps for a missed or incomplete appliqhtipn . .

of the operations -

. In addition to these heuristics, a system of meta—operqcions

‘created. These were designed to.clarify the instructional mofel agd
aid in its implementation. Some examples of these aupplemeQ;'

Y instructions are: ' ' ,

1) The rules do not set a rigid sequence df-operatioﬁd?:ig
2) Recall all -the attributes of the given figure before N
beginning the proof.

3) Try to place the element in_ as: many possibla figures as A N
you can. . L jaf;
R : After determining what operations students were not performing N?@?} ’i\

and developing a set of instructions to train students in the skillﬁ'ﬂi§

of proof,-Landa tested the adequacy of his heuristic model. In this _.3‘ <

phase, 10 ninth-grade students from the ori§i?nl sample were taught _ ™ TR
f

a general.introduction on the meaning of proo ollowed by a system*. ?\“Q.

-
»

of lessons on the set of operations. -Each operation required bout. v&'K S

3 three lesson periods for explanation, illustration, and pr?gfiﬁe. - m(/¥ ~~4¥\ L
Fifteen specially designed practice problems were used to link eacli R \P\ & \é’:
newly . learned operation with the get of operations previously 4 ﬁiu= <
acquired. With a gradually decreasing dependérice on rule-related 5%3?}' L
guidance, the students prdvgd these geometric problems.

The criterion measure was the degree of success of the students

.after instruction on those problems from the first part of the diag-

v ' nostic test which they had begn unable to solve Care was taken to w»
' Cﬁ7~posttest items in . - T

assure that the practice proofs differed from s

i . general formulation, as well as with regard to the geometric figures H;kg?
x" ) involved. Although the students sqglved on the average a respectable i?q?ghl
87 percent of the posttest problems, Landa places more emphasis on the LT

qualitative evidenge of change in students' ‘thinking processes pro- ,\}1'
vided by the protocols of the students' "thinking aloud."” On the U A
basis of quantitative and qualitative indications of the suitability ~ N
of the hypothesized madel of thought processes, Landa next attempted Do
to test the applicability of the model in -the- analogpun area of U ﬁ
language acquisition. . K

) A noco example of :the pedagogic role of Soviet ,studies of _ i:w"f§,,
individual' blem-solving processes is the research of Krutetskii - 'grf;i;t

(1976, 69). Krutetskii and his students undertook a series . PRy
. - of ltudi aimed at exanining the formation and development of mathe- ;!&5ﬁ§fﬁ
~ matical 111t1es. In a 1958 comparative study of the attempted f%&33ﬁ
, - paths to resolution of 15 algebra students (who had been grouped by . BRI
ability) on specially orRanized sets of mathematical problems, SRy

- Krutetskii (1969) identified three aptitudel "essantial f?r the T

- . i \ " " ) . ﬁ

) f\'..\.;”. "
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mastery of mathematics." These first foundations for the structure
of mathematical probiém—aolving abilities are: (1) rapid, detailed,
sveep {ng generalizations of mathematical material; (2) "curtailment,"
the truncation of steps of the reasoning process; and (3) "reversi-
bil{ty" of thought, the process of switching from a direct to a
reverwe traih of thought. (A definition of "direct" and "reverse"
thought wilf be given later, when Krutetskii's three aptitudes are '

diacussed ih more detail.) . )

' . o

The ability to generalize mathematical material was characterized
by maximal, "on-the-spot" generalizations. Capable pupils would.-often
respoud to a first encounter with a new mathematical principle or
problem-type with a nathematically refined extension to very diverge
examples and problems. For example, after one student's first intro-
ducti{on to the formula for the square of a binomial, he immediately
applivd the formula to tasks such as finding the product of (C+9D+E)

and (C+D+E) and finding the square of 51.
\

Krutetskii identified two distinct varieties of curtallment. The
firat {s an ability to truncate steps in the reasoning process con-
sciounly and meaningfully. This ahility manifests itself to varyigg
degrecs in all subjects after a generalization has developed. The
process whereby a child develops the concept of addition of whole
numbars is an example of this form of curtajilment. Given the task .
of combining 4 apples and 3 apples, a child might first teply "one, .

- two, three, four, five, six, seven ... seven." At a-later stage the

child will count on. A typical response would be: "four, five, six,

seven ... seven." At a final stage the child will immediately respond . o
"sevon." At this final stage -the child's response 18 so quick that it :
1s ditficult for him or her to indicate how "seven" was obtained. "I

Just know 1it," is a typical reply. The second form of curtailment is

Cloﬂu!y related to this final stage. The distinction lies 1in the

feeling that even the other stages have been curtailed. The subject

has an ability to truncate steps unconsciously, as evidenced by the

subject's great difficulty in recreating the missing links. The

following interview with Nanette (from unpublished research by

Rachlin) will serve as an example of unconscious curtailment. At

the time of the interview, Nanette was a collegé freshman enrolled

in a non-credit intermediate akgebra course because she had failed.

an excemption test. Her background included two years of high school

algebra, geometry, trigonmometry, and a senior honors course on logic

and problem solving. , ' '

Experimenter: How much does a fish weigh, 1if its tail weighs
- : . &4 kg, 1f its head weighs as mich as its tail
plus half its body, and if its body weighs as - e
"much as8 its head and tail put together? '
Nanette: (almost immediately) 32 ks.'
Experimenter: How did you get 32 kg?

Nanette: I don't know, it just popped into my head.

A ]
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Experimenter: Well; suppose you were trying to explain the
' problem to another student. Could you apgg
them how to solve it? Nt

Nanette: . (After several minutes of unfinished starts.)
This is what always happens to me. When I was.
in high school 1 would get the right answers,
but the teachers would mark me wrong because
I couldn't show the work.

After several more minutes Nanette completed

- . her solution to the problem, at which time she

explained, "That must be how I got 1it!" '

In his study of mathematical abilities, Krutetskii (1969) identi-
fied "the ability to establish 'reversible' (two-way) associations 1in.
the process of learning mathematical material" as a third essential
aptitude for mastery of mathematics. This concept of revérsibility
is an extension of Piaget's "operational reversibility". as it appears
in the work of JYohannot (1974). Johannot, a student of Piaget,
adapted Piaget's earlier research to high school mathematics instruc-
tion. Johannot identified reversibility as a predece&aqr to meaning-
ful operations with number. For example, successfully responding to
Piaget's conservation tasks is said by Piaget to require the ability
mentally to link an operation to its inverse. Piaget's concept of
inverse requires a definitjon: for the operation of spreading some
objects farther apart, for example, the inverse operation would be to
move the objects back to their previous positions, closer, together.
In general, if an operation T transforms a state $S) 1ntor§ new state
82, then the inverse operation T-1 transforms state S into state Sj.
(Piaget speaks of ''reversibility,' but the concept is actually that o
of mathematical inverse.) “

A

Johannot applied Piaget's extra-curricular studies of reversi--
bility In developing a theory.of adolescent stages of reversibility
based on tasks involving the meaning of complex fractions and the
solution of linear. ejuations. Kruteeskii interfaced Johannot's
notion of ‘reversibility with his exploration of mathematical ability.
Krutetskii found that students who applied a short-form algorithm
for multiplying the sum and difference of two terms varied in their
ability to recognize and apply successfully the reverse operation of
factoring a difference of two square terms: As a final example of
reversibility, Rachlin (in an unpublished study) asked a class of
intermediate algebra students to: a) write down two binomials, b)
multiply the binomiala,’%ig c) factor the product obtained. The
student responses to the Wiist direction (c) were of three types.

Some students stated that the polynomial they obtained could not be
“factored. The majority factored their polynomial, but as if they had
never multiplied the two binomials to obtain the product. The ‘

remainder quickly wrote the factors and reacted to the odd nature
o%ﬂthc question. Though all students had had experience with multi-
plying and factoring polynomials, they differed on the degree to ’
which they recognized that one of these processes was the inverse

of the other. : '
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Krutetskii (1976) further delineated the structure of mathematical
problem-solving abilities. This delineation was founded on the baais
of an interface of his earlier study with research conducted between
1959 and 1965. Subjects used in the studies varied in age (from six
to seventeen years) and in abilities. Three stages of mental activity
in solving a mathematical problem were proposed, with ene or more
abilities classified at each stage. The first stage (gathering the
information needed -to solve the problem) requires the subject ta have
a formalized perception of mathematical materials. In addition to the
three abilities identified in Krutetskii's earlier study, the second
stige (processing the mathematical information) demands the ability
to "think in mathematical symbols," a striving for elegance of svlu-
tions and flexibility of thought. Finally, Krutetskii's third stage
(retaining infosmation about the solution) is dependent on theg, ability
to remember the mathematical relatifonships in a problem and the methods
of solution.

/

Further utilizing the "teaching experiment,'" Krutetskii (1973)

" explored the problem of overcoming the relative inability of sehool-
children to do mathematics. "At the end of a period of instruction"
with sixth and seventh graders, who had been classified as "incapable"
of learning mathematics (but at least satisfactorily learned othe$3P
subjects), Krutetskili found an appreciable development of the mathe-
matical abilities of flexibility of t Bught, formalized perception,
mathematical memory, and generalization.

‘The interactive and longitudinal qualities of the '"teaching
experiment"” permitted Krutetskii's (1973) formulation of three "levels"
of "probleh heuristic" instruction in which, one after another, the
elements o¥ formulating, posing, and solving problems are transferred,
in reverse order, from the teacher to the pupil. Another example of
the application of the "teaching experiment" in research on the teach-
ing of heuristics in mathematics is given by Kalmykova (1963, 1975).
Included'iq her study of analysis and synthesis is an observational

" study of the teaching of Petrogya, an elementary school teacher class-—

ified as an excellent teacher ol problem solving.

Reflecting Soviet research practice, Kalmykova provides a detailed
rationale “for her theory of classroom instruction. The observations of
Petrova's classes over a four-year .period-of time (Petrova taugﬁl the .
same students each year) provided Kalmykova with an opportunity to
investigate how well her theory was reflected in the instruction of a
model teacher. Analysis of Petrova's problem-solving instruction indi-
cated an embhasis on: reading the problem, breaking do the text of a
problem, differentiating concepts, substantiation, flexible questioning,
analyzing errors as a method,of sdlving the problem, alternative solu-
tions, abstraction, schematic notation, graphic analysis, and analogy.
Kalmykova's research provides an example of a team approach to the
investigation of the classroom phenomenon.

The research of Zankov had -perhaps thc-greiteat effect on Soviet
instruction in the elementary school. On the basis of over a ddcade
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of research, Zankov (1977) and his associates developed a new exper-
imental didactic system, in which the individual asubjects of the
curriqulum are laced with a new methodology for teaching. The
experimental methodology involved systematically varying the condi-
tions under which a phenomenon was observed and investigating its
relation to other phenomena in order to reveal the active influence
of the factor under study. The study was divided into four stages.

In the first stage, the framework of the new didacti¢ system
was created through a '"teaching experiment' involving one class over
a four-year period of time. By focusing on the work in a single

. class, 1t was possiblé to work out each segment of the teaching

process beforehand and later to analyze each lesson.

In the second stage, Zankov expanded the network of experimental
classed used in the study. - Each year the number of experimental classes
grew, as did the grade levels included in the experiment. By the end of

-the fourth year of the second stage; a total of 371 primary classes was

involved. Quarterly workshops and visits by the research staff provided
an opportunity for the teachers to be involved actively in the develop-
ment of the new didactic system.

The third stage of the study 1nvolved the complilation of experi-
mental textbooks. One of the products of this stage was the prepara-
tion of materials that condensed the former four-year primary program
into three years. In the final stage, these materials were field-
tested in over 1000 experimental classrooms. It was at this stage
that the non-instructional variables of the classroom environment
became most evident. Besides differences in school conditions (such
as the skill level, experience, and work style of the teacher), wide

. varlations were ago noted in conditiona in the home environment.

Zankov noted that e curricula¥ aspects of the new system won imme-
diate and wide-spread teacher support, but that the new methodology
had not been accepted as an integral component of the system.

In the area of problem solving, Zankov's research team explored
the way pupils in the experimemtal and conventional classes assimilated
the concept of a "problem.”" Students were read five assignments with
six tasks on each.: After each task was read, the students were asked -
to identify which of the tasks were problems and which were not. (An
example of g "nmon-problem” is: "The teacher had notebooks with ruled
paper and notebooks with graph paper, She handed them out to the
pupila. How many notebooks did each pupil receive?'") A sample from
each primary class was interviewed 1ndiv1dually to establish the
mcthods of classification.

Further studies conducted by Zankov's team of researchers included
an investigation of the ability of pupils in second-grade experimental .
and conventional classes to set up problems axd solve them. Zankov
found that among pupils in the experimental classes, the formulation
of ,problems takes on a clearcut structure: "The problem-solving exper-
1ence they have acquiréd is flexible and yielding, and adequate for the

execution of a new assignment."
.

) 1o
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. D. What Soviet Research Has to Say to Ameérican Researchers

Soviet research, as exemplified by the preceding studies of mathe-
matical problem-solving processes’, are indeed varied in their approach.
The message which they carry to North American researchers may be
qqually as varied. Upon reading a report of Soviet research for the

-first time, Westerners are immediately struck by the surprising

these introductions are more thgn a token 'playing of the national
anthem before a sporting event'. Instead, they are the researcher's
method of establishing the philosophical foundation of the re¢ported
investigation. To understand Soviet research, one must understand its
philosophic and historic foundations.

emphanis on discussions of nati;pal purpose. To the Soviet researcher,

~

As.the American résearch methodology in instructional psychology
was evwolving from an emphasis on mental testing, the methodology of

the Soviet researcher was evolving from a political and.social con— > T

demnation of these psychological tests. With the, issuance of the 1936
resolut fon "On Pedagogical Distortions in the Coﬁkissarint of Educa-
tion" by the Central Committee of the Communist Party, a new philo-
sophy of an interrelationship between psychology and education was.
developed. The educational environment of the child was established
as the primary ingredient for success in any given subject area '
(Menchinskaya, 1969).

Rudik, as reported by Brozek (1963), identified the following
six principles of the Soviet psychology: '

1) The principle of materialist monism. Mental phenomena
(the psyche) are a property of the brain. The psycho-
logical processes are regarded as superimposed upon the
physiological processed. (

2) The principle of determinism. Mental phenomena are the
.results of interaction between the processes of higher
nervous activity and the external environment. [S. L. —
Rubinstein (1966) refers to the '"dialectical-materialist"
conception of deyerminism as the single proposition:
"external causes act through internél conditions.'" To
the Soviet psychologist ""it is precisely the relation-
ship between the external and internal connections that
form the basis of all phenomena, including mental
phenomena.'" It is this comnection that ties Pavlov's
theory of the external relations of organisms to mental
phenomena. ]

3) The principle of reflection. Consciodsness (mind,
psyche) is a subjective reflection of an objedtive
reality. Mental processes are not regulated by special,
immanent laws, but have their roets in objective exis-—
tence. ["It is not thinking that thinks, but man, and’
it is man and not his thinking that is the subject of’
thinking (Rubinstein, 1966, p. 63)."] '

1 .?'8
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L » 4) The principles of tha-unity of consciocusness and

: ' activity. Man's mind is not only manifepted in
activity but it is formed in the process of activity. -
As a corollary mental procesaes cannot be studied
abstractly but only in connection with concrete forms
of activity. [(Hence Soviet teaching experiments
attempt to catch processes as they devalop.] . }/

5) The principle of historism. Mind (psyche, conscious-
\ ) hess) develops in the process of the historical
~ development of man. Consequently psychologists must
study mental phenomena in reference to their genesis
and bring out the social roots of different aspects
of man's consciousness and pergonality,

6) The principle.of the unity of theory and practice.
Through their research, psychologists must. take an
active part in the solution of practical problems met
in the building of socialism, such as development of
more effective methods for the training and education
of the coming generation. ' .

Searching for a new method of research, Soviet educational psycho-
logists adapted the "natural experiment" of Vygotski. Questioning
Plaget's pusition on the independence of the proeess of ¢evelopment
from the process of learning, Vygotski (1963) theorized a '"zone of
) potential development," which,  recognizes that "what a child is capa-
»” ble of dolng when helped by others" serves as a precedent for "what
he is capable of doing on his own." If we fail to recognize this zone
of potential development, according to Vygotski, then instruction will
trail behind development rather than coax it along. 1In this light, . DN
Vygotski aaw the Genevdn clinical approach as a static, possibly harm- ' i
- ful, method of studying th® development of the child, lacking the :
; essential {ngredient of experimenter intervention (instruction).
J From the Soviet philosophical foundation it is easy to see why
’~/,;¢7 | Vygotski would feel that the chief limitation of Genevan research
lies in its inability to explain the transitions from one stage of
intellectual development to the next. The question of interest to
Soviet psychologists would be: "Why does the child proceed from the
preoperational stage to the concrete operational stage and then to
the formal operational stage?" (E1'Konin, 1972). N

1

Since the Soviets and the Genevans have different research ques-
tions, it is not surprising that their research methodologies also
differ. The Soviet clinical methddology can be characterized as a - . g
loosely scripted one-on-one audio-taped interview. The subject is o
asked to "think aloud” as he or she solves a large number of curric-
ulum related tasks. As a measure of the zone of potential (next, B
proximal) development, a series of hints of increasing specificity
may be provided. The Soviet clinical study is also often longitudi-
nal in nacture, in a:/pffort to catch thc devnlopment of mental process.

The Genevan clinical methodology i- gennrally a more tightly ) o
scripted one-on«one interview. The subject is given a task dcﬂignaq . ‘

| . 4 r . '!. ) )
P~ 129 . e
A . ) T . . . . . LN RN N RS ;“‘...- - - : -




124 -

[N

to be extra-curricular. The intent is to assure the researcher that
instruction will not be a confounding variable in the analysis.
Of ten very few tasks are given and no hints are provided. The sub-
Jects are asked to retrospect on their solutions and provide reasons
for their actions. '

The Soviet methodology is particularly exciting for researchers
interésted in classroom phenomena. In addition to a dynamic curriculum-~
related clinical methodology, the Soviets have developed the '"teaching
experiment.” As in Vygotski's "natural experiment,'" the evolving
"teaching experiment" attempted to model processes as they developed
in the classroom and to organize inatruction to influence these pro-
cessessoptimally. Some other general characteristics of the '"teach-
ing experiment' which have been identified by Kantowski (1978) are:
the subjective analysis of qualitative data obtained in a clinical-

/ interaction setting by recording verbal protocols, over an extended
period of time; the planning of inatruction in the light of observa-
tions made during the previous session; extensive cooperation ng
classroom teachers and researchers in categorizing,gnd aelectiﬁzs
students and designing lessons; and the use of small mamples with
probing intlerviews and exchanges with individual students to support
the generalizations of results. )

Recent Soviet investigations, such as that by Semenov (1978),
have explored the affective component of children's ability to solve
problems. Thinking-aloud protocols are rich with affective data.

In a recent study, Menchinskaya and co-workers (reported in Davydov,
. 1978) investigated the factors affecting school failures. Failure
\\\\\ wvhich traditionally was explained in Soviet research on the basis -
of poor teaching or poorly designed curricula are now being explored
on the basis of personal affective measures (e.g., a lack of motiva-
" tion to learn, a low opinion of oneself, a lack of confidence in
specific abilities, and/or delayed development of various intellec-
/* tual abilities). Menchinskaya found these factors to be particularly
evident during problem solving as opposed to performing routine tasks.

E. Lﬂnitatioﬁé”oj’the Use of Soviet Research

Although interest in phenomenological research is on the rise in
the Western world, it is still difficult to obtain current research
. reports from the Soviet Union. It is hoped that this limitation will
vane as the cost-benefit ratio swings in favor of funding for trans-
lations and as more students learn to read Russian.

. But, at the present time, the use of Soviet research is hampered
‘by the fact that there is very little current mathematics education
rasearch available in English. The research reports that do become
available are often outdated before they are even translated. The
Krutetskii text, published in English in 1976, a decade after it .was
published in the Soviet Union, has clearly had a great impact on
current thinking among North American mathematics educators. But
- Krutetskii's work did not end in 1966. In fact, Krutetskii published

L3y
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a new text for teachers a year before his earlier book was available

in the West. Had it not been for an article in the journal of

translations, Soviet Education, in 1973, the Western world would
probably still not know that Krutetskii followed up his work on a
model of individual mathematical abilitfes with teaching studies
aimed at improving children's abilitie¥. .

It is interesting to note that the first Krutetskii text has
probably received more acclaim in this country than in the Soviet
Union. (Other translations, such as those of Landa’s work have
also sparked interest in North America.) Since the publication of
the Krutetskil text, Krutetskii has been viewed by North Americans
as one of the leading educational psychologists in the Soviet Union.
Yet, when Romberg (1979) recently visited Moscow, he found that many
pasychologists there were parplexed by our selection of Soviet research
for translation into English. Perhaps this reflects a closer philo-
sophical position betwgen Western researchers and Krutétskii's work
than exists between Krutetskii an‘?his fellqw Soviet researchers.
More likely, the selection process of determining whose. work'should
be available in translation 1s inevitably based on individu#l judg-
ments and is necessarily open to disagreements.

Unfortunatély, there are very few North American mathematics
educators fluent in Russian. Nor are there many Russian translators
fluent in mathematics education. Hence, the choice of which publica-
tions to translate is a difficult one. At present selected passages
are translated to pass on to others for review, but someone must
decide which passages to translate. Somewhat related to the trans-
lation problem is the one of interpretation. The Soviet reporting
style is rich in rationale and analysis, but weak Jn providing a
statément of the methodology which would enable or facilitate repli-
cation. Much could be gained by having North American mathematics
educators participating in exchange programs to study the Soviet
methodology.

-

F. Summary of Advantages and Opportumlties ) |

Investjigating Soviet research is like looking into an orange
crate, rather than the famed "black box." At first glance you don't

'aee'\nything but the crate, the outer cover. You know that it exists
. and assume there must be something inside. Then, on closer inspec-

tion, you find that you can indeed see pieces of the vontents--pieces
that entice you and make you anxious to see further. But no matter

' you can't see the entire contents.

Maybe it should be enough that what you are able to see sparks new
ways of looking at your own world. Yet, there is always the anxiety
that comes from realizing that unless you can get inside you'll never
know what lies behind the slats.

As it vas for Nikolai in the baseball ‘story, it is difficult

after a brief introduction to the Soviet research to determing what
to focus on. Our philosophies are indeed different, buf our problems

“ | ‘131
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are ver$ much alike. If the issues of the relative merits of quanti-
tative vs. qualitative research are made focal, mu will be lost in
the translation. Before such external judgments of Yight ve. wrong

in methodology are made, Western researchers would do well to exper-
ience qualitative research. A Soviet-style teaching experiment is not
a spectator sport. Soviet research can provide a vehicle for help%ng
Weatern researchers break away from their mind-set of how phenomena
must be investigated.

The task...is not so much to state a single solution to the
large problem that will be suitable for all countries but
primarily to demonstrate with patience and all possible
objectivity that different approaches to the problem and
different solutions of it have a right to exiat. 1In our
time there is nothing occurring in the field of education
similar to what occurred in mathematics of the last century
when everyone gradually realized that it is impossible to
attempt to refute every non-Euclidean geometric system and{
that science is enriched if the notion of ''geometry" in thé
singular i1s replaced by geometries in the plural. However,
as distinct from strictly fixed geometries, such as ‘those

of Euclid, Lobachevski-Bolyai, or Riemann, which break down
if the nature of their underlying axioms is changed, the
premises and postulaté¥ which form the basis of education

of a certain country or group of countries evolve and can

be changed, thus producing progress in the school aystem.

And one effective means for such evolution is international
exchange of experience. This is why such exchange has
important practical as well as theoretical value and why it
is necessary, in discussing eveh suth a special question as
problems of mathematics education, to become acquainted with
those general conditions under which this question is solved
in various countries [from an address to the plenary -
session of the First International Congress on Mathematics
Teaching, 1969 (Markushevich, 1971)]..

"V . ! - ]
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Chapter VIII

o7 Eﬁ N L
Ahother View of _ . _ _ !
S .
. The Value of Studying Mathematics Education Resénrch _ : j
and Development in the Soviet Upion ‘ ' " e Yy
N “

F . Mary Grace Kantowski o S _‘w{

A. Inmtroduction _ . -

Research and development are, by their very naturs continually ¢
changing. The knowledge generated by research gives rise to new quesﬂk'k
tions to be studied, new instructional ‘techniques to be tried, -and
curriculum changes to be made. Two decades ago researchers felt NES
hampered by their inability to deal .with quantitative data: The - s~ L
advent of the technological era that led to greater accessibility of RN

poverful computers seemed to herald the coming of a panacea for the o Lﬁyp;
educational researcher. To deal with incressingly complex data, mire . - L )
. sophisticated statistical tests were developed, and the capability of'.f IR RS
3 - technology to handle such data easily kept pace. As a rksult of this ’ VLY
phenomenon, a great deal of new information has been unab%ered . Iti;;dff ' gfﬁﬁﬁ
is becoming increasingly clear, however, that theé- sophisticated ,-q'r;-*;'g'ﬁg
statistical tests were developed, and the can'bility of technology B SO
to handle such data easily kept pace. As a result ofWhis phenomenon; - = PO
a great deal of new information has béen uncovered.. It is becoming R f"ﬁk
increasingly cleax, however, that the sophisticated statistinsl tech~ . v
niques  for which¥&he calculations could be ground out by the computér " M;f@«;fﬁéﬁ

in seconds could not lead researchers into the promised dand., S e MTT

Recently the process of evolution of research in mathematics educa»,fx;;?g' :
, tion’ has given rise to more than a new pody of quantitative informa~-ﬁ?$"j et
tion about the’ teachiug—lﬁagning interaction. Some bf the more 5'1“7 S
probing questions spawned’ by Tecent studies clearly point.to a need -
for a new methodology that would deal with many of the questions of _
“"how'" and "why' that canndt be answered by tests of significance, a ST AR

» - )

methodology that wbuld desl with qualitative data. el s ;

Another, related naed has emerged.. Although there has been a

proliferation of research in mathematics education during the last

two decades, many. classroom teachers, K fail to see the applicability

of the results to their real-life school situations. even when ‘

statistical significance is found. - Many research studies deal with

one idea in a very carefully controlled environment thit appears to

the classroom teacher to hs highly unrealistic. .. Undcniably, such | Sa

research is needed and very valuable, but there is also a need to ' Co
- supplement results folnd in{many such short-ters, small-scale ) .

studies with investigations/carried out in actual classroom situa-

tions. The real world of the classroom exists with many uncontrolled , ©

-—-and uncontrollable-—variables. Surely this rxeal world should be .= Sy

studied, too. The call is.for new research procedures that would ;

allow studies to be undertaken in actual school situations.
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This need is felt in many areas. Cronbach notes (1975) that
. "we cannot afford to' throw costly data down the drain whenever
effects present in the sample fail to reach significance.” He
adde: .

Instead of making generalization the ruling consideration .
in our research, 1 suggest that we reverse our priorities.
An observer gollecting data in one particular situation is
in a position to appraise.a practice or proposition in F o
that setting, observing effects in context. In trying to
describe and account, for what happened, he will give atten-
tion to whatever variables were controlled, but he will
give equally careful attention to un¢ontrolled conditions,
to personal characteristics, and to events that occurred
. during treatment and mea"rement. As he goes from situa-

tion to situation, his first task is to describe and
inturpret the’effect anew in each locale, perhaps taking
into account factors unique to that' locale ‘oxr series of
events. As results accumulate, a person who seeks under-
standing will do his best to trace how the uncontrolled

. factors ‘could have caused local departures from the modal

. effect. (pp. 124 ff.)

These remarks also imply a call for a ney research methodology, one
sensitive to haturalistic data and to cause-and-effect relationships.

A channel of communication is also greatly needed in mathematics
education. In preparing tp do a study, a researcher geherally
searches the literature carefully to find out what has been done
and how the proposed study is related to what is known. “ Unfortu-

~nately, due to time lags and other uncontrollable vpriables there
are communication gaps that result in dupIicated work and overlapping
studies. A communication network connecting researchers with common
interests could alleviate such a problem. A collaborative effort in
which a series of related studies are undertaken would also help to
bridge the communicatfon gap- among researchers and curriculum
developers in mathemati

Finally, there 1s a in mathematics education to integrate
the findings from related fields with research in mathematics learn-
ing. This is especially true in the field of psychology wheére, for
example, there are many developmental studies and studies related
to spatial ability that would be of interest to mathematics educators.

Clearly, many research and development needs in mathematics .
education exist in the U.S. The needs described above may . be roughly
' categorized into the functional, those related to methodology and.

other technical and -6rganizational aspects of research and develop-
ment; and the substantive, those dealing with content and instruction ‘
npocific to the learning of mathematics itsélf. Among the most . "

_ 'pressing functional needs are means to analyze and synthesize quali- - SR
. tative data, methods of integrating the findings of research and ' '
development with actual classroom practice, and viable channels of
communication and collaboration ong mathematics educators and

B : -
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between mathematics educators and experts in other fields. Questions
related to the substance of mathematics include the study of mental
processes, and questions on the development of spatial ability and
the relationship of spatial ability to mathematics learning.
"It 1s not unusual that a completely different point of view
will often provide insights into a problem and promote new ideas
71t on ways to approach’a given situation. Although research and develop-
“? ment practices in the Soviet Union may not be completely applicable to
\qu& our needs, the Soviet work in these areas is so rich with ideas and
-éonccpta that are new to us that an in-depth study of their work can’
¥ th help but add a new dimension to our thinking in these areas, and
pgrhaps point to some new directions.

v he
. . .
.

Y

B. Sovtet Practices Related to Our RJD Neeads

I

_ Raaaarch Methodology

- 4

; dﬂzin studying Soviet research literature, one is struck by two
. chﬁ ac¢teristics-—an emphasis on detajls of the thinking processes
" of ‘indfividual students and an emphéhis on research conducted in
actual ‘tlassroom situations. The Soviet educational research
methodﬂl'gy was shaped by Lev Semyonovich Vygotsky, whose influence

s 1 eyldent in the work of the Soviets today. Vygotsky believed

; - hat ‘me nglﬁability is not inherited but formed, and that the develop-
. ’ Q;‘ucnt of ﬁtal abilities is totally dependent on .instruction; if a
ghm d not learn, it was the fault of poor instruction. This
ise d to the integration of psychological and educational
- sgsea ;' the various Pedagogical Institutes in the Soviet Union,
' ‘ﬁere primary objective of all research was seen to be the

1mprovemant of «instruction. Thus, the emphasis in research is on
teaching methods that are most effective in produding independent
think{ng at a high cqgnitive level.

. Vymotsky prOpoaed what he called "genetic" research methoddlogy
that would deal with qualitative rather than quantitative data. He
was particularly interested in observing thinking processes as they
developed and in trying to determine the instructional techniques
that wers most effective in promoting learning. ¢ Soviets charac~
- terize this form of research as dynamic, since it is designed to -
deal with movement--movement from ignorance to knowledge, from the
- : level of a simple operation to a: more complex, from a problem to a
" solution. The methodology 1is deaigncd to "catch" processes in thefr
- development during this movement. - )

Vygotsky's emphésis on proccss=continuel to influence research
and developwent in the Soviet Union. His individual experiments
svolved into the "natural experiment” which, according to Kalmykova
(1967), wvas first described by Lasurskii. A natural experiment (as

*  opposed to the laboratory experiment) is undertaken in a school
~ setting and uses as its content material from the school curriculum.
Kalmykova admits that much of the validity of the natural experiment

’ " o * b
L
¥

~

o

L : . LR
. b F

"
-



133

depends on the skill of the creators of the methods used, as well
as the peculiarity of the processes studied. She notes that a
great deal of attention is paid to standardirzing instruction and
clarifying the conditions of the experiments, but admits to some
measure of subjectivity and lack of control. She argues, however,
that the trade-off is worth being able to operate in the real
world. She describes two forms of the natural experiment——the
ascertaining experimant and the teaching experiment.

N .

The Ascertaining Experiment K ™

>
-

Although the teadhing experiment is a methofology that has
evoked more discussion in the United States, the ascertaining exper-
iment has just as much potential for application here. As the name -
implies, the purpose of the :asc¢ertaining experiment is to examine a

“knowledge state or pattern of behavior as 1t exists in some popula-

tion. It is most often undertaken to ggzher information about the
status of a skill or ability or to determine error patterps as a
prelude to diagnosing reasons for guch-errors. The clinical method-
ol6§y is generally employed. Data are collegted by having individual
students think aloud while doing mathematicgigat-times gtudents are
also asked to'examine their work in retrospect and to explain the
procedures used. Results are reported by noting generalizations
formed on the basis of qualitative analysis (often professional judg-
ments) of the data. Kalmykova (1967) points out that the ascertain-
ing experiment does not allow experimenters to make judgments regard-
ing the ‘acquisition of knowledge, but to "determine the peculiarities

of assimilation arid application of knowledge and of the formation of

habits and of the modes of intellectual activity under given,

already formed condifions of learning” (p. 14). Perhaps a few
examples would clarify the notton. One of earliest ascertaining
studies, a classic one, was conducted.by N. Menchinskaya (1969a).
Disturbed by the formalism in mathematics instructiqy/an the lack of
creative thinking in problem solving"amdng students,” Menchinskaya
undertook a study to trace the thinking processes during problem
solving that could lead her to suggest improvements in techniques

for problem-solving instruction. She was interested in how a problem
vas recognized and understood, how problems were approached (e.g.,
verbally or visually), and the relativnship. between productive and
reproductive thinking. She looked at problem solutions by subjects
from first grade through adult; by subjects judged to be.poor,
average, and good; and by subjects who had some degree of organic
brain damage. N C

In response to her first inquiry (how a problem was viewed,
recognized or understood), Menchinskaya was able to isolatle four
mdes ‘of operating which she saw as four developmental stages or
levels of performance. Subjects who performed at the first stage
viewed. a problem solely in terms of numerical data; in the second
stage, the problem was not understood as a whole, so that each part
vas approached separately and not related to the whole; in the third.

]

139,

'
[ U

e C———



134.

stage, subjects again looked at parts of a problem, but then related
.- the parts tosthe entiga problem. Only in the, fourth stage did sub- .
« ‘jects see the problem as an integrated whole and approach it that
. way, Related to her second question, Menchinskaya found that weaker
R students preferred working with maq;pg;g;iyg*m.;gxinln.muhn:oaam~mmwwmmwméwu~~~—-m
stronger students acted symbglically. She noted interesting spatial
schemes of solutions as well as verbal ones and found that some
students had difficulty verbalizing images and thought processes.
Finally, she found that the use of productive or reproductive thought
was related to experience; and that problem solving began with repro-
ductive thought, then, if pursued, took on a more productive character.

From her study, Menchinskaya concluded that the type of instruc-
tion used in schools needleasly detained students at lower stages of :
problem solving by forcing them into artificial analysis that hampered T
creative thought. She suggested that the study of devices used by ‘ ;
adults and more experienced problem solvers could give valuyable direc- ‘// 3
tion for instruction. Broad suggestions for-instruction included the
need to emphasize comprehension of the whole of a complex probiem, i
to teach various modes of operation, and to make pupilg'aware of ;
their own thinking processes. . : i

Menchinskaya's vague'results, sweeping generalizations, and broad .
suggestions for instruation could be viewed critically by some Western
researchers. Although some degree of criticism migh® be warranted,
it should be noted that her findings were not meant t® be accepted as
firm conclusions to be implemented in the classroom immediately. Her
suggestions were used to form hypotheses for later studies: thus
Yaroshchuk (1969) studied the stdges of problem solving identified
by Menchinskaya in greater detail- with larger samples and analyzed,
his data quantitatively as well as qualitatively, and Gurova (1969),
among others, did further study of the effects on problem solving of
pupils' awareness of their own mental processes. The suggestions for
rovement in instruction served as a foundation for a teaching
expexriment related to problem solving (Kalmykova, 1975).

rtemov‘(1975) conducted an ascertaining experiment to examine
use of auxiliary lines in solving geometry probleéms. He was
nterested in determining the basis of students' construction of
auxiliary lines, again with a view to proposing instructional tech- g
niques that might impz‘%e student performances. He found that an
overvhelming number of students made blind, random constructions,
and that the few students who made productive constructions did so’ :
on the basis of an operational proposition (that is, a proposition o
related to some definite goal-orientation; see Talyzina, 1970). He :
concluded that the obstacle to the construction of auxiliary lines ‘
that aided the solution was the lack of a store of operationalf pro- ) ;
positions. He then followed this study with a teaching experiment '
in which he tested: his hypothesis with a small number of students.
&

Some very interestihg ascertaining experiments have been con-
ducted in the Soviet Auxiliary Schools (schools for retarded
children). In oné such study, Kuz’mitskaya (1975) tried to

14y
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pinpoint the source of such children's difficulty in completing simple
mathematics exercises. First she studied how students reproduced the
statement of the problem, and identified four types of reproduction:

1) fundamentally correct; 2). structure correct, data changed; 3) basic

--8trueture -changed; -onty tndivtdual tomponents-retatined; datx-usuatiy———— -~

altered; and 4) no reproduction (refusal). In an example of the
third type, the problem read:

%

There were 19 plain pencils and 6 more :Llored than
plain. How many colored pencils were there?

Pupils reproduced the problem to read:

There were 20 plain pencils and 10 fewer colored
ones, How many colored ones'were there?

or
There were 19 plain pencils and how many other - .
pencils were there?
or
- There were 18 plain penci¥s and 10 colored ones.
S} " How many colored ones were there?

The data made¢ it clear that much difficulty existed even before mathe-

matical operations were performed and that instruction must speak to
that difficulty.

In studying solutions to problems, Kuz ‘mitskaya noted that the

'relationship between reproduction and solution was complex, but she

did find the following regularities: ' “

1) when the conditions of the problem were reproduced
" erroneously, the problem was usually solved accord--
ing to the reproduction. .

2) 1In some cases reproduction was erroneous bﬁt_the solu-
tion was correct, pointing to a discrepancy between
what is thought and what is said.

3) Even in cases where a problém was reproduced correctly,
it was often solved incorrectly.’ (

Kuz’mitskaya noted that the chief differenccl between her subjects
and children in the public schools yas the peculiar dissociation of
wording from content; that the second signal system (speech) was some-
how isolated from the first (thought). Based on these obscrvations,
she made suggestions for instructional experiments. - /

14
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The Teaching Fxperiment

The ascertaining experiment was not intended to look At the
acquisition of knowledge. The kind of natural experiment devised

for that purpose is the teaching experiment, introduced by

Menchinskaya. The objective of the teaching experiment is to .
construct methods of instruction in accordance with a hypothesis
outlined on the basis of observationa and preliminary experiments,
and to study the effects of those methods of instruction. -The
instruction may be preplanned or agreed upon by researchers and
teachers during the course of the experiment. Often changes are
made as the tesearch continues. 1In a teaching experiment, instruc-
tion may be one-to-one or in a classroom setting. Even in the
latter case, whieh is growing more popular, some data are usually
gathered from a sampling of "strong,"” "average" and "weak' repre-
sentatives of the group(s) under instruction.l! The data gathered
from these subjects are "generally qualitative, obtained in a
¢linical setting by recording verbal protocols for future analysis.
Because the emphasis- is on process, it 18 not uncommon for the
experimenters to give hints to the subjects during thé testing
sessions. In this way the experimenter is able to observe the
development of cert?in processes, .

Menchinskaya (1969b) describes two forms the teaching experiment
may take. The first is what she calls the experiencing form, in
which only one mode of instruction is used and observations are made
under this mode of instruction to evaluate its influence on mental
processes. A second, less common, form of the teaching experiment
is the testing form, in which two or more wethods of instruction are
compared. . This form of tke teaching experiment is closeat to our
experimental study.

v

The exp¥rdencing form of the teaching experiment was used by
Krutetskii in His series of studies on mathematical abflities (1965,
1969, 1973, 1976). The investigations were conducted between the
years 1955 and 1966 using students from the second through tenth
grades. By analyzing solutions of carefully organized sets of prob-
lems over extended periods with the same students, Krutetskii was
able to delineate characteristics of mathematical ability. The
organization of the problems was instructional and, as the problems
were solved, mental processes were observed in their development.
Problems included those requiring generalizations, algebraic proofs,
and those with visual-graphic and oral-logical components, among
others. Krutetskii emphasized that although some quantitative data.
were gathéred (the number of problems solved and the time to solu-
tion), the dynamic indices, such as progress in qualitative aspects
of problem solving, were. more valuable than the static, quantitative

llhc terms "strong,'\: "average" and "weak” are not defined in the

Soviet literature. Most probably the decision about which group
in which to place a subject is made subjectively by the experi-
menter and/or the teacher.

!
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onas. This {s reflected in the componerits Krutetskii enumerated

in the structure of mathematical abilities, namely (1) thg formalirzed
perception of mathematical material, (2) quick and sweeping general-
ization of mathematical material, (3) curtailment of thought, (4)
flexibility of thought, (5) striving for'cconomy, and (6) a mathe-
matical memory. In his earlier writings, Krutetskii included spatial
skills in the structure, but later removed it from the "obligatory"
structure. '

Krutetskii, a deputy director of the Rasearch Institute of
Geneéral and Educational Psychology at the U.S.S.R. Academy of
Pedagogical Sciences in Moscow 1s, perhaps, the individual with the
most potential for influencing research in mathematics education
here. In the introduction to the English translation of Krutet-
skii's work (1976), Kilpatrick predicts that Krutetskii's impact
on mathematics education could equal that of Piaget. i

Another excellent example of a teaching experiment done in the
/ experiencing form i1s the Kalmykova (1975) study. The question
Kalmykova was researching involved the components of successful
instruction for .solving verbal problems. To determine components
#f such instruction, she observed several teachers in their own
_ classroom situations over an extended period. The stydents of one
o ofvtlie teachers, Petrova, were consistently more successful in solv-
& ing-problems than students of other teachers. Kalmykova tried to
| ' i#olate the techniques used by Petrova that were different from
5 ' " those of the other teachers, and thus could account for her
) students' success. She found that Petrova spent a great deal
of time on understanding the problem, on thinking through the
" solution before beginning to operate, and on allowing the students
time to reach a solution independently. Kalmykova then analyzed
. the protocols of older subjects who were successful problem solvers
9 “and isolated several techniques they used. She combined §hese tech-
N e niques (which she labeled auxiliary methods) with Petrova's instruc-
‘tional practices to propose an instructional model, which she then
tried with a small number of students.

Kalmykova's model has great potential for the development of
instructional sequences. It is so simple, yet ingenious: observe
behaviors that lead to success and those that do not; isolate
differences; propose a model using successful techniques; test the
model. As with the other designs used by the Soviets, this model
is extremely time-consuming and would require cooperation of
teachers and administrators, but it has great possibilities, par-
ticularly for finding instructional techniques that would work for
.populations that\\raditionally have a difficult time learning mathe-
-ntics.

An interesting teaching experiment using what Menchinskaya calls
the testing imode was also conducted by Kalmykova (1958) with a class
of physics students. The methodology used is similar to our Aptitude-
Treatment-Interactior design. Kalmykova used'two wethods of instruc-
tion 1nd_1dent1fied two groups of students. Although there were no
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statistically significant results based on quantitative data,
Kalmykova concluded that one method was better than the other
for the slower students, since findings based on the'apalyais
of protocols of students solving the problems indicated a higher

level of cognitive activity in the slower students.
' \

In 8 series of studies related to geometry, Zykova (1969a, b)
used both forms of the natural experiment. Usling the ascertaining
form, she discovered that sixth graders depend very.heavily on
visual images in their learning of geometry. She also found, after
a long series of protocol analysis, that a good number of misconcep-
tions in geometry arise because concepts in geometry are generally
' Thus, studengs incorrectly
generalize, for example, that there are only two diameters of a
circle~—one ZBrizontal and one vertical; that a right triangle must
always be "sitting" on one of its legs; and that the base of an
isoceles triangle is always horizontal. Zykova hypothesized that
the students would learn the concepts more correctly, and thus
become better problem solvers, if diagrams used in instruction were
drawn in non-standard form. To test this hypothesis, Zykova used
the testing form of the teaching experiment. Again she analyzed
protocols of students to whom geometric concepys were presented
using nonstandard diagrams, as well as protoco®y of those taught.
using standard diagrams. Based on analysis of t data from ¢
protocols, Zykova concluded that her hypothesis  supported,’

These summaries are gross oversimplifications of the proce-
dures and findings of the studies described. The true spirit of
the resear and richness of the findings can be appreciated only
if one readd the report of the studies and becomes involved in
trying to intkrpret the meaning of the protocols. One of the
difficulties erican researchers have in reading a Soviet research
report is thay it is highly descriptive and includes a good deal of
amecdotal evfdence open to a variety of interpretations thak depend
on the experiences and even the biases of the reader. '

Spatial Ability

A question that has stirred a great deal of interest among mathe-
matics educators recently ts that of the relationship of spatial:

"ability to the other mathematical abjilities and to achievement in

mathematics. In the U.S. spatial ability is generally treated as

an aptitude, with the assumption that it remains relatively stable

as an individual develops. One of the most fascinating rotions

seen in the Soviet research on spatial ability is that this ability
is not static, but may be improved under instruction. Vladimerskii
(1971) has put forth a series of exercises for sixth-grade and ninth-

. grade students that he claims will ‘improve spatial imagination. The

sixth and ninth grades were selectad for administration of the exer-
cises because of the relationship of the mathematics curriculum at
those grade levels to the content of .the exercises. A large segment

1
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of the sixth-grade mathematics syllabus is devoted to the geometry .
of the plane, while the study of three-space and three—dimensional
figures begins in earnest in the ninth grade. Logically, the sixth-
§rade exercises are designed to improve what Vliadimerskii calls
spatial imagination in the plane, while the ninth-grade program “
deals with three-spate. Many of the exercises deal with figures
in nonstandard positions both in the plane and in three-space which,
as Zykova found in the atudies cited above, helped students in
correctly learning concepts. Other exercises deal with transforma-
tions of figures and mentally operating with them. The exercises
themselves make an interesting study; the question of 1f and how
spatial imagination can be trained is one that deserves investiga—
tion and support.

The Geometry Currioulum

In a related area, there is a great deal of discussion in the
U.S. mathematics education community concerning the role of geometry
in the mathematics curriculum. By and large the study of geometry
in the U.S. is concentrated in the traditional formal course’ in the
secondary school. Although some geometry is contained in elementary
school textbooks, its actual inclusion in the school curriculum
quite often depends on the decision of the individual teacher to do.
more than just a minimum of work in geometry. Usually a token intro-
duction to some basic definitions and some common theorems is the
only geometry covered at the elementary level. In the Soviet Union,
on the other hand, the study of geometry is an integral part of the
mathematics curriculum from the early years. The Soviets follow the
Van Hiele model (Wirszup, 1974) in their geometry sequence. Basic
geometric structures are systematically introduced very early in the
curriculum, Relationships among structures are introduced.later in
the elementary schools, as are some of the matric relationships and
the applications of some of the common formulae. In the sixth grade,
for example, geometry is studied for two hours each week. The work
includes constructions 6f altitudes and medians of triangles and
properties of parallelograms and symmetries are studied and the
Pythagorean theorem is introduced. 1In the eighth grade, there is’
an interesting integration of arithmetic. and geometry in the syllabus.
Ratio and proportion are introduced in arithmetic; -geometry topics
include similarity, proportionality, theorems on altitude to the
hypotenuse of a right triangle, and theorems related to circles.

L

‘Sample test questions illustrate how' the work is integrated, as well
. a8 the level of work -expected from the student: '

Sample Problem 1: Construct a right triangle on the basis
.+ of a 3:7 ratio of its legs and a given altitudo drlwn to
the hypotcnuac. . _

S e Problem 2: A tangent and a secant drawn from the
: .pz::t A to a given circle are equal to 16 cm and 32 cm
é "respectively. The secant is 5 cm from the center. Find
the radius of the circle. .

L4
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Sample Problem 3:° The common chord of two intersecting
circles 1s extended. Tangents are drawn to thase cir-
cles from a point taken on the extension. Show that
their segments from the given point are equal.

In the ninth grade, geometry is studied more rigorously. Deff-
nitions, theorems, and axioms related to properties of the plane and
three-space are introduced. Finally in the tenth grade, more complex
theorems rdlated to three-space and polyhedra are studied. Through-
out the curriculum, the ability to operate with geometric concepts
{s given as much emphasis as ‘is computational skill. There are advan-
tages to the “early introduction to geometric concepts and to exper-
iences in which manipulative materials are used and formulae
representing geometric relationships are used. When students are -
ready to reason formally, they will have had a good deal of experience
wvith the concepts,
A

In the U.S., geometry is treated as a deductive system, with
emphasis on formal reasoning. Indeed, some of the opponents of
leaving geometry in the secondary curriculum argue that the study
of logic could accomplish the same goal. Chetverukhin (1971) gives
an interesting argument that could refute those who would remove
geometry from the curriculum or replace it with logic. He suggests
that there are two modes of instruction in geometry, the formal-
logical and the visual-applied. He observes ‘quite correctly that the
emphasis has been on the rmer method and that the latter has been .
neglected. By observing protocols of students learning geometry, '
however, researchers have gathered evidence that students who com-
plete correct formal proofs may actually be reasoning from the -
diagram. Chetverukhin concludes that there is a need for emphasis

on the active use of the diagram in instruction in geometry.

»

Many Soviet researchers have studied the influence of the
diagram in solving geometry problems. Studies range from' Zykova's
study (1969a). in which she dealt with very simple concepts in
geometry and the false generalizations made by students as a result
of a "standard placement” of a diagram, to a series of studies by
Artemov (1975), in which he dealt with the importance of the
visual-applied aspects of geometry in the solution of ‘very complex
geometry problems.

Soviet psychologists have also studied the problem. Zavalishina
(1974) looked at the functions of visuslization in problem solving.

.She noted two functjons of visualifation--the function of fixation

of information in which a visual image is used like a word to repre-
sent a symbol, and the meana of analysis of logical conditions whare
the drawing is actively used in- the solution of the problem. .
Zavalishina uses examples from the studies of Zykova (1969a, bd) .nd
Kabanova-Meller (1971) to show how these functioris are exhibited fn
school mathematics, ‘thus providing' another example of the effactive

-communication network among pedagogical and psychological resdarchers.

g
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Ueing the ascertaining experiment described above, Talyzina
(1970) was able to identify two ways in which propositions and -
theorems in geometry are used and to relate their use to success
in problem solving. By analyzing the recorded verbal protocols
of students who were able to solve geometry problems as wcll as
those who had 1little success, Talyzina identified processes that .
she called the "use of objective propositions' and the "use of
operative propositions.” The subjects who simply recognized propo-
sitions related to the problem that referred to properties of the
figurea involved were said to be using '"objective propositions."
Those who suggested some proposition that indicated what ghould be
done were said to be using "operative propositions.” The use of,
operative propositions" showed a goal orientation. Talyzina found
a high correlation between the use of operative propositions and '
success in solving gegmetry problems. )

Such studies of differencep of procelaes in succesaful and
unsuccess ful problem soluc{gns are needed. Talyzina observed the

L)

-

use of processes’ in subjectd at various levels of sophistication

in mathematics (el?mentnry, secondary, college students), and with

varying abilities to solve the task problems. Such systematic

. observation'pf subjects at many points of the knowledge continuum

y ~ as well .as the ability continuum i8 a technique often employed by
the Soviets that could be useful in our research on the learning
of mathematics and on the development of mathematical ability.

N What Talyzina describes as the "use of operative propositions"
'is very similar to what Duncker (1945) describes as "analysis of
conflict” and to what is seen in' the Information Processing Model
of problem solving (Newell and Simon, 1972) as search paths through -
a problem space. “Talyzina's examples from student protocols in
wvhich "operative propositions' are used also link them to Polya's
planning heuristic (1957). "Objective propositions,”" on the other
hand, seem to be related to Duncker's "analysis of the material”
and the Information Processing System operators that produce sub-
expressions from another single subexpression. Although hany of the
classical researchers of problem-solving behavior and, more recently,
the information processing theorists have otudied»similar behavior,
the Soviets have looked at problem-solving behaviors in the context
of the school curriculum. The comparison of Talyzina's work with
that df the Western researchers cited again demonstrates the need
for communication among disciplines. Most studies of complex
problem-solving behavior here have been done by psychologists,

. generally using 'puzzle type'" problems. Yet it is.continually acknow-
. ledged by American mathematics educators that the ability to solve
complex nonroutine problems is a goal of mathematics instruction.
Research on complex problems of the type used by the Soviets, pre-

ferably with the collaboration of psychologists, is clearly needed.

<
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Currioulum Development

The Pedagogical Inatitutes in the Soviet Union provide a
wechanism to deal with the problemn of ‘communication and collabor:
ation. The Soviets believe that the primary purpose of resesrch_
1s the improvement of instruction, since ,all intellectual dcvelop-.
ment is preceded by instruction (Zankov, 1977, p. xi). Therefore,
virtually all research and curriculum development efforts in the
Soviet Union are tied together at one of the nation's many. Pedagog-
ical Institutes. Projects often run for years under the direction
of a senior researcher working with a staff of eolleagues or
proteges. One of Phe largest curriculum development projects ever .
undertaken in the Soviet Union was headed by L. V. Zankov, beginning
in 1957. The first, phaae of the experiment, the development -of the
frlmaybrk for a new didactic system, took four ‘years ‘to compléte.
This phase used the methodology of the experiment form of the -
teaching exper iment. .

i

'S

In this first phase, each segment of the teaching process was
thought out beforehandy carried out, and. uubaequently analyzed. In
addition to studying the cognitive aspects of the curriculum, '"The
life of the classroom collective as a whole and each school pupil
as a unique individual were studied.for a period of four years"
(Zankov, 1977, p. 39). The expérimental classrooms had an adjoin-
ing room for the researchers. Video (photographs) and audio (tapes)
regords were kept. After four years of work on the experimental
curriculum, members of the staff reported the findings of the:
research at a conference of teachers, and nine teachers were
selected from among those who volunteered to participate in the
second phase of‘the study, which consisted of an initial implemen-
tation. The following year twelve schools were added to the original’
nine, which continued to participate in.the experimental program.
After that, sixth-year textbooks were written to prepare the mater-

Y

- ials for use by larger numbers of classes. The number of partici-’

pants increased rapidly every-year after that. By .the 1965/66 school
year, eight years after beginning work on the experimgntal curriculum,
there were 1,034 classes participating. All testing and evaluation
data from the participating schools were returned to the Laboratory
for Problems of Teaching and Developncnt at the Academy of Pedagogi-
cal Sciences for analysis . ‘ .

Although{such a tightly controlled model is not possible in our
country since we do not have a national curriculum, some aspects of
the model could certainly be followed in some of our R & D centers.
Whereas the Soviet model includes all aspects of research and//
development, including fotmativc and sumindtive evaluation .of the
develoged materials as well as the dissemination and implementation
of the ma rials in the classroom, our modals have traditionally not.

' 1nc1n2a§ g&: last phase, since materials developed in projects here

y turned over to commercial publishcra. It would be
1ntcroct1ng to see a project in this country, even a very small one,.
taken through all of its stages -from the initial conception of the
problea throygh the research and dovtlopnoat phaac. into the -

W
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" implemesitation phase, and finally thrgugh a thorough evaluation under

the direction of a research-and-development team under a single
director. - A

tﬁbugh none of the major projects undertaken in the U.S. isa
carried threugh on all aspects of the Soviet model from the concep-
tion of the {dea to the implementation and evaluation of the o
materials, several projects have reflected some aspects of the
Soviet model. The writers in the Madison Project, for example,
worked duving the school year and new materials were written as a
result of close work with actual classes.. If something went well,.
they would try it in more classes, ‘rewrite, try 1t again, and so
forth., If something was going badly they tried to determine what

it was, and to correct it. This procedure was similar to the’
instréctional aspect of the Zankov project. The closast we came

to the evaluation of student performance after implementation was in
the work of the School Mathematics Study Group (SMSG), which followeM
through with the NLSMA and ELMA studiesm. Even the many critlcs of
some aspects of the large curriculum projects would have to agree

that each had some positive impact on the study of mathematics in

the schools. . , . : '

C. Concluding Notes ‘\\\\\

Only a few examples of research and development practices in
the Soviet Union in selected areas have been examined, but even
these few examples should provide food for reflection and, perhaps BN
some interesting questions and avenues of research to pursue. ' -
Several other conatructh'thataappear quite consistently in the
Soviet literature merit studyTgna discugsion, if not serious
exploration. One of the most Interesting 1s the "zone of proximal
develpopment,'" a concept similar to what we call readiness. The zene
is seen as the distance between what a child is able to do inde-~
Pendently and what can be done with the aid of some form of
instruction. The behavior is studied under a number of cues to
see how far the child is from acting independently. The concepts

- of curtailment [truncation of the reasoning process (Menchinskayd,

1969c)] and valence [focus on essential elements of a concept
(Artemov, 1975)] and the device of creating conflict situations
(Kalmykova, 1967), should be of great interest to researchers in
mathematics education, partirularly those interested in processes
involved in problem solving. . .

Even the few éiamples diocuaqu‘hbove suggest that we could reap
great benefits from a close study of ‘research.and development prac-

.tices in the Soviet Union. Certainly there are cautions to be

exercised. There are basic differences in philosophy:that result in-
basic differénces in educatipnal practice. PFor example, we have no
national curriculum, education is laeft to the individual states and
coﬁnnnitiec; there 18 much more choice in our electives system; ‘which.
also results in a variety of mathematics 0fferings; the mobility of -

- !‘.)' ) . )
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our lifestdyle makes longitudinall studies with small numbers of
students ch more difficult; our teacher-training programs
contain much_variety. In spite of the differences, there are
many areas wheye we can learn. The Soviet emphasis on the
school curriculum, their communicasion networks, and their
confidence in the integrity of the professional judgments of

the researchers could give us new avenues to tread in our search
for more effective practices in the mathematics classroom.

-
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Chapter IX

Summary ) N

Robert B. Davis

A. Similarity and Dif?hrcn&a Are Both Important

The case for deeper study of Soviet research and development in
mathematics education is strong, and can be stated simply: Soviet
R and D 1s often different from typical U.S. work, and Soviet R and D
1s often of high quality and serious intent. These two facts,
together, imply that wye can gain substantially from studying Soviet
work.

The chapter by Romberg shows clearly the value of new points of
view. : One need not--and should not--become entrapped in arguments
over the superiority of one narrow point of view over some other.
What 1s needed is,diversity, openness to high-quality alternatives,
the potential inclusion of that which has been excluded. The case
has been well-argued by Alfred North Whitehead:

In the history of education, the most striking phenomenon
is that schools of learning, which at one.epocggpre alive
with a ferment of genius, in a succeeding generition
exhibit merely .pedantry. and routine. The reason is that
they are overladen with inert ideas. Education with
inert ideas 1is not only useless: it is, above 3ll
things, harmful--corruptio optimi, pessima. Except at
rare intervals of intellectual ferment, education in the °
past has been radically infected with inert ideas...

...Every intellectual revolution which has ever stirred
humanity into greatness has been a passionate protest
against inert ideas. Then, alas, with pathetic ignor-
ance of human psychology, it has proceeded by some
educational scheme to bind humanity afresh with inert
tdeas of its own fashioning. ([italics added] (Whitehead,
1929, pp. 13-14)

A4

If one believes, as Whitehead did, in the importance of not

~ being bound to a narrow or incomplete world view, then the two facts
.are enough: Soviet wWwork is good, Soviet work tends to be different,

therefore we have something to gain from studying Soviet work.

Besides differences there are-also similarities (as, again,
Romberg shows clearly). Soviet R and D aims st improving the learn-
ing of mathematics by students in the Soviet Union. United States
R and D aims at improving the learning of mathematics by students
in the United States. These two nations have much in common, as -
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large modern nations, subjected to the stresses éﬁd opportunities of

industrialization.” Consequently, at the most fundamental levels, the
goals of Soviet work cannot be substantially different from the goals
of U.S. efforts. There must be considerable simtlarity between what
ve need to learn from atudying Soviet work, and what we need to learn
in general. . .
Any adequate statement of the case for oiudylng Soviet R and D
must reflect these two truths: the importance of our differences,
and the fundamental congruence of our basic goals.. What, then, are . '
the goals of R and D in America?

B. U.S. Neads

Any knowiedgeable person can compose a long. list of educational

needs in the United States. We avoid a long list because it lacks

emphasis ard destroys any sense of direction. Like the classified
ads, it lacks a good story-line. Consider, instead, the following
short list of eight important needs:

1) The United States needs batter conceptualiagtions for
analysing the processes of mathematical thought.

8) The United States needs better arrangements fbr
developing and implementing tmprovements in mathe-
matics curricula.

3) The United States needs a deeper understandtng of the
motivational issues that play a large role in deter-
mining what a student will learn.

4) The Untited States needs better fbruma for research ‘
communications. '

§) The United States needs better forums for the discussion
of value issues and social issues, as they relate to
mathematics curricula.

68) The United State;(?béda better forums for discussions
of the phtlosoph /gﬁ\:eseaﬁch and development in
education. .

7) The United States neaeds more effective ooncern for the
art. of teaching.

8) The Unzted States needs better provisions for the con-
tinued profbsszonal development of teachars.

Why is this 1ist limited to U.S. needs? Surely any successful
program of Soviet-U.S. collaboratibn must be mutual ly beneficial!
Of ‘course that is true, but a reasonable regard for one's mandate
and one's competence requires that each nation be allowed to define |

1
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its own rfeeds and goals. T suspect that a list of Soviet goals would,

on a fundamental level, show considerable overlap with the present

list, but thnt.ﬁglcarly, ia for Soviet cpﬁleagues to determine for

themselves. ~ a ‘ R
The main argument of this chapter is that the determination of

possible gains to be had from communication and cooperatton between

the U.S. and the U.S.S.R., in tha area of mathematiocs education R and =~ - -

D must be seen as part of the question: WHAT ARE THE BASIC NEEDS OF

THE UNITED STATES. IN THIS AREA?

The 1list of eight needs presented above was heavily influenced
by a thoughtful analysis of the situation in the United States,
arising from the work of a committee of the National Council of
Teachers of Mathematics and reported (excellently!) by James Fey
(1979) 1in the Mathematics Teacher. The report draws on three
sizeable studies of the mathematics situation in the United States
at the present time: Weiass, 1978; Suydam and Osborne, 1977; and
Stake and Easley, 1978. ' '

The picture that emerges is one of a national educational effort
that shows important successes (else how could we have our space
effort, our micro-wave ovens, our computers and hand-held calculators
and jet airplanes and color TV?), important failures (witness high
school graduates with no skills that rendér them employable; witness
the few women who study mathematics;,witness the mathematical errors
that pass (almost) unnoticed in signs, advertisements, and even laws;
vithess the.general popular fear of mathematics), and no disposition

to change. : '

Taken together, these reports constitute a "State of the Union"
message concerning mathematics education in the United States today.
The flavor is best captured by a few quotations:

Statements by mathematica teachers:

Wa offer excellent training for the college-bound....
For [all students] we offer the discipline that comes
from a rigorous regime of study. (Mary Lee Smigg, 1978,
p. 11)! Y,
We've found that traditional methods [of instruction} work.
This is the way it was taught to us in high sehool and:-the
vay it was taught in college and the way it works . for us.'..
I don't think kids can handle inquiry...They just don't
have the background or sophistication. (ibid., p. 11)

The problem most common to us teachers is that we can't
keep real algebra exciting for the students. When the

~
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. \
students ask, "How am I going to use this stuff?" our
usual answer is foggy. The only anawer is in higher
msathematics.” (Denny, 1978, p. 69)

\

What is lacking i{n the textbook 1is applied mathematics.
Even the average text“goes into properties. A kid just
does not have to know 'commutative' and 'distributive'
to function 1n the world. (ibid., p. 68)

. Hard and boring. That's why I got into math. Trying to
figure out how to make it not boring. I have been
disillusioneds It 78 a drag. (ibid., p. 106) -

Reading will panic most of our kids in math, even some of
the [best]....If two sentences are given to direct
students in a mathematics problem, not more than two of
thirty can go directly to the work, I don't have time to

. teach statement problems. We spend too much time on

* theory and not enough on statement problems in the curric-

. ulum. So we are losing a chance to develop a child's

reasoning ability. Statement problems are the key.
(ibid., p. 71)

Statement from a science teacher:

I can see the results of the new math on all the students

I've had here. As sophomores, they don't know how to do

long division [and] most don't know how to figure up per-

centages. It really shocks me...They're lost to science

as far as math is concerned. (Peshkin, 1978, p. 9)

-Statements from elementary school teachers (who, in the United
States, are NOT specialists in teaching machematics, although they

are the people by whom mathematics 1is taught--in addition to their
other duties):

Modern mathematics? I dislike it...[The text] shows three
vays when one will do. The brass tacks are learning’addi-
. tion and subtraction. That's it. (Demny, 1978, p. 31)

. /. This book- has too much esoteric garbage in it. It is
. simply too hard. The geometry is silly [to try and teach]
even for our best -third gradera. So we all skip it.
(ibid., p. 33) :

We are fortunate not to have gone way out fqt the new
math. We have stuck to the basics throughout it all and
the results that are coming in show we were right. (1b1d
p. 33)

To mathematics education apccialiats, these quotation- may
suggest a weird and disquicting co.bination of knowicdga and
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ignorance, of complacency and concern. This same impression is
suggested by comments such as the following, th. firsc from a
parent, the second from a student:

My kids understand the basic number system much better
than I ever did at their age...They know, for instance,
wvhat multiplication i8, rather than just knowing some
tables by heart. 1In the long run I'm sure this will be
a big advantage to them, especially when they come to -
take algebra or calculus. (Walker, 1978, p. 52) ' '

Science and algebra and geometry are just teaching you
to think, even if you don't understand. It imprints in
your mind to use a proceas, tp think for different -
situations that you come across...Math--1 couldn't get
by without it. (Peshkin, 1978, p. 33)

Mathematics classes in U.S. schools emerge from these studies
as ''boring" but "comfortable.'" Consider these statements from
observers: ' ’

In all math classes I visited, the sequence of activi-
ties was the same. First, answers were given for the
pravious day's assignment. The more diffitult problems
were worked by the teacher or a student at the chalk-
board. A brief explanation, sometimes none at all, was
given of the new material, and problems were assigned
for the next day. The remainder of the class was devoted
to working on the homework while the teacher moved about
the room answering questions. The most noticeable thing
about math classes was the repetition of this routine.
(Welch, 1978, p. 6) .
A general comment about math classes is that they were
dull. Science was perceived as being more fpn...I got
7 the impression many students looked forward to science
but no one seemed to look forward to math. (ibid., p. 29)

As Fcy/;oints out, what goes on in U.S. classrooms has very
little in common with the recommendations of the "new mathematics"
projects, or of the college professors who recommend "inquiry-based
teaching" or '"discovery learning” or. '""laboratory. exploration" or
"individualized instruction.” Is it possible that the "experts" are
wrong? Are there realities of classroom life that constrict the
range of feasible approaches? Welch (1978) reports:

Although it .seemed boring to me, students and teachers
seemed comfortable with it. Apparently it fulfills
student expectations and provides the .tudcnts oppor-
tunity for closure. (p. 6)
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Fey cites a commant by Hoetker and Ahlbrand (1969):

If ‘the racitation 1s a poor pedagogical method, as most
teacher educators long have believed,. why have they not
been abI: to deter teachers from using it? ~

Or, is it not possible that the practicing teachers are v
rizht and the professors unrealiotic, and the recitation
~--for some reason--is the best pedagogical method? Or

the only practicable one for most teachers. (Fey, 1979,

p. 495) :

Intellectual history should teach us not to ignore the wisdom -
of competent experienced practitioners. But, quite aside from. . *
practitioner wisdom, there is a question of national needg in -
economic gnd cultural terms, and in terms of the kind of rld
that our geachers live in, and that our young pebple are taught
to expect.” Is it in fact the case that those who are complacent
are correct? 1Is it perhaps true that change is not needed? The

anawer. As Fey summarizes the situation:

One could comfortably accept this latter explanation of
predominant teaching styles and conclude that teaching,
as it is now commonly practiced in mathematics classés,
is about as effective as one can reasonably expect.
However, the case studies and the. survey produced fre-
quent comments that students find the study of mathe-

- matics boring and teachers find motivation of students
to learn -mathematics one of the most difficult problems .
&he& face. When teachers were asked what aspects of ‘
their jobs they most needed help with, gt alb‘levels

- they mentioned learning new teaching methota. and imple-
menting discovery/inquiry appmachaa [1talic- added] "
(Fey, 1979, PP. 495-496) _ .

There is abundant evidence that all is not we11° conaider the.e
statements by teachers'

...I've had a lot of spark taken out of me in the last

two years. We hear administrators talking about meeting
the needs of students--individualization. But we never
get time off to develop these things or the financial
support...I've talked to them about getting studept-
teacher relationship. But I find it very difficult to
stand up and play Johnny Carson every day. The kids
don't want to hear lectures, they want to do things. I
always thought that the main goal of education was teach- -
ing kids, now I find out that the main goal is management.
(Mary Lee Smith, 1978, p. 9) .

There is sbundant evidence to show that we are encourag-
ing superficial learning in some of our [best students]).

>

o\ . 159
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Sure, they do well on the tests. Our éi!crinll on hand
ancourage this. The algebra book, for instance, is pure

‘ abstraction. The really good memorizer can go right
through and not really have it at all. (Denny, 1978,
p. 68)

We need to be working with teachers, not checking on -
them.. .Education 1s generally a negative enterprise
toward children, toward teachers. It is a highly
structured reward structure which emphasizes the nega-
tive. Those who get rewarded are those who make the
fewest mistakes.. (Denny, 1978, @. 8)

There i no way to motivate d certain number of kids.
They put forth absolutely no effort. I will not be
held accountable for teaching an unteachable student ,
....Why is accountability the teacher's responsibility?
Why 1is it always my job to ‘solve every problem a child
manifests in school?’ I am not.in charge of the math -
program. So how can I be adcountable. for 1t? (ibid.,
P., 8)

Mathematics teachers painted a picture of '"going stale,:of
burning out" (Fey, 1979). Louis Smith (1978) describes the condi-
tion as: .

A flatness, a lack of vitality, a seeming lack of
interest in the curriculum By both the teacher and the
children, a lack of creativity and curricular risk
taking, a negativism toward the children--they're
spoiled, they don't care, they don't try--and some-
times a regativism toward colleagues, administrators,
and college and university training programs (often
decadeo ago) . (p. 84) . .
What do teachers. think ‘that mathematics really is? Fey. (1979)

rcports- .

Several case study obacrvera asked teachers o explain

what they saw as the big ideas in mathematics. From
- elementary teachers the most common response was that

wmathematics is a collection of rules and procedures to

be learned to a level of near mechanical proficiency

(p. 498) :

From ctudonts'(unsurpriningiy) one gets a similar vicb:

...otudents seem to expect emphasis on facts and memo-
rization in mathematics, along wi?h the neat closure

_,..-1-4 -

that comes frof a discipline with well-defined proce-. . v

dures and "right" answers. In one science class a
site visitor suggested to students that they might
find D'Arcy Thompson's book on Growth and Form an
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interesting guide to modeling of scientific observations

by mathematics. The observer commented, however, that

it was clear from the student responses that this was

not regarded as mathematics. The same narrow conception

of disciplines scems to plague science as vell. (Fey, .

¢1979, P 498) . _ : _ ,

wt

How well has R & D been helping teachers and students? Not very
wvell at all, according to present evidence. Suydam and Osborne (1977)
reviewed the seemingly relevant R and D literature, and their review
has been summarized succinctly by Pey: - :

»

...recent research and expository literature offers little
immediate hope that instructional research will yield new
ideas or convincing support for any existing strategy or
technique. There is no consistent pattern of results
favoring recitation, discovery, small group, or indi-
vidualized approaches in mathematics teaching; there is

no demonstrably superior way to identify the knowledge,

experiences, or personal traits of people who will be

consjistently effective. teachers. (Fey, 1979, p. 496)

7 .

When you go to the supermarket, you had better have along a
thoughtful shopping 1ist, prepared carefully beforehand. It is in
this spirit that, before considering Soviet possibilities, we have
tried to ask: what {8 it that the United States needs? °

>

C. The "Flavor" of Soviet Work

To put the matter very briefly--leaving the earlier chapters to
speak for themselves on matters of detail-—one migﬂk say that, speak-
ing very generally and broadly, Soviet R and D work shows common
sense in four important respects, and might be labelled "dynagrc" |
in four different senses. (It should be pointed gut that we fise
"common sense'' here as a term of approbation. There is enoyigh -
general wisdom among mathematicians, teachers, and others w k.
vith mithematics that it is good for things to look effective, appro-
priate, and useful.) : “

Y §

*

1) Soviet R and D tends to appear to mathematiotiane as sensible .
inquiries, dealing with the kinds of things that one cares about.
The mathematical content--proofs and constructions in geometry (as
in the work of Artemov, 1975), algebraic proofs (Knitetskii), prob- .
lems in visualization (Krutetskit, Zykovﬁ. Zavaliihina%'and
Viadimirskii, among others), ratio and proportion, creative problem
solving (Talyzina, Menchinskaya, Artemov, Krutetskii, and choraz)—-
appears to mathematicians to meke sense; this sort of thing is part
of the genuine content of real mathematics: The kind of thought

7

280qp publications by.thclc authors are included on the list of refer-
ences. '

]
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v

prooese that (s studied im recognizable to a mathematician; this is
in the right ball park in terms of how competent people do think
about mathematics (cf., e.g., Krutetskii, 1976). The kinds of
questions that are asked will be of recognizable interest in a
mathematician's view of things.

/ . X .

2) Soviet R'and D in mathematics tends to be sensible in the

eyes of teachers. When, for example, Kalmykova found that Petrova '
vas an unusually effective teacher, she uegwqg;b;o determine what
it was that Petrova was doing that tended to pPoduce such good
results. This kind of question 1s of interest to all serious
teachers, and the kind of answers that Kalmykova reported make
sense to teachers. °

3) goviet R and D in mathematics education tends to look
sensible to the users of mathematics; it includes an adequate
concern for practical problems at all levels of sophistication. ‘

4) To an outsider, it’would seem that Soviet R and D is _
sensibly directed toward the national economic needs of the U,S.S.R.
Finding themselves short of competent computer scientists, the _— )
Soviets have created special high schools for prospective computer ,
aciencg specialists-~the U.S. did this, years ago, especially in
New York City (as in the case of the Bronx High School of ‘Science),
but in recent years this seems to have been neglected. ~

(There are, of course, gsome exceptions. . It doeas seem that the
present school program in the U.S.S.R. is very formal, making too . )
little contact with "shop mathematics" to meet: the needs of futureé - . - -« .
machinists and draftsmen; if this is true, it seems likely that '
attention will be addressed to this issue before much longer. And
the Soviet shortage of technically trained people seems very per-
sistent, which necéssarily raises questions aboyt how "well-tuned"
‘the Soviet educational programs actually are.) B

So, in at least these four ways--and one can think of others-—-,
Soviet work seems for the most part to be "sensible" and "reasonablé."
One never gets the feeling that the work is foolish or meaningless.

Soviet work is also dynamic, again in severml different mgan;ngs‘
of the word: .

1) It is dynamic in the sense that it typically deals with a
student's thought processes, and not merely his or her answers.
Krutetskii, among others, makes this abundantly clear; indeed, this
appears to be a persistent theme throughout Soviet R and D activi-~
ties. o . i

2) It is dynamic in its intérest in the "sone of proximal ° i
development"--that is to say, not just what is in a child's -
repertoire of reliable knowledge and technique, but also what

the child is ready to move on to, to master, to carry out with - /-
. /
!

{

~——
..
~
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a minimum Qf prompts and help from sdulﬁn To u;ny Americans, as

4 well as Russians, this is often the qtnributp éf ‘A ptudent that is
of thc greatest relevancc. For a- ﬁ@Udent bcginntns calculus, we
care espeaially that the ntudept iu in. a. pogition to be able to -

. learn calculus effectively. This is NQT the sahe thing as the
statement that the student poa.esséuukperhaps in'uhat Whitehead b
might call our "inert" form--previqus- knowledge of, say, the half-"*
angle formulas in trigonometry. Many mathematics courses list as
their prerequisite "adequate mathematical maturity," and this may
well be a correct statement of the true ‘pretequisite. One can ’
know the half-angle formulas, yet still- 'lack "adequate mathematical

\ maturity” to undertake the study of calculys, and vice versa, many
students who do possess 'adequate mathemat ida¥ maturity' for begin-
ning the study of calculus do not know the HXlf-anglé formulas- (but,’
of course, if in fact they do possess "adequ&te mathematical maturity”,’
they can easjly learn these formulas) -A\atatic listi of some of
the more obvious items that sit on the shglvea of a 8t3§ent 8 intel-
lectual warehouse is not equivalent to an examin ion into what the
student can learn and what the student can db. It is this latter
question which is more important.

'q,‘
1‘ N

3) Soviet studies are often dynamic im the sense that - ‘they,
follow the same students for as long as four- years,, thus dealing
with the kind of significant growth which is-of .the greategt
interest for serious educational programs. (Here, tog, one\could
cite remarks of Alfred North Whitehead.) - ,-f » ;//”“

4) Sowiet R and D work is also dynamic - 1n ‘the’ bense that it
sees education as an urging forward of the child's intellectual
growth, a deliberate effort to move the child up to higher levels -

‘of functioning. It 1s in this sense that Soviets- tend to sound’
hostile to Piaget: they find too much in the Piagetian school that
seems passive 'to Russian eyes, resigned to an 1nevitab1e pace of
developmental ! ‘growth, with neither the responaibility, nor the. -
desire, nor- the possibility of moving the child- ‘forward by deliber—
ate teaching acts. (Piaget 1is probably not persqnally gullty of" o
such passive resignation, and his own childhood hardly digplayed ..
it, but it is an undeniable truth that many self—proc dimed e,
"Piagetians" do hold such views.) _ - AW

The view that more ambitious sghool programs ar: futile is
videly ‘held by American teachers. ‘Consider, for example, the
following remarks by U.S. teachers:

No algebra should be taught in junior high. Fortunately,
nature is on my side and very little algebra can be
taughé/in junior high. (Denny, 1979, p. 102)

I wish theéy were almost taught no thcory dowm thotc.
Back to basics. That means delaying teaching of theory.
(ibid., p. 102) - - QT

2

¢
A

These are views the Soviets would disagree with.
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* The issue of teaching more mathamatios to childriem 1s one that
deserves special attention. Krutetskii, Zankov, and Davydoyv (ct.,
¢.8%., Davydov, 1975) all report, from Russian experiehce, that
children can, indeed, learn cbnniderably more mathematics than the
traditionnl curriculum attempts" to teach--although special methods
of teaching may be required. to achieve such goals. Thesa Spviet
reports appear to'match very closely a large pumbei of U.8. studies
that have come to the same conclusion, including work by Johntz,
Kaufman, Page and the prasent author. Given the consistkicy of -
this finding, and the reluctance of U.S. teachers to belleve it
and to act on it, this would seem to be an area where ‘the careful .
cogbining of U.S. and Soviet experience could help to resolve what,
at present, is something between a mystery and a dilemna.

- D. Some Speot fw Areas for Sovut-U S. Coopcmtion cmd
Comnumoatwn

1) We liave just sean one such area—-aan children learn more .
mathematics, and, if so, why are schools and teachers so reluctant
to attempt {t? . -

-

’ - : ;
What’ other areas of potential cooperation come strongly to mind?

. 2) One, surely. is the study of the prdcess oj'muthemattoal
thought, and in particular the process. of solving mathematical prob-
lams. This has been a matter of concern for decades, if not
centuries. One relatively early study, by Bloom and Broder (1950),
deacribes the need as it was seen by those authors at that time:

Mental proaesaes represent a very difficult and.complex
subject for study. To a large extent, we have been
limited in this study by the wide-spread emphasis on overt
behavior as the major acceptable type of evidence on the
workings of the mind. Much of psychological research
-attempts to infer from the observed behavior of the indi-
vidual what the mental processes must have been. This
attempt to mgte an objective science of psychology not
only limits ‘kinds of data acceptable ‘to the. psycho—
logist but must necesgarily make for many inaccuracies

- in his inferences about the nature of the. mantal processes.

" The handicap placed on the work: of the pcychologiht by ' the
type of data he regards as™useful and scientific is well
demonstrated in the field of individual differences. Much
of the wprk in this field is based on the use of various
types of tests. In these tésts the subject is presénted
with questions which he is to angwer and problcul which
he is to solve. After some mental effort, thé subject 4
submits his answers or solytions for' Appraisal by the
tester. In .addition, the tester may secure observations
of the behavior of the subject while taking - the test. .
From these data the tclter will attcnpt to draw

Y
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., conclusions about. the mental characteristics of. the suf-
’ jJect. What is missing is information on the process by.
which the problems are solved. The methods of attack,.
@ steps' in the thinking process’, the kinds of consid-
tions used to make one choice rather than another, and
thc feelings and attitudes of .the subject are neglected
*@* or given very little attention. The products of thought
~-—~the answers to the questions or the solutions to the
problems--plus the observations may- give the tester a
fleeting glimpse into the complex processes of thought:
involved, but usually this is incomplete and, almost of
. neccsaity,«inaccufaté. -
If it were established‘that the evidence on overt behavior
or the products of thought had a clear-cut and definite
relationship to the mental processes which produced them,
. the psychologist would appear to have ample justification
L for limiting his data to such objective and easily
observed phenomena. However, even ‘the most simple
exploratory studies on responses to -test questions reveal
that the same solution or product of thought may be
* arrived at by distinctly different processes of thought.

(pp. 1-2)

i
~ . e e m ¥

#

The educator, as well as tlie psychologist, assumes a
correspondence between mengal products and procésses. .
He usually assumes that the individual who has ‘the
largest number of correct responses on the final examin-
_ation is the individual with the best or more desirable
,quality of mental processes. Even in classroonm discus-
sions, the teacher is generally more concegned about the
accuracy of responses than about thermethods by which the
student arrived at his respgnses or.solutions. In ldfge
part, this preoccupation with accuracy of responses is a
. consequence of the difficulties of getting 1nformation
‘ ' about ‘the processes of thought, the. limita{fipns of time, °
' the large size of classeg, and the pressure r coverage
of subject matter. 1In spite of this emphasis on.the
products of thought, educators usually agree that good
habits (or processes) of-thought are the important and
. significant outcomes of education. Also, they would -
probably agree that the particular solutions or answers
given to schoolroom problems are of little consequence
N except insofar as they serve to indicate the. quality of
. " - the student's thinking. (p. 3)

e
.

v ' Bloom and Broder were clearly correct. But at that ti-a-1950——
1n° the United States, the kind of "process" study which gycy proposed ‘
¢« (and carried out) was considered ‘unthinkable if not unmentionable,
.. It wasn't "objectivc," 1t didn' t use statistics, it could not be of
rnal value,

.
3
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Some Americans, of course, persevered in pursuing independent
lines of research (cf., e. 8 the work of Easley, Erlwanger, and
Ginsburg), but for several decades this line of ‘attack was almost .
completely ignored. In part, there were 2lmost no journals that
would publish typical results, and probably none at all that could -
reach appropriate audiences. Someéhow, tn Switzerland, Piaget fared
better. In the Soviet Union, the general method of Bloom and Broder
has been perhaps the most truqted (and most often used) method of
research.

The value of comparing U.S. and Soviet work in this area is
entirely clear.  Kilpatrick, Steffe, Wirszup, and-others have
already taken sizeable--and vpluable--steps in this direction. But
the end is nowhere in sight. Much more use of "interview methods"
or "process studies' is called for. K

3) However, as Herbert Simon has pointed out, these very
valuable "naturalistic" observations must be related to an appro-

- prtate theoretical '"rhetoric" (or set o oonceptualtaatzons), 80
as to provide for deeper Zevels of anal

Fortunately,'considerable progress is being made .in developing
such conceptualizations, especially (within the U.S.) in the work of
Papert, Minsky, Michie, Brown, Simon, Matz, Rissland, Winston,
Abelson, Bobrow, Winograd, Larkin, Freiling, McDermott, Rieger,
Schank, - Norman and Rumelhart, Charniak, Goldstein, Sussman, and

’ others.3 A very useful reference on this work is Boden (1977); see
also Davis and McKnight (1979) and Davis, Jockusch,. and McKnight
(1978). While this work is arising in many different contexts-—-
computer interpretation of pictures, robotics, computer advice to
physicians on medical diagnoses, and language comprehension, for
example--it is coming to be recognized as a unified field of study,’
usually either under the name of "artificial intelligence" or
"cognitive science." 1Its specific application to the analysis of
dathematical thought and to mathematical problem solving is being
carried out by Matz, Brown, Simon, Papert, and others. :

<

The chapters by Rachlin and Kantowski report on some similar

—  work in'the Soviet Union, and Michie has prepared a volume (pre-
sently in press) that deals extensively with artificial intellf-
gence work in the U.S.S.R. Soviet success in programming computers
to play expert chess provides evidence of the high quality of Soviet

" work in artificial intelligence (cf. Levy, 1976, on KAISSA
Soviet chess-blaying computer program)
-~ . . 7

4) Soviet work on the neurological basis of learning difficul-
ties is of outstanding merit. Specific application of such methods
to learning difficulties in mathematics is being carried out in the
U.S. by Denckla (1979) and Davidson (1979). There already seems to

3’ub11cations by some of these authors are cited on the 1list of
_.references.
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be effective communication betweéen the U.S. and the U.S.S.R. on
- research of this type--but perhash less-than-satisfactory communi-
cation between researchera in this area and the general world of
mathematics education, 1In this case it gppears that barriers
between disciplines are more serious obstacles than national
borders apd language differences are. .
Y E. Curriculum Improvement

In the United States, beginning around 1957, there was a
sizeable effort to improve school curricula in mathematics -and-
science. The sige of this progran grew, until by 1968 it had
reached the level of 20 million dollars per year (Fey, 1979, p.
493). According to Fey's summary of the three large surveys:
"(The) survey data :indicate that prior to 1976-~77 about 30 percent

- of the sampled distficts had used one or more of the federally
sponsored innovative éurriculq in mathepatics, but only 9 percent
were still using those materiafs in 1976-77" (data from Weiss,
-1978) :

Beyond any doubt, there‘is little impact of the '"new math"
curricula still visible fn U.S. schools today. Fey presents the
following table:

J

TABLE 1
$ -

" Course Enrollments in Secogpdary Mathematics for 1972 73
and 1976-77 "(in Thousands)

T ) - ==h7 7 .l‘I.zzrr s — — 3 11. iy
o 1972-73% 1976-77**
_General Mathematics 9-12 - r 26417 . 2563
" Business Mathematics 9-12 ’ 3 609
Elementary Algebra - o R 208 2825
r/Advanced Algebra ' - 1808 ~ 1317
. Geometry o .+ 1506 © 1900
Trigonometry T & 171 . _ 460
Probability/Statistics : - 25 |\ 39
- Compyter Mathematics . 63 - ' Z
. AMvanced Senior Mathematics ' .- 259 225
Calculus : .55 105
#Source:’ Osterndorf, 1975 . S ] C e

. , #ARSource: Weiss, 1978

, This table has a number of inferesting fedturas, of which we call
attention to just a few. - ° P .
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> Enrollment in business mathematics is up substantially.
No NSF or other educational program has been active in )
this area. Fey attributes the increase at least partially’
to the increase in interest in consumer affairs, and par-
tially to the increaged desire to acquire job-relevant
skills, , ¥ \

> The substantial increase in elementary algebra may be due
to the increase in curricula that take two years to cover
one year's work in order to accommodate less able (or less
motivated) students; as a result, some students are in
ef fect counted twice in computing "enrollment in elementary
algebra." (0f course, a larger number of less-able
students may actually be enrolled, in addition to the
"double counting.") ¢

> The respectable increase in calculus enrollments might
be cited as further (small) evidence that students can,
indeed, learn more mathematics than most schools teach.

A

> The small enrollments for statistics are interesting,
since considerable emphasis was placed on statistics by
some of the "new math" projects (though extensive teach-
1ng of statistics was ignored or opposed by some other

4 "new math" projects) i

> The notable increase in computer mathematics spe&ké
volumes: once again, technology has a larger impaét
than, rhetoric, logic, or persuasion.

> Nobody seems fable to explain the very large increase in
i trfgonometry enrollments (but with further data the -
wystery might be dispelled: for example, to what |
extent i{s it due to women realizing the importanced of
studying more mathematics?).

A number of worthwhile innovative curriculum improvements were
developed in the United States. Their impact has been somewhere
between slight. and insignificant. Not only has this phénomenon
mot been explained, it has not really.been studied, although the
three studies summarized by Fey hava made- an important beginning.

Anyone familiar with the Madison Project in the United States
must be struck by similarities between it and the Soviet curriculum
revision effort described in Zankov's Obuchenie i Rasvitie (Eksperi~
wental' No-pedagogicheskoe Issledovanie) '(1975), ‘abridged and trans-
lated into English under the title Tbgchtng and Development.

1) To bcgin with, the Madison Project started with trial teach- )

ing in a few clasgrooms; the tcaching was done by fh. curriculum
developers themselves. Indeed, the lessons were, in a sense,

_developed "right in the classroom with the students,’ primarily in

Weston, Connecticut, Easentially the same approach was used in the
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Zankov study, at School No. 172 in Moscow, with N. V. Kuznetsova

as teacher. ("It would have been a mistake,”" Zankov writes, "to
organize the experiment in a large number of classes at the same
time. It was vory important that, in the first stage..., each
segment of the teaching process be thought out beforehand and later
analyzed."” The Madison Project view was identical. But perhaps
especially signlficant 1as the fact that, even in English, one can
read more about Zankov's program than about the Madison Project
program.)

2) * Trials were gradually extended, over a period of several
years, to provide experience with more diverse student populations,
and (more importantly) to allow for the training of a few more
teachers who could Become experienced with the new ‘methods and
materials. In 7nnkov&e 'second stage," in 1961, nine teachers were
involved: S. M. Budyleva, K. D. Vasil'eva, L. S. Vinogradova, S. P.
Mescheriakova, 7. E. Mitoropol'skata, T. I. Orlova, Z. A, Snopkova,
A. I, Sharapova, and M. M. Kosheleva. (Notice in what detail we
can read about this Soviet "new curriculum" project!)

3) In subsequent expansion of the Madison Project program to

. more schools and more classes, the original teachers, ‘by now quite
experienced, {ormed "leadership cadres." They, and not books, were
the main repository of the Project curriculum. As they trained more
teachers, the '"leadership cadres" expanded, ultimately numbering
thousands of teachers, and extending from Connecticut to California.
Various reports indicate that Soviet expansion also reljied heavily.
upon experienced teachera ,

4) The second major repository of the Madison Project program
was a set of films, showing actual (and typical) classroom lessons,
that could be analyzed and imitated by teachers who wished to learn
the program. Zankov also used direct recording in several forms,
including audin—tape recording and photography. ('"We tried,"
Zankov writes, "to use photography tq -th& broadest and fullest
extent possiblc. Since photographs were taken by laboratory
personnel, the camera lens captured the true life of the pupils,
in all 1ts naturalness and lack of constraint. Deliberate posing
for the camera was excluded." Every word of that could have been -
written by Madiqon Project personnel, as well.)

5) In the United States, typical practice assigns teachers .a
relatively stereotyped role--for examplé, many textbooks are arranged
so that whenever the book is gpened, the two facing pages present
exdctly.one lesson, never more, never less—-but U.S, practice does
not monitor how teachers deal with that vnle.

The Madison Project r-ver-ez this: the basic role assigned to
teachers vas a flexible one, Gftén requiring diagnosis of individual
student needs, and impravised pYanmning in thebclassroom; but’ th!r
Project .attempted to provide quite detailed suidagce ok hom

,rola could be haggled . In this, th‘,PTojt t. vrobably stogd lo-nuhcre
1 -™, ! .
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> between typical U.S. practice and typical Sovict.pragtice (cf.,
e¢.g., the chapter by Romberg). ‘

6) Both Zankov and the Madison Project extended grade levels
upward quite gradually. Each project needed students who had
completed the new curriculum for grade N before it was posaible
to oreate the curriculum for grade N + 1.

o -

. 7 Related to that, both Zankov and the Madison Project conducted
their basic R and D work by following the same students for four or
five years, since both programs were concerned primarily with rela-
tively long-term effects on students. i

8) Both Zankov and the Madison Project report, on good evi-
dence, that students were aple to learn substantially more mathematics
than had previously been thought poasible (or had.been attempted).

9) Indeed, even the mathematical content of the Madison Project
curriculum resembles the present (1979) Soviet curriculum in many
particulars.

10) Zankov reports that, as the implementation of his program
matured, he found himself. becoming more interested in the problems
PR of implementation within the established social structure (and con-
straints) of the schools, and in the influence of home family 1life
on students. Both gtatements are true also for the Madison Project
(cf., e.g8.w Davis and Douglas, 1976).

F. Obstacles to Curriculum Improvement

The pfgblem of helping a student-—or a class--to learn mathe-
matics 18, at least in general, a problem that can be solved, and
has been, repeatedly. There 4s good evaluative data on the effec-
tiveness of student learning (cf., e.g., Dilworth, 1973). The
alleged "failure" of the "new mathematics"--imsofar as student '

\ erformance ig concerned--is a myth. The .best of the "new math"

: rograms, when implemented faithfully, produced improvements both

// . in student computational skill and also, in student conceptual under-

standing (cf. Dilworth, 1973). - » .

The problem of teacher education was also solved--at least in

the sense that generally competent teachers who wanted to master the

" new programs, and who attended teacher education programs designed
for this specific purpose, were in most cases able to use the new
materials effectively (again, cf. Dilworth, 1973). Hence, at least
in this existence theorem sense, two fundamental problems were
solved: (1) creating curricula to improve student learning and (2)
teaching teachers to use these curricula. o

The problems which were NOT solved, and atill have not been, in
the U.S. (and presumably not in the U.S.S.R.), are the two problems
Zankov refers to: . .

/’ 14

-
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> How can one carry out an effective implementation of
a new curriculum, within the constraints and confines
of an on-going wchool program?

I3

> How can one understand, and deal with, the very great
effect that home environment and neighborhood peer
influences have on student self-concept, aspirations,
habits, and--ultimately--performance? R

G. The Educational Establishment and the Professional Teacher

1. Aeéhvptiona .
S . -

The difficulties of implementing new curricul# represent a major
problem. To leave the problem unsolved is to concede defeaAt, .to allow
the curricula to become increasingly ineffective and increasingly
obsolete, increasingly unresponsive to the economic needs of soclety
and to the personal needs of individuals, But solving the problem
depends upon many things, among them the expectations we have for
school sygptems, for universities, and fop the role of individual
teachers. ) Yo

Here, clearly, different expectations are Possible. Different
‘expectations already exist, as Romberg points out, between U.S. and
Soviet practice. But even more alternatives can be imagined, as
Romberg again points out. -

My personal preference is to look toward genuinely professdonal
teachers, with an expanded role, an improved education, and a better
work situation. Let me spéil this out briefly, drawing on my
personal experience: "

Imagine a school where at least some of the teachers are part-
time teachers. (This is not novel: we expect aomething of the sort
from every major university, where a combination of scholarship,
.research, consulting, and teaching is the normal order of things.)

Imagine. perhaps, that it is a small school (aize ts a whole
story in itself), with one or two senior mathematics teachers,
assisted by several younger junior colleagues.

‘This organizatioh matches my peraonal experience and my own
personal needs. As a young teacher (at M.I.T.), I was expected to
teach a prescribed curriculum; even the precise. list of homework
problems to assign each day was prescribed. In this gense, it was
a very Russian system. But, as a novice, I probably gound this
reassuring and helpful.. Today, as a mature teacher with over-30
years experience, I would find this too confinins. Such externsl
specification would deny me the right to use my own professional
judgment, carefully developed by 30 yearﬁ of atudying, teaching, .
and experimenting. .

o | o 0 17
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Today I am inclined to say: I am a true protesaiffal, and I
wvant to be treated as such. (Fortunately, I am. Today/ 1 can design
the mathematics curriculum for my classes, and aven to/a consider-
able extent for my school, a high school ‘that 1is officially a
laboratory achool.) A division of a small mathematics department
into junior and senior staff, with curriculum design the prerxoga-
tive of the senior staff (which ia the arrangement tn our laboratory
school), 18 one possible arrangement.

Whatever assumptions you make about’ the naturg of schools and
the role of teachers, you must make some. Using your assumptions,
consider some of the aspects of the implementation of new curricula,
such as the following.

2. Teacher Attitudes
Teacher attitudes vary tonsiderably, as anyone who has worked in

implementation programs can testify. There are teachers who have
independently arrived at programs very similar to the specific inno-

Ivatipn in question, and who are delighted to find themselves suddenly

1n fashion. There are teachers who recognize many of the short-
comings of exlisting curricula, and who hunger for something new.
And there are teachers who doubt the value of the innovation, or who
believe that it ghallenges some of their cherished beliefs, or who
Just plain don't like it Consider these statements from teachers,
gathered by the surveys:
Ve

- I still think America came farther and faster thaﬁ_any

nation in history under the old method of teaching, where

we had some discipline in the classroom, we did some drill

because it was what teachers deemed was necessary, we

didn't have to try to 1ust1fy all that we did. (Steffensen,

1978, pp. 33-34) :

(Among aeveral themes that: I, personally, hear in this single state-
ment-is a plea from a serious ptofessional teacher to be allowed to
make some 1ndependent decisions, to be accepted as a qualified
professdional.)

I am using the rote method pretty much because they have
found out that with a three-level you can spend all hour
trying to get them to understand (and they can t) . (Demny,
1978, p. 47) ' ) ‘ ;

I dillihe‘bur book, not enough drill, it's uodern‘nqth'
We adopted a new book...1it has more drill more baaica
and I'11 like it. (1ibid., p. 11) .

The study of mathematics takes levels of maturity. You
have to take step one before you can take step two. There
is a definite. hierarchy of material. You can'it hope to bé
creative until you've mastered- the bamic program of
studies. (Mary Lee Smith, 1978, P. 104)
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I am a vary traditional teacher. I use chalkboard, a
textbook, and handouts. (Denny, 1978, p. 104) !

Fey (1979) summarizes the attitudes of many teachers: '"The
current mood, as reflected in the NSF stydies, is a search for
stability, choosing from among topics and techniques with which
teachers have long experience and comfortable familiaricy" 500).

Again, when I match this against my personal experience--not as

_ @ curriculum fonovator, but as a teacher--1 feel a considerable

responsibility for my students, and I am reluétant to undertake any-
thing that might prove;harmful to them (including anything that
might fail bocquse I did not know how to make it work). -

But one should bear in mind those teachers who have enthusias—
tically embraced the new curricula. Even thousands, among the more
than a million U.S. teachers, don't figure prominently in random
sawples, but--gince they were the teachers who sought out the inno-~
vative projecés-—they loomed very large in the experience of the
various curriculum innovation projects. "

3: Ins tvlt}yt:ional Constraints

We ment fon only two, but there are many. A common experience
of curriculum projects has been to find a (say) third-grade teacher
vho learned the project's materials, and used them well, only to
Pass on the students the following year to a fourth-grade teacher
who."didn't believe in these new-fangled programs" and who refused . ‘
to follow up on the new curriculum strands. In the U.S., this .
usually turned out to be an unsolvable problem. Strong curricula
tend to require continuity, and continuity (in new programs) is hard
to provide. ' ' ' "

Where -new curricula required new materials, such as MAB blocks
or Cuisenaire rods, school orderipg procedures usually implied a
delay of at least one Yyear before the materials could be available.
And by then the teachér who wanted the material had frequently left
that school, and the replacement teacher did not want the materials,
r know how: to use them; the materials stayed in the closet.

“t

4. The Professional Teacher

The autonomous professional teacher is not, in my view, an
impossible myth. ¥ Consider these excerpts from statements by
teachears: ' : )

. ]
The NSF institutes that I attended were well worth all the’
money. I'm sure that if I had not pttended these insti~ e X
tutes I would not have been able to do as good a job as I'.7o T May :
have done...A college graduate with a degree in'mathematics T

v

is not really prepared to teach high iéhooA.mimh!!:¢bqt‘Q'f.;‘h:fz o 1

A © . - ‘. "
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teach you how ta deal with kids and you also don't get
much of a chance to get your head together with respect
to math instruction. All math teachers should be encour-
aged to take an NSF institute at least every three .to
five years. (Serrano, 1978, p. 30) : -

I can teach them to think logically about real problems
in their: lives today. (Dénny, 1978, p. 111)

Mathematics can teach the sthdent how to think logically
. and that process can carry over to anything. To.be able

to start with a-set of facts and reason through to a con-

cluhibn is a powerful dkill'to have. (ibid., p. 112)

Nearly all observers rccogniza the decisive role of teachers in
our educational system: R T

Any observer cannot fail té’ be impressed by the fact that
.the resouré¢es tied up in teaching here are almost entirely
“human resources.~ (WalkecL 1978, p. 23)

When Louis Smith tried to qlicit genaralizptions about education, he
found that . . o t y
aduinistrators, board members, teachers, pupils always
ended up talking about indrvidual teachers. (Louis Smith,
1978, p. 112) . '

And teachers very often are responsible professionals: Mary

Lee Smith (1978) noted that one finds some teachers who have "kept

open a window on the larger world'of ideas" (p. 18). Robert Stake
concluded that teachers

saw themcelves in a serious, not very ®wxciting business;
~ the business of .education. They saw themselves as pratty
good businessmen, wishing that times would change for the
better, but confident that they could deliyer on their &
promises and pretty well satisfied that there is not’
really a better way to run the shop. '(Welch, L978 p.,25)

»~

5. Tbachtng As An Art

r N . y

and promoting the art of teaching. Yet in largc part teaching £8 an,
art, and should be studied and perfected as an art. ch,(1279)_ﬁ

) comments: : - e L
LA I ' " e e oL
One very ?undmnnl factor in the uvu of teschers that

seems to lead to their loss of and lpirit of-

¢-{‘JJ - innovation is the isolation of cac er's work in the R ; f,‘

‘classroom. In one sense this rolq as the sole ndult in
a sea of young people offers txemendous ft.ndél Qud h

T

The United Statea has not' been generally successful :in ctudying'
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impressive responsibility. But on the other hand, it
induces the separation of the world in séhool and the:
world outside of school that is seen by so many teachers
and students to be a serious problem in education codny.
(p. 499)

To bring teachers 1nto diroct contact with the development of . !
teaching as an art could be extremely valuable. Consequently, ;
Kalmykova's study of the art of teaching as practiced by Petrova i
is a kind of R and D activity to which the U.S. should pay heed. _

6. Rewards and Motivation for Teachers

A teacher's professional conscience can be a powerful motivatin
force. As far as improvipg the curricula is concerned, there 1is 8(
usually no other.
‘ Teachers tend to resist those things that make their job
more difficult and are attracted to those things that _
make it easier or more effective. Resjstance to innova-—
tion, appeal of teaching bright students, need for dis-
cipline desire for smaller classes, resistance to -
administrative requests for personal goals are all - _
explained by considering teaching in this light. (Welch, E
' 1978, p. 13) . . ’ -

. Presumably there are parallels with Soviet experience. i

>
7. Linear Constratnts

Can you change the curriculum in grade N without regard to the
expectations in grade N+17- In many cases tho answer is: no! Fey
(1979) comments:

A second, .more subtle, factor inhibiting change is the

reported prevalence at all levels of schooling of a _ :
."future orientation." Teachers feel a heavy responsi- : L
bility to get students prepared for the next mathematics C. N
cburse. (p. 502) . : o

<

' 8. Swmm'y: .C’urriculwn Impmvémant )

‘,_-._
-

It séems clear that curriuuluu improvancnt 1: a cOntinning and R

. inportant nced 1q cducation in the Unicad States. . It clearly is,. ‘ ' . xf
o - . . -also, in the Soviet. 'Union, -where reports indicate serious shorkages "y R
< . - . of admquately trained personnel. The: ptublqn\in chn U,s.‘in‘fat A
s " from solved, is Fey's excellert rcport makds patinfully: c].m ‘Ones B

S -1s led’ to [assume thqt 1t mst tlot truly -ao v-od 1« thc U.S.S»R. ;. e el

I ? Hcrc, then, ‘Ls oo?bn pmb‘l.m éﬁat both natwm bhould be. ablc e
S B éo work on: cpgcthur. tmtlarity vf’MGny cf?brtaxtﬁun jap {, moqt .ot
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striking! So, too (as Romberg's chapter makes clear), are the
differences in underlying ussumptions. \\,

Research and development workers in both nations are finding their
interests turming, out of necessity, to the two "corollary" questions:
>  How ]oeo one implement a curriculum innovation in mathe—

matics? X

> How does one learn more about, and cope better with, the
influences of home environments and neighborhood peer
groups?
! .

For both of these questions, the differences between Soviat and U.S.
assumptions are very great indeed! But that is precisely one reason
why cooperation in studying the problems can be beneficial.

|
H. Formme for Serious Discussions

In 1969, when Kilpatrick, Begle, Wirszup, Wilson, and their
colleagues began the publishing, in English, of selected Soviet R
and D reports, they made an important contribution to improved
communicat fon among researchers. Their work, fortunately, has
continued, and should continue for the foreseeable future.

The matter should, however, ‘go further. This is one” part--—
though an important one-—-of a moré general problem. Prior to 1969
there had been no satisfactory forum for the discussion of interview
studies and process research: the prevalence of this approach within
Soviet research was an eye-opener for many Americans. It helped to
usher in a new era of U.S. research, as the perusal of recent NSF-
and NIE-funded research projects makes clear. But how does the need
‘for communication stand today? For brevity, we lump together seven
communication needs: '

4

\ a) Thé need for communication about interview and prooess

ey of thought studies

" b) The need for communication sbout theoretical concep-
. tualisations for the details of human information
- '\ processing, especially as applied to mathematical
A thought

e need for.sharing filmed, video-taped, and audio-
d records of mathematical behavior

N oL

) d)',Th. need for foruns for the discussion of the phtloaophy
" .. of R and D work in mathematics education -

N

-«

. d) ‘The need for oomnunwatwn .gorose- national borders (amd,
' in thn prcoont case, between thc U.S. and the U.S.8.R.)
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f). The need for R and D disocussions that inoclude teachers

g§) The need for broad and serious di.cuccion. of aurrzaula :
at every level from fine detail to broad outline and ”_;,g\k
general goals _ _ A '

It would be quite beyond the scope of this paper to propose‘a’
solution to the over-all communicatien gap, but 1t is important tg. )
put U.S.-U.S.S.R. communication into the proper context. In 1969 _
the action of Kilpatrick, Begle, Wirszup, and Wilson was an ice- . . ' B
breaker: the communication gap was otherwise almost complete. S R
In the decade since then, two ralevantéoumala have appeared, I N
Cognitivd Sctence and The Journal of Children's Mathematical co )

Behavior. 1In addition, two face-to-face forums were created to

allow researchers to speak directly with one another:. 1invdtational
sessions at the University of Pittsburgh and mektings of the Inter-
national Group for the Psychology of Mathematics Education. Still

further, special sessions at AERA meetings are coming to provide an . ;
important forum for discussions of research in the applications of :
artificfal intelligence conceptualizations to the analysis of mathe- v "

‘matical thought processes. . oo oo e

Beyond this, publications by research groups themselves have i .
played an important role--for example, A.I. Meémos from the Stanford = °
University Computer Science Department and Technical Reports from S L
the M.I.T. Mrtificial Intelligence Laboratory. - )

The communication situation 'might be summarized as follows:

B
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Clearly, there are important comqpnication‘gqpl that still axist.
In particular, major questions of curriculum choices have hever been
adequately discussed, and at present there is no clearly. approprintc
forum, The best answers may come from the National Council of
Teachers of Mathermatics. For more general involvement;, one can.
imdgine effective televiddon discussion--the BBC has achieved this '
for various simila: issues--but (despite atpempts by Craig Fisher
and others), effective television discussions of such matters seem
not to exist in the U.S, Broadening the communication problem to
include the need to communioate between the U.S. and the U.S.S.R.
oan make the problem easier to 8olpe, in part becausae Soviet alter-
nattves can open up new and tntarestzng posstbilities.

-

I. Final Swmmary

We have adequate reason to study Soviet R and D work in mathev
matics education, in at least the areas mentioned in these chapters
and probably others. Both the differences and tHe similarities can
be .of value. 1In developing programs of communication and coopera-
tion, it is important to keep in mind the major problems that need
to be solved in order to achieve more effectfve learning of mathe-

matics, and to improve the lot of students, of teachers, and of ~ :
graduates. . . - o ‘ ;
. ‘ - z
_ . .
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