Y
'

. "ED 234 048

AUTHOR
TITLE

INSTITUTION

- SPONS AGENCY

PUB DATE
GRLNT

'NOTE

. PUB ?vpﬁ

EDRS PRICE
DESCRIPTORS

™~

~

ABSTRACT

‘Cole, Mic ael

L3

DOCUMENT RESUME o
| . 'SP 023 005

§

Learning/in Interaction: Contributions to a Cognstxveq
Science of Education. Oceanside School Project
Concerned with the Effect of Dxfﬁerentxal Classroom .
Organization on the Learning “of Classroom Discourse -
Rules and Cognitive Content. Final Report.

California Univ., San Diego.
Naticnal Inst. of Education (ED),
[83]

NIE-G-78-0159

227p.; Some pages may have margxnal teptoducxbxlxty
due tq light type.

Information Analyses (070) -- Reports -

Washington, DC..

: Research/Technxcal (143)

MFO0l1 Plus Postage. PC Not Available from ZDRS.
*Classroom Environment; Classroom Observation
Techniques; *Cognitive Development; *Cognitive'
Processes; Educational Psychology; *Educational
Research; Elementary Secondary Education; Interaction
Process Analysis; earning Processes; Psychological

-Patterns; Psychologital Studies; Research

Methodology; Research Needs; Schemata (Cognition);

" Student Réaction; *Student Teachet Relationship

This teport, addressed to tne broad audxence of

cognitive scientists, examines research on cognitive change. In the
introduction, background considerations are made, previous research .

"is reviewed, and the report itself -is outlined.-The first chapter,’

"Finding. Goals Outside the Laboratory,"” discusses’ how laboratory
tasks can obscure research goals and talks about different research
settings. "Bases for a Theory of Learning in Interaction," the second

chapter, covers the essentials of

a theory that/can adequately

account for the appropriation procezs that happens in teacher-s student

interaction. "Misappropriating Cognitive Processes"

is the topic of

the third chapter, which discusses the problem of correctly coding
cognitive processes in a classroom.' The fourth chapter is concerned
with "Learning and Assessment” and an analysxs of the concept of a
"zone of proximal development" for asse551ng children while in

interaction with adults. Chapter 5,

""But It's Important Data!: Maklng

the Demands of a Cognitive Expetxment Meet the Educational

Imperatives of the Classroom;"
. whose classroom was used for experiments; conflicts inherent .in 'the.
teacher-researcher. relatxonshxp are covered. Chapter 6,

contains discussion. with the teacher

"Long -

Division of Labor: In Support of An 1nteract1ve Learnxng Theory, .

illustrates how the

"zone" is actively constructed in the

teacher~child interaction. The seventh chapter offers "Conclusions”

(ca) - ~

. and implications of the work’ £or tesearchers and for educatorp
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T * INTRODUCTION' N

N . - - -
o

. , . ) -

This 18 a book about cognitive change. It 1is. addressed to seve::l audi~-

ences who Share an interest in the processes by which human beings ac uire and

_use knowledge. It is of special relevance to SOciai scientists and educators
\\ /’
who are responsible for designing educational environments that maximize the

effectiveness of the “learning/teaching process. It is the hope\ of everyone.

“ N . B '
concerned with educatidnal practice that systematic study of_the\\rocesses by

which education *s accomplished will eventually permit us to say that “each

8

, citizen is .provided .en  optimum environment for devels ing his/her apecial

)
-

abilities as an individual. But at present, educational practice labors with

. . s

only dubiOus contributions fron education;relevant social scie**e research.

4

By focusing directly on scientific probléms that seem: to coincide with diffi-

culties in practice, we hope that we can maximize® the utility of\opr work.

' . E
[ t

Our monograph seeks to communicate with people reoresenting several dis-
ciplines wlose ideas .are supposed to bear upon education. We are particularly

initerested in addressing the group of scholars who have come to he identified-

as

) \
it is ¥ossibie to con-

ceived (Norman, 1980; Simon, 1980), is the idea tha
struct- explicit, implementable models of complex .sychological processeso

This focus of attention follows from the scientific inte e?t, articulated‘ by

Herbert Simon,‘in "pbysical symbol systems" such as the computer or more cen- .
P

"trally the human brain. The prototype for a practical task is something like

- “

, cognitive scientists. At the heart of cognitive séience, as thug far Eon—:
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machine translation—-programming e high-speed computer 80 it can substitute

for an individual human. as an input-output device.’ . g )

- . it ]

Like other cognitive scientists e get out to "model“ a complex psycho B

logical process but ve did not seek to embody our model in a computer program
: ? * [y «.
Rather we set 6ut to create,_inran elementary-school classroom, a series of
d

theoretically motivated curriculum units in which We ’could observe the‘

interactive process of teaching and learning. We agree with Sﬁmon s character-~

i;ation of the mind as an artifact rather than as a€%§atural" system. This

14

position is completely ‘consistent with the sociohistoricel theory (Vygotsky,

»

1978; Leont’ ev, 1981) that we draw upon in our development of a thnory of cog- -

nitive ‘change. Where we differ from Simon and nany of our'colleagues in cog-

nitive science is in our interest in man-made systems of soeial activity as
well. A game- of poker, work in- a factory. a classroom lesson and a psycholpg-

ical experimen* are a11 artificial gsystems in Simon’ s sense. But they are sy%;

tems crganized among as well as within human beings.' The physical symbol sys-

people--in their interactions--as well as in thelr brains.

-

This extension of ‘cognitive science beyond the analysis of gstand-alone

' computer models 1is motivated by our long range goal; to provide a practical

- .
. <.

theory of the role of culturally organized experience in the developmer: of
mind. " A theory with such aspirations dces, not give privileged status to the

individual person as the object'of study. Without in any way demying special

.structuring to the individual, we Qill pursue the thesis that learning is use-

e h

fully, understoodk(~ the transformations within systems of social activity and

transfer of control from the social/interpersonal to the

tems that constitute cognition are materially present in the organization of"
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s

individual/intraperscnal levels of'organization._

While the reader might conceie that the notion of. artificial intelligence'

I8

can logically be extended to aystema of social interaction, the fact that auch

"

extensions _have not played much of a part in contemporary | cognitive science~

- naturally raises a question: why bother? Axtificial cognitive systems are
complex enoughiinfmachine fbrn, where we have a’ great deal of contro1 over the
. F. 3N CT

) " J . . -
elements- that enter inth the system. When we start to consider live people

.engaging in joint activity we have to-contend with an open aystem._,(Bartlett,

e, . S

1932) The pagticipants .perspectives on the-activityoare not.likefy to coin- s

.

cide comp{etely so there cannot be a single correct analysis ‘or coding uf.

' ei her " the individual's -or the group s behavior. The problem ‘of including

.\ . E ' -

social interaction in the arena of artificial intelligence may be too(tough a.._

«

oyt to crack. (Simon, 1978)

N | ’

I

As the discussion proceéhs, we hope to convince the reader that it ig not
only possible, but very useful, to carry out extensions of cognitiye science

s

to include social interaction in hctivity settinns. We want to argue that for
the crucial issue of cognitive change; inclusion of the gocial environment is

a necessity. To begin with, however, we want to summarize the steps and: the

. . .
A P : +

practical concerns that JTe d*us to this’formulation. In the "sciences of the

artificial," as Simon (1981) argues, descriptions of how a system works are

-

never far removed from questions about how to make it work better. Like other

[N . ¢

branches of cogn&tive science we are interested in creating a better aystem,
i But the specific problems posed to us were sufficiéntly\different from thoses

motivating other work in cognitive science that a narrative summary is in

order as a means of motivating the discussions to follow. .

.2
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For a number of reasons our approach to constructing a° theory of 'cogni-u

-/

. ! . . : . . ) . .

9. . .
- l

Backgroung Considerations, . . S I
1'-——-————-— . L |

o !
? . v e ™, . . ;
LN A . . PN , 'l
-
1 ~
)

i
A “

tive change is 'closely associated with questions ‘of education. Perhaps most

importantly, education is, the fo:m‘of culturally organized experience that is

aVailable as a tool of~government policy. During the 1960°s questions df/dul-

3 tural background and ‘educational achievement were at “the center of ted
States government ‘policies aimed at eradicati%g poverty.' While the goal may
- o -

have been a1tered, the questions raised by the massive effort to- influence

young children’s development are far from answered.

P

One, focus of attention at this time was the questionﬁ of\ how education
v

influences the course of development. Debates about the influence of educa-

)

9
‘tion on dPVelopment are by no means new but their reappearance in the 1960°s

came at a time in the history of both psychology and society which made reex- .

¢
amination of this isgsue of. sﬁ\cial interest.

B . ’ _ \

In the period between the end ofiworld War II and the present, a. vast
transformation 'has occurred in the political organization and everyday lives

of millions oﬁ;people around the globe known as the Third World. Formal educa-

N

tion, - which was’, virtually absent in many countries prior to 19457 became a
- Q’j ‘ - . . E - '

tniversal goal of the emerging independent nations. - Formal educatiod* did not .

. come easily. }t required a vast commitment of economic resources. _Change has

~

been slow, uneven and painful. In another context we might discuss the social -

and economics consequences.of these events. _0f, immediate _concern to the Hork '

we will discuss here is the way in which they pose dilficult, unresolved prob-
. < ;

lems to cognitive sciences. . - A _
. el L X . _C ) O
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The Evidence from Crossfculturalvkesearch, ..* 4;" o A

«
>4

A great'.deal of research over the lastp 30 years has’ been: devotedv'to

assessing ‘the’ cognitive consequences of attending formal school. ' The rapid

and uneven spread of schooling after 1945 provided many locales in Hhich popw- .

- ~. l_ -

lations‘_were being exposed . to schooling for the'first time on a relatively .

- ‘

~haphazard basis. This heterogeneiby_waswan‘invitatiOn to evaluate a. 1ogicar

.-

problem that bedevils developmental research in industrialized countriess

schooling, heing universal,‘is correldted Vith~age; making'it very difficult
. : RS .

o discriminate the influence “of general experience and education on later
. A . '

-development;

The empirical research has been‘hicely'summariied'by Rogoff (1981) ﬁho

v

. reviews variou° theoretical interpretations that claim to decouple education

' from other ‘forces acting on. development. It 1is our reading of this 1literature

i

“that - it is subject to a fatal ambiguity of interpretation, arising from the

/ 1)
'formulation of the problem itself. ’ .
’ ‘_ ) e ' - e oo

P

" A simple thoughtreaperiment will help to clarify,thevissne. Suppose that

. ‘-.

we happened upon a society that was still in a pre-literate state'yhereﬁevery-.

one.tilled the fields and formal séhooling was , entireiy 'absent. Suppose

v

further that ‘we could choose people at . random in some large area and arrange

for half of’them to spend the workday in a Specially designed environment

]

(like a school) while their brothers and sisters continued life as before.

Except during the work day, everyone spends their time just as they would have

if ~there vere-no\school in town. In the early mornings, evenings, and week-

ends, people can be found doing chores, engaging in festivals, repairing their

~ . ~

. L '.— ' U

i
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| houses, gathering crops, etc. The two groups differ only in their a”dvity

El

during the. work/school day. o z: Co e

- B . ! '
After a suitable length of time we want to assess the cognitive"conse-

v

quences of the experience of schooling. As ‘an assessment device,-we_sgekVto

) . . i S . 2 . .

-have a sample of cognitive-tasks that arise during the course .5f thdse hours
) . L £ ,. C :-N . - T

of the day where people carry out _their tasks together .because, as good expér-‘

imenters, we would want bur index of change.to be ' equally familiar to each

group. Once we had found guch test items.and adnintstered our assessment dev-

.
. . . - e .

ice, we apuld expect to'reach some conclusion about‘the'cognitive consequences 3.'

.
3

of schooling. We could, of course, also find out - something about the cogni- '

tive consequences of out—of—school activities. . V\

. . - - . \
.This "clean" test of rival hypotheses about schooling has never been car-

-

o - .

ried out. In fact, it has never been proposed. The problem 1s that cognitivef'

-

psychology, as an egperimentai science makeé -cognitive tasks happen. ~ The

L

very technology which allows the cognitive psychologist to talk technically-

~

about "cognitive consequences" stands in his way when it comes to making prin-
cipled, statements about cognition in.environments not of his making. While’We
~ could certainly find.people engaging in joint' activity outside ‘of - school,‘ it

"is not at all clear how to characterize such behavioz at the level of cogni-'_

.o ' LY
tive processing mechanisms.

)

&

-

. Actual cross-cultural research on the cognitive consequences of schooling

has been "dirty" ip a variety'of ways. For omne thing,'there'is evidence that

while schooling is uneven, it is not randomly distributed across the popula-
tion, "giving rise to the possibility that pre-selection for schooling exists—

(Fahrmeier, Klein et al.).. A second major difficulty arises because the
\

v . — ty "" . B

e -
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structure of activity for the. tasks used to~aasess'the cohs quences of.achool~ |
- .’ - E N .
ing are decidedly unlike the structure~ of activity- coj structing cognitive

~

tasks in eVeryday settings. Consequently, we could not| say how' the cognitive e

~

demands of formal schooling diffet from those of eVeryda life, except in com~

mon Sense_terms. Psychological technology seemed to be inadequate to- anaiysis L °

~ 3 f

_of this probleq in terms adequate to claims about cognitive process._

$

v

Our owu involvement in these issues (Sharp,\ggle and Lave, 1978) . led us”
to the conclusion that without some means of specifying how,the tesks used as
measures of cognitive change are reiated\ to the Qdomains of ;activity they

_.xrepresented arguments over the e

pets of schooligg on 1earning and devalop-. , ;jy

school-like tasks if we didn t~c0nstruct them.ourselves.7 ' E o

We first came together to di cuss these issues in the 1ate 1970 s. As -a

“first step, Cole and his collea ues,,Lois Hood, Ray McDermott, and Ken Traup~

'mann undertook a direct investigat of whether cognitive tasks based on

-t schooling could he identified and stud. d in a non-school setting. (For a

fuller descript%on see Cole, Hood, & McDerm tt, 1978, frOm whilch this descrip~“
tion 1is derived.) The; videotaped a sfingle classroom of 1§-children. They =
created‘some new settings in addition to : school,* each
offering‘ variations to mermit us to see hov cognitive tasks are influe;ced by

’ Dheir;immediate social?qonteit.' At one‘extreme they createdf,a battery"of
e I .

tests that sampled caiegories of-cognitive activities believed to be.centrali

to psychological\ functions in the . everyday world as well as the school:

c ) .

(- o

remembering, classifying, problem solving and so on. At the other extreme
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'responded on those rare Occasions when they thought that such a problem had in

’
’ . . }
.

fact occurred. ,
"

Perhaps their difficulties should not}have come as a surprise. But in

-

terms of the,,l goal of building a technology whereby cognitiVe tasks could be
discovered and their outcomes studied'in non-classroom and non-test situa-

tions, they were“(and we remaih) in deep difficulty.

/
P 7

-In' the ensuing year they intensively studied the videotapes they had col-

lected in order,to discoyer the characteristics of the ways in which behavior

- ~
-

was organized\in each of the various settings. Even cursory analysis hhowedi
that they could not attribute the differences among the settingsfsimply to the
existence or‘non-existence of academic content.. To bake a cake one needs to
read recipes, measure, and keep track of what one has done. To get through a
test one has to engage in coordinated social interaction with another person.
..All situations they studied were a mixture of "cOgnitive and "social" activi-
ties. To be sure, the deasity of each, or perhaps the salience of each tolthe
. . : , ,
casual observer, was’differeht. In the testsfor in those parts of the school
day where children‘were seen to be engaged“ih #ognitive tasks, social interac- '
. tion seemed 1like a part of the background. rIn the clubs, social interaction

..was rarely in the background.

! .
When the researchers began to maké comparisons of the children in the two

settings they had EBE/Str°n3 impresﬁion that the childrénswho were the class
“"stars" in school did not shine especially as a group during the club ses- .
-sions.» ?Nor were the class dunces r%adily identifiable.v A little reflection
will suggest that this observation pobes an embarrassing paradox. Having just

said that cognitive tasks could hot be identified in the clubs, the
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researchers turned around and claim that they simultaneously discovered chil--

dren who seemed to be cognitively more competent in the club than in school.

Ve hope that a little more reflection will teveal that once Cole and his

8

colleagues made the judgment that scme children behave more competently when'
facing the task of baking cake in club than doicg a reading or measuring task

in gphool, they had made contact with a central questioh in the present work:

HE

how do you know that you have the same task in different settings® And if yon

don’t 'know how to identify "same tasks," what is the basis for yout judgment
\ _
~that some children perform well in ome ‘version of "the" tasks and not another?

. When Cole and his colleagues started their earlier project, they thought they

. 43
had built the answer into the structure of the activities thct -occurred in the~

<« ! [y

three basic 'settings (test, school, club). .The tests had initially been

designed to sample school-ll e -tasks, 86 they could be confident that they

»

would appear in the classroom as they did. They chose a variety of cooking

and nature activitLes specifically because they require reading, measurement, -

remembering and other cognitiye skills that are the focus of the school. In
[} . .

fact, the reasonableness of that idea was used to comvince teachers and

parents ‘that the clubs ‘would - be a good, "educational experience," for the

children. Yet when theyicame to look at topicg of the club activities, somef

thing about their social organization rendered it difficult to identify cogni-

tive tasks in a form that we couldsacknowledge as cognitive psychologists.
. ,L .

Crudely speaking, the source of the difficulty resides in the social con-

straicts operating‘ on people during a social interaction, be it in school or

@

out. The psychologist 8 task (classifying, paired associate learning, logical

reaszoning) 1is not . a physical object in the world. It 8, rather, a set of
. R | ,;,._' N :

-
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:activitiea (perhapé involving pﬁysical objects), the goal of which is speci—
fied by the psychologist along with a set.of constraints that must be honored
in meeting that‘gbal. One of our difficulties when moving from club to, school

to test was that the larger social context within which "the same task" was

@

3
embedded placed very different constraints on the various. individuals partici-

pating in thz scene. As a consequence, the individuals were more or less free

to change the conditions of the task, ‘even to the poinfaof making it go away,

depending upon what social context it,occurred»in.

A second‘problem concerned the specification of goals. When we stated in
the previous paragraph that the psychologist sets the goal for the subject as
‘part of the defining characteristics of a cognitive task, we were adopting the
professional A shorthand. In fact, eyen casual analysis of a single testing
situation quickly reveals that an enormous amountHOf "social work" goes - into

maintaining the psychologist’s task as a. f0cus of attention. (Mehan, 1979)

~

Subjects often are as anxious to demonstrate their'.friendliness or intelli-"

gence, or simply to get-it-all—over-as-quickly;és-possible, as théy‘are to

"think hard." Test situations are designed to minimize the impact of these

alternative goals, of course, and large groups of suhjects are usually run on

quantifiable tasks so that reliable and "valid" inferences regarding thinking
can be achieved. We don’ t wish to question the utility of this aqzroach here
" (See Cole, Hood and Mcdjrmott, 1978 for an extended discussion). What is cru-

ci&l to point out; howeyrer, is that in non-test settings (including the school_

and the club), the multiple goals that occupy each'individual at any single

moment are very' difficult to ignore because the“settings are rarely“so conT

.

‘\strained that they prevent people from working to achieve several”goals at the\\‘
: ; | N . e RRE
same time. That means that we have to deal with some difficult problems of
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"task analysis" in;order to specify real task similarity across contexts. Only

very general~ characteristics of task enviromments can hé specified ahead of

time in a mapner analogous‘tg the way psychologists specifyl'their cognitive
) R . - - ‘ ’

tasks. ‘ o W

" o - i
These earlier'attempts to specify how cognitive tasks and behaviors vary
. . S , ; |
across social. contexts convinced /us that'the solution'would not come about

through the systematic application of any established techniques of discourse

or cognitive analysis. Identifying cognitive tasks outside of the laboratory

- would require a novel synthesis of methods.
” ; . r\
Having concluded an the basis of our previous work that statements about

hchildren "doing the same task" better or worse in one - of the settings'are dif-
1%

ficult if not impossible to 3 1f we depend on discovery procedures, we

-decided in this study to make as certain as we could\that the ,8ame task
\

occurred and reoccurred in a variety of settings. In effect,\ we adopted ‘he.

procedures for the ‘conduct of ecologically valid research proposed several
. . : . ’

decades’ ago by Brunswik (1943). At the outset we knew that. there would b2

0 . .

limits. to the degree of "sameness" that we could arrange. But we did not know

.

on the basis of.our'earlier failures what those limits might be. We phrasedl.

s

our strategy as follows lets try to make a cognitive task happen and see how

different social settings pull it apart in different ways.

)
.. - <y t

L : -4
f .

.. _ . ﬁuilding Tasks into ﬁurriculum Units

~-

h

-

Our current project was conducted-in a school in the northern part of San

Diego County. In the first year we worked in a third-fourth‘grade coubination.’

- Y a

.team taught classroom. In the second year, we vorked in the fourthfgrade

“
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classroom of one of the original teachers. Our data corpus iuvolves 80 chil-
dren and three teachers over the two year period. During our time an' ‘the

classrooms we worked with the teachers to design seven curriculum modules,

each of which was designed as a mini-experiment in creating the same’ task

’

across a variety of contexts. Our topics ranged from science- (e.g., electri-

city, animals, household chemicals) to math (long division) to socigl studies

(Na*ive Mmerican ™ Indians, mapping) to a unit on memory and study skills. We

refer to gach curriculum module as a "cycle." In each cycle we used five dif-:
' fer7nt configurations of participant structures:

> (a) Teacher led large group lesscns: These are whole group lessons, :
- conducted by the teacher, composed of approximately 20 students; -
(b) Teacher led small group lessons: These are organized
such that 5-6 children work intensively with the teacher;
Ta(e) Chifa;only}small group lessons: Groups of children worked
: together on an -assigned task (often workbooks or other
- - written materials) without direct arzess to a teacher;
(d) Tutorials: The teacher or a researcher works one-to-~one with a child;
(e) Clubs: A member of the research staff interacts with students,
. either in-a community setting, or at the University, about
the material covered (n’ the cycles, but in a less didactic and
more recreational format. . .

- . 3 N

The growth of the cycles

Each of the seven cycles was devdted to a different topic domain; we com-

-

pleted cycles, three the first year- and four the second. This section

‘presents a brief of the history of our work, and a summary of the Successes
Kl N ° .

and failures. ) )

Qhroughout the project we were constrained in our choice of cycle topics.

by five working principles-

o . .
o~

1) The topic and lesson plans should be known ‘ahead of time to .both'

o researchers’ and teachers. We were not interested in capturing and

: analyzing only the teacher’s ordinary classrobm events as we might if
this .were an ethnography, nor were we interested in taking the,

. e Iy
L] : c~
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children into a laboratory environment as we might 1f this were .a -
traditional,; experimental approach. A combination of everyday prac-
tice and theory guided structure was what we needed: We knew how hard
it was to locate tasks post hoc as they .appeared in ordinary events,
and we knew that methods that rely only on laboratory enviromnments -
were overly confining. Our strategy dictdted that we plan the con~
-tent'of the lessons: jointly with the classroom teachers and. observe
the consequences of their implementation. o e

'2) Each topic covered should be instantiated in a variety: of sociaily,
organized events. 'The basic motivation for our work was to determine.
how different social organizations help or ' hinder . performance for
different children and how. performance differences are related to
assessment and'achievemen; in school. Hence, we wanted  teaching
events of ~different types-- large and small groups, teacher present
and child only, adult- child dyads -- and some  more casual events
that were outside of the ordinary =school rules of institutional rela-
tions. : : A ‘ : C

3) Each topic should be one which is relatively novel, so that knowledge
and experience from prior exposure, in school and out, would ndt be
so likely_ td intrude and differentiate among the children , in ways-
that we had no access to in our data records. ' ' LT

‘
s

4) "Each topic should be unobtrusive as a topic to be taught children of
" third and fourth grade age in that school district. This follows from
three aspects of our work: The teachers had a2 responsibility to wuse
. classroom time educatipg the children in a way that was coherent with
what the school and parents expected; We were interested’- in the
relevance of our work for ordinary ®ducation; We knew from our prior *
work that the organization of ordimary. classrooms had- sufficient
similarity to the organization of psychological experiments so that .
we could use the psychological' literature as a guide and critical. '
base. B - L : AR BN L

'5) The topics.should be ones' that bring out the best in Athe teaching
situation' and still yield enough variability in child ‘performance so

that the research could succeed. ', _ _ . .

7 v

"'In our terms, we were- creating problem isomorphs in sevén ‘different domains,

\ )

.80 that the points of similérity in the different "proﬁlems"'(i.é._lessons in

the cycles) codiduact as tracer elements. " These "tracers would be used Atb‘
investigate how one can ‘speak of the. "same task iﬁfdifférent settings" and, -
hence, to understand the claim that some children perform better in some set~ -«

tings'than in others. -
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Electricity and division. We describe our cycles out of chronological
order 80, that we can highlighg important ‘is8ues that our research strategy was

designed to stress. The first ‘cycle was on electricity, and one of the. last

ones was on-long division, the prototypical fourth grade task. They provide

K

an iIlustration of the consequences of ¢ our commitmeat to the principle that

the. cycle topic should be known by the researcher and the teacher.

At the time that we developed the electricity cycle, we had great confi-

~.

dence in the power of content. domain to organiae activity for research and for

~ -

pedagogical purposes. While the topic of electricity umified the first cycle,

" there was not a clearly discernible tracer element that appeared in every

w

social configuration. We narrowed the topic'to‘batteries‘.and circuits; but
that wasn‘t sufficient to give.us the control we - had hOped for. The lach of
.specificity that hindered the research use of the cycle also created problems
in“ the teaching. All of the people on the team were liberally educated ‘and
~ had both a formal education and a working knowledge of electricity, in partic—
ular the structure and functioning of batteries and. circuits. As'recent work
\\has shown (e.g. Beller, '1983; DiSessa, 1982), the working knowleuge we have of
:physics':topics and the metaphors that we use to talk about them do not fit
" well with the science thaé we learn in formal ‘education. : The way . we talk

about, electricity is 80 confined to specific metaphors that 1t often fails to

accommodate ‘a new, crucial bit of physical evidence in the world. This ,kind

[y
!

of slippage happened in :our planning for this cycle. " Ww devised. action -
sequences ard metaphors for the children’s consumption in lessons but we had“-
problems relating our assumed- knowledge to the tasks we were devising. Worse

. still u% had difficulty finding ways to talk about the problems. - For‘~exam- _

ple, one of ‘the planners worked within the scope of a water pipe metaphor and
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another worked in an information processing metaphor; consequently their ques-~

tions, objections and'suggestions dur ing cyele.construction nere incoherent to

.each other. : L ' _ : ~

<

A Jd

This problem 18 unlikely to arise in an experimenr on concept 1earning .

even 1if shmilar materials are used beranse in legoratory experiments, the

'l

experimenter can know a lot less about the topic t¢hzn a teacher has to knofg

Traditional laboratory problems previde o eorcs of safeguards' one is that
the script usually works-- the 40Ves, evor thoce. of the subject, can be pretty

well specified in 'advanee- 2 second is that Jnexpected%moves can_be ignored
, . :

-—they either wssh out iuto an“error ‘term of ge;;f%xed up for 1later runs of
the experimeﬁt, treating the prohlematic case asYpilot work.

. i

Even though we treated the ciassroom as/three groups, trying out the pro-
¥ .
cedures on one-third of the class as a pilot study, e couldn t get an "elec~
tricity lesson'™ script to work._ Although we planned ideal lessons ' ahead of \

time .and provided the materials to be used . we could not predict when a
&

.

child’s comment or question or blank sta;e would occur nor could we predict

how the teacher 8 reSponse could be designed t6 " ave" the. ideal lesson. Rely-'
) §

. ing om the domain of elECtricity méant that We were being too broad and too

novel Yor the teécher § They could .not give us a good "But suppode....'
' R

objections during planning. Nor' did our planning allgw us to runderstand ‘the

2

teachers online decisions abOut what to highlight and what to sacrifice when . °

the unscripted events happened. As a result we had classroom discussions that

- Were cohesive 1in 80’ far as they referfed to the structure and functioning of

.

either circuits and batteries. But they arrived at their points with 80, msnyw -7

repairs and side—sequences that basic tracers are hard to locate. The teach-

’

: . . 5
. Y . . B : / 5,
“ ’ . .- . . - . . . ,
. .

A

Flaga ol
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ers did online repairs and we constructed a supplementary lesson; the arror of.

using a cycle not baSed on deep and broad shared understandihgs about electri—

¢ 3

\ city and goals for pupil outcemes became apparent.

. . e .Y Dow - . :
' - . . L4

RN

- In contrast, the division cycle was very'well known -to the. teacher who

Horked with 'us and’ the fourth grade . children during the second _year of the

project. Math was ceded as her specialty the year before 1in the team taught
classroom. Her pre-service training was heavily influenced by a thoughful and

innovative mathematics educator. She participated in summer'workshops related

LU}
L]

5 to mathematics education and was/active in a~loca1 mathematics’ teachers asso-

-

ciation. She talked with us extensively about the various constraints operat-
ing on° mathematics ingstruction in the’ school we workgd in. what the children
had in earlier grades apd what they would be expected to have in later grades. :

She was explicit, not only about What she was going ngdo but also about what

.

alternative route she was not taking to achieve her goals. She integrated her RS

gener l ~ pedagogical interest and her sensitivity ‘to the local cbnstraints in

her mathematics curriculum. f : S .

We wanted a mathematics cycle because it is such ‘a nicely constrained

-

domain- The work of Judah Sthrtz and others at ProjecQwTorque and the work ‘of
- John Seeley Brown at Xerox provided an analytic edge for us.’ The talk, the=

black board, and the paper and pencil products«of instruction, were all amen-

~

“able to ‘rich analysis. Furthermore‘ division is clearly a novel topic for the;

children in this class: Everyone in our culture knows of /the fourth grade-

9
-

introductiOn to. long division and this school. was no different. } A long

1. The New Yorker magazine used as a column filler a headline "Pope Seeks to
End Long Division" with the comment appended, "Fourth graders of ‘the world re-

\ jOicé". Q - . - . . » o o )
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division cycle met all of our constraints and this teacher provided us with a

bonus. Our work was merely to get her to explicate her pracLices, justify her

plans,-and provide us with the openings to make some small

‘were

-

L

essentially prospective documentarians.. There was no doub

knowledge of this domain,'there was no doubt about the - tracer: the

.

suggestions._" We

t of her

"bring—

down' algorithm. Her script vorked° there was a normal procedure that could be

re-located from analysis of the tapes. As a‘resultJ/vé are able to note vari-

‘ation related to. ability grouping and to examin

<«

taught (see Chapter 6 below).

<

approach to cases that tested one’ or more aspect of the. teaching,iwarning~pro-?

cesSa..

v
°
. .2

how a complex matter gets

Betdeen’electricity:and long division were 5 ;cycles that applied our

[
e

R » '
. _..._' _. ‘ V . g K3 ° \

°

Restricted domains: referent tracers._.Reacting to the unwieldiness of .

the electricity cycle, we develOped two quite different cycles the first year.

Each

=,knovledge.

« three categories of information about six Native American groups as they 1lived

just

was an important step in our ability to take advantage’ of the_

Fid

teacher 8

In tvo series)of lesson Obtainingﬁadequate tracers we focussed on

prior to extensive white contact. For the third cycle we focussed on the

4

y ' ‘ o R o . :
variations in two categories of.properties of animals;~ We arrived

- specific tracer elements that served three purposes.ﬁ

-

v

(1) coordinated interactions in lessons between teachers-
-and children' .

(2) -coordinated 'planning interactions between - teachers and
researchers, - ‘

(3) alloweéd us ‘to relocate the tasks in the data records

at very-

) of the various problem isomorphs. o - .

NIE-G-78-0159.
21
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We elicited extensive help from the nesearch community -=libraries, muse-:

ums, anthropologists and biologists.' We generated: an extensive curriculum for

) ”each cycle, - providing a wide range of backgrOund information for all the pos- }

sible activities. We had rthe rluxury of choosing among a variety of sub-
topics teacher familiarity with the sub-topic and the teachers’ gauge of. pos-

: sible child responses’ were easy to accommodate as we narrowed down our plans.

.

sThe tracer element in 'each cycle was a filled in chart that associated the .

h @

groups of people or the animals with the appropriate variables of the

categories heing focussed on.

The materials and procedures developed to teach the categories and the

variables were"creative and‘ quite lovely,'ranging'from guided discovery to’

role~playing to problem solving to use of written materials. The teachers

v

 were particularly interested in ‘more or less recapitulating the abstract‘

structure of the Native American cycle in another cycle because chey . were

-

struck by what they'noticed about the weaknesses .some of the children had in

organizing domains of knowledge. One of the children, graspiné the' important

point of the Native American_lesson, gave us a wonderful quotation- "They re

all the same in their own way!" From the point of view of the attitudinal out~
coe for a social studies unit this was rewardiﬁg:-Gone'vas the undifferen-
i v e | I '

tiated feathers and horses image from.cowboy moviesvand here wag an entry into

dnderstanding human universality and cultural specificity. From the point of

view of the importance of understanding categ {ies and variablesf_the child'

- ' -

-comient was also important.k
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a As our work progreased, modifying the'cOnceptual'apparatus and creating
Dew cycles, we developed a deeper understanding of . the non-trivial relation of’

our work to. contemporary education and a theoretical explication of how the

specific examples and domains relate to basic research issues. .

hd

- While memory, especially meta—memory, is not: an- ordinary topic in a

fourth grade classroom, our team agreed that -it could be’ defended as educa—

tionally relevant. As we developed plans for the cycle on memory, what we gave
up by and large was the teacher. Since meta-memory was the content domain,_we

-

had peychology graduate students who were experienced and interested in work—
ing with the children to help out. Since 1t was, in a sense, memory "tricks"
‘that we were diScussing, wé’took advantage of the presence of a professional

jmnenonist who taught in an. entertaining manner, = e

—

We picked one of the mnemonist 8 devices, unusual sentence' elaboration;

1

traced it across several problem isomorphs. One problem with two facets

-

became apparent' It was very difficult to initiate the tracer task, outside of :

the, situation where someone. was told. to remember a 1ist. We had a: good

specification from the literature about this meta-memory technique but wev had

difficulty planning school or club tasks ‘that would truly motivate its use.

%
It wasn t hard to think of lots of variations on the task (it is a .cognitive.

v

psychological mainstay). It was hard to find a place in the children 8 lives-

‘where they were called upon to remember lists of unassociated items. The ‘chil-"

dren weren’t learning vocabulary in afforeign language- that was\\hg only edu~

cational activity that was suggested as motivation for this memorsttrategy. .
K . oL - -

- -

-t
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v

In addition to the practical difficulty of getting enough Ainteresting ,v;///
problem isomorphs where the tracer taak'might be "discovered" by the children

as they went about some other nominal task, we found a related difficulty in: //'“

. . . /
P '
the 1literature. In apite of the exxensive experimental work on meta-memory{/

T

.the research community had little to offer about how people outside of an

3

experiment. chose to use. any particular strategy 'hey might have in their
repertory of meta—memory aids. A colleague working on assessing and developing<
the range of memory- strategies. that mentally retarded individuals display

claims that the work on this, "executive" level. 18 years away from being infor—
. . R , V4 R o ‘ _"
mative. . e . ‘ N S )

" The solution of course would be to again teach a sgecific domain, again;

' downplaying the meta- memory aspect. This dilqmna, along with the startling

.

absenCe of the teacher and the rationalized educational relevance combined to-

. 'r\ RN ,4

make the executio -and anal sis of this cycle less interesting to us espe—
| "i b

’

cialyy as it contrasted with the division,and chemicals cycles of he- second 4

.

year. Overall the children were able to learn the strategy and appeared to - !

use it across situations. To make more of a claim and to make it about meta—'

' memory, we now underst&nd we w0uld have to examine many specific domain”
$ . .
cycles finding a range of activities 'like 'those that Neisser (19XX) has

.
El
]

R arranged for analytic comparison.
' . . % . ’ . .. ©
) . ( . ‘.~ - ’4 ) L3 . ) . . » 1 .
&, ’ . . / . ..
These considerations produced a mapping cycle. The mapping cycle -arose

as ‘a way to_ combine téo aspects of the schéol curriculum with a current

v

regearch topic. Drawing and mathematical-proportions" were' both involved in

>

maps. How children varied and changed in the way. they represented their world“'

" in° maps was a’ topic of interest. The tracer element was the representation of{fﬁ




Final Report -+ ' ' © . NIE~G-78-0159"
v . " - . ‘ " . " . 25
K - z: . \ .
I . \ S ‘ '
. . three-dimensional stryuctures on paper, some mapmaking'and some map reading * '

activities‘vere designed. Although we had litt1e research and teaching time
\4 . '}
to" devote to. tife unit, we ran a mini-cycle« . ) R,

-

ot " s a ’ ’ o B N
Unfortunately, ‘the timing uf the tycle was such that it‘ overlapped with -
%
other cycles and continuity among the eVents in the cycle was lost. The divi-

sion cycle had the first ‘claim on timing because- it had to fit into the year

long mathematics curriculum- The memory cycle timing had to be coordinated F
with lour outside experts as, teachers. Mépping lessons fell in between ,and got

rescheduled, and- .even abandoned. qWe ,did not succeed in executing enough of ‘

"

the problem isomorphs to allow us the analytical edge that Ve needed. It was.
clearly the case that there was educational relevance for this cycle, and

. judging from the children 8 products, the mapping task was not- something they,ﬁ'
had encountered before. | The timing problem disabled our efforts to: get the

needed variety of the situations for adequate anapysis for this project. ‘
o / . . ' ~
é p AR e - . . _
) The Clubs. During the first year, we designed the club 'activity as a

’ ’
a~

' part of each cyclel We relaxed institutional constraints on discourse, mixed

the child groups in ways that didn t appear in the classroom, changed‘ the
location (nnce in a special résource room, once at the university, onc: in.e
- part of the classroom that had had its- furniture moved), and we - introduced_,
4 e .
"outsiders rather ‘than eteachers- as the adult resources. There’s fun‘in the i
. tapes. The children made a blinking Christmas tree, visited a mini-Version of
the Lawrenc@ Hall of Science (courtesy of a consultant from the Hall and local '

-~

pet stores), hunted and gathered wild lettuce and played an anthropology COEP

puter game at. the University. However, there was no sense in which the chiz- ° RS
' e : ‘ : B >

- . . ) S iy

dren were electing to’ pdrticipate nor were they co-members in a continuing *° 7%’

. ) S f
N 2 . / : 2
: YF«; 7 'Q
: ¢

:gsw, qlﬁles;“gf vf'“j._;j?;qw??”vr
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endeavor. And the clubs wére held during regular school time.
' !

3
3

The second year, we méae real clubs. Eliciting help from our colleaguesv

i

who had dinteresting hobbies, we offered the children a choice of clubs and a

.choice of times outside of school that they could feet. We spent time-arrang—

ing for the children to negotiate interest and friendship groups. We spent

time arranging to embed tracer tasks for our second year wunits 1in the club

activities that would be going on aunyway.

t

Three clubs resulted: a Saturday morning Back~Pack Bears club, devoted to

camping aud hiking interests, and two Computer‘Capers clubs, one on Saturdai
morning ard one after school on Monday. The first task we tried to embed An
the clubs was a Piagetian combination® task. The Back Pack Beara combined
elenents of freeze-drien meals t; plan for a healthy and interesting menu on a

long hike. = The Computer Capers children were supposed to arrange a combina-

tions of children for a tournament of computer games, but the task had trouble

~

getting initiated with the children who were experiencing their'firét_hands-on'

-

P ]

computer time in a relaxed atmosphere. The Back Pack Bears mapped in relatiQn"

to the mapplng cycle, but the Computer children didn t. Both groups did some

~elevant division and memory work.
1

The child-only small group sessions in the classroom gave us some’analyt—

ical ;insights (see Chapter 2) for further - analysis of this part of the

\»'*

corpus. Of particular iInterest for further work is an examination of these

'situations in terms of goal—fbrmation. The difficulty of gatting a task in’-

1

titated ls not féund as often in teacher led groups, but this very difﬁiculty'

in clubs make them an interesting locus for investigaring how children come

z

upon a problem and identify it as one where a school learned skill 'rould be

7

[

gy
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useful. ° The child—only problem isomorphs instituted in the classrooms during

the cycle provide for a sort of "near transfer," while the clubs provide for a

"far transfer" test of the learning that takes place during the classroom
parts of the cycle. Even in the child-only settings in the classroom, the
discovery of the ‘task that.'we had embedded was not always made. Tor some

children, for some cycles, the tracer only came in when the teacher brought it

¢

in. In the far transfer to"the different materials and social setting of the

.clubs, task discovery is even more complex.and variable in its appearance.

Hence,’club settines appear to be very promising for well constrained analyses
addrcssing the problem of how educational activ1ty gets transferred to every-

day life~s;tuati0ns.

Chemicals cycle. In this remalnder of this report, much attention is

paid to the Cheuwicals cycle that we ran in the second.. year of the project.

-\

Like the division cycle, it is a , good. example of the five working principles

_that we started with. In addition, the chemicals cycle provides an illustra-

tion of how tbedjoint planning can be marshalled to produce‘andldpresent work ...

.o B X . ! ) S
that can be seéﬁ“as non-trivial from either the point of view of educational

relevance or the research community.

—
- 6

The researchers“searched for some tracer that

1) they knew well from the resecarch literature;

(2) they knew had been studleg using. different sorts of materials
and with difﬁerent configurations of social organlzqtion;

(3) they knew was.an unlikely part of- thé children’s prior .
experlence,, m; \7&

(4) they knew had been used in training~ekpcrimentv that might
guide teaching suggestions‘

(5) they expected to produce varisbl pegformance by four th—
graders. .

R . b

Tasks related to the Piagetiﬁnftheory of op rationall stageg fit the bill.
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Given both the historical relation of Piagetian tasks to education and the
current emphasls on Piaget’s work in discussions about education, it.;seeméd

likely that we could find educationally relevant and important ‘domains with#m

which to instantiate a ?iégetian formal operational task.

>

H
..

We did not make the miséake that we héd in the méta—memo:y planqing: vWév
knew we neéded K specific domaiﬁ to‘map'the prgblem isomorphs in ;pé scﬁooi
lessqns onto. While tha tasks may be viewed as general fin the. Piégézian
theory, we had theoretical reason to suspect that do;ainlépecificity_was
i&portagt to“inqestigate (LCHC, 1982 Piattelli—Paimarini, 19803 Feldmaﬁ;

1980). TFurthermore, to” get the practical work done in the classroom, domain

specificity'provided ccordinates” for the planning and the teaching. We didn’t

want to repeat the problems of the electricity cycle, this time alloving con-

fusions about epistemics to disable our interactioﬁs- We also! did not make ‘

?

the other mistake that appeared in the meta—ﬁemory and ;he'mapping cycle: we'

'didn’t just create educational relevance, Aéither by rationalization or by

develoning some integrated curriculum that the teacher could not rely om 28 a
motivation. to guarantee that the lessons be taught regardless of the other

demands of the sghobl year and scﬁool days. e

. The teacher, working on a curriculum committee over the summer as well as

[

with our planning team, brought news about curriculum topics Eha: the district

was interested in introducing int# the” schools. ..Together ‘we examined -the

existing curriéula and the ﬁew tbpics, trying to find some 1in which Piagetiah

tasks could be;embedded. Household chemicéls.becaméxghe_focus of our atten-

tions, and the Piagetian task of "making all the paifs_ygu can and no dupli-

cates" (the intersection procedure) emerged as thej tracer element. As was the

g

" ‘ -

of 29
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.case with the successful first year cycles, we were able .to develop enough

activities and enough mutual understanding of the domain and the tracer that

we could -chovse among possible sub-topics. and gauge well the childrén’s

El

responses,. The on-line repairs and the supplementéry "le§son planning 'dOné'

) . c o - °

during the execution oFf the cycle could fely on the well—understood‘problem
/\ A , . ~ N ‘ ) . e . " . .
thgt we were coordinated around. . o -

[l

-

The richness of thé-educational experience wusgnotiéeable: The children,
dedlt with uthe‘usesfqndraqﬁgers-of common household chemicals (1fke-c1eaniﬁg
agents)._ They had access to-the reasons that the products worked, what cer-

.
v . .
-

tain ones , had in ' common, and how the ingredients acted in combination to

. - »

o

8

accomplish &ﬁéirffunction..They developed consumer awareness as they dealt .

—

with labels and with homemade chemicals. In addition Ehe&plearned a bit aboqt’

scientific methods, a procedure for epistemically éprivinguat'all the- possible =

'3

combinations of: pairs of objects, aﬁdjhow,recdrdé could be kept to aid in.an:

investigation. Several chapfgfs of this ‘report . are}devoted7 to this _cycle
. 7 ) o, - ) .
because of Its richpness in i1lluminating several of our key. issues at once.

Cycles and models. S K . R

o

i
’

From the prdblems that we ran into we learned to define what it means to
build artificial educational models. 1is what buildiqg artificial models is,

‘all about. _We knew from the start that there would be a blurry 1line between
' - P -

the task and the social organization in which it appeared. Our model would

. _ : LT L T
have to handle this blurry line: it would have to embody strategies for treat-

'
"

ing what other models br-;theOriés call the éoénittbeﬂ?érSUS the soctal
. X . . . <

aspects: We took ideal cognitive taskS,vour:tracers, and tried' forcing them

into a vaniéty of‘ébcial configurations. Our major effort was to do enough

- 4
~ . . )

Lo L‘f j ;}{) . - .

Y]



[\

O

ERIC

PAruitext provided by enic [EESEEENRENES

------- -

_Finai Report - ' ;:'- - = NIE—G—78;0159
' S ; v 1

. o, .
'work with the varying soclal situations S0 that we could specify how it + was

the case that tasks appeared or disappeared ‘or became mutilated or

transformed. As soon as we could d ‘that, our model would be a model .of cog~

nitive change: the persons in-the situations are the ones who have to carry

.out the tasks, who make them appear or fail to, who transform them into easier
: Y . . .

or harder or very different versions_of~what might have_ béen there.

Y . . ) \ y
R . . . @ .
‘ s 4 . . 4

" The analysis of the research problem that Weistarted.with developed, of
course, as a 'result of our confrontation with the reality,of_the Ciassroonr

“We came to view our work as one example of a "formative")‘experiment. 1t is

also a concrete example of * the principles we discovered about cognitive o

%

A

change, now'applied to ourselves’. - First, our learning was-theiresult of dAr-
. o _ : .

rying out a. joint activity'with others who had a different analysis of our

o q . L. .‘

shared situation (i.e., practicinw teachers), second there were;concrete con-

)
h PN

straints from the’ specific domain we were all working in that increased the.

3 £

[

chances of shnred,understanding and decreased the chances of the task.,disin—

e
-

tegratin

.

case we would not have understood at the outset'), fourth our new formulation

J i

'of answers to the queqtions-Me posed ‘was first worked out inter—personalLy in

-
-

.. the interactions we’ had with the teachers, with our colleagues and among our-

° . -

se}ves before any one\of us_feit individuaLly (intrahpersonally) that'wé had_a

5 - - PRI
o

firm grasp of our current analysis. ~ .- . ..
e i . . .. [ ' T v ,
) -t ) T o o

~-These features offoun learning‘experience aie fagiiiar’to most_ research;

o 4 .' co v -

_ers’ who “have tried to collaborate with others. These features are generally

a o K . .

we -can show, this pattern of mutual Uisinterest is not accidental.' There are *

3 . v . - ¢

oo

g3 third,. . ve were not subjected to direct instrucrion (which in any '

absent, however Erom most cqrrent accounts of cognitive change. As We; hope

L
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v~
r

systematic reasons for the psychnlogical assumption’ofe_the indiVidual as a

£

unit of analysis vhich  have been extremely important in shaping

educationally-focused research. Our goal in this report is to provide an

o o ;
alternative system based on, and illustrated by, the interactions we observed

e
. .

durinn our work in the classroom to provide teachers.and uolicy makers with’

the means to deal with the presslng issues they face daily.

.
4
L}

At the end of this.repart we will return to summarize our conclusions.

“

~»  The Plan for this Report - : - R BN

The first Chapter makes the case. that. laboratory tasks systematically

obscure . the process by mhich the subject comes to have the goal of the task.

The task is the’ Eask as understood by the researcher and the goal is already

-

prepared by - the researcher as a condition for obtaining sufficient control

o&er_the experimental situation.v The fact that a subject;~esbecially a - child

subJect, may havc an alternative analysis of the task is either corrected dur-

' l\' -

.ing the instruction phase or is made invisible by the coding scheme by which:

the subject's performance is ,measured., By comparing~laboratory;and peer.

activity.versions of the."same task” we.can clearly see this limitation on the

’ laboratory setting. In the peer activity the children’s alternative analysis_"

in many cases led them-tolcarry out a different task from“'the one they all

’

carried oqt. under  the’ constraints of the laboratory; But we can also see

™
- 2

tﬁht, in pndnciple, the researcher is not. much differeqt from the teacher. In

both cases we must aggrogriate the child's actions into %mr own system of

L]
-

activiéy; The teacher creates’ interpretations of the child'é actions that'

ofgéhihe ‘the ~interaction between the teacher and the child. To a large

ektent,.this process dT!appropriation can golon irrespective -of -the child’s . .

(- ) : . ] -

.} L‘. l'
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prior sﬁstem of activity. A version of this chapter will appear in an edited

volume concerned with the development of everyday cognition'(Vewman, Griffin &

'

«

Cole, in press)

: Ihe second chapter sets out the essentials of a theory -that can ade—

quately account' for the process of appropriation that we see happening in

teacheréchild interaction. We find in Vygotsky’s soci&historical theory and

-
-

. ,LeOnt ev’'s theory of activity concepts of enormous usefulness which haYe been
Flargely overlooked in American cognitive‘psychology. .These approaches provide
-a ~strong Dbase for a theory"of learniﬁg in interaction‘because they treat
social interaction in alprincipled way as a source of change. Tne'concept..of

appropriation in fact can be found in Leont’ev’s theory where he'speaks of the

child actively appropriating the tools of a culture. Our. usagé‘ ineludes_ the

reciprocal: the culture appropriates the child s ac\ions -as a way of giving ’

[

-them meaning. We also discuss Vygotsky s important concept of the "zone of
Q .

proximal development" which for us refers to. the organization~of teacher—child

(or more gcnerally, expert-novice) interaction. We find that a- full account

'
4 . »

of the apprapriation process requires that we consider the ways that the child

.cah internalize the organization of that interaction. That is, the chin gra—

-
. - .

duLlly takes over the interpretations of his actions that are supported in the

w .
- kY

'

'interactive "zone" by the teacher. We explain hoW'such a wiew of cognitive

-

-change requires a theory infwhich abstract schemata can have an interpersonal

\*v&\ . -
- 0

. a8 well as intrapersonal existence and in which' behavior 1is "no t uniquelyl_. f

interpretable. Among the benefits of this theory is~an'account of'hpW'more

,-'\

powerful structures‘canudevelop in the child.. Higher—leyel structures -areyf:~f'

appropriated by the child from theﬁ interaction' between~ hhmself and the

teacher. -rhis chapter is based on a paper presented atothe biennial meeLingS‘hhé,z
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of the InternatiQnal’Society for the Study of Behavioral Developmeéent (Griffin,'

“Newmar' & Cole, 1981).

- p S : .
The following four~chapters\return.to' data from our classroom corpus
. ] T ’ - ‘ won . B - .
expanding on issues that follew from the above theoretical considerations.

The third chapter takes up tlie problem of. coding cognitive processes in a .

classroom. We point to the possible misappropriacion of ch‘ldren 'S behavior
L. d

by classroom researchers. Two standard schemes are applied to a -smdll .group

s . . ,,(‘, . : . i

lgsson. .= We £ind that the schemes work only for children who are engaged in

®

the task as understood by the teacher. Aﬁbshorter, version of this :chapter3

appeared in the journal Discourse Processes (Griffin, Cole & Newman 1982) SN
o, " L - M 4 . . . - . -

. © 1In the fourth»ehapter'we.discuss how"Vngtskygs conceptvofrthe‘ "zone of’
. i . . A . -
"proximal deveiopment" provides a method for 'assessing children@ﬁhile-in’
.+ interaction with adults. .Our attempts \'use this method ind1cates crucial
' 11q;tationS’ that .arise when }the ’"observer' " task is.teaching r;ther than
resear=h. This chapter is based on a paper presented at the annLai. meetings

1
-

of ‘the American Educatlonal Research Association (Newman & Broyles, 1982) and

- <
>

has been submitted fBr Publication. S T &

a
-
. -

| > « L
o . -

In the fifth chapter. the teacher whose classroom was‘the setting for our -
v o
experiments, ,discusses the conflicts inherent in the teachereresearcher rela- -

rid

\\\ tionship. #Her observations are a'powefful 111lustration of how classrooms and . '

_laboratorias differ' as contexts for condﬁcting' research} .'Thisi'chapter

appeared originally as“an article in The Quarterly NeWSletter of’ the _Labora—:

' tory of Compgrative Human Cognition (Quinsaat, 1980)

»

L - . . ' ’ - T fo - e

pde
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In the sixth chapter we show how the "zone" is actively constructed in

" .the teacher—child interactign and how it becomes. organized differently when

. the teacher interacts with children with . different entefing skills. The .
- Ehi : 4 by pubd L
analysis. is based on data from a set of_lessons deéignéd by the teacher to -

teach long division. We find that the learning of a cruclal step in the algo-

«

‘rithm was neiEher taught directly nor invented by the children. Rather, it

3 ~

'emergbd in the ihtera tion as the teacher appropriated the‘ﬁtrial and ’efror

attempits of the children and used them to instantiate the expert strétegy.

’

- Differences in ability groups led to differences in this interactive 4process

.suéh ;haﬁ the lower ability groups were unable to move beyond the-’teacher’s

. .g -
explicit instructions. A version of this chapter has been recommended for
\ . . .

'publicatioﬁ in the journal, Cognition and Instruction-

kY

——y
,

We conclude by specifying the implications of our work. for researchers .in”-
5 ‘

. . S . i . ! .
"the cognitive sciences and for educators and others concerned with improving
. , P : * :

‘the quality of education.

.

o
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CHAPTER, 1:

. . ) . "

: - 7
FINDING GOALS OUTSIDE THE LABORATORY .. -

. ! ,

Our point of departure is the psychological laboratory. ‘Here the‘ inves—

tigator constructs a. nodel_ system within which.it becomes possible to make
principled but limited ‘claims about hypothetical  processes (currently

referred to as cognitive processes) that can be said to mediate between states

-
,“ .

of the artificially created environment and behaviors of the subject-.

A v

The key to making claims in the laboratory is the psychologist s control
over the task and the co 4tions under which’ the subjects undeitake the task;‘
In terms of ehperimental ethodoloby, two kinds of control are. necess;fy. One
is ohtained by carefully contrasting particular rondltions in the model system ,
..and by having a sufficiently.large-number of subfbcts undertake the same task

under the same conditions.» This is referred to as experimental design. These .

design-cqptrols presume~a Bractical control over the task e.g., the goals of

—-

" the gubject’s behavior and the;conditions the subject is subjected to. The

experimenter must be sure, for example, that subjects are actually working on’

. . . * & -.“A ) f . i ——

" the task they are expected to 'bé working on.and that it is the subject’s
.behavior, not somebody else’s, that is-being recorded.
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Whether we use laboratory settings for testing cognitive theories or for

administering pvychological tests, we 1like to believe that- the cognitive

[

procesqeq we model, and the cognitive accomplishments ‘that we test °for,

o

represent more than esotcric gamcs.' There is no’doubt that performance in

these games count. Cognitive tests not only'predict school success, they are

used for a wide variety:of decisions that influence economic fates. But as-

many commentators have noted, the constraints on activity used to create model

systems render - them systepatically dissimilar to . the-systems of-activity

-

created in the society for other purposes (Bartlett, 19583 Cole, Hood & MeDer-

mott, 978; Lave, 1980). As a consequence, our cognitive theories are , weak

in just those areas where they . relate most closely to vpracticc—fto those

"everyday" cognitive tasks that are significant contexts in our lives..

" Thiyg chapter is directed to_the;question of how behavior occurring in one
kind of -setting (defined in terms of its social organization, participant
- goals, etc:) can be comnared‘with behavior in .another kindnof settingfin ways
that are productive for-cognitive'theory and that contribute to educational .

practice.

. .
~ . . - \
o

We will discuss examples from our data in' which children confront .the

"same task'" 'in two different settihgs. These data allow:us directly to com~

J

"pare children’s performance in a rather stchard 1aboratory~derived task with

. ‘

behavior in a. loosely supervisea science activity. Un the basis of Our;“

-

analysis of the way the children confront and are conTronted by these tasks, .}:f

we will argue .that‘ the standard "division of labor" between researcher and

N

subject in laboratory settings tends to. obscure an important fedture of cogni—

: 1

tion. When " experimenters vpreseﬁ%\’a well defined task to the subject, in a.

o
oA
R

- P
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standavdized way, they have 1little chance to observe the Eformation of new

goals by the subject or his/her application of a procedure to new sltuatlons.

.
3

In making these comparisons, we do'not assume one setting to be more

'valid than another for ~the characterization of cognition. Rather we argue

4

thac}both kinds of‘ééttings:mnke available for analysis impoftant, and dif*

ferent, aspects of cagnitive activily. We believe that the integration of ana-

.
'{t“
i3

cognitive science that*® is relevant to a general range of human environments

’

for learning and thinking.

1

Making the "Same Task" Hapgén in Differept Settings -
o In the early stages of this work, Cole and his colleagués set out ,tof'

.

locate psychological test-like behaviors occurring in cléssroomS'and after-

school clubs. The idea was to analyze the nature . of known cognitive tasks

~ when they arise in tﬁesq nonlaboratory settings. o -

-~ f ‘.

earlier strategy; Instead of waiting_arédnd for something récognizable as a
Apognitive task to appéar, we set out ‘deliberately to find . 'ways to. make

hypothetical "same tasks' happen "in several vsettings inhabited by the same -

children. Wé worked closely with teachers and club leaders to construct a set

-

. : T A - I .
of activities (one-~to-one tutorials, small group lessons, child. guided work
groups) all of which had a pértiéu}ar problen structu;g'embedhed within. them.
We went a step further. We put into those various settings

/ .
hd )

“"tracers". The tracer was some bit of'knowlédge-or‘somé procedure ﬁhich we’

P

* taught the children in one of thelseétings and which would be potentially use-

- In the subsequent phase-of our work, we have, in a sense, reversed the o

e AN

'whét'we ca1i '< 
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ful 1if they &ecognized that they had been confronted with what they ccnsidered

tho same  task Ln the new setting. This sct of constraintd greatly increased

" the probability of.findinr good candidatts for annlysis and of uncovering how

[

the "same task" 1is transformed nade easler or morecdifficult_or avoided

'

entively under the different ovganlzational condLltions.

1Y o

When is a Task the Same? ' Y o,
t . .

! R
'

We putbthe term ''same task" in quotes because the sense 1in “nhich - two
tasks can ever be considered the.same is a central question for this analysis;
It must be said at "the outset that we=had no,illusionS‘that a »cognitive task

could be specified independent of its social context. Our orientation was
quite the opposite. From our'perSpective, cognitive tasks. are always social
constructions. Transformations of the soclal olganization of theqtasks that:
we studied drastically chanéed:the constraints on behavior,'thereby rendering

the tagks instantly different according to widely shared 1deas of what consti~

tutes a task in cognitive psychology. It-was our hope that by highlighting

the way in which our efforts failed to make the 'same task" occur in different

settings, we could arrive at a clearer specification of the class of_ social

e
-

constructions represented by such activities‘as tests and experiments.. (See

LCHC, 1978, 1979 for a discussion’ of the hisLory-of the viewpoint in our col—‘_.

v

e

laborative work) ' v
- - ,:'4.' . '} ‘e B . .. -

When we set out to make "same tasks" happen our idea-was, to create a set "

of ' what are called "problem isoﬁ@%phs" in cogn tive psychology. Problem 1so—ai

‘ morphs are a set of problems which share an abstract structure but differ An - o
1concrete content (e.g. Reed Ernst & Banerji, 1974 Gick & Holyoak 1980).

L In the cases’ we will be discussing, children WQre asked at one timé to -make '

L4
i R
!
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vall the poss lble pairs from four stacks of'diffegently eolored“cards and‘At
another time to make all .the possible pairnise mixturos froml a , sct “of Afopr
ehnmicnls. In .cognitive‘ psychological Btndies (nhere problem isomorphs areu
used to stbdj’theleﬁfects on a subjcct;s performance dtter'experiean ‘with-‘ah
problem‘“of'the-sane kind") év;r§ effort is naie‘to ehange only the content of
':the'problem'leaving~thezabstraet forn of the'procedures, initial conditions; 3

‘.
> ’ .
B . .

. @
~legal moves, and goal uachanged. So, in our example, the content clearly'dif_

- fered hut the abstractly defined gonl'of."finding all the pairs" rEQained the

.\

M .

13

S{lme .,

‘ The "problem isomorn formulation for what we were‘trying to do might

have. worked out fine except that we changed a feature of the task environment

/ ’ : \
which is almost never altered in cognitive psychological research. In the

-

chemicals acrivlty we departeu from the one-to—one social organization of the

//
V4

X ' standard laboratory setting; we-had'groups of -children working together. .Thisu

¢ i . » N . B . . /ﬁ;,v‘}-
. ¢hange 1in social organizstion not-only dncreased the ‘social resources avail-
. able for solving *he problem (tkereby making it hard to say wh@q did what) It.

A

~'alse changed the sou: source of the problem and thereby the .nature of the task. In

the one-to-one situation the tutor motivated the problem as the ”to “be

aone, i.e., the children were Eresented with the task of finding all the pairs -
of problem elements. In the chemicals situation, the ‘children had to »:formu—f‘

- late the problem ‘ for “themselves .ds they'began to run out of_pairs to mix.

This'shift in the origim of the taskhcleariY.changes the nature' of 'the task °
-, such that one would-hesitate to call the two versi F isomorphs".' o L.

. -

-
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»

Because task in cognitive psycholagy is a goal plus constraints on reach-
, i -

-

ing the goal presented by the researchér'ﬁg the subject,"the’researcher does a
lot.of work to formulate a clear task. 1In everyday situations people do =%not

always have the "advantage" of this kind of help--they often.have to figure

.

out what fhe problem is, what the constraints are, what resources are avail-
able as well as to sslve the problen once it is formulated. In everyday
- situations :people arefconfrontéd with the "whole" task, not just the solution

part.
—~

Armed with this broader conceptiom of the "whole task" we have some hope

o , :
of analyzing the transformation of a task when it is embedded in different

social settings. When we look for- the ['same task' happening outside ,of the

' \ - b ' i !J' .
laboratory we have to look for how the work of_fgrmgléting the task -(vhich is

3

done by the experimenter in the laboratary) is‘geigi%g dojje and who i& dbing
. ST .

it. This analysis will pfbvide us with the basis for-érgﬁing that the practi-

~ cal methods of maintaining control in the laboratory lead., us to .dgnore the

"

cruclal processes of fcrmulating the task and forﬁing the ‘goal which afe often

B

the responsibilities of people in everyday.sétﬁings. s
! T "

We can now turn to the concrete details bf-hpﬁ wéetried to make the "same
task" happen in different settings and to the analyseéﬁtﬁgt our efforts made

possible.

" The Comhinations Task - : o -

.

To create examples of the "same'task" in two different settlngs we needed -

a task that would have as a solution an'eééily andlyzable and recognizablé

~

procedﬂré that the children would not alreddy know. This solution_”wAS' ohr

B
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tracer. We found an appropriarely simple but exotic task among a set that
Pianct and Inhelder (1975) used in thcir studies of combinatlons and permuta-
tious. 2 Onc of thcsc tasks was almed at the ability to generate all posslble,
pairs from a set of items (they used stacks of differently colored chips).
There 1s an accepted "formal operational" procedure for the systematic solh—
tion of tﬁés combinations prohlem'which we thought was both clegant and prob-
ably beyond the capacity of our fourth graders’ as indiyidoal inveantions. Forvj
us, the combinations task was also useful because Inhelder aqd Plaget'(1958)

studied ahother version of it which involved combiuations of chemicals. Since

the classroom teacher was already planning a unit on "household chemicals,' we

had an opportunity to embed this well analfzed cognitlve task into the ordi—

nary course of classroom activities.
e

2

"Laboratory" version of the task. 1In our oneto-one tutorial situdtion,

each child was inviced into ‘the 1library corner of the classroom by a

)

4

researcher and was: presented with stacks of little cards. Eacli stack of cards
' ‘ o : ’

was of a different color and bore the picture of -a different TV ortmovie star.’

_-Starting with four stacks,’ the child was asked to find all the ways that pairs

.of' stars could be friehds. Specifically, the child was asLed to make all the

pairs of stars and none that were the same. The child then usually’went about

r

choosing pairs of cards from the sé;;ks and placingvthem in a colutn. .

*
L}
. ™

! -

- - - -

e

N o #

. 2. We were not concerned with testing Piaget’s theory or testing the

children’s "operational 1level"™; we chose the task for its usefulness as a

" trager in our design. While we occasionally make use of Piagetian . andlyses,
‘we are essentially taking the task outside of the theory which generated it.

But for a discussion of Piaget s theory in relation to our approach see New-
man, Riel & Martin (1983)
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When the child had done as many pairs as s/he could, the reseaychgr
institdted a short tutorial beforq doing another tfial of. pair making. She‘
_askéd.thevchild to check to sec 1f s/he ﬁad'made all the pairs. If the child
did not‘;invent a systematic procedure fér checking, the tutor suggested one.
She would ask ﬂDéfyou E;;¢ ;11 the pairs with Mork" (1f Mork were tﬁe firsti
star on the left). Thenr she wouid ask about the next star to the right. With
these hints, we wanted to give the child the ideaA‘of.ls§§tématically pairing

. E ’ ,
each star with every other star. ‘We could then see whether this systematic

proceduré carried over to the next trial at making combinations. °

When the checking was.finished, the stars were put back 1in their  piles

©

,and a fifth star was chosen. Again the child was asked to makeé all the pqssi-l
ble pairs and none more than‘once. At thils point, ‘many of ﬁhe chilé%%n began
by making all the pairs with the left most star.. This star was combined with
each to his/her right. Then the second star‘(from theileft) was combined with
each Ago his/her ;ight and so on until all the combinations were made: For
chlldren who did not arrive at ghis particular system Qf'ﬁréducing pairs, the
checking;‘procedurg was repea;éd._ ’But tpfthimelthe tﬁtor gave as explicit
iﬁstructions_as wvere necessaéy to”gét the»Fﬁild step by step through aﬁ eﬁﬁLre
check. That is, the tutor wquld ask about each star and his/her palring with

. : . i . oed
every other star in"a systematic left to right manner. 1In the finalc‘trial,

‘the child 'chose a sixth. star and at{e%pted to make all the possible pairs with~
: . . [¢

six. ) . : oY

-
»

The "tracer" procedure. The tutorial accomplished two ﬁhings. Flrst; it
acted as a pretest, we tested each child in a typicai laboratory setting on
one version of the  combirations -task. Second, 1t taught. each - child 3 rpfo«f‘

¢ . . ' M

' ‘:"' .‘ ‘. = g “_ Pl ‘UI 4‘3
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cedure for determining that he has all the pairs. - The procedure of combining:

——each item with each other item could then act as a tracer in a later task with
a different social organization. If the.children later ueed‘ .the - particular

procedure” wé taught (and. if it were reasonable to assume that the procedure

e

would not be uskd except for the goal of finding all pairs) then we could ‘say
that the children s use of thc procedure would be’ evideuce that the child-

particlpants had 1de1t1fied the "same task".

£

‘Piaget’s analysis ofithis procedure is useful to consider because it is

abstract enough to be considered to .apply to combinations problems presented

in other modes. Fe referred to.the procedure as "intersection." As he .con-

ceived of it, the child is coordinating several series of correspondenqés}
. , _ .

Thla can be understood as Lreating the single array (of four stars, for exam-

.ple) as if' theré were two dimensions which intersect., Each item on one dimen=

sion is paired with the items on the other dinension'in the manner of a matrix'
like that shown in Figure 1. With this matrix concepLion, choosing pairs fol-

lows planfully from becinning to end.H All ‘the child has to do is work through'

the matri>. 4 In contrast,-a child without the conceptual matrix wxll typi-

cally make pairs without an orderly patterg or will make patterns such as 1&2,
©3&4, 2&3, 1&4. Without the matrix concept; the child will not be certain ﬁhe
. _.'[' . .

has all the pairs; "he.just can’t think of" any more patterns. This endpoint

- lacks the certainty or sense of nooéééity that 1s found 1ia  ‘the intefsection

. .
—— . ats S v g o e

3. The task.as formulated by the researcher was to mdke all the pairs and no
duplicatea. 'Wé will concentrate our discussion on the goal of getting alkl the:
 pairs which was the primary focus of the checking procedure.. - ' )
. AT
_4. If the child is just checking if all the pairs are.done it is often just as
easy to go, say, row by.row even though checks are duplicated.: In the producs -
tion of pairs where -dupliation is not allowed, the system of dropouts is usu-
ally used so that only, say, the top half is produced.

LA
e
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- Figure 1. The intérsection prdcedufé;"schemah\\ : ' ST
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procedure. : 5 Co B

ﬁe‘can consider'the intersection “procedure to be Eotentiallz genetal

o

'enough“ to apply to any number- of..or any kind of items °hould the structure of

the activity make it useful. In cognitive-psychology, such ane,abstract- and

general structure uould tsually ‘be callcd a "schema" and}would be'considered

to be a feature of a subject’ s'internal conceptuali7atjon (cf Abelson, 198l,

A Rumelhart 1980) We:will be_looking for this ' 'schema" outside of the labora-

”

4

tory, and we have £ be careful not to give it an‘exclusively_"mental status.’

~

In. looking for this schema in the peer interaction setting which we set up

later, we had to aéqow that it would be found as much to be mediating social

interactions ‘as to be mediating an individual's actions%. Even using this -

tracer as a frame\for comparison betWéen the o settings,' our attempt to

g,#(1ocateﬂthe 'same task" would be far from straightforward. ' —

a

B Y

. fhe chemicals task. The second settin? in which we attemptcd to. locate_

.

GAr &racer"looked very different £ron the movie star tutorial. We developeﬁ

S .
in ¢éllaboration Weth the classroom teacher, a unit on household chemicals. A

series of 1essons and'activities lead up to the second version'of the'combinaé

'tions‘problem. It was presenged as a’'special wofk—table activity. Groups of

two ‘and: three children went to the back of the room where,the teacher - super~

;vised some science activities one,of which involved making combinationsw’of,ﬁ

- N S

'chemicals. > Each group of ch11dféH’Q£§ given'four beakers of colorless solu~

K tions which were,numbered for easy reference, a ra k of test. tubes and a- sheet
s -

- -
- .

5. “The children did two vorsions ‘of the combinations of chemicalsftask a few_
days apart. A second versdon closely resembled the original Inhelder and Pi-.

aget procedure but the one we will discuss here was slightly simpler and its;

goal more closelyrmatched the combinations~of—movie—stars tdsk.

. o -

. . . . . . P .-" \.“L‘--v ’ .'.
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. done or how to do it than we typically observe in co
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off paper with two columns marked off on which to record "CHEMICALS" and -"WHAT

HAPPENED." The four chemicals had been chosen (with the help of UCSD chemist,
o ' A L S
Dr. C. Perrin) such that each pair would have a distinctive reaction.

. The written worksheet instructed‘the children to'find out as much as they
could about ®he chemicals by making all the combinatlon of two and recording

the rcsults. After getting a child to !edal aloud th e‘ instructions, the:

-

teacher reiterated some safety precautions and directed -the children to make.

all thelpossible pairsvwithout,duplicates. The teacher then sat down at’ the

©
-

. ) ; : L
end*, of the table and busied herself with paperwork so that she could observe -

’
s

_the children without directly shpervising them. She- intervened on o4ccasion

: Ay
when children ran into difficulty or asked for help, ‘but, for the most part,

L
£

the pairs of children worked on their own. It was éhus more markedly like' a

[}

L -

" peer group “Activity with féwer laboratory—like con:ég;ints on vhat was to be

Wtive experiments.

3 . : .

‘How We Tried to Make the “'Same Task" Happen, : _ ' .

o

- We went to considerable effort to give the task a good chance of happen—
ing in the two settings""‘Mbst notably,. in both-cases‘the-researcher or
teacher stated the goal of making all the pairs at: the initiation of the prob— -

lem. " Thése -instructions' were not always sufficient ‘to make the task happen, a‘

. -

failure of instruction that enables-some'of the central’ claimb we want to-

-

“make. B : S o I " I

. B ¢
C- . . -3

Ve anticipated some difficulties in getting ‘the task.- to happen “in . the

’ ¢

chemicals-:setting. The' movie star. activity posed far fewver practical prob- .
lems. The,movie star cards vere just“the right size  for placing one pair _

- . D : s q . -4
3 . N R el -.'-‘- i T -
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. for the groups who were (expected to be) working together.
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under another in a neat and accessible column (on»the mat neit to th child).

Once a column was constructed, it was easily scanned and checked (thg cards -

much harder to manage. They had to he transferred from beakers to test tubes

-

and once a pair was in ‘the tube there was no automatically available visual

(3

record of which ones had been put in.

. - L .
. B \

' If the children were unable to mix and keep track of the ‘chemicals we .

-

'

-

could hardly eXpect them to*attend'to theetask of getting all the combina-’

tions. Our solntion was to set np an edrlier lessbn in which the children had

.
-

to place a solution from a beaker into a test tube nd record- the results on a"

-

) form which was . to ‘be used later }n the combinations of 1chemicals. task. The

. oL
recording papei (and the prev10us instruction and prgctice on using it) pro—:.

vided not only an "extérnal memory" for each child but also a ‘common reference .

e X -
El ]

‘There is, nf ‘course, no wa& of measuring precisely the relative diffi- .

cuity of the two sifuations. But such comparability is not crucial-to our

. - { ' o Lo
analysis. 1In spite of the lgng list of differences between thé& two situa-

tions, ~there was 'still an'important ﬁay in”which_theyinere the same. They

were both settings in which the intersection proceduLe—-our tracer—sis potené

R ]

.tially useful 1if the chi]dren accept our, notion of the task. However; the

nature of orx enterprisg required that we_take some chances;. In the"chemicals

-waic brightly colorcd and the pictures were distipctive) The chemicals ‘were .

e

“ e e e e e e -

"activiLy “we could “not direct the children to use: the tracer or force the task

to happen. The lack of teacher/researcher direction was. che 'brucial.’differg

)
K

enpe we .wanted to maintaina 'If,'despite that,difference,_we were still able

to, 1ogate the tracer we would have an anchor point for vhich to begin an” "

‘ P4
&

s
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. dnalysis of the "same task' in two different settings.

. : Comparing:the-Twozgettings _

We Started out assuming Ehat we had probiem_ isomorphs in the ordinary .
] ) . R . . - ! '

sense. We suspected that»this_assuﬁption would not ultimately be warranted

but we wanted to push a standard approach as‘far as it would go, to discover
q v N - -4

how it byoke down. The problems this. approach ran into forced the alternative

analysis which we will descrihe-below.
\ . ;O

Our Initidl Attempt to Code Performance

7. -

yénce the Qideotapes vere collected, we started out. somewhat naively eb,
ggdg.-them\evehte for occurrences of our tracer. Once coded, we.could simply
run a tatistical test to see if performance on the two tasks was correlated.“
If a child uses the ‘Intersection procedure in the moyie.étar.taSk is he 1rhely

to use it in the chemicals task?” Or is it the case that different children

used it in one setting or the other?

' - - - . .

In coding.both tasks ve‘were»l%?king.for anf ihstance of a child Tgoing
through a sequence 1ike 1&2, 1&3; L§4 283 and se' on, 1}é;, a:sequence'in.which:';-.
each item ib.padred;wfth every othertitem in a Systematic_way.we could'4recog;--'
'nize.-‘ (The'seqdence could contaihdduplicates).” The_eeduence cOQid be either“

a complete run throuoh of the procedure or a fraguent of the procedure (e.g.,'}
.al] the 2°s: 2&l 2&§L2&§),>'&e*deed a.three porht scale where "1" nmeant no

fragnents of the.procedure Qere found, "2" meant»that some fragments of the —%ii
: procedure were found, and "3" meant that the child produced at least one. com—

" plete run through of the protedure: . o "‘L/. .o f s

& s . -
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e In—the-nmove star task, only 3 children (out of 27) started oulfi in  the
first trial using the intersection procedure. But . after the checking

tutorial, 17 children used a complete run through of the procedure (and 4 oth—

ers used it partially) in the second or third trial. In Lhe chemicals task

i

the coding credited only 4 children.with a complete run through of the.vpro-
;cedure although 8 ' others did at least oue:set (e<g., all the 4°s). In sta-.
tistical terms, the conclusion from such a coding approach is a low ‘correla-

tion between performance in the two settings (Kendall’s tau is .37; with 1 -

o -~

child doing a full run through in the chemlcals but producing only'a fragment

in the . last trial of the movie stars and 5 children using it in "the movie_

stars but not at all in the chemicals). - B . .

—
Y

g e - i ‘ . - ) . . ' :
We might also _take thes% results to indicate gkét, in some sense, the

movie starttask'was easier, confirming our'suspicion that the chemical materi<"

¢ . .
- . St

als were difficult and unfamiliar. The result was also not surprising given
- .that" we taught the intersection procedure just before the second movie star

task, a lesson that came months before the chemicals task. . 4

But, for the current discussion, there is a more important_sense in which |

' : T ‘ . ‘ L. - ’
the movie star task was easier. It was far easier to code. -For one thing, we
knew exactly where to code. We were interested in Just the testing trials .. -

where the child was put on hie own to produce the pairs from 4, 3, or 6 stacks

of starsiy 1In contrast, in the chemicals activity the - intersection sequences °

.were located at various points in the eplsode in. the children s talk about

'what pairs had, or_ had not becn done.-.Also, children Were~not isolated from _

__of help. d'l"ne intersection sequenceq which appeared during the chemi~

SOUI:'CeS

cal task were often collaborative'productions which-Were difficult to code 1in
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" ‘anything but an ad hoc way. -
~ These difference provide us with crucial points ‘ofh comparison. _The
coder’s problems are symptomatic of differences for the'participants (includ-

ing:the-teacher and fesearcher) in what the task is and hod\ the work gets ‘

done.

d N ’ I
. -

Locating the Tracer‘in the Chemicals Activity.
<3 \

The chemicals actvity presented us with difficulties from the beginning.
!

We can glo s’ these as- problcms in locating our tracer i. e., the\intersection
procedure. There were two kinds of difgiculty. a) knowing where tQ f'“d +he
trdcer in the course OL the children s activity, and b) knowing|to whum we

should attribute the:procedure- . . | . : )

Yy

’ . ’ ) .~ - ° ’ . »

Findinn the tracer. We thought that the children would use the procedure .

- (our tracer) . to produce the pairs of. chemicals as they had produced he pairs

of movie stars in the tutorial. We thought that ‘some of .the childrean would

start out with say, 1&2 and proceed to do 411 the pairs with 1 -apnd so on-
: throuoh the six possible pairs. This-never happened. 1Instead, the groups .of

-children 'started. with whatever pair ‘was most canvenient or was‘"th ught of

first" (for'lack-of a better deScription). The sequedce of’ pairs eithor mani-
~ fested no pattern at all or: took on patte

h as, for.exampIe, daing the - =
N .
dedle then .the- ends. These thterns were not us

e e , -
ally produced as part ‘of a.

ingle, coherent sequence by . the children. For example, one comm) pattern,f
\ . -

Started with 1&2 ‘then 3&4 when the two children wHo were part of the- gioup but.

working independcntly, each took the tvo beakers closest~to him or derself;i"

Whenvit appeared *the intervection:procedure arose in’ the talk among t e chil—‘ -
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.dren. When the children could not thilak up another palr that had not yet been | -
. 5 . . °

done they would dlscuss the w-iltten record or would consult 'one another’s

memory. , i . , o o ‘

A group composed of Thomas, Candy and E]viA‘provide a good examole- o? ' ..
R ‘ . ' - w
* this process. At the beginning of the cask they settled on a turn—taking

order which thcy maintained throughout. During a turn, ome child would both ‘s

mix the chemicals and record the results. (This is not to say the children'

were working .alonec; many 'of the decisions about what xto_’mix and how ‘to.
describe the. result were made after extensive discussion ) At each new turn,

oné\chlld would choose a pair and the other children would check it againsc

" _the’ recbrd. The tequence of choices folloWed no apparent order. through the
_ six possible pairs and, until the last two pairs, the children had no diffi~ . o
4 t v ( . . . . .

cultyv thinking up a Hew pair that had not been done." The last two.pairs were

N, |

also arrived at w1thout apparcnt system buL with growing concern about finding

- 1 - et

more to do. 'After Candy’ s.second turn, the gix pairs had been. done but Elvia

,
aQ

P = L
‘took un empty est tube from, the-rack, preparina to mix another pair. With

sigh, Elvia says "I don t knqw what color to use now ..." Thomas suggests 2&4

N
A s

Vbut Elvia finds it on the.worksheet. Thomas Jokingly suggests 282 . and Candy

suggests‘ 2&4 again. Thomas thinks of 2&1 but Einds'it has.been done.- Candy o
L,

-

_suggests 4&?. There s a’ mild rebuke from Thomas that it is the same as 2&4; [ vﬁt
A i

Elvia comes up with 463 but Candy finds it has been done. Elvia sucgests 4&1
- . /
and Candy recalls that she did it. - At t at point Thonas says "there.s . né

more," Candy think5r of"3&1'.and Elvia thinks of 3&2 but they find both of

i

\.. those on the written record too‘ Then Elvia suggesLs 3&4., At that point Tho ‘

maé. says' "wait a minute, kay, we got, okay we got all Lhe 1° s~" He moves hi - :ﬁt

: finger up -the record sheet and hcsitates when he only finds two of them butﬁ
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then finds tha~third. Candy says "all the ones with 27: 263" and pauses then

8ays, Lhey don t have 4&1," but Thomaq polnts it out. At that point the

. ['
teacher kcd "You have them all?" And Thomas answers "yep."

The-intersection sequence‘can bc recovered fram this interaction. ‘For

g
almost-a minute, the three children name, off pairs with 4 until Candy moves to

.‘3&1 nftcr which Flvia names the other palrs with 3. Then Thomas looks for all

the 1’s and Candy suggests losking for the 27s. The order is not "perfect"-

. v [ . ) -

but as a group they manage to check through all the pairs with ééch_ of the:
n . . ¥ s

6 . h . ' ' . ‘
chemicals. . S T v
: ¢ O -

[

Finding our tracor, the intersection procedure, in the talk among_ the

children as they set about to check their work should not have been a

surprise. The tracer "was first introduced during the muvie star’ ‘tutorial in ”\{_ :

the tutor—child checking interaction. ‘What we found was that‘the children who.

used ; the intersection schema incorporated it as a checking procedure in their
4 &
production’ of palrs. They used it in mach the same way as they were taught to

. T R . . \ - Y
use it: as a chacking procedure. _ e o -
’ N ST o /0 B v

Dete&mining who did it. . We expected the second difficulty- Because the

. children were not working alone we could not always attribute the procedure to
a single,child; In the examnple of Thomas , Elvia_and Candy 'the sequence-;was o
- made .up of ’contributions from all- the childrén and no child carried out'the.?f-.;*é

-wm o7, .

‘,I_

. Y
ey - — . 8 St 0 12 . o e - . o ~
-

"~ 6. Usually these checks would not strictly follow the 1 to 4 order but would

. skip around partially depending on the order the combinations were recorded on
the worksheet. For example, a child would search for all- the 4s. by reading

down the: worksheet and naming off all the ‘pairs with 4 .as they wékre encoun~ . v
" tered. . This ‘'strategy has the: a&vantage of making the search of ‘the ‘record S

" more efficient although it means . the med%ry loadis increased because the .. ¢
child must keep in . mind which of the pairs with 4 have been found.. * : -
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whole strategy independently. We want to say then "that the i1ntersection

.

schoma 1s . regulating the interactlon among the children rather than just 'regu- -

lating the individuals’ actions.

It is also the case, however, that peer collaboration in the chemicals :

¢

activity did not automatilcally obscure individual accomplishment.» Some chil—
dren divided the labor in such a way that it‘ is possible ' to: attribute the
schema to an individual.' In-one case, two boys who were best frlends colla—

'borxted closcly such that Jor?e wou]d wrilte dowm what Mike mixed “and wheR they _ ,J_Q

-~ .

exchanged turns Mike recorded what Jorge, mixcd.s They alternated turns Lhrough ‘
thc slv possible combinations which did not follow any apparent patteﬁn-,_ At . T
_.that point,, buke took out a test tube to beﬂin another combination. but st0pped

-
to look over at the record. Mike started a checklng sequence at 1&2 and from

A

there continued through the whole sequence ending with 3&4. Uhile ha was nam-

ing the chemicals, he pointed to the numbered beakers which renained in a neat

“

> avray. -Jorge, in the meantime read the record,'finding the combinations Mike

was'nan ng; Mike and Jorge. divided-up the checking roles just'-wsf they had

divided up the roles in producing and recording the chemicals. One dealt with

the chemicals while the other dealt with the written'record. . Because Mlke was

.~ - . _ -

the_ .one to name off the sequence of pairs we -do not hesitate to attribute the .

L

o schema tO_Mlke. ‘But ‘it 1s also” clear that the- schema * is - regula ing the _;hv}
. : ' \ « : . o

i N

- Interactlon between™ the two b0ys.,\Thus we find again that the intersection

. . .o o - P

"schema is not"just or even, priﬁarily, an internal knowledge structure.” It is.”'

aléo importantly locatablé in the interaction among the children.4 It is, in = .-

. Vygotsky_s terminoIogy, an'interpsychological, cognitive process,

é
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Jn an important sense the accomplishment of the intersection procedure

was \alwéys a soclal [ accomplishment in our data.  When we look back at the
tutwrial it is clear that the creation of the protected system in which the
- A " :

procedure could be carried ocut unimpedad was a piece of collaborative social
~/ . .

~

<

organlzation. Such organizdtional support for problem solving is a systematic

fecature of settings organized for individual asscssment. But when individual

gssassment is the motive for the activity, the organizational efforts tend to
z0 unnoticed because they are - background to the "data". In the less con-

strainad setting, Mike s and Jorge’s marvelous bilt of organization can be

better appreclated.

Locating the "Same Task"

-

One thing that our coding neglected to identify was the task ‘that we

wanted to find-in the two settings. We found our tracer in many of the ses-

sions (most of the movie star sesslons and some of the chemical sessions) but

what does- that sﬁ& about the cxistence of the same task in the Ewo settings?
: .

3
.

When we set about coding the movie star session we felt confident that we

knew where the task was and that what we were coding was the child’s perfor-

v

mance on the task. We identified the task with the goal.'make all the pairs"
which was stated by the researcher jﬁst before the child began forminé pairs

of movie stars. The researcher wg&;¢§reful not to give any information ‘until
it was clear that the child was not going to make any more on his/her own.
The slot between the researcher’s Tnstructions and the child’s negative ansver

2

to the question "Can you make any more?" providpq easy access to the indivi-

dual child’s use of the intersection prqecedure. We felt confident that we

1

- could say .that in':esponSé to the task af'ﬁaking all the pairs?éome children_

-
.

- S
v 55 T

Aruitoxt provided by Eic:
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used the procedure or used it parfially and some chiidren didn’t use it .at

all. > Our struggle with the ch@q}cals satting, however, led us eventually to
queastion those assumptlions about the task alwvays being present in the movie

star sessions in the way we thought it was.

. /

. In the chemicals aetivity it became clear to us that the children, when =

they ' started.out, were not dolng the task. The teacher told them to make all

: _ . . , :
the pairs before they started but there was no evidence that they were trying

to make all the pairs. We have tw> kinds of reasons for saying this. The

°
N

first is that there were other goals the children were clearly pursuing. “The
. . . ) ¢ .
second .is that they wera not using the intersection procedure (or, apparently,

any other systematic procedure) for making all the pairs.

<

Doiny other tasks. .If the tchildren were not doing the task+of  producing

(24
(5]

all »oussible pairs, what were they doing? The teacher’s instructicens at the

bey,lvulng of the episade stated but did not emphasize the goal of getting all
thy pairs. She emphasized the problem of finding out about the chemicals by

0

sceing how they react with other chemicals. The reactions which were produced

. . \ '
by different combinations were fascimating to the children, and they were gen-

erally -interested in the problen of describing the results and getting it

‘

weltten down. Tracy’s approach illustrates the common interest in the chemi-

cals themselves. Instead of using the pnumbers on the beakers, he used the the

. ™

actual éhcnidal names priated oﬁ‘iﬁéabeakers. After mixing Chlarox (2) with
copper sulfate (3) he is excited and describes in detail the Elue~grecn ‘and

brows dotted reaction. He. appears to want to pursue reactioms with,''copper's
A | ' |
Aftey”his partners, who weve working together trade their beaker 4 for his

beaker 3, he looks up from the worksheet and objehts "I got copper!" While his

Aruitoxt provided by Eic:
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partners had been making an attempt to choose their next paif with reference

to the worksheet. so as to avoid duplication of pairs,‘Trachs criterion for

~choica appeared to.he'interest.in'a particular chemical.

‘Not doinp intersection. A child who is not doing " the intersection (or

sone other systematic) procedure while producing pairs o0f chemicals is finding
' ) VN . 4 .
the pairs "oupirically" according to Plaget’s original analysis. By this,
,r o . . ) .

Plaget meant the child thinks up a pair by SOmME means other than the intersecw .

tlon procedure and looks to see whether it has been done. In this .case, the

of any more. : L
I. <
- ’

Piaget’s analysis suggests that a child tho is making pairs cmpiricélly
o Rt

. ) . ) ) 7 .
‘is doing the sanc actlions (mixing pairs, writing the.results on the worksheet)

but is not doing the same task as a, child who knows the erdipoint the

researcher ~has in mind. For the ch;l?y;ithOut intersection, the task-is like
. . ’ ~ -

a request to juap as high as ysu can. The outcceme ds an empirilcal issue and

could Ve different for differeant children. Tor the child who has: the idea of

intersection, it provides a definite and general goal to be achieved. In the
chemicals activity thz. teacher’s statement of the task goal "make all the
pairs" was not acted upon., The task S;s the teacher and researchers undetc-

stood- . 1t) only . happened when the children themselveé formulated the goal of

[N -

. T . . . ,
finding all the¢ pairs because they wailted to make more pairs. . .

. Evidence for the task ig‘the tutorial.. Tracy’s ‘comments about the chemi-

cal reactions with copper give us a kind of information which was almost never

~available in the movie star tutorials. The chemicals activity was loosely

enough constrained that alternative tasks were possible. We can notice that
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> children vereé-naot doing the tésk hecause we could find them talking about

doing other tasks. In the tutorials, on the other hand, little was allowed

'v/ﬂbther than pair making, Tracy, fof}éxamplc,fstarts his second - trial '(With

five stars) by makidg a row of cards; We have no idea what he,migﬁt have been ~

trying tbbap (what his task was) because he was immediafely "corrected" by the.

~
[

researcher and told to make a.column of pairs..-. . 7
. N . -
oo/ ) . .
o

1 -~

The strict enforcement of pair méking in.the tutorial’makes it difficult

a

to notige that some children were not doing the ‘task of making all the Eairs.'

.
-

Différences in rhon pntter& of pair placements did not stand out as indiqatiqg
. a ‘different Ngoal because. it waé'ﬁot’acéompanigé;by any othervbehayi§rai_e§i— ;
dence that the-children vere doing some other: task. :Wé.aégﬁﬁéax‘thew:éhiidren‘
in the movig star activity vere a11 qoing-the same ééék.bdtvonly some weqé

e

using intersecction to do "it". : o

Piagot’s analyses of task performance already implies that some children

are not deing his task. (Iis analysis 1s,. therefore, éomewbat qorcfpowerfgl 3s

. a task.analysis than"maﬁy' 1aborat5ry aﬁai&ses _which can nqt. distinguish
- between dojng‘poorly and‘ngt doing the task at all). The éﬁalytic wéakness §£
the tutorial setting can be segn‘when we éufn to Piaget’s éiaim about what he

\ ';bﬁsiders to be 5; transiti&nél~1eve1,of performahce>£etw;en "eﬁpiiéégl" and
"interscection'., These aré what hgt called "juxtapqsition" seéﬁences aﬁd'

- T -

involved patterns such as d-ing the ‘ends then the midiley e.g.e, 1&2 3&4 1'&4

2&3 and so on. He describes these as a "search for a system" implying"”ﬁhat

»

thé child :?derstands the' task and is seatching for a solution. When such
. . r .

- ) B . . )
sequencas e@ccur in the tutorial we can not tell whether or not Plaget is right

A “'
. - s

*s : : - . '

Aruitoxt provided by Eic:
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that-the child is doing the task. 7 In the chemicalé actlvity, howevgr, We.

have clear cuidcncc that some of these sequences vere produced while the chil~

dren were not doing the_tas&.

\ ~

For ex“nplc, vhen Tracy Leslie ‘and Rtbecca startcd out, Tracy took 71&2‘

while Lnslie and ebecca worked together on 3&4. Yhen they flnishcd their

respective mixtures,.Traty offers his 1 for thcif 3 and mixes f2&3 while 'thei‘

girls mix - 1&4. When the girls finish theirs, Régedta checks. the record and

N
AR

decides to do 183 55 tgey trade their 4 for his 3. These trades resulted in a,

sequence  1&2 3&4  2&3 1&4A 284 1&3. In this 'case the'péttern-tcéulted from
trading for chemicals each had nyt used yet not from an attempt'to'create that

1

particular pattern. In this respect, the unconstrained setting provides us -

with better information about task perfonimance than the. laboratory setLing.

The constraints of .the 1labsratory obscure whether or not some subJects'ared

.. N . . N -

doing .th_e task. . o | ;

\
sea that most of the children in the first and -second trials of the movie ‘star

-

"task" nmidy not have been doing the task at all. Scoring a "1" (for no inter—

section) :may not be a low score,.it.may simply be’an indication of not doing
. . v .

. ' . . .
the task. ? In the chemnicals activity what we are coding must also. be

[

7. Our Lutorlal design doe» provide one kind of relevant ‘evidence. We found
that children 'who -pade jL/taposition patterns were not significaptly faster.

-than "eapirdical" ‘children to learn the intersection strategy in the tutorial.
This suggests that those pattevno are’not. a stage on the way to discoveling a-

solution to the . task. . 9

3

8. The tracer method for identifying the same task can indicate (when the
child does wuse the tracer) that the child did engage in the task but 1is not
good for 1ndicating that the child dld not engage in the task (when the tracer
is not used). The child may, of course, engage in the task and.decide not to

-do naything about it. But as far as interpreting the test results 'is con<

v

Our original coding -scheme must be drastically teinterpreted.. We can now
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reconsidérqd’ None of Ehe children started out.daing the task. ' For Ehbsé.wﬁb'

N .

‘finally did, éhefr'achlevemeqt\goes beyond the'aqpiéyemént of any child in. the

° AY

. . ‘ 7 o . . )
.tutorlal-because they discovered the task on their own. : "

Geéting tﬁe Task.gg_ﬁapgch in Psychology and5Educati0n

-~ -

‘In both psﬁchology and educati&n‘there,is the need to get people "to 'do

” @

tasks °that they would be unlikely to confront if left on their,own: In both

v

cases an cxpeft must interact with a novice to présent"the_ problem, andj.tq

o

i
’

sepse the psychologist’s job 1s.a lot edsier than {hel&eachei's. fhev99§chol-

bgist wmust move the child from ndt doing the task to doing it when told to do

a »

.1t in the. labotatory. The educator must move the child from- not doing  the

task to doing .1t w»n his/her own in everyday lffe.w In everyday sitﬁations~
. _ . P T T I T T T T L T T T e i ~g-

oversee the - methods that “are devised for solving it. But in an important .

tliere 15 not always an expcft'getting\the task to happeﬁ-:and".explaiﬁihg the

‘procedures. But educators want children not only to be able to solve.problems,
when they are told to do so in a lesson or on a test but also +to "find" the

problemg in everyday situations.

-~

Ledrning About the Goal

-

We deéigned the movie stars activity in_pért‘as a testing situation and-

. ! ’ . ) - - . : . ’ o -
in part: as a tutorlal on the procedure we wanted to use later ‘as our tracer..

The part of the tutorial during whitehive taught the. checking proeedure was
desigﬁedl to make use’ of theiprinciples which arg;pa;t‘éf Vygotsky’s (1978)

o
l

theory of the "zone of proximal development". | Thesel'pfinciples and their

applicatlon are discussed more,fuily in Chapters 2 and 4. Suffice it to.say,

.
> Bt 28 o o VD W el s e i N 3 B
v : - N .

a R

.

* cerned, ignoring a task isljust anhother way of not'dbing it. _
e S ‘ - "

e - - : - i R . f}{j‘ .
EMC e , o ) % : .
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in the procedure we ‘used, the tutor started out the checking "~ tutorial giving

~ “ e
R PR

as. much help as thé child nnedcd to carry’ out: the sysLem tic checL. Where it

- .

was necessary, the tutor xou]d start ‘out-asking about every single pair. - But

g

as the tutorial progresscd,.the,tutor began giving.less and_1ess help‘until.lu'

-
.

‘ - . N e
the child was, as the expression goes, doing the procedure on his,. own. Thus

the procedure moved-gradually“from*a—hmnwthnr45hfﬁ~themtutor—child interac ion‘
4 : - . ST “ e : :

«

to a location Yin" the child. ’ . .

. - N - -
.

Following Vygotsky S,theoretical formulation, wé would eXpect tasks to\)e

.

found first in the interaction between ex pert and novice and later in the

novice’ independent acLiv1t) Ve take this to mean that the novice not only.

N

*

‘lacks the skills Lhat are necessary for cairying out the task on his/her own

but more iﬁportant%z s/he does not init1ally understand the goal.“_The_ expert

must insure that. the 'task} itself, occurs in the interactlon between the

:xpert and novice. W want to suggest that our teaching mnot only provided

Rl

(nost ofy~the chilTdren witﬁ"thcnintcrsection procedurc, ftalso gave them the

goal of findinv 21l the palrs. That is, 1t introducecd them to _the task such

that the goal and’ thD procedurc are simultancously internalized in the course’

of the interaction. 9 Examples from the tutorial and the chemicals activiecy\ -

sugzest how this might happen.

11424 g =] Pt . i
1 : = .
~ ’ o

In the movie-stars tutorial, the children first produced a column of as

- \u’A
many pairs as thoy could and then the\tutorfEEéan teaching the checking stra—
! // ' -, : : .
tegy. The convcrsation at thls polnt is important. The‘tutor.asked_'"How do

/’f *

e i e e e e s hm ey e . - . - °

.

9. This is not always the _case.: Mure than one procedure can achieve thé §§E§i
-goal and 1if the child knows one procedure and is just learning another, s/he

does not haVe to relcarn the goal.
“n : . - .

. 9 .

-




_asked, "c0uld you check to see ‘1f you have all the pa1rs7" The child usual]y

FiRal Rpbgrt » L - - AR o NIE-G-78-0159
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Tracy, with a tht of fbustration "I can’t think of any more". 'The tutor then =

L Sp

sald little and'the-tutor said "Well I have a way to check. Do youv have all

. ..the. pairs with Mcrk (or Lhe first star on the 1eft)°” ‘From there she proceeded

.

.

:asﬁthey.went‘aloEg.

’the‘intersection procedure as a means to fir up the child s "failed attemp to:~

«in. maay cases. The -teacher’s questions at the end bring the task back to the

—_ ~

through\the phecking proccdure allowing the child to take'over more and more

1
i
.5 . -

~

S

-
. .
- . Iy
" - - . . -
.

. The tutor's question "How=do you know you have all the pairs". presupposes
that the child ‘was trying to get all the pairs. This may be a false presuppo-.
-ee ! =

sition but it is stratcgically useful (cf. Gearhart & Newman, 1980; Stone &

wertsch ‘ ). The question ‘treats the child s'colgmn of paits‘as“if'it had

been produced in’ an attempt to get all the pairs. 'The"teacher then invokes

: i

»

produce all the pairs." In,other.words5 she approprilates the child’s pair—
> - : : - .

making, making it into an example of howvto'aéhieve,the;stated godl. It

-

“fﬁﬁﬁﬁ&is thaL Whien their own ' empirioal" productlon of pairs is rertospectivcly e

iaterpieted in terhS».of,the interssction schema children begin to learn the’
(researcher’s) meaning of "all the pairs". SO .
’ ’ ’ N ) ' : . .

Thlxbretraspectlve apploprlatlon process can also be seen at the end of
the che@ical actLVLty. ‘The Leacher alwaya éhecaed when Lne 'children thought

they had finished and attempted to elicit, a rationale for their thinking,

Cn )
= '

Iike the tutorial, the teacher iszﬁdfking with'a coficrete set of already pro—

“duced pairs‘which were hot hetessarily produced by the children using the

intersection procedurc. In the chemicals task, far more~than in the movie

star activity, the (ressarchex’s) task completcly disappeared from the scene ¥
‘ - " - « . . : s

O R L . . . \ . . L]

. : . «
L ‘e " -
. . . o s . ) ‘
e . . N . . v s
. : o < . )
. -, ' ’ ) - 5 . . ) . .
‘4 . . LN . L '62 2 . ) . . LY
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interaction. Her discussion demonstrates to the children how the wurk they di
7 « ’ . .

can be understood as doiag her task. : AR

- . .

In an important sense the tutor and téaéﬁera.Wérem'Efédffﬁgmffﬁe child®s .

production as if it werc' a poorly cyecutcd éttcmpt to achieve an agreed apon

.
° i -

goale In education such_qsuumpLiuns nay be a ubeful way of importing_the_goal

" into the tcachér—child interaction and from their into_the_childfs independent,

activity. Our original cd&Inh scheme wlso treat~d~many of\thewchildgégfs;pro—
- . i)

. ductions as  poor strategies for getting all the pairs. In psychology, such

overinterpretations can be dangerously milsleading. Children are scored. as

‘ﬂoing poorly when in fact they are not doing the task in the first place. = ©

o - et e e

* - e b e 4 e b e g

.

The  traditional businc s of cagnitive psyéhological research has been to
iﬁéngify knowledze and processes din the head of the,subject; :It/is only
L : ' o - : « S ‘.
natural, then, that the subject should be isglhted and the part of“the experi-

P

_ment.__during _which_.the..experimeater-and-su bgeetuénteract,winer -the~intt1a&ﬁ~w~—
instructions or training, should be ignored. But just as the laboratory ‘set-
ting .does not have privileged status as a place to study what-people can do,
. ED . _ : R . b

o . . . . . c . ) . -
"in the head" does not have privileged sthtus as a place to 1locate sclemata.

. -
»

They can also be located in the'ihteractipn between the experimenter and sub-

ject or in the interaction among dyngup'qf subjects collaborating on a task,

or in the interaction between .a Eeadhef‘and a child who is learniﬁg to do

~ i A ) L
.

» ’ .
something new. ‘ . : N .
b : ' : . :

Q . o . N ’ . ' L o ) . - ..

[ERJ!:‘ e D S T e P PR PRI
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Getting the' "Whele Task" to llappen

~ @
°

It-is onelthing to get‘tasks to‘happen when the teacher’ (or ,researcher)
—and Athe child~are'in direct interaction; It 1s another thing to get tasks to

happen in the everyday world over- ﬁhich the Learher or researcher have little

.0r no control. v .

€.

A difference between everyday and laboratory-vtyle tasks which is impor—

tant for our argument is illustrated in the following ifample from the chemi—
' ao

“-cals acLLvity Rébecca vas- wUrkgﬂg with Leslie and T acy When .it' seemed

;like there _Were no ,more combinations of chLmicals to be made Rebecca looked to

the record sheet and began naming“oﬁf”eheucombinatipngffollowingutheTiptensec=t
: < . . L -.’ t C e o :
" tion schema. She_did not use the canonical order, however. The first pair ¢ =
the sheet is'4&2. She. started with 4&2 and stanned the record for the other

combinations with 4 and then for the. combinations WLQ@ 3. Within each group

'”(J.e., the 4'q and 3 q) qhe named the combLnations in the order they appear. on

‘the sheet. When she got ts the end she said "We're done'" and the teacher came
~ ' . 4 - ) ) . . - ’ )
over and asked "How do you know". Rebecca repeafed her intersection strategy

- [

- . o ! . ’

but. this time she spoke more clearly and did the sequence in a stricter numer-

ical order:  4¢&l 4&2_463, 361 382 an .so;on.l -

®
v

.,'"‘ ) ] . . . . :

° . The difEerence between Rebecca’s first and second intersection procedure-

coriespunds tu a cruci11 difference in the source af the task. fAswLave (1980)
. . wmw r’ = -
has rointed out, everyday tasks usually arise,from, and ‘are constrained by,
the actorfs owm higher level goals.’ When Rebeccaichecked the worksheet the
first.tine it was to establish for herself that sall .the' combinations"Were

e . - [*3

done.  The order in vhich she named the pairs followed fairly.closelﬁ the’

T
< 0 .

ordar on the worksheethshe was checking. When she did 1t the second time, {t

. . °
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was  to  display for ‘the teacher how ghe had arrilved at her conclusiqg‘dd& she

e >,

kept closer to the canonical order. She was dnswcring the questiqn “"how, do
. . Y .

. e
N . : v

you know," not trying to find out 1f ghefe'were more chem%cals“to,Fe dbne. °.

T T R - - _f“"_"“f_":"”"“"‘ ‘”' : O “":f:;“

‘ At the beginning of this chapter we introduced the notlbdn of | the - ''whole-~

) . . ‘, . - ) .. . .
tesk.  We can now give it mgre specification. A "whole task" is a task con-

e W i

 sidered in the context of the activity or higherrlevel goals wm&ch mo;ivdféfﬁ _

{1t:.  Whenever there. Is a task, there is always a whale task. Bué in some sot-

’

tings 1il: the laboratory or the classtoom (or whenever there'is a hierarchi- -

. . L
cal division of - labor,) the higl level goals may not be under an actor’s
Individual control. Tn other cases, the actor(s) ¢t formulate the: instru-

mental relation between the goal of the task and the higher }evel gdal'théy;t{—f

a -

. .o . _ . . R o )
are primarily trying to achieve. “This is what we saw happen i1 the chemicals
activity. The children wanted to mix more pgirs of chemicals 50 they.tiiii—ig”’

figure out if they had doue. them all. Finding all the pairs was not a ’task

Bl el - -WAS- - -presente d-—to-then-by-somebody-elses—it—folloved—from-the—concre e

N s

situntion they were engéged'in. In standard laboratory practice, ip which  it
is Inecessary to have as coumplete cOntrol.as'possibIeVover"he goals'the sub~ -
njgét‘isA;rthg to accpmplish,.éubjects_aie never called uZ&n ;o formulate

thelr owa goals and sola;e éOnfrontéd with only part of the problemJ—éhe solu-

.
-

tion part. .

- - . . i
] i

-

. M ~ . . . 3 /
This %s noit to _.say that whole. tagks are not part of tﬁc social interac-

. - - S, o : .
tion in'fthe laboratory. The fs&ﬁif?t may be very mnmuch aware that the
Y . N . ! 0

researcher has goals which are the reason-fb: getting'the_subject to do *the

>

_task, even though the subject has no part in formulating the task. When

Rebecca changed the order of the procedure, she appeared jto be displaying the
. _ : .

O . . - L v . ;. P . . . .

ERIC -
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procedure for the Jrurposs of the lesson the teacher was conducting. In short,

-

there is always a "whole task," ‘bat standard laboratory cognitive tasks are

ovrpanized go that,thmrdJis'a particular division of labor such that the sub--
momemens e e e s « . i . - N

- ject is.éqnfronfed only with the solution part. , . v .
‘ . : : ' g < . .
v _ . S

___«“wm_,In educnt¢on.the1c e annattempt—to get chxldren nble "to—“do~"thc~—whold
. 1

‘ . . . “ B

task when an appxopxiato GCL sionvarises., WQ sus pocr that plovidlng opportun—. '

£l
¢ . .
[y

1 &g . - l

ities su"h as found in the chpmlcals activtty whexe children Were allowed. to.
) . e - !

» o . A -

dmsqaqer a t@gk.in the course of'dojng some higher level problem,viS»au;impor—

P

v

tant kind ofggxpcrience for childrbn to have i£ Lhey are ‘going to 1earn how to
N IR

-

7

apply what ;hey’ know to new situations.' They will not learn to do that 1if
they are always presented with a ready-ma’: “-ask. A teacher’s retrospective

discussions are also a crucial part of tai. experience. - For the efildren who
-t S . L.
. . » . 2 ; N - o .
did not formulate the task themselvcs, such discussions gre am opportunity to
: & Ce '
“ v N .

see that a task had been 7ﬂLentlaIIy in the acLLviLy. - 4 ' .

e i e 4 o e e = [P

[

A fram vorks sunh as the ane we havL been working with, that conccives "of

- schemata  as moving from the 1dteractlon to the 1udividual, makes the interac-
tion and how tt'changes'QVér time the central toplc-of analysis rather than an

aspect to be set nside.‘ Our dFscu.ulon 3f the comb1nation° task has pfovided

a C)uaxete iL]uquntion uf a whkle task First appearing in the research-child

1nteract10n and later emerging in thd peer interactlon. The concepts of whole
- a, [ " . . . .

% .
task and appruprlatlon find a central place in the’ theqretical framework we

3
-

propose in Chapter 2.

- -

L

o . e ' : S = o e  ‘,'
[SRJ!:- S S : cr o A DU R o\ N
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, : o . < CHAPTER 2:

BASES FOR A THEORY O LEARNING_iN INTERACTION -

o . .
>
s
- .
<
N .

e et e vt e et e et e o mr e e i et 2 e e e et e e it et g et A e e s e+ e
AN

v

In chapter 1 we saw an identifiable procedure being carried out

by groups of chiidren, sometimes\giiiifi}igcly by a tutor and child and some-

times by individual children. The procedure we called "intersectién", to bor- "

somet imes

row Piaget’s term, allowed us to locate the 'same task" in two- quife different-

kinds of settings. But this:exercise leavés us with ?}ofound_queéQions about “*:-

what will be required of a theory of cégnitivé change; As soon as we allow

our abstract -schemata to mediate social as well as mental interactions, diffi-

cult questions arise about the existential status of such abstractions.' How

©

processes? Perhaps even more impdrtant: how can a psychOIOgﬁcal"theory handle
situations.in which Ehe'same material objects (e.g., the array of gards in our’

combinatigns ﬁutorial) can simultaneously hav% two ver} anflyses (e.g., from-
~the child’s and the tutor’s perspectives) as is requir;d €by“{thé. process of

. , .
R

‘appropriation that we iilustrated_in chapter 17

. In this chapter, we take somé Btejps toward answering these questions - and

Al

formulating a theory of learning in-interaction. ' Our point of>departure now
is the‘"whole task. We assume that cognitive change ' includes more than’

learning solutions, it includes coming to;underStaﬁd and formulate the goals

i

of the task as wéil;' quksi that is whole tasﬁ%z are usuéiiy dlvidcd up among

”
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.

people, -very often experts and novices, so cognltive change 1s usually a

, .
soclally interactive process. The chhuge we, want to trace is not Just in the

;e

mind of the learner but is simultaneously a change in the Interaction between - .

. N

the teacher and learner as the cdpability and responsibility Ffor the whole
“ . N . -
‘ \ ’ ) ' : . /]‘ ) o
task comeg’ under the learner’s control. : - S

Wd draw heavily in this chapter on work done within the soé}Oﬁistorié@l

school of psychology particularly by 'Vygotsky (1978) and Leont’ ev (1978,

198}); Their approach is'useful.becéuse it treats the'social enviroﬁment for

-

cteplacés  Piaget’s “coﬁcept _of "assimilation"  with ° the conceét” of-

O

Aruitoxt provided by Eic:
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‘1eqtningl in a principled way as part of the process of change rather than as

A '

an unanalyzed force impinging on the2$ﬁd;vidual'organism.- We will exp}icate

-

. N , . ) - L. &
'severpl theoretical constructs, particilarly Leont”ev’s analysis’of activity

4

~ ' T
e
it
;
‘*}-

a4
”

A:‘;: We fihd in the Soviet approach .to psycholoyy ideas . that are of great:

[ .

) . . - . . B - §
account the influences of the socialxénvironment without reducing the roles of

B - .
a - 5 N

the téachgf and learner. to mechanistic¢ ones.” In doing so, theories such as

I - -

that of Leont’ev add an important element to developmental theories. - While
accepting the fundamentél;notiod put forth by Piaget that the child, actively
. N ; i

. -

constricts kinwledge ‘through intéraction—with —the —environment;—-Leomwt’ev

o . ) N . -

) - - i a,

practical vyalue to education and research on-learning because they take into .

. : _ : N St
and Vygotsky'é éonccpt of the zone of proxiﬁaL‘develogment continuing to &rawjf
- on the cdmbinatiqﬁé lasks as a sog%ce pf exgméies;:BWe will-atfeﬁptifdﬁﬁraﬁ -
out furgher ghplicati;ns and’advantéges of the sdc}ohiétorical framewqu' as...
Wellass'neof the quostions that still remain uhdnsvered but which becona of .
interestjﬁrpé this' point of.vicw. ' : . | g
- ! B I
; ‘, } L " - Theory of Activity. -:{‘ -
° . , ‘ 9

’

0 A

.




- . . . -

. . _ ) . _ NIE~-G-78-0159
// ) . ! . 5 ' . ] ' 68
jpﬁappropriation". With this distinction he moves from a biologically oriented,

%
e

Final Réport
S

/ ) _ ) . L. .
approach to a'socio-historical one. For Leont’ev, the objects in the child’s

world have a social history and a definite functinn that cannot Le discovered

through the child’s unaided explorations. The fuaction of a hammar, for exam-—
ple, cammot be understood- by exploring the hammer itself (although the child
may - discover some facts about; weight and balance). The child”s approprlation

1

of dul:uraily devised "touls" comes about through involvemeat in culturally

5

organtzed activities in which the tool plays a role. Leont’ev thus precerves

Piaget’s faimddunental insight that the child has his/her own structured system

of éctivity but pdints out thar the child cannot and nced not 10 reinvent the

1

artifacts that have taken millenia to evolves

The child is not the only active organism in the social world, of cgg;sef//

» —
« ¢ - —

' . v L] L] - / )
Our ‘particular interest in education leads us to notice that the t€acher also

~

i

applies the process of'épprqﬁriatjc ~in the domain of//edﬁéationdl activity.

o

. A ’ T
The. reciprocal appropriation that we notice in. teacher-child interaction calls

for a theory in which artifacts like ''iatersectior' can be mobile with rRspect-

to the multiple systems simultancousfy at wor% ia the teaching/leavning .
. P ) .

interaction. Several features of Leont’ev’s theory arc well worth. attempting

tp-expligatéjaﬁa illustrate in this context.

—

———— - —— —— -y - - -

10. For a child to appropriate such objects ints his oun system of accivity,
the child does nat need to recapitulate the social history that led to tha in-
vention of the socially defined ohject. The child has only ~to come ts an
understanding that is adequate for.using "the object. ’ '

] . . -

Aruitoxt provided by Eic:
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Units in tho Théury

There ann be viewvoed an a hicrachical voup, with an a&tf;ity being conpossed of

Three levels of analysiz can play a part: activity, action.and operation.

actions vaich are couposed of oparations. An entity like "adding 5 and 32"

could be aone of the operations involved in an action of “totaling the check"
,,// : x

that 1s a paye of an activity "waiting on tables fsr a living."

.—/‘
/‘/ ’

N ) N

\

originate as actions: once an action is cembedded 1in  another
© .

. Operatlons

_action, it ean bracome technicalized; its goal is no longer distinct. At this

. M ’ : » : .
poiunt it is analyZable and performable as an opegration.™ In an analogous way,

actinna  oviginate as activities when an activity is removéd from its object

(as in a division of labor). Intermediate goal-directed actions provide the

link betweea activity and object. Activities originate in the system of
N . . \ .
soclal relationships within which peuple connect themselves adaptively to

objects . in  the world. Any "“indepeundent" activity has its origin as a colla-
: “d "+

bor .-, social, interpsycitvlozgical actlvity. >

-

Tn spite of this genctie sequence for the origin of  the system (which

.

serves  to esiplicate the hierarchical relations ‘among its units), Leont’ev

- _ . . -

rakes padns to note that in everyday life, the genatle traasltions are not

valdirestional, nor  does every systen of activity 'ave So ulaeldy all levels
A ’ . ’

of tha hicrarchy. Matuzl transitions are possible b wooon neer- gad  Intra-~
~ P

i

psychrlopical  activitles since practicall edncrete acti. iy -id "rhought” heve

a cannan nrrucqggo. An activity can be transformed into an aciisn  implement-

e

In

a differeat activity once 1t loses its mo: ive; an action can acquire an

or
8]

n
.

indopnndent motive caod beeosae an activity.

Q ' . . .

ERIC e
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»
v .

Usually, whdn a theory requires that ane think of units like these three,

one looks £ gae huw paradisms for each can be constructed. One expects a

descripbion of norphalasical features ghnt group together instances of one
unit  1n  a pavadizgm. This descriptison  should also exclude in-tances that.

. 7 §
“belony to uthsrfparndigus and degeribe  permissible  variation. Paradigmatic

fdentificntion «llows - thar dinvestisatsr to>  do tws important ‘things: first,

.
-

instances 2f the unit can be identified in an ongoing stredm of behavior; and,

-

second, differvent instances of the unit can be identified as- 'the same in some

~

respects and as different alternatives in other respects .
' ] uvﬁff

" A thesry also needs to pravide us wisth an aceosunt of the © interrelation-
- L%

ship . am»np  the units, e.g., among the paradigms. As we have already sald, in

the theory of activity as ddveloped by Leont”ev, this syntagmatic relation is

o

hierarchical.

- L - t » -
The syntazmatic and paradigmatic aspects of a unit in these. kinds of
- . - «

.
'

* N ) " : : . ar \ i :
theorles  are  intrinsically velated, raising. problems abg Yroducing misunder-

<

standings if one is accustumed to standard cognitive -pgﬁZhological theoriess

Unless one entertains  a different notion of how units can be identified and

relatnd, these kinds of theories appear vapue and seem resistant to  emplrical

inqulry. On cuce occasion "the same behavior" can be analyzad as-an operation
1 Y ) "

b,

and on another as an action (cf. Zinchenko, 1981). Two  different ,analyticaf.
- 1

*

~and participant perspectives can ﬂé’dﬁﬁliea to a sirgle hehavior. instance,- one

treating the instance as an action, the other treating it as an- operation.

Behaviors with radically djifferent morphalogical features,'can be analyzed as

the same kind of wnit, say an action. This wmobility of the basic units of
analysis is a problem given normatlve expectations about paradigm construction

pS

hu‘a
”~
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and empirical "identification. - C T ’ :

-
.. . . . ..

, ) .. . . .
The nobility «f. units 1s alds a problem for nommative expectations given

the syntngmnéic hicrarchy defined in the thesry. We neced to consider two kinds

‘

2 . N
of u,ntﬂ””dLlC Lelautnnu. ~First thers is* the hierarchical syntagmeme posited.

by the. theoary. Second  there are the real-time relations among behavior

. . L

instances duving which the hierarchical relatlons are trausformed to ':%ch a

"degree that  only gbstract analysis retrieves them. There are also non~-overt

El

nctinWi; discontinuvus activities, fragments and collaborated constructions..
X

This al - time syntagmabic variatiosn and the paradigmatic identity of units
. . . * ) . o.
. - 1 - 1 1 . .
arec nutu1]1y defining and toge tner deLJne the theoretical unitsy T
. “ . ‘/7/,/
- From ours percpective, this mabtligy/gg units is fundamental to explaining

the nabure- of cognitive change. fmplicit in the-theory is tve claim that
instances of behavior have a property waich mﬁﬁcﬁ them available for -~ social
. . "\ A - .. . i

g

- e e s e a a es e b

w 11. This is |qu siich a casc as ‘the one in grammatical theuLy where' the word
class “Noun’ describes 1instances that occur witn' certain morph01031L31
features (fit in a ‘paradigm) and in certain positions 1in constructions
(theorvetical syntagmatic relations) and* is petmitted-— tQ unde¥go certain

transformaetions (real time.s syntagnatic, rclntions) Only abstract analysio
would retrdeve each of the underlined instancesfas a member of the class noun
(ph\ao%l :
) (a) It is going ‘to rain.
Ef ‘ (b) ThaL Harriet wants Alice to become " -
a physicist Is not rolovanr. . s
(c¢) The man aﬂ"-\y‘;“ . .

Another definition of “noun’, a word describing.  a person, pléce*aor thing,
would be offered by a grammatical theory modelled on usual kinds of psycholog-
ical theories. Identification is essentially paradigmatic.- While such a de-
finition appeaxs-nore certain and substantive [and may. be seen as satlsfyinn
given that the semantic identivication can be used as an independent factor
allowing  move fletibility $o the senteneé syntactie theoryl, in fact it runs
Into difficulty in accounting fo1° data. Further, the degree to which it is.
true can be derived from br accounted.fsr in an interesting wayeblxcn a theory
of the less usual type which provides: the first dpflnlLLun. : .

'

v o

- . : <

[ERJ!: . ST . .- B - S '
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_~negatiation and transformation. In particular, it permits anal&siﬁ of multi-

ple conecrete locations f£sr phenosmena like "intersection" whose existential
N . - N . - -

- 3 o -
. status we are exanining. W2 shall call this property of the units "non-unique

analyzability." By ?n0n~unique analyzability we mean (1) that a behavior

instance can be analyzed synchronically in wmore than one way--by a participant

im® the behavior or by an investigator of the system producing the behavior and
(2) that it cafl patticlpate in diachrenic systems (development, learning) in

wmore than one way..

.\' . . /. .) R . .. \ .,
Theories winiceh include this kind of dunl naturg (paradigmatic and syntag-
‘ ’ oo - . = ~ . - .
matic) of wunits and this kind of mobility, cannot raly -on the precise and
content-Ffree identificatizn of bhohavior units that is typical of. standard cog-

s

nitive peychalogical theuries, Instead we arrive at a procedure that begins

" first with angrdidentiflcatisn of the largest rélevant units (activities) and

. - . Iy ¢ B
12 R

. J ! . . L. R . e .
‘Thus, in the _general flow of aetivity . that makes up the higher
,psychﬁlogfcdlly mediatad aspects of human life, our analysis distin-
guished first separate (pdrtl%gLai)‘activities, using their euergiz-
«dng motives as the criterion. Second we distinguish .agtions--the
rgicegscs subsrdinated to conscious goals. Finally, we distinguish
he operation-~which is diréctly dependent on the conditions under -
which a concrete goal is attdined. (Leont’ev, 1678)

.
- ?
. N .
.
, .
.
. e .
. i -
h- -
\ . Lo® ¢ °
~ s
et e ——— ————
- .

+12. Elaborated discussions, of §uch kinds of anaiyées, often galled system ana-
lyses, can be-fdbund in Batéson (1980) and Scheflen (L974) where attention is

called to stheir history and ddvelopment in a variety of the natural sciences.Y
, . - OPT . .

{. N

13. Warning'wust be givea that the use of the words "mopives" and "goals" are
'SOmawhdt different in this franework. Leont“ev (op.cit.) discusses in some
detall these topics; the differences should not interfere with, the use made of
the constructs "activity” and "actien'". in this paper.

N
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Subjectlve Objccts

. . . i
. ) = o .
. - - : :

These transitiong, which ave nccessary for systems that undergo éognitivef
: - ."‘. - -
chawge ia dinterzction with others, raise difficult issues Tor determining the

existenttal status of abstractions 1ike "intersection". To solvé these diffj- ..
' ‘ v R
“culiies  we must Llatroduce the concept 2f a "subjective object". Consider our

D
»

R .
use: of materials. The material sbjects we provided (stacks of colored cards

with pletures on them, beakers of liquids, worksheeis) were carefully-picked.v~f

T YA — .
. . - A L Ty . " - '
tb ghable the Wse of intersection; where they were -placed and when and how

/yhcy' were gived to the children was carefully planned and executed. , We égprg/ii"

7

" say that "int®rsection" has an existential status Iin these material objects:

"

.

. . ) l T .
in  fact, the chanying states of these objects is routinely used by experi-

4 . .
menters to claim that intersecction is "thexe'" or not, and the child "has" the
. - N !
fornal opermtional strategy or docs not.

’

Leont’ ev theoretically wotivates a different understanding of the’ impor-
- . r..A._,—‘_———-—__—_—‘——‘-_i&_.—w

tance of these materiald.end underscores the problematic nature of treating

¢ . 14
them as the location of intersection: - o i ' B
¢ e N -~ N - P . i . . N . ) )
.eeothe object of activity cemerges in two ways: . first, and foremost, .

~ dn itg dipendent eulstence as subordinating and transforming the
subject’s activity, and secondly -~ as the -mental image of the
objeet, as the product of the subject’s detecting its’ properties.
This detectisn can take place enly through the subject’s activity.
«.-the mental reflection .of the object world 1s [produced] by
processes through which the subject enters into practical contact,”
with the object world. ~w “ o g
The product of ‘such activity is what we vefer to as a "subjective object".

-

We, the .investigators and teachers, participate in a system where the little |
colored cards and the beakers of chemicals are subjective objects for us. Ve,

. ' . ’ . .
as subjects of an activity (courtesy of Plaget’s.experiments and his cultural™ -

-tsansmiss{on of them through writing) participaﬁc in the transition, of the

i

.,

E[{I(j S | L ' f; 'A ;n!. o o . .y
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objects to dntersection. o ubJech have been made a part af an aclelty

;} o
“that cwmbadies a concept like fntersection, their propetties as objects chénge./'

They nuww embody a part.of thise prior actionu. In this pafticﬁlar case, they

o
.

embody Mintersection." It is this considcration vhich lies behind Leont’ ev’s

comment that:™ ... .the traAsLtJun of the proccss into a product takes place né%

only from the subject s point of view. It occurs more clearly'from the polnt ~ -
of vilew of the object [as it] is. transformed by human activity." (Leont’ev, ™

1978)
o, ¢

. , ) . co ‘ R /A ’
In this case, the materials and thc.r existence as an example” © of inter-

section. for the teacher wake possible educational activity in which intersec—

tion-as.a subjecrive obje&t can emerge.for the child." During instruction.,
»'intcrs;ction has an ;zistcntial status fur the childrgn”on the inte;psych&iog—
’tcglhpl;ne. In the tegcher—child\ interaction it can'-Bécdma'AQ ~subjective '
object. "Any acrivity, according to ieoét’ev, constituteés a "special inhérqét

—functis x1~,-45peej Foenls %:——-"The—ﬁ:rrrctio e i pia‘c Loy~ the subject’ into c;bﬁ ective

reality and transforming\‘;his into a éubjcctive'form" (ps-16Y. However, it

must- be remembered that in;tefching intéractigﬂs, there - are. (at least) two
subjects 6f activitys - “Oae subject, thg'teacher, has a special status. TFor

one thing, interscction as an_objective reality and subgcctive form has a

Aprior existence for the teacher; for another, the subjective objecﬁ‘as an
. \ - . L s
cxample of interscctlon is a tool of the teacher for placing the collaborating
4 O rre t - . L
T e . . . . 1°4
child 'subject in the objective reality of intersection.

2 .

R il e e I P
r

14. Such cxdmples in Soviet work .are called '"genetically primary examples” be- - -
cause they provide’ a general but concrete Instantiation of the abstractions
relevant ts a domain of activity from which all the relevant abaLrﬂCtlono can

be derived.

Aruitoxt provided by Eic:
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Our interest is primarily in the status ang emergence of inLersectlion for
. S .

the child-subject. In the 50c1n~h13$oricar framyork, the issue of when and in

vhat® sense tho‘chlld "has'" intersection is nmé as straightforwvard as it might.' .
be Ln?' sume: —w:rt‘ncrs*:**'r'*"ﬁre“—aftﬁifi I(aetivity) forﬁn '6f*i'ﬁ't“é”f§'c’:é t’ib‘r‘i”ié’“ﬁi ‘the”
.\téﬁiherfs'alonﬁ; it i'd the £3rm in tPa ;ollaborativg.aétivity, limiteds héhge,
by the chlld sgbject:‘ Furthermore, as the activity”uﬁfolds‘over time in
3091u1.¥nteraétiq;, the subjcctskchangé, cspecially the.chila In- fact, an
object of educational aCtiviFy is to change thé-child squéét. An éﬁal;sis of
. the mabllity of the units of activitieé, actions and operatilons reveals some
of tﬁése changes. ’ . . ‘

.’

. . t
The cmergenck of intersection for the child subject should be seen. ori- ..
3’ ’ ' - ’

-r

«a

~ginating from the interpsychslogical system participated in by the teachetr and

the child. TIts emergence a5 an action of the child should-be—skbn originating
in the interchange of activitics between the teacher and stdgent subjects.

' \ I

folloving Leont’ev, can be claimed to emerge

”

B '_"Tﬁ.fi’:'i',"f'ﬁ.ﬂ."l.ﬁ7;éif lon of Interszct i.orﬂ-;"
for/in ¢ (child) subjéct when it appears as an actinn, as a goal directed pro- -

cess mediating between an activity and operations. In short, it is the genesis .

> Mtebeebio b
* . . - . . . . — )
of one Kind of unit from another and betypcn the inter- and idutra- i
Cpsychological ‘planes that cwhstitutes cagiitive change. °
N 1 b )
S
* | -
* ) ~ ."., \y
. |
e e . . » .

— : .
15. Compouents of a task analysis may be indplved as -activities, actions or
Coprrations that underpo gendils; differcnces associat@l with  successive.
develapaental stages are not inconsistent wifh genesis. The theory of activi-
ty \does nat rule out stages or component task elements; it simply. considers

30
them\iusufficient to describe the prucess.of cognitive change.
o Lo : . :
.‘I "‘\ : . .. ) e ' .
| R :
\ _ RE ~ .
- | T |
O . . i . -

ERIC | S
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L. . . .

. . . ¥
Illustrations from EEE Combinations Tasks -

P : .
Teacher-child dyads. As the thesry’'suggests, "'same" behaviors can be

.

N . ) ’ . - . . '
__analyzed _differcntly. Pair making is a good example. TFor subjects for whom

Iy

intersection is a subjéctive object the issue of how many pairs can be . made

has. an epistemic status: there is an answer that can be arrived at via inter-,

Y
[y . . ~

sectlon six pairs if there are four objects to be paired, ten 1if there are

five objects, fifteén‘ 1f thegg' are six, etcetera. " For éubjects for whom

intersection is irrelevant, its status is different: " the coﬁgand "mqke as '

—

many pairs ag you can"

is wot very different from the commandmto_"say your

name as often as you can," or to "count as high as you can count up to.''  Sub-

jects with only this ,sécond analysis of pair—makino do not deal with the

I

-noLion Lhat Lherb might be a g%?eral answer (one not influenced by who is

‘" Ay

palring wvhat on a speclflc .occasion) or thac there'might be an abstract -

’ » N -

/ approach that was somehow tHé same each time it was used, even though it could-

e e e e e e, ,__,,,,./,h___.‘ e — e

result  in deforcut concrete’ .answvers dependlna on what number of objects'were

being paired. E : .
» - > , _
) B . Ao S . {
Our claiw is that the tutor works with both analyses of pajr-making: that

~

Mintesscction"™ has an  existential status as activity and_ action and that

-
.

specific concrete pair-making, where'intefsectiOn is irrelevant, is siinultane-

ously prcscnt. In fact, the tutor appropriates the child’s specific concrete
i s\ e

pﬂlL‘Md’an aotjhnu and pr@ducLs and in this act of appropriation, the» inter-

’

paychological emergence of-"intersgctiog" becomes apparent. pﬁegularly in our

i

cauld; the teacher then offers toihelp'chcck the work, goilng through the moves

77

O
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ﬂ B = .
e : Table 1 |
™~
The Intersection Procedure ~ ' ¢

given:- A B C D E

- filrst wove:
socomd move:
third move;

e fourth move:
firth mave:
sixth move:
seventh move:
elghth move:

-
vl

|2
E

JTOoOT X > > >
@]

ninth move: E
. tenth move: B ¥ ¢
RN
E- 4
- ]
1} * ) ) 3
X, 4 h
A . :
‘ 3
v . .
’ - o
- \ . .
~ J) e
. hd .‘ Y
~ e . ' : ‘
. ) /
s L4
a o * v
[ i ¢
- ~ ?
- ’
. ~ s
- ’ | ’
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- Insert Table 1 about herg

e 8 e o ot e St ot Y s et St i 1 ot i ot 4t b S o o 0 20t i ot o Smg e vg o

/

schenatized in Table 1 with the child. Sone pairs/frOm the child’s indepen-

-

“dently produced golumn arce discarded (duplicates)J Sther pairs are made up and

pairs.  Tn the coluun of pairs and in the sequen e of behaviors of the teacher

L ‘ o 5 ‘ .
and the child," there “is evidence for the claiwm that "intersection" as.an

-~

fatevpsyclinlonical function appears. The columh of pairs that ‘the child-

subject: made aud his/her actions and o cratiaLs in making thon #e appropri-
‘ P ps in & _approp

ated and remorgdniéedvby the ”intersadtion",Préanization of the child-teacher

systoenm of .actions and oparations. ' )
- /] } ¢ " R
o . ¥
: | : _
in our tutorials, the tutor repeated thc} "make all the pairs and no
. v ! :
duplicates' request several times, each tiwe adding another object to the row.

2 _
v P ! - ) -
Thus, we have opportunities to see what happ#ns after\Xptersection has gained

-

an ‘interpsycholugical ' exisvential status./ Somatimes, for some of the chil-

dren, just the saame thing happens over agaid: tﬁe palr making they do alone is
organized as a scries of actions--vwhich pa#yis made next and when pair-making

should stop do® not exhibit any orientétiqh to an epistemic notion  of how
______ Lo o | T : ‘
many pairs can be made of the objects in!an cpistemic sense, i.e., intersec-~

* »©

tisn is not visible as a subjectiyg;??bje¢t for ‘ghé child. Instead, the
child’s choice of cards appéars to be Lased'on.pleasing colors or any of a.
variety of different systems for dealing Yith the situation; the child stops

making pairs at a porint £6r which we hava!no particular explanation (e.g. run-—

o .
' f : i v .
ning out -5f "roon'" on the mat s/he was working on). Once again, 4as the

-

tutorlal  proceeds, the adult approprwates the child’s actions and products -

i -

79’ L

L . o B - °

~added. the gencral conerete solutlion is achieved|between the subjects. If:

*

7.
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N .,

§ such that Intersectilon appcars intcrpsyghulo icnlly.

® .
~

Ho&ever,vfor mast of the ch dren,'inte%sectlon appears in ; different
status aftpr- its’ Interpsycholopical e@crgencé. For these childrcn,'bn ﬁhe
second oruthe third trial, ;he'i dependently éroducéa column oOf .pairﬁ looks
jﬁst 1ﬁke' the array _i% Tabl
copies of Lhose undertaken.eafiiel

theory’s terminology,»transforma&ions.

lhﬁerpsychalogically. There are, in _ this

For example: Durlng the interpsycho-

’

logical emergence of intersgection, -the pairs are talked  about in the orvder
8 2) R ' p —————— . . . -

charted iIn Table 1, but as a pair is found to be "missing",.the pair may be

. -

added "out of order" at the bottom of the colunn, howcvcr during the {subsa;”

»

quent iadependént action by the chn]d the pairs are produccd materially in

P
.ovg

the order charted in Table 1. .The interpsychologlcal appearance was:: make

& ’
. ! .

sone pairs, talk and act with the tutor to change/add to.pairs:by "pairing
cach card in the row with every oﬁher card in the rowQ" The intgg}
psychological appearance is: make the right pair by "pairing zach eard

For these children, intersectilon organizes thOLI opcratlono, it emergeq as_an

action. Therg is a concrete gcueral solution, 1ntersection,' which, when’

br0ught to bear on the épecific problem with five objects produces ten palrs;

with six .objects, fifteen pairs,”and_sé on.

-
-

. L - .
Amon4 the rroup for wvihom 1nrbrschLon emerged with an inLra* S ghn1>ﬂtca1
I3 b Lo > p

- . ' ~ - i = .
vta(us,‘thlno are perticularly intere ¢Ling to coueidLr. - R ' -
'y . . N N -
-
Al
: . .
" . N . e ‘ . *
ol P

16. With the notion of trans%ormatiou, the trheory makes interasting a variety

of ?quesrione, particularly vhat is .the permi isgible class of tranbe]maLiono,

and what are the constraints on them
e W : A s o . ; \

Y .

\)‘ . < ..
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rJ . . » A
. ‘ N e . . N
. : . . .

. .

(1) on2 childy -Rebecea, wade a lengthy coluan of palrs dhmg  the  woves

alwost  in the  ovder. charted  in Table 1. She did not. inc¢ludelone required

'

s .

A ~ X . 4 v R N
. _ o . ~ . _ S o
< palr. Observers of thegbobavigr as well as the tutor  and. Rebeca  (who talk
- S~ Lt ' o . Y 1)

~.abasut this) all agrce-tﬁ%t Rebacea "forgot" one palr.’ But, she d4d it right.
T . ’ . " - 4 L S * L
Pyveryone aprees. “That. Rehesca “"forgst" one pair has. little bearing on the:
= . - P . P - » .. N

) _ .
infevence  that  shee cafW praduce,/ all  the palrs. In terms of the theory of

’ / . v o

/ Claneb - : B

. B ‘ E . s ' -
activity, Robecqéls 1dpse. 2ad this interpretation of Lt by observers, brings

. P !

< . _ _ .
* . y “a . . . » - N
out  an  interegtling -paint; “Missing an operation or twosmay havd a minimal

. ' »

3

impact oa the action, and/or Yo judgements about vhegher - the action was
. . ¢ 2 " . : < =

N

-

. ~ ~a ¢

preseat.  "Just, forgetting'” ov "being wrong on the details but right in-gen~.
LERe . stk L , . A

eral" may have a specific characterization in this theory. I
. T -

4

. I N . ‘ ‘ \ . . - o

R e .- . . - - s ’
] ';e - . . - ‘-~ ).‘ v N
‘ (2) Anothor child, Niaa, manages to produce a <olumn of pairs wkthout
H R e ' . ' . . N
/ .

producin

s

the Ffirgt stack on the left »f the given row,(represented by A in Table 1);
. \ B A ) . S : e

- <
o .

" .

c ' T . - : | :

the tutor dntervened as TNina  started taking more than one from that first
AN . .

e

 stack, but Mina told her to wait and sea; then Nina pitled the stack of A’s
i ) S : ; S i

‘near  her &n the mat) then 'shz took one card from each of the other. stacks (B,
. . ) . . . <

< ! o

’ -

c, D,'and E in Table.l) and put that varied stack near her. Nina then dealt

. N v

out a column of cavds By C, D and E and next to that column a column®of A’s..

' y el " . . -
Wina transformed a coluymn 2£ pairs into a pair of columns as she demonstrated

‘the intra-psychologlcal status of the intersection action. - The transformation™
A R « o

from the inter- to the-intra- péychoiogicéi plane wipes out thes operatipns.
. \ ' . . . ) . 1 . ¢ ¢ » '
that occurred on the intevr-psychological plane, and ipstitutes.novel opera-

;
“o
v

tisms. Thé theory of activity provides, this characterizition for this rather

%

interesting situation: the child demonstrates that s/he has learned what has

been taught, but not by doing, on the level of gggrations, what has been

. . * n “: .
.o . - N |
T .Y 8% '
Q ' .~‘rl . . ....- b g ~. : . 3 P e .

Aruitoxt provided by Eic:

s any single pair at one tima. Nina counted out a group of cards from

o

.

.
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) - ) ;o -

+ .
boom

. . X ’ ' - . ’ ‘ 3 ! 1 E
tausht:e  Of course, this remalns wderspeclfled as an empirical claim.,  As the
) o B '

. '» . - P !
theory devwelops and constraints on transformatlons: from wthe inter- to  the

intraJnnybhufoglcEm.'pldne are prgbased, Nina®s case will be seehnta be either. . -
©one whilch is predicted (d.e. there is a class of transform¥tion that will map
N a ) .. . N . 4
. o v : S : . : .
a Function from the behitviors of Nina.and the tutor onto Nina’s independent .~

. . . 4 s : - : -
behavior) ‘or it &ill be counter-eyidence to this (or perhaps any)/social ori-

v o .
aln of Nina’s kind of learning.r
. v . ) ) ..
- - 3 L) . '
4 ) «

-(3) Tracy, anather ch:ld at fir,L divplayed ‘Intersection- only as, parL of

e
a collaonrahrve action Vlth the tutsr. Then, :6n the next trial, he disp1ay?
! . M\' ’ - + "
R . ‘ ) . -
intersectism in a parfectly arrangcd column of pairs WLthout the tutor’s

)

]

/ .
intercession.  When the tut)r added anothet object’ shc mentioned that the next

speclfie problen would therefore beuhnudcr. -Trney objected,-claiming that no -

.
-

matter “how many objects thEre wers, it wouidn‘tfbe harder. An observer ig
drawn to Tracy’s d_Jt(.nnnL it ssems 9 cst an abstract chéracteriration

of inttrsection, nnL'merely a gcneﬁal concrete “one. - Almost’ any theory would

T
attend ts the fagt that Tr?e,\;omwon ~ed on intérsection. " Inc the theory of
; ' . .

activity, th[s bcnav}or is th unique evidence that, intersection can or?anize

. PR . »
’ N

Tracy’s bahavior, because we have already seen interaction emerge as an action

- .

in Tracy’s adept arraniehent of the cardg. In the theory of activity, inter-

-

nal representation is scen .as emerging when a-funqtion emerges as. an “ action; -

the 1internal repre oentation (some tran?égrmation of) the prior external

-

form of the functiOn. _Homq<er the theory ma?g§<é? Llaims” On the basis ;of

this evidence (verbal and nonverbal) for the generdlity or abstraction of

intersection as a narL of Tracy s systom ol Lntra*pqyehélogical functions., -
™ P N )

"J ' "

-

FRIC ™ 0 Y8R
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A vell desdgned seri.g of proble nenivie, intersection would have
cuoanteaciead ana sanlened to pormtt us B owep e ontent l'r seneralit
abatraction da Tracy s o Yestive form of interaostion.

. 2

Tt s daroresting By note that the syceis-historical framowscl, which puts
Guch S oon o what gwes dm "in o the lateraetion" rather than inste “in the
. :
i, makes thooratlically rateresting n rvanse 30 questions about what  shape
the comspruet has "o the wind”. Theovrics that posit an a priscl structurc
fue, say, intersectice, sssuse awvay any questisn about what intersection  "in
Traey s hoad = 4 partioolay time" Loois A Piagetidn “operation", for
. o 1 | »
exaple, oo Ty Lesnaloted as cospletely geacrales According o Flavell &
Wohleill (1962 as  evun a2k o child "has” the operation with respect to onc
Lask then «/he has the asperotion In pemral. Tash difficulty is consideved an
Andependont fudctional  barrier te the aperation’s express on other tasks.
Lo thils fra ook, claiaiag that dntersaction 25 "in the h21d" is just a step
: ’
Al the vy questions caq be radsed alfeut wihat generality lutersectiom has
N AJ . e . - .
\ for Tracy and whal kieds of ohstractiors are involved in 1t for hlm.
k] - ¢ ot

Childroveonly groups.  The combinations task was  also  presonted

v

grroup tagk  involcing chendesls. In the group tosk, questlisw of atirib

intoimal peprodentarions to the cindtvidual | prrticipants  is  systematd

problersatic. The grovp antivity also provides evidence for another aspn

- Anterscor hn-as-at-action “which i3 myvoiematieally uaavailable In the tu

nalo. This aspect is goal frovmation. As Leont’ev notesg:

. Under Taboratory esndticdions or in a pedauogical experiment we always
give  the subject a Mprepared gon?. Therefare, the proucess of goal
foraation usually esccprs the lnvestigator”s atteatton (pe 27).

i - . -

.

e tions are poal directad processes; withoub a study of  the genests of

P

o . : - . . - . .

ERIC '

Aruitoxt provided by Eic:

20159
82

to be

et}

y and

as &
uting
cally
ct of

tordi-

the



ERIC

Aruitoxt provided by Eic:

it et ' N iE~0<73-0159
. . : 83

aneb o the staldy s fncouplo Theso ore, in the tutorials where the children
vyt wioboa preprsed e nalysis muse be Incomplete. As  we saw  in

, i o
(CRUTI T, din the ehilade. . Loariups, we have a sitaation where the process

Vo Nvvn ey childeen -0y gosups vhere the zoal vas never formed, where
andIntersectios action du s ust appear until the teacher comes into the scene
T e . -

and coganes inoa pedagozical exorcise (cf. Gearhart & Newman, 1980). For some

chitdren-only gronps, hoverer, interscction emersed amons the children. Typi-
\ 5

cally, sone pairs of chowicals hoad already beca mixed and recorded when a
pa : 1 . a ¥
. o ¢ : .

questi-m aross  abuut "what to do next". Sometimes the question was focussed

on victher a’pnrtiCularvchild "needcd" a particular chemical (that another

child  wanted to keep) in order-to do a pairing that should be done; sometimes

it was focussed on whether*there were any more pairs left that - somesne could

wvork on in order to et anosther turn at wixing. Whether a pair should be
bt 25 =]

done, and yhether any more pairs could be done can be solved in spacific  con=-

3 . .

crete  wayk:  oare  there  any more  test-tubes left for mixing,.. 1s anyone

fntorested o doiag any more  aicing, is  the child with the chomicals a

1" o - L1t
Yol ire't?

O the othar haand, Inter: a general solution to, the

proetem of whether or not oo pair should or could te nade. Some of the groups

ab ebildven  vorked with  the list of paics on the worksheat and the row of
~

hotbecs of ehompdicals fa just the way the tobor in the adult-child situation

o

hoolworked  with the eolam of pairs of cards. - Intesiection enerees to reor—

goaaizae the carlier-actions and opevations of wixing paies of.chenicals i{nto a

¢

3
newsdniesacetitg action dicestved trerd the goal ot‘fIJdL.x out if a2 wew palr

covld o shyuld L done.

[

o

-
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A 2}

As Leomt” e astes "the subjact(s)  did ast devisze or  establish goals

>

vaduntaciby.  thoy e gicea in the objective circunstances" (p 28). The cir-
RS . ’

cotvibaneos here appeas o b the question of what, if anything, could be mixed

bacause (1) the children want to mix all Lh ey can

'newt paty! ection comes up (f.e., the specific con-—

“vaxt palr'” that one or more child wants

crate solution is roachody or (3) the

Coodr in hlacled by scarcs reszur ¢ (a.w., anly one beaker =2f a chemical) or
4 _
tons (1 .e., the vurious

t

distrvibated  apome tos mony pesvie with conflicting ac

specific connrete wolusians an oy the subjedts are  In conflict). It scems

then  that  the  inlovsoctiva action ¢uaes from tws sources: 1) the activity’s

-

cuirpyizing foree, cnd 2) tite Limited value 0f the alterunate., actions (simply

>

making pairs). The ehildren seen o be acting out Leont ev’s "relatively long

procens of testin poals throvgh -~ction” (his emphasis). Making a chain of

patvena’ing  actizas fafled ty satisfy the dex.nds of the group activ. vy and
) S ‘ ) . :

intercectton oneroed, reavaaailzing the dyston.

.

. - - -
. - e -
e . -

%
I3 )
The children-ualy group dara provide us then wieth evidence that intgrsce-
1
1

Llon cmerves  olph b

1w cxistential  statas of an actisn. Recall ot for

Teaut’cv, ewergence of a Dunctisn as an actioun dis  associlated with  iorernal
veprasoatation;  what o owe Lhove here dn the cdse of these children-only activi-

bies i an Interpsychulogical activity. We seldom have clear evidence from

vimct 1w oupanizing and. appropriatineg the
J & o O

the “intoraction thit one child un

aclious and oporatisnsg of the others.  Tn oshort, we do not know how to  ateri-~

bute  the  internal repres:ntatiosn that the thesry mmpllcatjsfln the emerg2nce
. L . C 17

af aciisn vhen (his occurs in 1‘1“1)J]<n;] vy ieal activitics S Wc are not

17. The problea alsy arises in the analysis of the  interps ych)]uLLLﬂ] action
of the teacher and ehild in the tutsrial at the poriat before the energence of

,
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Gt itothis point LE the rheoory necds to bo changaed to block the dmplication
i this cane ov B atteibution mhehidory sends to be added to iz,

Zow of Promimal Developeat .

1

Vyialsty” s notion of 5 "zaoe of progimal  developaeat”  (Z0PD)  has  been

~

wost of ten discussed din the context of o psychotogical test of mental ability.

5
/

W Vyootsty defined the 290D as the differeance between thie level of  problem

difi -indey that the child eould engage in independently and the level that
A . . .
eoid be aceonpl irted with adelo-help (Vygotslky, 1978).7 More genevally,  the
. N *
i . . .
piorefoers to a collabovative effort in which a wore copable pavtner vurks

oo prohlog with soaeone olse who could not work on the  problem, effectivily

2 solviag dn which the mors wmouledgeahle partney ie ingerestedl dn

4 . » . .

tlre probl
,/

! 0l b ¢ P o - . w A
haring  tha  less  keooledseable ‘partucr take ovoer as wach of the work as g/he

‘
v

’ ¢
5 2 ~ -
v Y
”
v .
1 : . L4
thie phild s dindepeadont 2etion. But, in theytotorial situvation there are soma

piineers  Eogard 2 osoluting. First, the elfirity of the teacher’s role as the
cxyoerioin the dizseswrse s stviliing (el €. Helyn, 19795 Griffin  and  Humphrey,
19708y o0 Givea by comwversatimal role, 1 easy fos the analyst to pick out

the 2cochar as the subinset wio haS fan interpalized form  £or  dntersectloa.
Sqeond,  the priosr cxiatential status of intohisectdon as a asubjective form fov

the teaehiar is witnessed not oaly by the history of activitles which we have

J
recoeds 2f ber enzaging 1o but alss by her invielveaent in‘the presentation. of
the wabjoective abhircts as a2 senetieally  priwscy  exaaple in the tutovlal.
Acain,  this wmnkos i casy to oelaim thht at least the teacher has an dnternal

reprosontation of Intorsecting as 1t ecacepen asoan fnterpoycholoaica action.

Moveewer, we have as yeb no undrcstanding of whether or not Intersection shuld

M . 2 E .
ho oo eauld be elatmed o hoive an Internal representatisn Uor the chlild wio -is
haine rorared hofore ft-omcrgcﬂ as thet ¢hild”s Twdepeadoent. ;ction. ’

atoas. T our work the term, 20PD, dincludes this broad nstden of pallaboras

i

/
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» . N

e ST tne nuet dmporian! 5 ol hal coacept oF a ZOrPD is that it wasg
. ’ [
Acvetaned  withia 2 thescy  thel assuass hat higher psyzholopical functions

~

hase o conial cricin. The "intoractinhs that constitute’™a ZOPD are -the soclal
——— - ]

Aaricins referred  to; not wnly vhat is carcled oaut betweon participnnfﬁ, but

~

b they earey 1o out appeers subsequently as the independent function of the

N ’

ntvice.  That  is, the intorsction betwecn the expart and tive novice is inter-

naliced by the nosice becowing a new functizn of th: individual.

The thesry assames that priosr  ty  any  particular episode involving &

nostee  and a wore knowlod;

-

~shle person {(an expert) the novice’s psychalagical
L J A
. N /

~d systenm that permits the novice to form some

functions canatitubte an oo on

' organi~

zation of fucetions may bo wilicly variable witl respect to how closely it maps

the dnteractisr: that will svsasize 1 -vior in the full realizacion of the,

activity at hand. The azjur regqabremeasr i that the adult find sone wvny to

Inalwde the cehild Ia the acrivivy that a/he wants the child to waster. This

¢

»

miy be accomplisbed in a great varicty of wayk,, soue of which Giave been-
Y i

Y

1

N,
eviptocred  (Weretsch,  in press; sece L.C.H.Co, 1982, for a mure extended discus-
sion). _ h Lt

4 _ ) . —

The Lmportant puint is that a great variety of systems of .cognitive func-:

o =
L .

\
\
1

tioaine may be appropriate entry poiath diato a given ZOPD,_Fuch that %

»

ere 1is

-

. . . . ~ "‘/‘L _ ) N i v. "
no simple wapping fuom aduﬂ%é?pstum onts child gystem. Furthermore, -children,
) . = ’

' . - . aadae ' .
who ..y be similar with respect to theiv entering cognltiive systems may have

cxpericeneas in very differeat Z0PD’s with very, different ' interpsychological

’
©

v . . ) . : B | R
copgnitive  gystous, g7 tha! Lhore 1s also no simple mapping batwien entering

Ao
R ’ - ~ . i ’
child systen and vesultaant child system, : b . Wt
B ’ t ’ : ' . ..§ . -
Lad 1 } =4 :
_ . . R
) . . s o . \'w | .
: < .. - ) : | : .
a i i:aE § f h

[
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+ - Parvicipation in the ZOPD does more than simply supplement the child’'s

wiiating  oroanization of  functisns. Rather, the ZOPD is a novel system of
! ’ N ) 4

funzrisns that e« 5 oa the inter-psychological planz, as a system of func-
o X
titons  borween people.  As a consequence of interactions in the ZOPD, there is

some probability that the child’s cnluering organization.pf psychological func-
tions will be  madifi.d. In this case, we have some relatively spec ‘ic
bypotheses about the form that the modification will take. We expect that the

-child  system will come t5 approximate the system of interactions constructed

. 2

in th2 Z0PD. These will be dominated by the_adult (expert) .system of under-

.

standinpgs  with rcspect. tv  the activity at hand. TIf the child subsequently

perforus the task independently, the new system of functions displayed by the

- child dis secn as the "navt step" of the intra-psycholopical system attribut-
- e =N

able nuw to the eWild. Hers the shcio-historical schonl deparcts siy-ifieantly

from other develspmental approaches.’ The child’s new system of uganizacion

is seen to be continuwus with the prlor 1nterpsychdlogica1 system  teyp naontoed

by interactious din  che Z0rD. It is discontingodus with the systoem thatr the

”~
.

. . . e o s 'y . - '_
child displayed prisre to eatering the Z20PD.  The relation befween steps in an

.

findizidusi e independent dovelopmeat is not immcediate, but rather is wmediat: ..

by the sosial alturtdons fn whileh tha ladividual participates.

Alternativye frama, o

-1

»

’ ~w - ‘
of  indepondeat developront, an o enterprise  chvieh has comne under concerted

. N . . .
attack in racent yoors.  Vodooe (19805 points out a problom with the  Plagetian

consiruei vist  pastticon” that  arises whont one attempts o durive o formal
“ \
wathesatical wodel of stagse develdpaznt: o higher arder caleulus or logic  can
i _ : ; . : .
“derivae lower order ones . bnt canuat be derived friom them; hooce, it is very
i . . N , )

\) ) ) . . ..' .
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- v

-

diriienlt to ses hiow children can prosress  from JSMower'  lagieal  stapges  to

Mgk logical  stages unlens sne o pesits (as Fodur would) ghat the "higher™
4
* ° v

slags 18 In  gowe way hmately In place and that wvhat looks like constructivist

stane  developeent  is  in faet just the gradnal waturation and environmental

Ly tggesiane of danate mechanisas. From this vantag2 psint, the claim 1s  that

Lthe  fanate  biosgzaetically  constrained  cagpitive constructs focount for the

"hichoot" ordor losle (formal operational) aid that earlier losics (sensori-

ot oy, concrete speratisnal) which can be derived from them appear under cer-

N Ad N . : )
tain  wrtuwrational  ane (midinal)  environmental conditiong. The argument
) / !
apperrs Lo sotid . ’

In the same article, Indor devalops a critique which he apparently
2

boljcves similarly ceduces n- Vyeotekisn position tu an innatist theory. 18 In

an  interesting way, Fodor’s argunent provides L1ts own contradiction. THe con-
sidnrsl?xe typienl Meomcept learaing e oerimonts” and claims  that such  work

caa dovelsp fafaraation ou rate of Learning and influedees on learning ("fixa-

-

tion 0f bLelief'™) but cana~t inform the investigatur about where concepts: come
B T (B4 - .

from, leaving  inquiries abant Mconcept  acquisition'  to the natlvist. He

des. ibes in detail the stops of such learning cuperiments, ‘showing  that  the
b : " o

Temporimcnter  prosides some waterials and some interactions and that differ-

ences in thess coa ditlons cansbe studied to sce what conditiouns. pramote,. say,

. A A . A . - .

faster learning; but, Todor says, you cannat tell wheve the concept comes from
. - e .".-. *

| RPN 15 tmpoctant to noto that the socin~historidal. school, aud particularly
. ; . . o
Vysotuky, are asb  in principle oppoged Lo pousiting innate elements; work in

i . '
AW Tramewor) dncludes work on biological materialism -and phylogentic dnquiry.
&) A 2

Tt i3 consistent with this Framzwork to posit rhat some aspects of mind ori-
¢ inake aad are eoastrainad bioyenetically and that others originate’ and are
comuleained culterally. This is siailar to a position Chomsky presented at the
couformmen where Fodor developed his eritiques [Plattelli-Palmavini, 1980).

.

L3

85 | .




JArom!™ (p.146) Vygotsky cladns and Fodor hlmself describes the experimenter:.as

ordicin of the e

ta Vypousky s thoory, when he s

o NTF=G-78-0159
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think, veading his  arvti-

as frowme it comes from the

Coapir i - Therefis o osoxial orixin for  the " concept, just  as  Vygotsky

.
-

o

. . . ¢ .
rseoin the case that Podor uses (Mmiv" is red and square), the
son ity whieh oeipdaaten it isorather odd, small and restricted (the labora-

tory Toovicty) Coad the social intoractions are rather dull and limited (the
copcavinental procedure soript), bot noaetheless, the soclal origin is  clear.

T s evea dmpusritant in cowe such c.poriments that the conecept being investi-
cated e only from thic testricted little society, lest unknown variance
from ool \\1 it witiate the . concliiag: (Where else could "miv" for
instanes, come_fron (:;;Zr_-.pt from some socieby of~exp:iurimental psytholozists?)

é Fodoes is wrong wlth ridpect to Vygotsky's theosry when he says, "What it

doesn’t  tell you is wherce the hypothescs (and the coneepts they deploy) come

-
PR
- ; . . o

parfuents Lo subjest’s eoncepit.  Todor ils covreat, with %csrpect
. ‘ : .

noait presupposes the avallability of that

’

concept” bat ia evideatly undware that the theory ,n.wzs;np;xu‘\fzfz:: that the concept
' i
C . : h : ! P
is :z:f-;fl_:;";.).le Ly, the social system and that this is a readosnable alternative to
: i : \ ,
FoOarts suppon i_ti‘on that tho concept nust be presupposed a\"milable' via innote-
neon. © T ‘ ~ \ -~
: . | ’
/ | ‘
- . - . i
PO Y . .7 -y o v‘y
!
’ ! ‘
R Jnn socio-historical fromewsrl  ovovides -concepts froam” the  theory of

O

activity and Feon thoe »one ‘]lr provimal devedopment that allcde investigators ®in
: 1 * ; ,
! . . NI . vp i .
the fivaan scelences (oonote alistroetions like "iatersectlion’ jin muliiple loca-
. : {
Livha, Ae 2 subjective—ohiecn,  intersection can be Jooated  ip: 1) the
Vi [®)] °
3 . . JJ
/ . A3 =
A )
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) N . . .

4 ' . ' - ’
aetivity of the teachor aad.the collaborating regearcherssy 2) in the subjee-

Live objects of the wona o0 proximal developoaonty 3) in the dinterpsychalogical
. it 24

aclivity of the teacher and child subiacts dasing . the  tutorialy . 4) -in  the

. . . ’ " ’ £ .
dnterpovehalacical actions of the teacher and child subjects during both the

tutorial and the chewicp!  activities; and S5)  in the iutraiﬁiycholugical
ractions of some o the child subjects dus ing the tutorial,

B ‘

h N . -

The framavork further specifies that the external locations (the inter
——————— . \

ey
psychalarical, obaoevyeble iﬂﬁtﬂnCuP)g are  relatdd to the internadl locations

<«

>

Uhatt ave dififcult o shsevve: the relation is. one of origin., Traasform . ions.
. : ' 1T : '

. . « . “ s . .
ducivg the  gonesis from the inter— to the intra-psychofogical plane, can be
‘

reted an conscgueouces in the reorgenizition of uperations dederiboed for chil-

; ‘\y .

a ‘ ’ ’
drda Tk wheoen Nina "aod Tracy o the tutorials.  Trans: (oraabions alsn
B b -

-

tvity as an acrion.  The teachav’s subjective-object, "inlersection", is
N
(fa the activity ag vell as o hila/hos Intrapsychslogical state) falrly well

repscseated by the wores chirted da Toule o) houever, as s/he caters Into the

actien of dinbersection with the ehild, "intersection” can take on a great maay

specifle foruas. T miphi for on
R ‘ \ )
RN

caple, begln as an® incomplete coluan of palrs

v

and, z‘.‘i}z{diﬂtc-rl by a verbally ardered sseuence of pairs, end with pairs. out o[
o . -

- . A _ ,
the preferged order  din the material coluan. As the intersection action

. . ‘
L

canrges for the childeren  in the chomical activity, there 1s a similar

- M
o

teansformation of the material display and mediation by the verbal display.

f
. .

i . .

19. We thave novhere in our reeords any sbservativh of Intersection cnerging as
an aperarion; it possible o dmagine "counting by interscction” as one
COuN LS Dy 278 or 5%s o 1078 and as the additivn  gets téchnicalized in the
rote rbcitntiun Zy, b4y 6, 8, w3 would intevsection get tochnicalized (be an
aprratisn) din a rate vecitativa 6, 10, 15, 21.  Seldon, cvideatly, in the Hhu-
man activities and actions of our cultuce is there an cm?cdding of 'interseq-

N ’

5

i
'

. . '
+ . . - -

nointerscatiom chonges frowd activity to action or when it emerges  in
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Bl t

Laoal by ther framcworis seens Uy be Crui Tob Lo thoss Daterested  in emplric;al\

—

: - . . S ” ) . . . 1
PnvosDiantinee ol shatractioms Like intersectiong LU even provides us with §

i
_ 5
Sl iatecestingg and snan unanEsered thaoretieal queations. .

Stun dmpourtant to oo is o the relatiso of the framewsrk to  the practical
, ’

aciivity  of edncations Pivst of all, in a feanowork vhere psychalogical funce~

Civns are expectoed to hav- an exteraasl ineecpsychological arigin,  educational
. ~ - . Q“ ‘ - -~
Cneawt are clearly  dmpovtast. | The discontinuities that this framework . \
- | N . N ‘
ol s emlst fnoo child®s devolopscat faply that voriatlon ifn the  cducational v

o . \ :

actiqui%R amvng  childran will result o variations, and perhaps in inequi-~

P o
tics, awral thie  childron”s  eventual  states of | psychological | functioning. y
Sceandly,y the  frowework  sugzrests  that  a value-laden view of educational
activipy o bo doveloped wrlthout degending on the problematic vehlele of

{
\

past-test outcamr  measuras.  Rether than having ty rely on whether the child

can- tran- ey the object o7 an, educqalicmal activity to'a testinp situation. the
v J . '\ J ’

3

- 1 Ve 1 o . ) PRI s N ‘
Ceoorare™ nanaats tnwt//QQ canowmnalne the activity.system directly. An

b . .
Lveluat o cap locato o1 the interpsychological plane ard sze i€ an

| . : ‘
(invter) subjective  form 26 the dhject of education appears. If it does not,

L o . - v . : :
' ‘- g . Peg . C ot Tam s . . e ). :
theoo Bros been no edusation. The child ofther already knew it, end performs

E t . : : —
tntra poyebdliozically, o bz seill huso”t encountaered it as an (dnter) subjec-
tive\nbicct4‘\Furthu:guch an evaluvator can locate 'the teacher’s use of the

OB < .
! i ) ,
childrene "ﬁirﬁt attcnps” and asseans the sucefins of his/her ability to (a)
. \l T ¢
olieit Jirvst atbempts In an activity aud (b) appropriate these actions, opera- .
N | ’ .
tinnma. o prLduuts of  the  children for the activity which the culture has -~
dotro Wildeen shinald participata in 1.c., the currica’um topic | that
" L]
tinn | i action csuch that it would widerso this kind of transforma-
tiom L cafararions o : | . ’ :
» . >
: t
92
Vg
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, : (
vy ! :

rity.s Preferable educatlonal actions [for

fs the object of the edumational act il

t
. .

teasbiors  conll heace  be 1Theated awd used in teacher training and curriculum
\ . i e . . .
y | : |
J
i

|
i o

u

e | |

[ i b
Thicdly, the Cramewsrh has a spheifle recommendation for curcieulum: the

- : Q. ‘ ‘\\
prodleoa of “whel cannat he seon when subjects are always in situations where
they d2al with "prepared poals” 1s ast only a problea for experinentevs. The
- ! - Lo :. R
Quenifon of yhether¢ skills learped  din schosls will be used in the outsidq
vorhd e the question rhan ;Jucntﬁws regulacly. deal withe A critevion for a
. I e, k
< tople boins  fa a curcienluna ;\;himld be that it somehosw 1s embedded in life

aftey schanly vet iF the currianloh soquence doos not-specifically provide for

0

activitics wheve thase enboddiags can be discovered by the children, and prac-
j -

1, thenihow coa it claim to be a  preparstisn  for

e And Trarhoos e
ticed, and parhaps sl

Life outsi:de 90 sehual?  Dosigaing these kinds of activities, where children

- . i . : . . ¢ - .
ehai o the objoect of cducatiog io n difficult task. As we mentioned abova,

onr - chenical miiaon tag™ Tailo? o J'wnr k" with several of the groups of chil-~

w - .
drea and inter=cotion did not emprge. . '
) } v
Virile wo Aottt Toave the ‘dmprossion that we think 16 is important to be
i . i .
I

@ true educational gctivity, we do not®?want to

avl2 to didentify aud undertn

that we can

.

lenve the fuprocaion that we thiink we always accomplished it, or

)
0

o ¢

doy o0

-

Voo

vith wur current knovledse. In fackt, in spite of elaborate preparation

»
-

an:d bBaclkoraund work and nnu?‘-x,m#fly»L'--i.ci.l-resaux.‘cr:’;e for the tutsr and  curriculunm
plauncer, lwe can palnt to failuges with particular children. Vhen it came to-
. , ‘ 2 _ i

Tappropriating some children’s actions and products inty an  intzrpsychological
. . ' . s N -

Lrtorgs ion aetion, she failed to prochen, on bine, an abstraction that could

| .

1 - N - . . . iy =

pe specific eanfiguval tha that the child’s  behauvinrs and products
A ) T S . :

f . ¢

o .t/ :
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cresabed. Afthr JlUhe fact, weoocan aotjed that tha ehild wae using (ray) an
. [ - : - \

y

nacsapl o ler indee o o ey e the aveay; he appenrved £ be moviag from! ripht

v 1efr Cor Leth vl ancehor and the variable choices. » After the fact ve can
0 .

dles aotice that the parlicular-form of Lhe materials contribubed to thA prob-

4
¥

S len. i had pictures of norie stars on our little cards, one movie star for

cach of the diffecmt stacks, L.e. for cach eolor. The childrén‘and Lhé tutof
vere cneoucaged to use the star®s name to rafer to the cards. Uafortunately,
:?ur Nienrdo tws of the stavs he vas working with had mames which ﬁe pr&houﬁéed
tn a oy that wada it difficult for the'tutgr to discriminate between them

i . ! . N . :
whenr they were hwed out of contazt. Mis pronuneiation was not abnormal for a

) . . B
patise  Spaaiah speaker producing a propel noun. When Ricardo said Sean, the
Hl . . . —
putor iaterpratad itoas Joha on aano gcoacions and on others as Sean. The

gnesc with Jobn. W have pointoed out the diamportance of the verbal ordering of
: b . . . ‘ “ r’

Cthe pairs in the - intoresaycelinl sgical  actisn--the. ordering does not appear

peatly in  the waterial csluan o pajrs. Weither Ricardo nor the tutor could

caonmfarialy praoduace fatarsockdin 1o an (inter). subjective object under these

.\l.
conditinsns. Sadly, what appoenrs “tr be the bezinaing of the emergence of
Miaboreoeion' as an indgpeniont action for souws .f the, children gets sub-—

imeread  in the difficulty of thn Lnterpyschnlogical_ operations and never

. " 0 \,
apponre again In the tutorial.

-~

Laneational activity is nogla unjdlrecﬁional process for the child, for
: i 7 - : N "

£

thy  Leccher  or [of theﬁhanci4224hi]df‘nteractinn. Tn the Chaptors that fol-
- e /," :

t

ifficﬁlt#es and apportunities afforded &y Lo ne

:}" 1
né in Iareraction.
./ N 4
! .
- !
/ '
, .
‘ ) . . . R ) y .
: _ L -
O i ’ . : <t » 9*‘& . < °
ERIC ST
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CHAPTER 3:

MISAPPROPRTATING COGMITIVE PROCESSES

-

- ! . L . o~ - .
. - N L* v

- . <. . N . v .
The work we will describe dn this, chapter is part of a general effort by

moalioras ol the Taboratory o0 Comparative Huaan Cunnition o develap an overall

. . - B i \
Chixory ol the wey in which the coltpenl orpantzatvian of exporience dnflnences

coonitive  behrvior. Tn this particular. study, we.are intervestedsin how dlf-

et n
S

’ . . o Y .
fevent vy of civusturing clasa&gaﬁ events Iafluenee the copnitivé ‘activities

- + . . '

’ ' PR ° N Syl
arved Joarndng achinvenonl of d1ffFrent childran. :
0 . / . "

7oe : - 8

. * 3 \‘ - . - : e D)
From the polat of view of the practiciag teasher, the phenimenon ve rsee,
X .o b } s 1 .

ac baste o our iaquicy is &he froquent intultisga tiiar 2 child kious more, is

M ‘ . ol A

worae capabley than she/he shows in 2 given evaluative contest. In an ~ example
13 3 A N : @ A v

a . v T ' i > * ’ .
veoo our videntapas ol the activities of third and fourth graders,’ there is a

. : B : . 2
il who seoms to lnow a great deal about the social organization of Native

! Anovrizaneg. He  valutearvrs ryelevant information answels questions effort-
’ i

1

lesaly.  He "koows it all." Dot when a®seemingly trivial task requiring that

i f " . . o ’ ‘
the chiild” Fill in an incomplete chart conraintqg the infoarmation ha has just
" 3, R i . ] . . o )

"
'

disrussed is presented, the child ¢

a2ils effortlessly to domonstrate what "we

;

knoe o he koows " Theve is o sclentlffc apparatus -ty acesuar for!'such obsarva-
K. . . . , . el . )
tisns. Tt is to provide. such aa appavatus in a  sufficldntly explicit and
i R . PO
detailoed form. that &6 can he applicd to a varierty of issues that grow from
. . L1 i . )
of ) i t
: . 03 - 4 : . - . t
this famillar ohservatisn that we have undertaken our curvent resegrch. -
» s . v T / '
. . ‘ / . .
N . N s, » . . s
. g " Oy R . i : — - 1 <
" . r/kﬁ/ - k . . 9“) ' ‘ ] R - S m—
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The peecUie tuncxwrfngdilwmmﬁ dia o ovaeraiva of 4 probTem  that  faces

‘. = . s ’ .
vescarel fooea caricty of aveats The most general sktatemont of the issup is:
4

, . ) ; v
Howr doo perfarvasac on oae oceanton rolate to perforunues on another  occa-

!
. ¢

< glm? L | o [
l'l ' : '
o I
kj}i}m ' ' '
. a .~ geferal issues can be seen in® studles  considering . the cognitive
. . N - ’ .o' N
conogre nees 0 education,  including investigations we have undertaken with
. v
, L. . , . - .
. . . : .
, agues' in the Yucatan (Cole, Gay, Glick and Sharp,1971)  and in Liberia’
~ ) ' il . . .

s

‘.iLe, Sharp and Lave, 1976). By and large, and as long as we stay with evi-
. o :
dence from commonly used tests of cognitive behavior, the findings arq_nthat

‘
[

schooling .has produced a very stgnificant transformation in the way people *

" think. . IR } . .

- v

.

There. are good reasons, however, to be suspect of the face value of this

7
n 1]

cvidonco. On  1logical grounds.alsne, wve might be concirned-that all we Wave
<dons is U5 show that spocinll dractice produces specialized lgarning. That is,
. ~ . N - . ) -

Cthe cownoaly ‘used tests of cognitive behavior have a special relationship to

viad peapta do during their schooling; thus, conclusions drawa on the basis of

csudh testd  are problematic.  The 1ssue can be pused besk by stepping outside:
¢ : . . . . .

* Y

v of tho osebhool o cwnsidsy a test for che  conszquences of career tialning.
. R Y ) . .

: . " +
Sharp and Loave (1970) provide the Folloving exanple and .discussion:
. . \\ Y .

Sunpnoiae, for.example, that we wanted to assess the

-~ T A

Coler,
'

b3

I _consequences  of
. Tear®ing o be a carpeater.. Sawing and hamnering arve instances of
seasrinngst goordivatisng Tearuing td measure, to. wmitre corners,

and o build vevtical walls requires wmastery 2f a host of dntellecr

tual skilis @hich mast be coordinated with each ather and with sen-
sorinatoe skills  to produce a useful produnet (we are sensilive Lo

this czanple swing to our own lag¥ 4D succdes as carvpenters!) To  be

sturae,  we o vwould be willing to certifly a mn%ta? chrpenter as sameone

N 3

o
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vho had wmestared carpentering skills, but hou stroap would be our
ctaim for  the generality of this suteome2? Would we vant to predict
that the measureaant and motor shills ltearnaed by the carpanter make
hin a _akillad electrician or o ballet dancer, let alane a pearson
with “uoce highly develaoped” sensnrimator and measuremant skills?

Lest it be thousht that the example 1s too absurd to merit juwz—
tapsslition with  the oufcomg‘ 2f schoosling, consilder ‘psychologleal
exporiments in Tight of the contexts from which their procedures
have been ‘derived and  the durains i which they are routinely
' applind. K B

Some verslon of virtually every experimental task reported in
this mwonograph can be found in Alfred Binet’s early ‘work on the
N developmont of behavior sapples which would predict children’s suc-
cess  In schosl. The dinspiration for their content came from an
P examination of the schizol curriculim, combined with Binet’s sage
) guasdha  about  the fundamental principles that-underlie success ln
. mastering that curriculua. The correlation between successful per-
formance on Binct’s tasks and success in school was a tautology; the
items were picked because they discriminated between children at
various :levcls of academic achievewent. Might we not be witnessing
the converse of that process when we observe people with educational
experience excelling in experimental tasks whose form.and conteat
. ‘are like thosc thay have learned t» master’in schosl? 1Is there any
difference 1in principle betwzen their excellence-in recalling word
lists, and the master carpenter’s ability to drive in nails quickly?
After all, practice makes perfect; if we test people on problems for
which they have lots of practice, why should wa be surprised when
théy demonstrate  their competence? Conversely, what leads us to
conclude that they will be equivalantly gosd at solving  problems
for which they hnve ny specific proctice? )

Tuis, work reveals as a problem  the close tie betweon the strategies
. ’ . ’ ’ ! *
. |

avaitable for psychslogical studies and the tasks eambedded in educational cur-

ricula. Tt also makes clear the neod for developing new strategies in  orxder

. . . 2 - . . 3'
te  fuvestigate. psycbologically dnteresting  phenimena reolated to education.

~

Specifically, we need tu be aple to licate and study behavior in tasks other
- than thoose  found  diw standard  experimental studies in order to undorstand

i =,
. . . b d

)

vhether the perfocmance differenc2 noted din studies of  the cognitive- conse-

. .
- : H . . . y - R P .

[ gquoncee of  educatlon ds anything otheyr than a function o the sthool popula-

F

E ti~us’ prior exposure ©v test tasks i1 school. .
.
- W e
p:
o ’ : W
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in avder to imderstand an a more basic ]Q!ul how pexf@tndﬂ'n in culturs
T - Q

Aally oraanized  cducat-onal scttlngo is relared to aniindividual's cagnitive

" A '\ B ® .

behazior in other ‘sittings, or in "onurxl we ales need strategles .to deter—-

nine 1) how schools do tﬁu‘rcmrganization of thinking that they seem to do, 2)
: S

how the unp*Lonﬁluxipxzn»Lod by schosls are related ‘ta the compatencics

-

Py

derianded by ,other gpqpts of 1ife, and 3) whether students transfer learning.
1 . . : '

)

from the school to the non-schnnl settingd
- o

a3 P ¢

T -, -~ L .
ALL of thesa questions presuppose for .théir answer  knowledge cof Tthow
bl
e

, v
school= and nwon-schuosl-like tasks come about, inside and outside of schools.

.
_Howaover, none-of the methadslogical - pre-requisites  exist currcently din  the

.
.

social  scicnces, from which 1t follosws that we are not in a pos itLon to make

profesvlvna1 statemcats about the effects of eduvntion on human thinking let

oD
’

alone ‘the ‘impact of dlfferent PLndb of schnoling »n diffevent: (hjldlen.

Tn an effort 'to discaver how to answer questions raised by ovr cross-

("

cultucal work, - we bogan a s
[

fnitial study, we looked 2t 2 group of childrea in a range of activities:. for-

mal tests, various kinids of school activities, aad after school clubb (Cole,

sy
Hood, and Hnﬂnr 0t 31978) . How and why our current study differs from this

first attempt is biS{C(Lly tﬁe,stoqy.qf this papers,

\

- =
That [irst time we looked Tor -'several coguitive activities that we
A o (8] " .

" belioved would occur in the ever slay world as well as in school: rememberiqgy

s

nrticing similaritics, reasoning and s> on. 1In the tes Ls, we found these cog-
. '\e,

s

nitive accivities to-be dens2 and visibl 2; in the classroom, we found them to

be scattered bat more or less vigsible; bubt the club was differert: Except on

¢

ies of iraestigatlons of U.S. children. 1In an

&

i
s
.

doa
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3

bt

rare occasions Lt was very difificult. to idahtlfy any of the cognitlive tasks

¢ .

*‘q“?t wa had pused for the children In thelr testing situationg and secen during

.
.

our observatiosns of the classroom.  Somdhow, cakes. were- getting baked, plants

growm, rat mazes ponstructed, and electric clrcuits 1it without' anyone ® doing

’ —

anything that a cognitive psychalogist could recognize as thidking. On the

' .
. "\ -

. . .
rare occasions ! when we thought that a cognltive task-like - prablemr had

occurred, we found it viftually impvssibie to'specify‘how,a particular child

? N . - Tvoe
- had responded. .o ‘ S
' . . _ e .
, .

Perhaps our difficultics should nut have come as & surprise to us, but in

terms of our goal of building a technslogy whereby cognitivg"tasks'couid be
- - o/ - .
: . k3 . . I3 * ’ . el . )
. discovered and their scequalisn studied in  non-classroom  and non-test ssitua-

o

o

<
e
3

tions, we were (and remain) in deep difftlculty.-

3 o -

.
.

Crud=ly speaking, opr data indicated to us that the source of the diffie--

culty resdides in the socinl constraints, operating on pennle during. the conduct,- -
; te o ‘

of a problem. The psychalogist’s task (classifying, paired assoclate Mlearn= -

)
- -

ing, lagical reasoning) is not a physical object 4in the world. Tt is, rather,

- ., .

5 set of act%vities'(perhaps iavolving physicél objezts) the gont’nﬁ/yhicﬂ is
spgcifiéd by the psychalogist a}dna with a sat of‘é&ﬂstraihts“?hat‘must be
y thak gdal. One of gur‘dffﬁiculti%s wﬁéh'moﬁing  from ' club
to  school to test was that the largay sacia}.éanex} w;thiﬁ which “the same
tasi" was-emhgddcd’blaced very diggéfzkt conétréintélpﬂ the individuﬁis parti-

: : - - . L8
eipating din  the- scene. As a consequence, the individuals were mo'se or less

4 . . \
" -

A 4

frea to chanza the conditions of the. task, even to the pofint of making it. go-

. - atay, depoending uposn what social context it octurred in.

.
)

O

ERIC o ’
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A second problem concerned- the4“3p231ficatian of goals. lven ' casual -
o . ’ : ~ \ . s
analysis of o -single LnsLLng ¢ltuaLL>p~quickly rovoal “that ap enormous amount
- .
of "social work" gues ints maintaining the psychologist's,task ag a focus of

EXI

~attentlen. , Subjects often ave as anxlous to demonsttaté”thcir friendliness or

~ .

jntel]tvenco, ur siuply o ot—iL—all—uvel a”—quickly—as—p)GQib1e, as the y are

to "think hard." Test situat@oas are dlenncd bJ “mivipize the impact of Lhese

alternative guals, Jf course, and 1a1”e grOups Jf ,ubje"Lq are usually run: 'on
A . ms e
quantifiable tasks so that Vﬂlld” inferehcesh regarding thinkunb ean be

achieved. Wreat is crucial to paint out is that in non-test wettings includ—

inf, the scho3l and the club, the multiple goals that occupy an individual at
A v ~.' . ) C .

any single point 'in time are very difficult to:igasre because the scttings are

rarely constrained o the exten&;thnt_theg keep people from working to achieve -

.. . ¢

Q

sev@tai goals af the same tivie. That means that We have some difficult prob-

" . ‘ . . ‘ N : - Al -
lems of "task analysis". to deal with in order to specify real task similarity , -

across contexts. And withaut task sinila 111' we c*n ot eet far with an  inves-
- <> .

ST

tigation of huuw performances on different occasions are‘rg}ated.

»
——— e bt - — - . > - - =

- e

20. We don’t wish to questiosn the validity of ghis approach (See Cole, Hood
and McDermott, 19/8 for an extended discussion). - Of course it is possible to |
claim, often with great JusLlficaLlon, that the psychulurist has been unsuc~ -
cessful in creating a properly constrained model task environment and that the

.subjects are not simply tryiag to achieve the goal specified for them. Elses |
where we ‘have develaped the dimplications of thlq.crlthue {Cole, Hood and
MeDermott, 1978) for e;pcrimeﬁta1 psych;loﬂy Here we want to point out that
even thh maximal constraints crected Lo permit flawless inference"about "in-
teat" the flaws remufq. . .
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/ Assistauce from Bsychological Research
Y ¢ o : . !
A useful starting puint for thinlinu, about making - different cbgutfive

‘tasks occur 1in a ranwc of different'contexts is to conqidér the procedures

-

. : . 4
that pcyghvlubles use to maxlmize “he probablltLy that the sane “task will,

Zg re-occur in the same ggntext.' The key 1dca goes under the label of btaﬁdardi—

zation. Mﬁterla]s,are pretested so that the, subjocts can plausibly be sald to:

-

be working at a uniform level of diE[LculLy, ineructLons are. bive infé .
. . :

standardized mgnﬁ r restrictions spccifyinp what the subject may not ds are-

emphasized; the timef.taken Nl deal with any parL of the matcriql is fixéd; o

" scoring procedures are rigidly adheréd to so that anly "relevant" parts of the
By . . . . . . B
subject protocal are included. Co

Even under thes o cir(unstance“; all ‘psychalogists recdgnize that the sane

°

- ’ . ’ . ) .. ° ’ . . .
task is never repeated in alT of its details;' Instructionsyare sometimes gar—

3 >

“blcd subjccts a°k queotionq for which nq standard ansver .exists; Ja-"‘subjcct

o e

WJth\a cnld keens taklnv time out to bluy hls nosad To accommodate this recog~
R ’ . :.’. : PR P L o ’
' nized v1r{abillxy, the psychol ist wolks with a modcl -of Y"the same task"

v

thnt' permlts him/her to pr)ceed with.-the work. The model ?Ssumes that the

varxabi]dty %1 what happens .from one expcrimental/test séssionmto another 1is
~ . - . . hY

qndomly dlerihuted with *euppct to the esaentials of the thk. This assunp-~

,tion is built-dircctly.intv the statistical tests ;hat are pged to evaluate

. S 4 ) . . . .
_psychulo~1cal tests; these staticticﬁl tests include the assumption of random
- . . LI .
3
ervdr by making onrh qubjcct 's score consist of two componean- thc true score _
N . .

and an ‘error term, Dlscusqlonﬂ of test reliability 103ked at in thi way
reduce to tests of the size of the randim error CUmpwnont relative to ‘the’ truo

.
t

effect. Tt is .als> important to note that this mbdcl_oftstandardization felies'

A 1u+
ERIC S PR
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ool
. . Q-
- 4

on tesklng relatively large nwnhers of subjocts 80 that th Lgnﬁ effects .ean’

,v

) s . .
be distinguished from errour.

a

“a variety of -ways, the basic paint b7tls down to theé contention that the error

B

“dents (Cicoural et al, 1974; zhan, 1973)- show that expefimentcr/testefs sys~-

.

. : . L J .
tematically provide lu;ormnh on for some subjects that they do not provide for
: "

" éHthaers,  therchby ihadvcrtent]y changing the difficulty of the ggsk; When this

observation is combinad with the work of Labov, who makes a convincing, argu-

$

mient ‘that some subjectd vicw their task In somd standardized tests as that .of
. 2 “ . .
oe]f doLense agalnst an qptagonlstic adalt (Labov, 1970) or a variety’ of

’ e —

demoustrations that the conteats of tests are. subtly nonuequlvalent for dif—

:,

ferent subjétt populations (sec Houts, 1977,foﬁ'a'summary of.such criticisms);

one cnmus to apprcciato that the sense in which many psycholo°icql experiments

ol . l L

and tests represeont 1nstauces of maklng the same task happen over aud,;over

] -
- 5

again 18 a very technical sense indewd.

i ‘ . - - .
3 N . . .
* . . - . ,

It 1s also essentialsto consider and to- make ekplicit the basic prOﬂ

. ) - « L !
¢

cedureg by which cognitlive psychologists mak. plaueible tﬁeir claims that .a

prticular task has occurred .in the first place.. Cognitive tasks don t just ’

A
- -~

creatuu an eavironment er actLJn and obscrvev the actions that follo“ as they

[

Psy-hinloglea? Lu(LOﬂStEUCLuL in this 'way ar¢ wvirtually' never one shot

affairs. Rather, the psychslogist dozs a g&od deal of "pilot" work. This is

L4 . -
- .

the part of the . study. where th° -"erlmgnter s intuittono about Lhe task that
N .

A

Tals madel Is not withbut 1ts cgitics. Although. the argument is made dn.

2 ' . Ny - . Y. . B : -
-term In the standard model is " not randain. For example, Cicourel and his stu-

. happen, they are made' ts hap ppen. - .Speakidg schematically, - the psychologist >

';relate ta the hypvthvtxcnl structire of the edvironment—as—constructedg

#



O
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Lhe. has  eonstrucisd are  trled out. The psychologist  laoks tossce Lf the'
‘ . - . " ' t . ’ ~ ‘.Al " . .
enyicuneent-as-consiruskad seems o be .the envirpﬁhont—as~nesponded to-' Ft: -ds
. N . . . N ) “
crucial that the subjects be ;Gsponding t3 the stimuli (including the instruc- 1 o

v
’ .

’

. '

that are considerad to  fall outs’lde the limits of the task. In effect, the uﬁ

. ! <

poyahinionist grnatds a m.del system and studies behavior within it. The fgdafj‘

_ i , o S . '
of theorizing is to acesunt  for as many details of the subject”s behavior
e . v ‘ .

’

vithin rthe model envirosnment as possible. In this aﬁnraach,'the psychologist s, -

theory is simultancously a  theory of. what the task is, what the relevant’
. : PN . ]

behaviors are, and the relation betwsin elements .ol the tasks and clements of
behavior. As a general rule, the psychslogist’s theory of the task- behavior .

7
.

fnteraction he has set up will prove faulty in one or more of 1its- details.

This 1leads.to the construction of a new task environment that differs, in some

principied way from the first, but is similar to it'iﬁ-@ény reSpects.,Thé new

task presents the subjgct'“with somewhat modified‘conditionsjfor_action‘and -

.

again the psycholagist sees how well his theory can account for the pdttern of s

behavisor—-environment relations that results. _ExcelIent accduntg_ of this

research process are ta be: found in Estes (1975-79). : n
Two major chavacteristics of cognitive -psychological research can be e
abstracted from the foregoing discusgion. Tirst, cogaitive tasks are.com-

structed, nat discavered. Thoir constyuction involves the design of a fonc-

. )
. , ~ A -

tional  system (Lunia,: 1979) whieh .provides Ffor the structure of micro- 3
. . T, . : S

. i s . . . .l . ~ N .
environuents. Within this system, subjects are constrainegd in a variety of

° 1]

explicit  and <mplicilt ways. These constraints are essential to .the analysis
becaume only when thzy ara met to a reasonable dézree can we think it lausi~
J o = 2]

ble to eonclude that we have identified the task that the subject is engaged
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.

in, Sccond, the pracedures for constructing a taéﬁxglso yleld a set of rules

about: what chunts ds relasint behavior fot, analysis. Tn effect, the psycholo-

.

»

. - . w 1Y . N ) » . s .
5. : oist has construckﬁd a-cadtus schane  for behavior. - Tt includes many sub-.
N R . . .- . . -2 .
: : N R . i . ) _ .
~ categories of velevant behaviovs and a ecatchall category called error.
. 4 oy i - L 3 . ,_l. ) ) - e :—1

o R ; - 5 . o o
" P . . . . . . L. v ‘ . 3
In ordar to tle glassrain wbservations to laburatory—generated cognitive

.
.

o | . - _
_ psycholagsy Hn anything other .than a casual way, wé must find ways of specify--

N . . BN Iy

. ing tasks and establish the felevant behaviors in a manner that ‘can ydeld the '
: . Ty N - : :
- R . YT . , R - _ C.

same kinds &f statements about task-behaviar interactidns. In so far
a » » . . o . ")

.

. ’
.

as we

. fai} iﬁ)thté entefpr£Ze,wwe arc.subject-:to Virpually: thﬁnfted_‘pncertéinty

,aboag ‘the‘:§alidity R;f  3&? &lalmsl concerging ‘such Tﬁaétefs as>cognitign, j /

transfer;éand.iearning. ' tth. . - I |
. MUY . . . ' . )

. .o . ) ., ’ . e, .

" Our iurrent wsrk with third and foutrth grade children ~grew out Of - the

I .

earlier observations 5f children in tests, classrooms and clubs. But now pur

¢ \

collection of data 1s désigned so thqt ve can construct ' something like = the:
peveholozists’ wodel systems within ~whicli. we " can stgdyvlthe childten’s

\

behavisrs~in intevaction with various environments. VWhat we ~have done 1

s \
. , » ] . . » ﬂ

inteoduce .a 'tracer' element, in. the form of a toplc or a problem, that con= -
“fronts”the childrén ja leszong, and in peer “work situations, and in ;Bkofials,

and -in clubs. The topic or probled can scrve as a trace of flie task being

-

. e .
g . e -

. . . . | B . ey . . o o - . A
searchad for, as it appears in diffetent guises, upder: différent constraints,
" 4 C ot . N : P . :

[N B % cr
R . N . ~ N T . o P
in dJEfqgent.settgnga, and as it evolkes different bghaviors from varylng par-

_ _ . : - _ '
ticipants. We can locate recurring situatiouns whiere a_goal “Q&n be 1isolated

3 . ERN »
CJ(that  is, we can identify it via its velat

L S
6n to the tracer) an¥the interac-
. ENS

. . . . L. te 4 - . Nw .
tions of that goal with other' co-occurrdng poals can’ be studied. Bywyaving a
o - * . ! . N 4 ’ . . o

. ¢ ) .

- - v AN
& s A \\,
® tracer g¢lemenl, we have a C1€2}tr chance to see what is varylag; we can see
) .
- . ’ t

ERIC -
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. ! . Lo
‘

. . .-, i . i
W the researcher/teacher/club  leader?s  plans  concerndng -the  task ate
. : o . o ’ - ’ ; Lo
s e

v - -, o S .
trausffrasd e T efeare the Llﬁu or tashs that the parvtlcipants perform. Some.

- . . : | _ i
: y

of the problems revealed by our earlisr Cempt. €2 look at

- . 1
resolvable uding’this technigue. B : ‘
) ' i
I

!

o ‘ . o T - 3
o R . . - ; |
Assistance fiom Educatisnal Research | - o f
- I N | *
. "o - . .o
- If our tracers work, then we will have engineered the appeara
: 1 ' T - : ) :

*

"same"+ behavior (2r -at. least "same'in'some‘fiEEEQES“T/in a variety of dif-
. ‘ i va _ .

ferently org%niééd.events.'But.what'we/g;lk/ﬁzgé, in order to see if we have

bean guaceséful, 1s quething/edf;g/;undinﬂ to the other aspect +f the cogni~

////)

children scem-to be

tl'e psych»lonqu.E/ﬁ@fk: that is, we need a way to idenlify _what’ is to be

. . _
czunted as///elevunt for analyses of how performance'on ‘one occasion (in one

setting / Byﬁone"pcrson)'is related to performance on another  occasion..® The
N . L . 2 ‘" i . » . . R

’cunstrnction of thez higﬁly constrained taékigéttings produce, in effeét: a

- v

A
cuding qutem fur the psychalo¢1et- we mneed the same effect in order_ to

analyge> the ,uchqvjwrs in our less cun%trained and more varlcd task settings.

In edu%nuimnal research, there is a historyﬁof concern with this issue. The

‘Rﬁ ~no«~p1)dnct paradifm in educatisnal = research hﬂs’developed as a way tB

rw& Liglév how ‘the conduct of reacth~ GOsSiOn° (i e. the procr.sses fiﬂVOlVed o

[ ¢

in 'educntion).are related to what the students end up knovwing (i.e. the’ @ro—

- . -
- . -
:

ducts:of educating) .
. -

; .
’ M \\‘.. B

[N

éomc'prahlzms in tha process-product  paradignm have been dLscuvoed in

a

\
\\
i

"

AN

détail elscewhere (Keehler,. 19795  Soar and'Saar 1976; Fenstermachcr, 1}78,,

RN . . "—

Burich ot al., 1978). Stveral inter- rquLcd problﬂns arise- in c;nncctLun thh

-

the product neasure, the test. First are the difficulties of ‘the Sth we have
. A ) ' i

[ . T i B Cow Y,

N . - A ST
alroady referred to: The non-randomeerrsrs that can be argued | to ,occur “in-
N . ! 3 - - : ’
;
. S . -
-~ A4 .
~ o 1us : R ,

e -
\b
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' L)
N » A . . - .
- -

psycholarteal  expericents can alsd bz faund in tests; the close relationship

ofr tests and schoul rashs leave M wiLh Lho prob]nms we eneosunter in our work

an the ecognitive conaequences »f education.

w_’_’ﬂ‘_;*-; = L ) )
~#,~/’~iﬂﬂﬁkhﬁf“pfﬁﬁiem, central to our geperaliline'of work, is that the ‘reli-

ance  an product measures nften Includes an fmplication that what is measured

(cognitiyve lovel, academlc skill) is an entity apart from 1ts usc. An analoéy

v
- '

is dn .order: a tapc meosure can be used to determine whethcl two pjeces of

wire ard of equal length. Say that one -plece of wirg is hair thin tungsten,
, . 7 - : _ ;

-

. -

the other is coiled nicheoone. "While there is a standard somewhere, a theory

of tapw measures and of the materials tape weasures are made of; »that will

o1l us  that tha mneasure 1 adequate or to what degree it wmight vary over

occaslans of usc, this theory may not be sufficient for all purpbées. In fact

.
.

‘one wust decide what- ]envlh means for tuu"chn and for nichrume (h w much
. . . ) ' : . ,l o
stretehing or waesiling ds va id) in orch Lo uqc ‘the measure at all and one’

mﬁst decide  this din relntiqn_td the use to which the'lengths of wire will be

put. Tength, like cogaitive.developman® or academic skills, is as much- the
product of an occasion of use of-a measure as it 1s of ‘the measunement’s

o~

‘mensur iag theory;.and'lénvtﬂ, like cognitive oevelopment or academic skill s
’ ) - . -‘.‘
relaLod ko Lhe use to. which it is put ouL51dc of the measurinv euvlronmbnt. A

-

' pfoducm neasure used ln educational .research may in fact vary with respect to

-~ vy

how gencraliqulc it is to other cm»textc whore the 9killb nmeasured might bhe ©.-

M S

’ —
.

used and may also vary relatad to, differances among the 'children. For. some

t

L ‘ . . o ) . .
childrea Lt may elicit the bighest performance they have ever had available to

) e -

.thém, for others 1éxhay elicit the,iaqut. v ' - a  ' e

Aruitoxt provided by Eic:

v
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Fina? m‘p nt

A Ginal. problem with the progessaprodact ('f;.ln‘h I‘L‘um our paint aof 7%
view, s that thv paradism assmans, that the, children’s -Cut_)gniil:iv(-‘. or academic
N - . _ < oo ' . N :

skil1S cannot ba measuced Lu sipny but this assumption flies in  the face rof - -

wvhat. the classroom teacher doeﬁ,cver”day. (L . Mehdn, 1979; Cazden,;i977;w

- N

wwiffin nndﬁuumphrpy, 1973) « In ef fect), p1occss—pruduLL otudica write uEf the

0‘ . :
¥a N A, o C . .

chance  to  answer Leachers’ ‘meed *to know h»w to work. thh the evdluatibn.‘

aspects »f datly instructidﬁal bncounters: ko what dcyrce and how can you: ftqd

oyt vhere 2 chle [s (and gotv to be) durlng the.day or a uniL' whaL klndg of

- 2 . ~

:-‘ “

tnferences hbuut c\11d1on 8 (npnhiﬂntlos in what leuaLtons are warrlnled and e

3 . = . - ) . ¢
> A

what Rinds of situatisnal variation in dibplayo of cumpotonpd fs one ljkp1> to.
! . R . B
encounter? . v . i :

. . =

~Iu spite of thcse uncertainties, our research has much to gain: from an — /
exaniffation of work carrlcd out’ in ‘the protess~product = paradigm. The ¥
N . R ) : : A

strengths of the paradigm include~ (1) reliande on observable behavior in 3/
: ! A . - ’ ©

° a . . ’ ‘ ,"'
nalur.li ic settings as data, l.e., non-test tasks are considercd (2) treatsy
. » . " . . L
[
s . //‘.‘i”’ v “ . . /{ . R “
behaviors, time on task) relafed to children’s behaviorss and (3)_an interest.

- . - . .
- . . 2

/
\ : . /o
ment of at least . some of the envirsnmental variations (e.c., teagher

in differentlally evaluating perﬁormances by vario su‘cﬁildnan and/d% from_
P A B
varioun settings. A grch many defcrcnt kinds of ‘Process weas ULCS/thG been

devalypsd that reflegr theme strehgths.“ Process ‘measures chiydatprxyt vhat
o <. Tun v
£

gous snoin eduéational setLings 20 by CdLOguPJAlnb the kind~ oC ququIOna

. o, - . L. 21 f ) ‘ .
teachers ask ard the kinds of re .p)nves mbmldren,paov1dé‘Am S : . )
] . . N . - - - . )
: ;l . . . . =
| .

T T e L ;

21. Flsewhore (D’Andrade, 19743 Borich et al.,1978; Guiffin and:. Mehan, 1979)
thare are extensive discussions of the-pr?blems that arise iw many coding sys- ..
Uéms,of these Lypes. EC A ) S L ' '

N

o . - . .

BRC rrae
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’ Ve arg/inLnrﬁnLed in secting how muchefurther @ can styreteh  the' eoding
/ oy, . - N 0 - * .
sysbans xthat *v*uu ay  progess measures, to see iE they can meet ouir ueeds.

L 4

With gﬂt "tracers' wve hdve a chance Lo locate tasks (and "blmc“ tasks in - dif-
[crnnLly otganlzdd‘ seBL1n"') OdL queﬂLlon is - whelher exlsting CUding systems

x/ S . R
cah help- is locatc differeuces in Lhc achJQVment of chlldreu, and amoug chil—

./
/ dren, and pcrhap° defeLcnces in Lhc Lasks the chy}dzén encounter as the tasks

A 4
/// LhaL we present ts the childrcn are opbraLPd on by the varying'contexLual con-

/o .
- i - _ : { .
straints. .In shart, we want to Know L1f estLlﬂg Heasures cén | (or can be
P4 M ) . . , [ . » . )
- adapted to) show:when children appear to be nore and less smart ‘as well. as
. . . . ’ T e l
“» when thelr work appears to,beseasler, when harder. . . " 1

- ] '

We have chasen two codxnb qyatems t0‘1]1u trate the kinds of variations

[N

2

that can bg noted and the Klﬂd° of problems cnuuuntcxed'when the systemb are--

EOY . . - -

_used. Stﬁllings system dcveIOpcd for the Follow ThLough evaludtion project'

.{ is the first example (?/allingo, 1973),\L\e second Ls Blank s ;ystcm whlch has

been both for studics,bfachild:cﬁ and stuaies of lesson app:oprtateness.(Blank-_;

- : . : " o : ' e : ’

_cpl al.,1978)y. . B?;ﬁ; systbmé have beén.applicd to one of our lessons froﬁ'a

funit, tﬁc tépic og/whiéh'wés étttqral‘?ariatioﬁs among six grbuﬁs_.bf Native
[ Ve .t

. R . s o S - : ’ .
Amegicans., The 1lessnn wé chose is ‘a-good candidate for this purpose because

. P o . R . . ’ o . ,
of the variations noticeable. It” was conducted as a small group 1esson;with a

= teacher’ and five children. WiLhwg the {;sson,-the participants‘make overt

menrtion af how much °3m~'qf ‘the | childrpn know, and they al;o not:ce ﬁegativel§.

. ¢ - . _ PP o .
the pérformanue of wunather child. v Furfhegmﬁfe, the lesson has clear cut
. T N , N .
phases oy eplsodus that sérve as mini-contexts in which the "same" task™ can
. . . . /.‘ : . P . . /_" N .
. reoccur.  We o coded ten puases: "Phase 1 ~-getting organized; Phase 2 -~
-~ . t R L . ) ' : T -

[ERJ!:fi - : k . . N A .
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rocieaing the valt without wisual alds; Phase 3 ——roviewing by readiog from a
fitled  ia- clinrt;  Phaae '-/a - “"“I'(’.'-,’.'lit‘.\"i_ﬂ}'.’,, (;hfz‘:‘_"act_r_’.ri:‘;Lic.L: of bonds and tribes
,eroral in‘deLui1 the d;y belorey Phose 5 --reslesing the concept of gggg&ia
Cusare a weeko. anoy Phase 6, ——petting arganized for vole play regarding the

' L ‘ . o L e
ChWFHCtCHLSﬁ<CS of states; (Phase 64 --the role plaving which ~we  oait fron

$ ; - .
1 - .. . .
conshderatisn hereds Phase_?'JLdrnwing conclusizns about the characteristics
. C ’ . : /,// - .
of statesj Phase 8 —-reviey by filling in a partially empty chart; Phase 9 -—= .-

discussion of wvarious forms of social organization that occur in the
ﬁ '1‘ - . :

!

h- L] A “’ ‘ 3 l‘ ) . . -'\ ..
children’s daily lives; Phase 10 =-mininally supervised sho?y matching’ item

test. We will concentra(g 5a what the two coding systems can reveal abaut
two of the child participants in this lesson, Chuclk and Angelica.

. ‘

Stallings’ Five Minute Observatian-systeﬁ (Stallings, 1977) while clearly

\

descended  from  Tlanders’ écqlc (Flandefs, 1970) differs from it by taking
individual children .as the unit of anaiysls rather than the whole class. Fach :>

turn  in the lesdon discourse s coded separately. Speakers and addressees are

. . .1
coded far every utterance io Who and To Whom categories; a How category, cap-

- ’ .
turiay basically emative aspects, 1s optionally coded and proved difficult for
. - ‘ - N .
us to apply consistently to our vides-taped data@f Most iarportant for our pur—

.

'

poses ara phe What.categories that elassify cach turn according tOA&hG kind of

task that jis involved. ‘There are thirteen classifications altogether; three

v
. L,
~ Coda 1 asks for a response free of arguwment or specclation.
Thove s one cxpected, acceptable respoinse that is to be carrled
out, verbally or non-verbally...le.g.] "Draw a line"
. . X
Code 10 guestions elicit the following responsc statements of “

s:

preferencey  statemimts  .of fact,  itemizing, classifying and”
definitioms...[c.g.] "If you had tw> pears and three apples, what
whould you have five of?" ' : "

~



T 3 T

}‘li‘f'.ll Roport

hY
.

!

Cude 2 questioans cnzaurage sponses (nlt require: 1nLeLprLrln

B ideas, cause and ‘eEfont aﬁtnblianng rélatiouships, making comparis-
Cons, rewoning, applyiag previously  learned matevials t2 a new
situation and dageribing o process...[e.g.] "”Lll me H:v an clectrlc

. kraifooworhs™ (Stallings,1977:269) = '

The sther

—o—

e Informatrive statoments and 11u1LJ\o statemants I

) \’ ' - © NIE-G-78-0159

- Yhat coades 1nclndo dlLf'T"ﬂLl“tiOﬂS aining responsecs, NOA-reSponses,

. Ve adapLed Stallings aystem

by creating an addit{saal code to distinguish awn-ny c&rrect, incorrect
. . - e
irrelevant  Lturns.  Ve.als ‘

o that we

T

. .

-, !

The caling provides pictures of Chuck hnd Angzelica,
we are focusing on,
- . . Y

dif ferences. Stallings”

/ S d : : ’ .
ties between, the 'children: neither asks open-ended questions or fails

and

could notice variations sccurriag lamong, the ‘lesson’s ten . phase$.
! ; ) 13t .

I3

s

_¢3 adided a dimension to the cuwulative scoring system

the two children that
that are best described in terms of their similarities and

-code without,our adaptation shows striking similari-

K3

to .

respmdyd they respond abuut the same number of tlﬂLS, the teacher asks each of

1
the children about the same number of queatL)n

addressed to cach child
fo2
TeSpansas

1] : -
add-essed to them. Angelica makes more requests

-

than Chuck.  The teacher accepts and praises
accepting and praising Angelica 5 times

display an jnferqstlng difference: Chnek is corvect Ffor 70% of his

LeHE PINSTSH, An relica 1s correct fovonty 46% of her 37 responses.

. . . ¢ -

By looking at the” ten different phases in the les

[
'

Chuck gives

?

’

dﬂ}”hOLO LIBC' Aagelica gives as many to her peérs in the

s

rives to
3

4
.

o . L 11y
ERIC -
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more of his correct answers durlng the discussion, Phase 9, than

, and only one of her questions
“is a higher level que$tiun (category 2). Most of the
' ) . :
given by Dboth chlldr n are to questions that are not spccf@ically
‘ and issues more evaluations
Chuck 10 times, while‘oql§

@s. By using our adaptations, we can:

34

son, we can see that

mini~te$t as she

the teacher din the discusslon. During Phase 7, drawlno ‘conclusions,.
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&, ’ -‘\ .
both chitdven give five covrest responses, but Angel ten also gives fdve other

-

: . :
respoaacs by Chuel%s one. 1n geaeval, the madifications seem kO work and
; . .

. . § . e . by
Stallions’ coling syslan seons £ caplure sine o f L'he/s Ltuatiznal variation as
wall as waking o diffeventiation between a more compatent Chuck and a less

" A% - '
rowpaetenl Ancelica, . : N .

. . . L

-

-

¢ . . ’ .v-"'~ '
fhere is one clear problem, in principle, related to the usc of a system

1ike this that is peculiar to thenature of turn taking in a’ small group

.
'

situation: As it happenad, only onz hlghnr level "open question' was specifi-

3

cally addressed to  each, child. This ghould not be understood to ®wiean that
there wis only. one responpz by each child td a "higher" level question. In

.

fact the s prepondarance of the teacher®s questions in the.lesson were Code 2.

Notice further that sne of the ways that small groups differ from large® group
J & > ) A

lessonas 1s  in  the potential- for questions being on the floor without the

ansver—turn hayving beea allascated by the teacher to a particular child. (CF .
g , p _

Criffin @#nd Huaphrey, 19783 Mehan, 1979 for discqssiOnS/of the strict “turn

S : 3
allocw:lon procedures that work in keeping large group lessons together.) In

dyads? the addressce is  specified automatically. Put in small groups, the
\ - .

rurin-allscation machinery is not called upon as regularly as it is in large

groups and therc is ao autonutic indication of who should ansver questions as

P . ' . . ~ | . .
there is in tutorial dyads. On many occasions 1in small groups, children- can

sol febolect  ta  answer. owever, in a’ systen like Stallings, .the only way to.
: Nt ‘ * ’ ' ’ ~e ' .

N\ LY .
deriye that a child has answered a question of a particular type or at a  par-

. ~

ticular 1level is te locate the child’s name in the To Whom category for ques-
N - —~ R Y :

.
v

tions of that type. Hence, when quastions are addressed © to  members of  the
. . . . *

group at. largz, and Chuck or Angelica answer, we have no way of noticing the
L N

: -

level of the qnestimn they are responding  to. The nature of  small- group

.
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N

comquniest ion proces s0s and the natare o»f this kind of coding system make sys—

~ ' s

tematically unevailable fov anilysis a reliable sssesspeat  of  how hard - the

questions were thnat the childven woere anSiering or Failing to answer. Although
. i _ ) ) L
the syﬁtrm

. 4
ima; Jw* that would overcoar this difficulty in using the Stallings’ esystem for

2%

OUYr PO DPUSEas.

Blank’s system, specifically concerned vith the isgue of how '"hard" “or

-

1"

Yeasy the demands on the ¢hild are, can be expected to avoid such a problem |
. o .

s
.

=

As handy [ov on the sprt coding, there is no adaptation that we can

(Blnnk,1977;'Blnnk et al.,1978). The systewm, designed for usc-with pre—schooluu

children’s . language, codes the- speaker on two levels: one is the social role,

t
5

e.g.,Teacher vs Child; the.other is the conversational fole, BBy initiator .

. » ' 3 ' 1 ' + " . ' )
of an exchange vs respouder. 2 Initiator’s utterances are also coded on two
levgls: First, a determination is made about whether the ﬂferance puts an

explicit demand on Lhe reeponder to. xespond if so, it is an Oblig~, if not it

\

i

is a Comir ot second, ench Oblige and Commenb is coded for a level ranging

frOm ;(in the aﬁdﬁr given) less =0 more abstract, vizi Matching Pewmceptioa

‘ . s )
(Level 1); Seclective Analysis of Pesception (Level 2); Reordering Perception

(Level 3, and Te Reason 'qulghout Per¥eption (Level 4). (See Blank et

al.,197%:8-21) .Blank deécribcs an underlying model of éognition and " language

that assumes that acquiving language 18 a matter of mapping from' onc represen-
. l . "w.

”LanundY Sysgten (the child’ s cnnLepLual notlnns} into ﬁhe,.language system.

e

e

-

Thus, an accrunt- is - br rovidaed for Lhe urdering of the “levels which "tgflecfi )

—S

iner AalnP dquanco between rhc pQLccptu11 style with which the children view

.the world and 'the 1an¢uave that they apply to thcseAperceptions (Llank et

I \ . : )
al., 19738:15) An additismal hl“Lﬂthy (frOm Ful]y Adequate to No, Rosponue) is
: l
provided for.coding the utterances of the Responder. - S T :
. . .. -
v ‘ " : - '
S e - 112
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Vil Boepart

Our adaptatiznz Jfor using the systoem with cldér children. followed  from
suprestions made by Blank. She speeulated. that no interesting diffeveatiatlons
‘ : J .

vould b showa Lotween tasks ot Level 1 and those at Level 2 for older chil-
. p .

dren, and that (We interesting differences would be between Level 3 &nd Level

ture articular asnocts of our videotaped lessons that seemed ta, require spe-
p ! A

.

“h tashs. We therefore decided to adapt the Level 1 and Level 2 cddes ta  cap-

cinl treatmeat. Our first adaptation was to code as Level 1 any utterances to

which an adequate raspons2.ciuld be made based on what was available in writ-
: _ S '

ing ovr pictures at the time »f the cxpectad response, regardless of what level

‘the utlerance conld have been assigned on other grounds. We suspected that the =

presenca of thesevkinds'of enyironmental supports in a third/fourth grade

. Ta e

- .

classroom  should lower the difficulty level of the_tésk. This tactic is rea-'

t

sonable glven the:matching aspect of our-special Leval-l’s,jand:'t?e matehing

aspect of Blank’s original Level 1 code. Qur sccond gdaptation -was to distin-

i

Tpuish ac’a special category those utterances that ave relatefl to the clements

s

of the domain that had bean drilled in the lesson just prior Lo the lesson

b~ iny ended. Sueh utterances were coded at Level 2. Again, this adjustment

-
-

scens defensible: these special 27s set up a demand for the selective analysis

. AR
5

© 0f the préviously drilled materials analoagous to the original level 2°s. Our

~

third adaptation was n direct recommendat ton by Blank, the establishment of an

Adequate plus categovy for, esceptignally good, relevantly elaborated
. . . - LT .7 - .
LESPoOnsSes.

4

o

’

-

This coding system shows few similavitigg bétween Chuck and: Angelica; the

diffecences between. the - children arce most striking. The teacher asks Chuck

nore questions than he asks Angelica: 86% of Chuck”s codable units ‘are  ques-

° ! ) . ’ <
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o : . ' - S —
: . , . ', : : .
tions  from  the. teachey (”7) while only 347 of Angelica’s are questioms from
< thir feacher (15). Only.Qé af Chuelk’ s units  are ‘TLpOtltluuu; while -28% of
! ' . . ' o

. T . . . . ’
Aniclica”s aro. hncA’v\xn,« titioa in answer o a question cccurs at level 43

-

. N - ’ ~
Augelica repeats in/rgsponses at levels 1, 2-and 3 Ine only indication of .

. . . . ae

An'ull(ﬂ hrJnn h1uhor than CnUC\>1° that she is sues tW) 1evcl 4 comments while * )

.. ‘.

he. Lssues q:n Tn,yﬂﬂeLa ) the plcture of Angelicaﬁis"mne of " a cHild less

adraneaed than Chuqk and the fact that she perfotms‘qdequatély in response to

Lonly 47% nf whe obliges”ghe eagages in decpans the contrasts with Chuck who is

. , : .
- ’ . a . 4 .
adequate 977 of the time. . . 2 i
. o - ¢ - ' ' : . ~
Hovever, theve ds an even nore iateresting COntrast. CnuCn's_.adcquacy
o . ' . : N : - :

decreases grﬁdu:1ly as he is asked higher level questions “(from 100 at.level

1 to 8%% b 807 o SOZ at level 4). . Chuck iS'a model child for=Blank's notion
VT N
of levels. .Anu’]1cd, od tlke other hand is almost dlrectly opposite. at level

1,'shp chq anly 33 correct, she cliwbs to SOK at- level 2, to 43% at level 3
cand  is: correct uhc one time sha is asked a level 4 question. Angelica seems:

‘' .

to bLuuvc Luntraxy to Blan‘ s :xpactatlons. - T \:

v

-
.

: N
contexts related to the phnres- of the 10 son as described above shows an

Y

interéstinp relationship betwaen Blank”s level of di{chulty and the phases ln
- B ’

i tth 1cssan. Twice the phases pfogress in. level of difficulty in a way that
A Fits Blaql 5 notion of the prngleaaluﬂ ‘that should take place in 1esson9. The

v

tcnchur Avls on]y level 1 ubll"GS,Ln Ph"ee I1L, only 1eve1 2 obliges in Phase

IV and wuly lﬂvcl 3 obliwes in Phasc V. A 51milar progression occulsh after.

¢

thv VetLJﬁg organ];od pna°e Phase VTLI hab only level 2 obllges and” Phase X'

staxis aith ILVPI 3 and gu“”.un to 1LVGl 4 obliges. It seems. Lhat _Blank’ s

Q ) ) - . -

Aruitoxt provided by Eic:

An cxgminntiun Qf-how this coding system operates in the.different mini—'

N




v in al Ro pl:).‘lL‘ ot ) L N‘-[ E"C"”/B"Ol 59

‘ . . . ' . ' " o . 11 l;'
‘ S '
. : R B, 0 . .
aotinn of levels redundantly specifles the phases of plils lessoan. St
~ . . : . T : o
. ) . , - X . , . . . 1 - :
. Overall, Blank’s systewm secans to be an dnterfesting base [or ourn wors and
? ’ . ’ * » " ' .
amanable Lo adaptations related to thie "mini-contexts" of a lesssn and ts the 7

-

spacifica of 'the lesson topic. However, the problem with Angelica polirts to a C\\
- - Ny - . . - %
‘majof corcern.  Childven lilta Chuck "EiL" the assuaptions underlying the work.

. N . » /( R - . . : . .

Children like Angelica do nat "fit" the dssumptions. One of the phases, Phase
7, is algso 6dd ——- it is not a part of the lesson’s progressions in difficulty;

v

in fact, it does not have a cznsistent level “of .difficulty 1like the other_
phases do. The system could allow us to draw a é&QS}usion_tﬁat the differ- B

en¢es are quantitative (less doveloped child, inadequate teaching) rather
. . A . . . ) 4

than qualitative - (Angelica and Phase 7 have a different, ;Brhaps ware ‘compli-

caﬁéd, relaticushlp to level of diffiéulty and_demanstrdtion'of'stréngths and,

than the relationship that other peopke and/or situationshave). o

¥
waakpeusoes

The way-that Angeliea and- Prasé 7 diverpe from the norm of Blank™s system are

related to the wgy they are inadequately accouated for in the theories (folk

, and fornal) of eduiation, cugaitiar and discourse,
- '—\ . ! :

‘tem  in various ways. Anzelica is from a Spanish speaking backg¥nund and has

that'{ﬁtcract with Ehé sSys—’

-

been usine ¥aglish for only a few years. Phase 7 calls for ,some mixturc of
J O O < s } N - PN . [y k
. N " . "

wvhat might be called coavergent and divergent thinking. The demands on

thearies to respond to these kinds of varilations have not been met adéquately’

. . ._‘.- ] ) . /‘ .
by thesries available to Blank, or torus -- which brings us full c¢ircle to the
general wobk of our group. : S .
- ..\
N el - Y
A ' LY

ERIC
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-

there are two weneral probleas withe coding systems for  educational  talk

and  tamis thit bear  an, interesting  relationshlp to the problems that' ¥e

-

¢ ' , N ‘ »
cachrvat e dn our earlior attemnpt to lacate cognitive tasks in the clubs,
The Ldrst owe ahadl call Ltha point of “control proBilear. ' .
. , .
Most coding systems assumer that therve is a pwint. of g¢ontrel standardly
locatable 'and  that the category co which th: control utterance is assignad
affects the categorization or underscanding of ulterances vhich {f. controls.

Yor cxample, most. coding crstums  decive the cagnitive level category of a
R A ‘

‘child’s response from the cognitive level category of . the adult’s question.

We knoaw enough about teachers’ differential expectations of'éhilq;en and about
. ) . . ‘ * . >

the chance of these being evident in teachers’ questioning behaviors (Cherry- -

Wilkinson 1978) to suspuct that usilmg the teacher?s question as a way to
’ ? & : 8 g . way

//177escr1be the- cognitive 1évcllo£ the child respondent will systematically dis-"

.

tort the 'data. “Some children will bée pictured with inflated levels and others -

#6111 be underestimatod. e may hayg.a better piétﬁée:of'tﬁé téaéhep's; expecs
tatiéns than of the.chiidreh's éapabilitibs.‘ ﬁhile we do not dispﬁte);hat ﬁhe
‘teacher and téacher questioms have a lot to ao.'wdth coPstrainihg the,'téqu
‘that chilldren perform in class;ooms,'(and-that théiaéademig'or cdénitive tasks
thé; afé'our primary’cqncern are very h;avily influenced by the teachar), we
must noat dgnore ﬁhe facts Ehé; ggggjahdn teacher questions can be involﬁéd'ip

specifying the tashks the children undertake and’ that teacher questions do

other things beside specifying tasks..

N :' o

e £ TR
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Ve are here in the eopphsite corner' from the ane our earlier look at chil-

“dren in_varied settings had bainted us into. Thefﬂ/we-wcré conqefned*becguge
the multiple goals in the settings made it too hard ta.sce the kinds of coéni-

. . - ‘

tiye ‘tasks tﬁ?t cogld be seen iq the engineered'systemﬁig tﬁé e£periment§1_
sett;;g. Ve moved to a soluﬁion»of.that pfoblem by spechying.traccr' clementg,

that would let wus highlight certain goals in our settings. Now,. if we use

. 7

coding systems that award control of our understanding of the child’s., peiEQfm

: . .. . . 4 o ~ fe S :
mance to some preceding questipn, we will find ourselves assuming “away the

.

issue o9f multiple goals and how they interact. We have plaﬁted taskﬁ/Q; that-

" - X . . . .'-". . o
‘the children’s behaviors that we capture on video tape will be a little bit-
more comparable with the experimental subject’s behaviors; the tasks are cul- - -

tivated “4in the richly varied real world of the clitldren; we cannot afford. to
" - “.have, an analytic tool that works by lodking for seeds.
; : - - -

-

The second geacral problem with many coding systems is related 'to the

.

sequentidl’ nature, of discourse.- The best illustration of it is-commonly

avallable by noticing one of ‘the beét indicators of ‘an easy task: children

y 0 . v

raising. their héndS,TshOuting for a ern. In manyulessons,,inciuding many of

ours, there dis a point close to an end boundary where everyone wants “a’ turn.
N - . . A

The same quéstioq irs a@ifferent question by virtue of its placement in the

- sequentlal development of the lesson. In one instance, like in the chart used

-,

Yin the lesson  dencribaed abqve,,ih%re may.be six slots to be filled and six

fivﬁers to use and so, of course, when five have been covered,  the sixth 1is
quite .easy. One need only attend to what hasn”t beeun said. 1In other cir- )

cunstances, answering late may -face the - child with a more difficult task

because all of the "easy" answers arc used up. What has been said can make

»

subsequent questions casier or harder or perhaps even different than carlier

e a0 s B
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‘ ,questions. - Tdsters an:d  teachers and peers all use the scquential nature of
. - i . .
discoursge co.ents 'ty be co-cunstructorz ” of an  answer with the person who
o - o L S '
appears  to be the primary performer. This point of view is adequately.argued
. " - 13

' " ‘ . ' . . V .
‘and demonstrated in the work of classroom discourse analysts.  But, in com-

monly « used - coding systems, an utterance is categorizdd uniformly whenever it

occurs; changes in the constraints on it occasloned by the situatfon in which
- '. o . ‘- . R . .
it "is  embedded are disregarded.

P B . ~

Once again, we return‘pq the problems we found in our earlier attempt to

Tuly

-

- .locate cogunitive taswus: the constraints om behavior differed so radically from

situation to situatrion thiat we found it difficult to~ locate tasks.. If the
N ‘ . . . ’ W
' coding system’ we use in analysis assumes away the constraints imposed by the .

sequential nature of the discourse, then it may make 1t . easier to locate

‘tasks; but we havg little falth that the tasks so located will be the tasks

the participants were engazed in. Ve cannot afford to base 0ur,'ana1ysis on

"same' tasks - that are the same primi‘ily by fiat of a coding system that
ignores the influence of constraints operatfug on those tasks: K

L et
[N

> N -

We have né easy solution to the prbblems we have been pointing out. We
are prett& conéidant'that“there is no way to.do‘qn;lipe coding of this kind of'
intefaction that can cabturc the.comp}exities we ﬁhv? ‘ﬁoinﬁed‘ té. ; We are
currently trying o 'ngure out ﬁow mucﬁ spéciﬁicat#onﬁis:bossible_using our
video taped records, and our iu dap;hf(vié our planneézt£;cers) ‘undefstanding

A

of.- some parts of the sltuations.thal we tape. The research in psychology and

education upon which we are drawing is ‘impressive.:As withothe child we men-
b 4 - - - . d

_ S - o R o s
tioened in the ‘beglaning, we are struck by hew much is known; but, as with the

phiia, there are occasions when' thls knowledge fails 'to -be displayed. ' Qur

Aruitoxt provided by Eic:
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tack -is nut unlike the.practlcing teacher’s: we try to understand what under- - .

2t

‘1ies the success »f this rescarvch, and what odcaslons the problems,'and we do

3

i) 1t over and over iu_the hope that we will finally get it' right.

Another Level of Ahalvéis

In ﬁhe 1iéht of the éfitiquc develSped aﬁovei ié is apparent 'tﬁét: ana- | K
lsses of clas;ruom interactioual data have éeveré_limitatigns. On;tﬁé ?Ub*"
_stnnti:;Q;idc, ig appears Hiffihnltrta make claims abohtﬂchfiﬁre; .§ho differ ‘
from the hainstream. Ou thé methﬁdalogical siéé, it appear;'dlfficult to
"integral~ information baéeﬂ on talk exchauges.with"infofmation jiinportant -to.
psyéhology and"féﬁgggg;T_'Howevef, as we coﬂsider QfSAdef‘Pﬁifs“of'an;lysis,_'w
" the biFture cbaﬁées in both respects., In this:section, we will describg"é

o cﬁangc Ehépfgécurréd.inhthé course of thé unit:and aﬁ aspéétIOE tegchs;—éhild .

‘

exchanges iW lebssns that aﬁ$ﬁﬁ@§ to be implicgted in the change.
' : R YN : . o

’ > v g

. . ~ . . g N N . . . -
AMter the first lesson of the unit we .had an amazing outcome:« the group
’ . - . - - - —_—
- : . B ..
of children who Trenresented .the Llower achieving part of ‘the class”scored

* A4

better on a test than the children who represented the higher "achievers. By .
the .énd-'of the unit, everyope was doing better than they had done inktially. = .

y o : : : -

Houaver, %y the ¢nd qf the unit we- had succeeded’ in"recapitulating.'thé,','

3™

, et . . ¢ - 3 e
‘achievement order: the higher achlevers weré once again scoring better than

. ¢ . ~

R ' ' . . ) R . 4 ’ N ~ =
the lower group chliildren., In the course wof.three weeks, almest daily -lessons |
- . N > w + T . ' ,. . - ) ' - . ’ ¢
lasting about  half and hour, we had a little microcosm of failure. In'a .-~
sens¢, our unit was even worse than the real world: The children .-whom educa~ . . -

tion Tfailed togﬁélp had started out nst meféiy equal, but'éhgﬂg.g£,.the.chil~J*

‘
1

dren vho were schosl successes. Tyvea s5, the group . labeled . high aclitevers

. regaiued their ndte successful position by the end of the unit. LikQ'éRp-realF T
- - - 4 M '\ . \
Q - 7 T wf‘*ﬂb. »~ : -'-

[ERJ!:“-“"uL", s e
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world, there was - a disproportisnate representatisn. of children in  the low
aroup  who could™ be  didentified,as different from .the mainstveam in tewmms of

LN

language and culture.

. U B
’ ) con .
' .

onr annlyslu of this educational/instructional microcosm is simple: \

(13 'The low group.children had to do an extra plece.
of intellectual work in the course of the lessonsa

(2)  The."extra" work -iuvolved exchanging one conceptual
organization of the domain for another. .

(3). On the nominal task (the "basic" work), the low, group

. children were impeded by a’ very general and perVﬁsive

' feature of cla Sroom talu exchanﬁe

.

Thc'homlnal4fask~of the_unit was to ‘master the following seﬁiof fatts:
The Dieguens pedsple got their fosd by hunting and gathering;
' they governed themselves in bands-and they move thedir
: small fapilies aroumd. :
* The Shoshoni pesple got their food by hunting aﬁd_gathefing;
’ they governed themselves in bands and they moved thelr
large multi-gencrational familics around.

s

. The Tewa’pesple got their féod by farming; they. governed

themselves as tribes and they had permanent homes for their

; large families. ’ ,

4 < . S . ot
The Navaho people got their food by trade; they governed '
themselves as a tribe and they moved their large families -
around. :

. ’ - ¥l.
The Natchez people got their food by farming} thé%igoverned

« -themselves as a state and the] had permanent homes ;for thclr

“ - large families: - .

" The Aztec people got their food by trade and they governed

themselves as a state and they had permanent homes f&r their ™
Small families. - - . \ )

-

L

Multiple formats repchhntcd the £acts in the course of The g&t-x ﬁarratives

with visual aids, samemdifferent exercises, problem%. 59 Ning, rolo play,’
‘ctaf repre enting.
I

§ question-anSWer sequences, warkbooks. In each les 50N, a

"all the facts was used for review.. After eachvléssbn, the children tnok a

_ test : Théy matched, the .the ten blanks™n a different  chart 4with a liﬂt of

H—
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poasalble angwers. .U
The Beginoing of Tnstruction. In the . first lesson, the teacher told
“storina about the groups of poeople using liné dravings (e.g. Tigure 2) as  the
: E . G
cvisual alds.- After telling storices about fjpd-gathering among" the Dicguena, .
the Shoshoni aud the Tewn, the teacher asked the children to look at all three
i . . S . ). , o
plectures and ta find tys that were the same and one that was different. The.
.. . (l . ‘ -

teache? focusad the discussion, on, the tws ways of'gpqﬁing food: . hunting and’

- gathering  in two of the pictures in contrast to the farming done by the Tewa. .
.. ” ' . . ‘

Each g@0up'o£ people and each lexical term was presented  in the same way.

.

Tollowing the leighteeﬁ ' narratives, pictures and discussions, the teacher

filled in the answers on 6he review pocket chart (Figure 3).: Tﬁgn_ the chil-

dren took the first test (Figure 4). ) -
. ° N ! “ 7 M
‘ ' Ly . S -
. The average number of correct answers for the children identifdied as low

achievegs’was:higher than for the high group. Furthermore, no chi1d,in the low™

group scored lower than the highest scoring'child'in the high grodpg, We ihqd“'.

e ’

.

achleved a crossover effect. - L .

‘

. . N - .(I
However, an examinatiqu‘ of the £est :papers revealed ‘an interesting
. . Y
LY .

difference * between the groups that was not represénted.iQ the quantity of - .

correct answers. The incorrect answers -are the key. High group. children

w
3

answered incorrectly ‘but their answers were in the correct

*

.

category. IE the

Y . -t r - . -
correct answer was “tribe, théire wroig answars were 'state" or "band." .In.
.

4

startling conérasﬁ, the . 1ow group children showed no constraints frow the

category on their incorreét answers. TIf the correct answer was "tribe" their
poOry on ir inc . ) : i

wrong answers were drawa from tlie whule.pool -- they might answver '"trade" .or
g _ nig E

*

"moveable small" or -"farming" or "permanent large". . .

]
,
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Figure 2. Two line drawings used in the Native Americans cycle.

o
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Figure 3. Pocket chart used in the Native Amwericans cycle.
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The Mid-point of Instruction. We continued with the amit. In smaller

groups, the children met with their teachera, reviewed the unit chart and

undertook a diversity of activities. There were role play situations with lit-
: 3

le<,figures that exposed the crucial features\of social organization and gave

more substance to the category as well as to the differences between . bands,

tribes and states. There was a problem solving situation where the children

were given a tool used for obtaining or preparing food and the food item

" involved. They engaged in lively discussions and exhibitions of how hunters -

and gatherers obtained and prepared their food.  The food—getting category

also 1involved a lesson that tied in the childn§:js experiences-vith gardening
and climates with the farming done by the Natchez .and the Tewa. Another

role-play situation was undertaken to enrich the children’s notion,of.trade to-
. . , * - * - .' .

include‘money -- tokens of non-intrimsic value. The * home ' category and the
variables included in it were investigated by groups of children without a

teacher present as they worked on booklets that included drawings and stories.
. ) .

to complete., . S ‘ _ . ‘

BN ‘ ‘ TN

The End of Instruction. A final large group lesson brought all of the

categories: and variables back together again as the children were involved in
a discussion of how their lives were similar to and different from ‘the lives
o

of the Native American grouPs that they had been studying. Throughout this-

'10ng series of lessons the children,had taken tests that were in the ‘same for—,

mat, .the sort of test that produced the "crossover after’ the first 1esson.
. i) \

After the final large»group lesson, the children in the .lowi;achieving group
- . - : - . R { . . . .

. R < S
turned in test papers that'made it clear that they performed less well than

the children in the high,achieving group. However, even for the children who

- appeared to be "acting up" and not "taking the test seriously”, an analysis of
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the wrong answers no longer differen:iated between the low and high achievers.

All of the children were treating the categories like categories: If the

answer was .supposed to be "tribe", the wrong answers were either "band" or

‘Mstate".

,Interpret{_g This 'Agtitude X Instruction' Interaction. There are three

ways to look at the differences in the way children changed bebyeen the first

and the last tast scores:

L ) < ’ a

1) The unit was successful. All of the cﬁildfen got

// more answers .correct after the full unit than they

did after the first leééqn alone.

) N .‘\ . *
This analysis would draw onlylﬁp the difference in ,
S ' . f’,;' L o
~ . :

~ the total number of correct answers. ' )
P , . SN
2) The unit was only partially bufcessfui because the
. : . Co *

-

v - high achievers "got more" out of the instruction
than -the low achievers did. Altﬁough.the high group -

children didn’t "get as much" out of the,finsp”iéssqn
” ; ‘ -; ' » B o o
as the low group.-children, they "got more" by the.
end of the full wit. . | .
‘ o ! \

- N

¢

This analysis would‘draw on a‘"changg"_scére based

,
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on the number of correct answers.
3) The unit was onlyapartly sdccessful_becauee the.

low achievers were '"doing two things'at-once" in

.

the course of the unit. They yere'learning the
ot

s correct associations just as the high group children
were. They were nlsoilearning a different way'to--'

organize the domaim. . ° - 0
| Lo
. .. This annlysia draws on the literature on mental

representation and on.the contrasting pattern&bg

./} ‘ R
N ) X . } R ¥/ . .
of wrong answers. " _ . o v

We think that all of the above accounts canrbe considered true.' OQur initial
\
job ' was to develop an explanation for the second sort of atatement " How 1is it

Ry

that high achievers "get more" out of an. instructional unit than low achievera

EN

do, that is, how do the rich get richer? Part of the answer-is related'to the

third sort cf an analysis: The'lower group childrqn start cut doing a ‘dif-'

ferent task, they learn to do-the same task the h igh children are doing, and,

. at the same time, learn the gpecific content in the task. In ‘the unofficial
task, Jthe extra one, the low group children achieved at -a IOOZ level . In the'i

| <)fficial task, the specific c0ntent they weren t quite 80 good certainly not

Y

as good as the high group children.
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The unofficial extra task brings up a contrast that is a mainstay in the

'psychological literature. Studies of memory and 1exical organization have

A canonized a distinction among the ways that a set of items can be represented
in the mind. 'On the one hand elements can be related in a story fashion,

with the items developing a cohesive theme. When a domain is represented in-'

. .
-3 N9

this vay, the terms that are used to describe it are: functional, or thematic,
or relationalﬂ For example, "Dieguenos hunted rabbits and gathered .acorns.
Aztecs farmed with irrigation canals, " would be an expression of a
funttional=relational-thematic representation of a subset of the eycle‘domainz

ADieguenos 4+ hunt and gather; Aztecs + ‘farm. On the other hand, elements can
o o . . L V"'." C
be related in a chart-like fashion, with " the items expressing hyper-. and -

-

hypo-nymic relations. * When a domain 1s represented this way, the terms that
are used to describe'it are: taxonomic, or categorica . Fbr example, Figure 3
"~ and Figure '4 above ~would bottj be expressions of a taxonomic-categorical'

representation of the cyc1e domain Often, in the literature, it appears that

children and people .from non-Western societies represent dOmains in"a

'functional-relati0nal-thematic way. and older people and those from Western

technological societies represent domains in a categorical-taxonom way (Cole

o

‘ and Scribner, 1973). However, a variety of recent studies suggest that some-
thing other than a "developmental" interpretation should be put Q\\such find-

ings. The materials used, the contént domains studied, the elicitation frame

the experimenter chooses -- all appear to effectvthe conclusions one would
. . » s . - X... . ‘ . .
draw about whether a group of subjects uses one type of representation or the

.other.‘ In fact, the safest conclusion is probably that dlmost any subject
could rely on either form of mental representation (LCHC, 19823 1983)-

)
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As we examine the differences in the wrong answvers that the children pro:
vided on the tests, we see the relevance of these distinctions between“concept
types. First, consider the first test' The high group children answered with
'vrong answers from the right category Hhile the low‘group children S8 wrong
answers ‘had no such categorical interpretation- This suggests that‘ the, high
group  children. uere relying on the same categorical-taxonomic representatiOn
of the domain that we used for the visual aid.charts and tests. We can ihake
no such statement about the lbw_group children: It 4is not'clear ubat represen-
tation controlled theilr answers. It is clear that our categories'did not cdn—a
trol them. ’Since, the first lesson relied on narratives and.pictures, it is
not implausible'to say that thematic-functional—relational representations -

accounted' for their correct answers; , but there is no certain lesson to be

learned from their incorrect answers.

Next consider the comparison og\fhe performance of the low group children
on the first and .last test: Their wrong answers were just like the.high
group's.on the last test; the wrong answers'were*from“theg‘cOrrect category;
the children had‘changed over the course af the unit. The children developed
& categorical-taxonomic representation of the ddmain 'that' constrained’,their
‘answer choice, and it was like the one that we'presentéd.' At the minimum we

have evidence that the low group children undertook ‘two tasks: ‘learning:- the

N . B -

content of the domain and learning.our representation ofwit. Perhaps, too, the
children changed from a functional—relational representation to a- taxonomic-
categorical one. One conclusion to- draw from this’ sort)of analysis is thati
"the low group children did a really excellent job because they did two pieces_
of intellectual work while the high group children’only -did one., On the other”
Khand, the low group children ‘did end" up performing less well on the test'

g

. -1.32"
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indicating that they 'didn’t know as much about Native Americans as the high

~group children. It seems insufficient to leave the matter by stating a

r

defense about the great work the lover group children did.

. . ¢
“ \ - L,

“ Classroom Discourse Support for Taxonomic Representations. - Recent work

on the structure of the talk exchanges 1essons can contribute to an expla-.

"nation of how'the language used in classrodms gives more nssistance to’;_

-~

Jearners with taxonomic representations than to those with functional-
relational representations. 0ne study (Griffin and Humphrey, 1978) provides a
detailed .. description of the treatment of children’s answers in lessons. Their a

work accounts for the interactional _Tecotds of lessons in a variety of class-
'room contexts (their owm corpus from a- highly successful private school,’
Mehan 8 (1979) corpus from an inner—city school, Sinclair and Coulthard’s

) . . -

(1975) corpus from a British school).

e TS

In lessons; much of the: talk occurs in groups of three utterances: .
- N . .4. » - . J ’

v

! I
" 1) Teacher initiates a topic in an incomplete

,saj, often bj‘usidg a qu;stion word that
o - J : = N

leaves out a part of the substance of the

1, . .

statement._
’ '2) A child or séveral children prOpose a completion : ,

X . - z A ’ -
' - 2 - .

- of the topic, an answer.

b : w !

.

. 3) Teacher disposes of the'child proposal, validating:

~ o ‘ . T -
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its functional completion of the.topic or

invalidatiné it.'"

Often, the three part aeduence ia called an~"Initiation, Responae, Evaiuation"
sequence or a "Question. Answer, Feedback" seuuence. Griffin and Humphrey
focused on the Teacher a EValuation (or Feedback) turn in .a different/ way,
showing the role that the turn had in cgfstructing the content domain t at the
1esson addressed. Rather than seeing it.primarily as an -evaluation Jof the

Child speaker, they: demonstrate that the third part of the/éequence acts as a;

gatekeeper for the content of the lesson. Unless a teacher goes into ‘a 1ec-

»

[

- 4
ture format this. gatekeeping turn is abOut the only thing that a te cher can;

"use to make sure’ that the prOper information is .available’ for 1earning and
that improper content is removed. In essence, the three_parts caﬂ{he seen as

One_assertion that is collaboratively constructed by the teacher and the

child. Griffin' and Humphrey found clear patterns amidst the°varying expres-

. sions of the third, gatekeeping, turn. As eXpected, a major 1ine Can be drawn'

between the group of ways that "correct" answer are treated and the group of

<

ways -that "incorrect answers" are treated. That is, the variants in the third

P - '

turn can be c1ear1y identified in terms of polarity: Each variant occurs only
as Q positive ‘'or only as a negative. .

of interest here are the ways that wrong answers are treated. In partic-

t
-

ular, suppose ‘the. sequence is as follows'

' Teacher: Bow did the Dieguenos"get:their'foodgﬂ
3 :‘r. - : . . b‘ ' T ‘ 7 v

n
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Child: They farmed. . $\\\
Teacher: 727771217 ' ' S

The child’s answer is wrong. Because this is an educational conVersétibﬁ;.

somehow the discourse has to remove the wrong answer and ggt_thg right answer

into the lesson. - Thgre i3 an owerwhelming preference,for a child speakéf“ to

'Supplf the riéht answer; that is, seldom does the fol;owing occur as ‘a third

A 4

" part: o

\ . . -
A

- \
\ .

. : . . , . 1
Teacher: No. They hunted and gathered.

Instead, qpé of the following techniques is used:

g )
N .

1) Third turn occurs overtly. Then the teacher asks thg .

£3
S o 3
‘question again, usually addressing another child.
i , e "
.a) Simple negative (e.g. "Not quite-.")
- . ._- . .

. . - = q . - >
s . i > '

b) Implicated ﬂegati#e (e.g. . '"That was.a very good try.")

2)Jigird éurnfié’covertly accOm?lisped-E? a sequeﬁ?efof;: )
’ gcfs_ﬁﬁa? tﬁé teacherainiﬁiﬁtes:. | o "' : f% T
a&ffés#Jthe sagéjégild the same,questibp. e
hl.',’(e:g. "Tﬁefniggeﬁnds got tﬁfir food By ;:;..;f.."s_. o

Q “'a ih1‘ ot lg_ ”'*:‘j- ‘:;;ff u‘l;3;;;
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b) Ask another child the same question..
(e.g. "Renee, how did they get their foéd?")

¢) Initiate a side sequeqce'tght will return a

to the same question.

o -

(e.g. "What are the:&ther ways to get food that we

, r' have been thinking about?"

. (Child: Hunt and gather and uh...)

"Righf, tra&ing with money and hunting

and gathé:ing._Now they,&idﬁét havé_mouey

S _ .
and did they stay.in one place so they
. . //,-, :

could farm the land?""- | ' s : » 32
. e : wmm:m,mwmwwaMML)

- . "So, if they couldn’t trade and they couidn't

farT,>how did the Diegquo get their €09d7£ -
or.

S "DO'YOU‘rgmeﬁbef the ;icture oé_thé wbﬁeﬁ"

E 'E;: ‘ f_ ::' ma#ing those'begutifullbdsketg?ﬁ:.:w' g !' : w‘;%:;

.

(Child:-Yeah.y

L
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"And do you remember those nets the Dieguenos
had, too?"
5 . M '“‘ 'r%
(Child: Yeah, for catching rabbits.)
."Yeah, - they hunted rabbits. How did the -

. Diegueno get their food?"

- ’

T d). Ask,aaQuestion whose answer implies that the

previous. dnswer could not'be correct.

- e
. v

(e.g. "Did they get their“acorns by farming?"

In effect, these proceduf;;b“erasef the incorrect answer and provide a‘ place
. . . : A
for the correct answer to go. Classroom lessons are quite nicely designed:

Teachers present information content in lessons, Teachers of: young ,children
- ,
seldom deliver lectures -to them- The three part units allJL the teacher and

the . children to collaborate in constructing the informagionédontent' Part of
k-

the construction team, the children, are in the lesson ﬁresu#ably because they

~don”t know the information that they are collaborating to construct, 80 they

“J\‘M')

“make mistakes' The three part unit has a built—' air procedure in the'

N

/ . .
" teacher’s last turn so that incorrect information ca replaced with the

right answers.

! A _
o,

Education i8 not merely constructing lessons; it is allo children master-‘.

. 7 '
ing content. One is not subordinated to the other. Withi
5 : '/,‘ .
Native American:Indian cycle, the changea that:a child wil
a
/

the lessons in'our

come up with the

Q j_‘ o // 'f137 S

A
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corrég:, answer after a wrong answer has been offered are related -to the kind

of domain representation the child is ubrking Hith. In the case of the chilQAQ

dren from the high achievenent group who shared our taxonamical—categorical

representation of the domain, any treatment of the wrong answer ("farming")_

left them with a 50-50 chance of being right with their next proposal. There

were only three alternatives in the category, and their responses " were con-'

’strained by the category. In contrast, the children who are not working with

a taxonomic representation, get help to constrain their next proposal from

[

only one of the six ways used to treat an'incorrectmanswen. If *he teacher

. - . : 3
uses either of the kinds of overt negative gatekeeping, children like_thoab'in

’

our low group have 9 possible answers left to choose among. The chance-of

being correct on a next proposal to replace the wrong_answerzare quite slig.

.If the teacher uses anything but the side—sequence'treatmentVof a wrong'h

? o6

answer, the discourse gives children working'with é categorical representation

I - o~

an advantage over the children working with some other representation gf'the

domain. The side sequence treatment does not reverse the’ situation, but it

can _even things wup. It provides the opportunity for the teacher to prdvide

more constraints on the answer choice than the domain representation does. As

>

-
the teacher ' inserts 4 few more three part units and builds'a 1itt1e extra

information with ‘the child 4t may appear that the group is "off topic" . How-

. )

.

ever, when the sequence ends back where it started, the extra talk can be seen .

as adding more constraints to the answer choice of -the initial question. Con-j

-~

sidering a child 8 next prOposed answer for. the original question, the chances'

N .
1

for it being a correct ‘answer are 1ncreased., (In the examples above, in Zt,
L

the firat example appears to rely on the categorical representation, and th°

-gecond on some more,narrative representation.), o ~ J . , -

l . . .
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T ) The box score is surprisingly lopZided. If the name of the game is having -
the classroom discourse support the student then the bigh achievers who- start_b
out with a taxonomy win, with 6 supporting discouree moves, as compared to the
low achievers who only score. with 1 discourse move. The vay that these small °
structures of discourse.;elate to the larger gtructure of the domain mirrors.
the c0ntent achievement discrepancy in our data. One answer to hov the rich
get richer in classrooms appears to be that the discourse of lessons gives
them.-ektra support. In order to work effectively in the classroom onnthis

sort of a domain, it makes ‘sense for the low achieving children to switch to a

taxonomic-categorical organizational structure by the end of the wnit.

Academic Content Support for Taxonomic Representations A set of questions

-

are raised by the prereding observed preference of clasaroom discourse for °

taxonomical representations of a domain° If the. information content of a unit

of 1lessons 1is represented with a functional—relational organizational struc-
ture, would our low achieving chi1dren who appeared to start out with such an
organizational structure maintain their advantage’ throughout the whole unit?

‘ And, would the high achieving childrez demonstrate the ability to switch the

T

organizational structures that constrained\ their answers? And, would the
language used''in’the classroom, show a marked preference for the side sequence

‘treatment of wrong answers as the' technique that supports a non-taxonomic

_ .
representation? T Co .

[y
We attempted to find a t0pic for a cycle ‘that wbuld provide us with the

-

_appropriate test case. we vanted to design a cycle where a taxonomic represen-

tation,might be devised but where it would be clearly inferior— to -a

'\\/

functional- relatiOnal organization of the domain that the unit teaching’ would_

Yy

/

‘y‘. \:;n ;‘. '-13") B | —
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aupport. Whichevet topic've investigated, it turned out wvrong. Menu. plan-
ning, for 1instance, tagned into the categorieS'known as the seven basic foodr
.4groups.' Kinship systems in;anthropnlogy may have fit the biil,, but cnnldn't
' be rationalized as edncationally relevant in-the'claBQfoqm for .the children.

. . e

S o
! Lo

As the search continues it becomes very cleat that‘thejtdnics in ednca-'
tion are more suited to taxnnomic repfeeentation. The t0pics, the discourse:
structure and our high achieving children a11 favor that- mode of organization.“
Whi} we could not find- the test: case to answer our questions we found.
instead the same difficulty that the low achieQing children found in our cycle

~0of lessons: what our society considersﬂabpropriate for education does not’

favor a functional-relational organization of domains’.

In this work we found a way in which psthologicai&lcategofies, ianguage"'
use structures and educational achievement discrepancies could be related. We
have not arri;ed at a clear answer about how this integration can be 'naed to
ameliorate the situation. On the basis of our cross-cultural ﬁork and histnr-z
ical assessments of literacy and itsx;orld impaot we can relate the events in
this. small unit in this one classroom to a more general issue' the taxonomic

mode is central to the technolégies upon_which the'modern'wbrld prides itself

(Goody, 1977).
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- ‘ o - . = CEAPTER‘& :

* LEARNING 'AND ASSESSMENT | e

One of the tasks of 8 teacher 18" to assess .the pupils progress 8o she'
)

can gear instruction to, th/ir level of masteryw This assessment often takes ,‘,f%f

e

place during the course of~interactive teaching CShavelson & Stern, 1981)

For example, through the usa of a stimulated rec%ll interview procedure,,:
A : :

L3 ; .

McNair (1978-1979) Bh°Y§ﬂ that the largeat number of the decision points in a -

“teacher’s interactive- teaching are motivated by concerns ahout whether'the-
T i W ‘ :

~

pupils arevlearning'the lesgon material. But as Wallen (n.d;) shows in his
survey of elementary levzs\\ethods texts, methods for interactive assessment
‘are seldom treated explicitly in teachet training. Instead they are.generally
left to practical experience and . apprenticeship.” This paper suggests one:
source of information about’ chiidren 8 learning which i&lsystematically avail- -

\ able to teachers in interaction with children. Thnpug

the analysis of a. set Lo
! 3 o

-

of fourth grade science lessons, we illustrate a model of assessment and dig-

cuss the limitations on its-effectiveness. ' ' : : : B
Y. —Ni : . . . . : ! ""

lated from interactions with others. But in classro activities, interac- ;-::“
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0us problems -for this model (Neuman, Griffin & COIe, in preaa). hThe

¥

the teaching proceas and the pupil'a competence at the cOmpletion of the pro-

‘cess. ‘It has not typically looked for ways to assess the pupil’s progrcss

during the course of the teaching;process.

. What is needed in order to observe and study the in

assessment? The first requirqnént is an- analysis of the task as 'the teacher

- understands it on line.’ Here we. need to treat the teacher as an informant 8o

'that, ‘for example, ve do not attempt to measure changes in behavior that ‘are.

‘,
too- subtle to. be noticeable while_teaching.
| & |

The second requirement is that we consider in whét ways children change

while interacting with the teacher. Here is where we must formulate a model

of assessment that does not make the usual assumptions of psychological and

educational research. i ' . e

»In the- usual model of assessment, children 8. competence is measured by
: A

'their/individual performance on a criterial task. Change over time'isbseen as

an increase in the performance measure. For our purpose, a useful ‘alternative

“is provided by Vygotsky (1478).. Vygotsky’s theory contains an important idea

[

which can be summarized as follows. In sharp contrast to this standard view,

Vygotsky has given us a way' of.understanding.childrenﬁs competence'as an

2

*things while obtaining ‘support from others that they could not do if left

« ’

situ process of

_proceaa/product model of educational reaearch explicitly diatinguishea between '

B

.a.

-'expression of how they interact with others. Children‘are able to do many :

entirely on their own. "As. the child learns, he is able to do more and more of .-

the - task on his own. "One way to tell how "competent" a child is, if we take.

- °

-
- .

" this view of learning, is to gauge how much help the child needs in order 1to o
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complete'the task. Instead of just giving ‘children the task and measuring how-
well they do or how badly they fail, we can give children t;e task- and then'
observe how much and what kind of help they need in order to complete the taskn
successfully. This nodel of learning as the progressive internalization of
outside' help has  important i;\lications for testing (Brown & Ferrara, in |

:press). When applied to testinéfpthe idea is often called “dynamic _assess- .
- ment" (Feuerstein, 1979). We believe that - this process of progressivelv
\Mremoving support iq al'so an important method by which teachers - assess their

students’ progress while they are teaching a 1esson.

«

. S Analzsis:_g‘g'Fourth-crade Lesson

We can illustrate the strengths and weaknessea of this in situ process of'

(
assessment with an analysis of a set of ‘lessons we videotaped during a.
S

~research project concerned with the assessment of cognition An nonlaboratory

settings (Newman, Griffin & Cole, in press' Griffin, Cole & Newman, 1982).( - ) ‘

Since our model of this process focuses on decrements in the amount  of
‘help needed over a set of trials on the same task we needed to look at lessons ,,J. .
‘that contained a recurrent task. This is the kind of - lesson to which our
.model would apply. If a decrement were clear, then we could point to the kind
":of evidence a teacher has available for assessing children. 1f there were no

decrement. in amount of help then further analyses and revision'of the model

would be indicated.

We found a set of . such lessons among the data we collected in a fourth- -
grade classroom in ca suburban area near San Diego. ‘The set of lessons wvere

part of a unit on household chemicals that we designed in collaboration withc )

)
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the classroom teacher and with the help of curriculum,materials developed com—
mercially. On the third day of the umit the teacher taught a set of small
group lessons to each of the "Math groupa." We set our cameras up focuaed on

the kidney-shaped table as each group of four to six children, in turn, spent

”?

their 25 minute time slot in a lesson where, for the first time, they actually
got to mix chemicala. The lesson had three main phases. First,ehthe teacher
discussed' the classification of- chenicals and thejuse of indicators to ‘iden=- '
tify‘them. They were told how iodine turns starch purple and how rgd cabbage

solution changes -to different colors vhen mixed with an acid or a base.

Second, the teacher divided the group into pairs and distributed two chemicals
and the two indicators to each-pair. Each pair of children was_told to mig |
each bf their chemicalsﬁwé¢h each of.their‘ indicators -and record “the foug;
‘reactions ‘on a‘worksheet; In the final phase of the. lesson, the teacher dis-

cussed the results with the children, and reviewed what could be said ~about

ieach chemical on the basis.of the results.

The phase we will be concerned with primarily is the phase in which the

children ‘actually set about mixing chemicals andirecording the results. “Ih,
this phase\she told pairs of children to work .together but each 3individual

. \ ‘ ‘ : L =
was, in effect, given responsibility for only one chemical. So all that any -

one child had to do was mix her chemical with eachﬁofvthe two  indicators and

[P

record the results of each mixture.




.
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Changes in Amount of Help

If children need less help to get a- problem done the second time. they do
it, then we and the teacher may certainly feel that they have learned- some-
thing./ We coded the lessons with respect to whether or - mot the children
received help from the teacher at various points in the mixing and recording
part of the lesson. We started our coding after the teacher 8 initial-
instructions c;]ust as she distributed the chemicals. At"the.most macro’ level
we were concerned with differences between the first and second task, that is,
between the child’s mixing his chemical with the first indicator (and then
recording the results) .and bis mixing the chemical with the second indicator_bi'
(and recording). _Within: the first and aecond task we coded the Mix and Recordf'
phases separately. We expected that the kinds of problems encountered with
respect to choosing the two chemicals and mixing them in the test tube would

.be quite different from the problems encountered in recording the chemicalsd

and results on the,worksheet. v

~

" We also wanted to code.t usefulness or importance of the he1p because -
i was intuitively clear that .some of the help the teacher gave was somehow
mt:§ significant than other help. This proved very,%difficult and we -  were
‘unable to attain reliability on our initial attempts. The utility of help is,
of course, an interaction between ‘what the teacher says and what -the - child
already knows. For example, explicit detailed instructions constitute a high
level utility only for a child who doés not know what to do. We return to’;
this issue later because it is central to the interactive model of assessment.;

Our, first partially successful solution to the "utility" problem keyed .off aj'

distinction the.teacher, herself, made when_ye interviewed her about,the'help I
. s ° : 7 S . e o "'fhf




Final Report . o ~ NIE-G-78-0159
~ : ' - BTt

she was giving. She distinguished between "low level" and "high level" help
by which she was referring to whether she told them aimply that they should do
the phase or whether she;explained how actually to do it. We 1labelled these

two aspects of each phase "Sten" and "Execute." A4s it turns out, the patterns

of results are quite different for these 'two aspects of the problenm. 'i N . ‘

For each'child'there were eight points to be coded.as_to vhether or not I’f
the teacher provided help. The authors assessed the reliability of this cod-
i\g procedure by coding one of the lessons independently- They agreed on 91X

of.the cases. .

Figure S'shows the.results‘for each of‘the'eight coding'points. For the
moment , consider the_whole bars ignoring the fact thatithere'areigrey areas on
each barf;%%he patterns for Mixing,and Recording are quite different. . For
Mixing there is a-decrease in the amount of help from the first to»the second
combination. This difference occurs only with resnect to the Execute aspect.
~This decrease in help for the execution of ﬁixing is found separately_in each
of the 5 small groups and is'significantvat the p<,65_1eve1'when tested by the
MhNenar test for the significance-of’changes. The‘children continued to get”.

the same iov level of help throughout the lesson on the“étep aspect. ’ ,k
: _ Looe N _ _ .

The results for the Recording phase of the tasks are fquite different.

Here there is no difference between the first and second combination with :

respect to either aspéct.r The teacher help stays at a telatively constant
- high level throughout the lesson. The results suggest that the children were
learning something about how to do the’ mixing over the course of ‘the lesson. Aﬁﬁj/ﬂ
but that they did not iearn.anything about hov_to record'theAchemical combina- o :: L;i

tions. But another interpretation {8 just as plausible. It could be that the"_j';J if

/
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Figure 5. Relative frequency. of teacher help for each of eight coding -
points. '"Grey areas" of each bar indicate help that could not be !determined
. by.the coder to be ne€eded. . o - SRR I |}
' ‘ . ) * . * . : ) V .' ) . \i s
, . / - \
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children did not learn anything at all. It could bs they already knew what to

do bu the teacher vent ahead and told them what to do at first anyWay.
" , ' & ' , o

//H the Help Heededz

o

»

Thia gets back to the interactive nature of the help. Once. we coded
‘whether or not the teacher gave help (and what phase and aspect it was given
.in) we returned to considering whether or not the children needed the help the
.teacher gave. Wesapplied three coding categoriea to.each of the eight coding-

r'poipta.ﬁ Reliability of the authors independent coding "was 87%. The

categories -were:

’

v, 1) Needed h lp. Ve had no trouble identifying many caseg of the first

7eategory where_ children\E needed help. Children often asked for help in. a

question directed to the teacher or they sat doing nothing until the teacher

told them what to do. "/,»~“”

2);Did:not/heed help. We also identified many cases where the children .

' did “.ot need help to complete the procedure successfully and in fact, got no

help. There were, hoWever, a few’ cases where children got hélp but clearly"

d1d not need it, e.g., they were alreﬁhy doing the step when ‘the teacher told

‘them ‘to do it. o e

-

3) Cannot tell whether help was needed or not.: The third coding category

" .
¢ ~

" was more. problematic but -turns out to point to an important difficulty with

aasessing children’s abilities within supported interaction. There were a

-

large .number , of cases where we could not tell whether or not the children

~needed the he1p they were given. These were nbt cases of inadequate data col-

lection; the.teacherschild interactions were'recorded clearly enough.; Rather
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they were cases where the'teacher gave help before it was clearly needed. For
example, many of these cases were ones fn vhich the children, asked the teacher
about'how to describe the cdlor of the resulting reaction. The teacher would

answer that queation and immediately go on to tell them to write it down. As
_/

. - NIE-G=78-0159
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researchers, we do not know if the children would have recorded the reaction

.
‘. . . v :

on their own if they had not been given help., .

- -7 . -~

The grey areas in each of the bars in Figure 5 indicate’ those cases for
which we could not teII‘if the help was needed. This'Figure makes it clear
. : : ’ : -

that thé interventions directed toward the problem of mixing the chemicals

o
@

were relatively mbre responsive to the children’s problems or.questions than

I

- the interventions around recording.’ A closer look at the Mixing data indi--

cates that, excluding the grey areas, we have the same pattern of results as

we found when those areas were included. That is, the Step aspect shows no
- R T -
change’ but there‘is a decrement in the help with the second combinations for
the Execution aspect.. ' S 4 D
: . ' e . ; . -
» . 5

’ Looking pow at the Recording data we find quite a different pattern ~when

we exc1ude the grey - “areas. Here a far greatet proportion of the teacher 8.

interventions did not "follow a chi1d's question or problem. While the Step:

[

aspect stays the same from the first to the second combination, the Execute

aspect shows a. decrease in the amount of help that we can be'sure was. needed.

.

‘That is, we do find a decrease 4n the difficulties and- questions the/shildren

had. The teacher, however, continued to give a high level of help.'mm

ek
LN
,C:;
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Teaching and Assessment

E 7’ R
From our point of viev as researchers, the teacher seemed to be obscuring

our view of the children’s competence.— The decrease 1in requests\for help sug-
gests that the childten were learning somethingvabout what they were supposed
to write on theirﬁworksheets. 'Bnt other interpretations are:aiso piansible.w
For. example, the teacher may have belieVedZthat the children did not knqy how
to Execute recording so began giving help a little sooner the second time in
order to nead off the difficulty. The ;oint is that because the teacher gave

help before it was c1ear1y needed we can not be sure whether or not the chil-

-dren needed the help.

The teacher also coded some of the lessons and discussed with us her per-
ceptions -of her interventions. These interviews provided us with geveral

plausible explanations for the differences in the patterns of teacher help for

-

Mixing and Recording. First, she points out that she actually provided

specific instructions about mixing in the first phase of the 1esson but gave

far less explanation about using the record sheet. Thus the greater level of

-

¥

_help for recording may be partially a result of attempting to provide ‘mini~

lessons on recording during the "hands on'" phase. Second, the teacher had to
make extra effort in the second phase‘of the lesson to assure the records vere

kept. If the children did not know what to do next as far as mixing is con-

‘cerned, they would be stuck and would stop or ask a question. But, 1t . would

be very easy for a child to mix a chemical and.indicator, examine the result, -

' replace the test tube in the rack, and. then go on to the next combination

-

without recording the resuits. This would be.an_easy mistake for the children

- to make because the purpose of the record could be fodnd only "in the third
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phase of the lesson ip which the liicﬁemical'combiqations were to be discussed

v

" and which only the telpcber kmew about. Finally, she noted that many of the

interventions that e, had coded as category 3 (cannot tell) were cases in

vhich ahe'consinered ergself to be just reinforcing the actions she’ presumed
the chili would probably carry out anyway. But she kneﬁ_tuat subsequent les~
sons in the umit would make uae_of very similar reco;d keeping skills and she
:Ganted to uae whatever opportnnities she had to(reinforce the recordfkeeping

- e

habit. ) . .

—~

The teacher 8 comments point to an important way in which teaching - and
assessment can be in conflict. Giving too muc¢h help.is usually not a critical
problem for teaching. If the children,get heip with a problem when they do
not need it, the worst that can happen is that they willnggcome a little bored
and perhapslwant to get onto something new or into something inappropriatel A
teacher can fafford_'to err in the direction of giving too much help, but the
consequences£may be far ‘more disturbing if too little help is given. The
teacher’s assessment of the-children'?-progresswin~being able to solve a'prob-
lem requires withdrawing suppprt to the edge of hthe children’s abilities.
This ‘kind of brinksmanship requires that the teacher be theré‘to quickly pick

\

the children ‘up when they do slip over the vedge of their competence.

These observations.make it clear that, for the teacher, assessment per ge

must often- take second place to other demands.' The teacher must often
interact with the children in ways that make assessment impOBS\hle., In this
case, for example, as researchers attempting to assess the children, we could

not tell which childrén used record keeping from the start or picked it up

quickly, and which children were glow to pick up record keeping. As Brown and

i

)
wn
(3]
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Perarra (in press) illustrate in a laboratory setting, a one-to-one tutorial

s b

.does make dynamic assessment feasible and produces results interestingly at

ce with standard techniques. The results of the current study indicate,
howevér, that dynamic assessmentimay not provide a~viab1e'a1ternativé to the

-product paradigm in classroom hased research;;:

We assume that assessment is a continuous process in the course of 1es§on '

interactions. It may not be as precise as is possible in a one—to—one situa-

tion, but it is certainly a necessary part of effective teaching. We have
suggested that a model for the kind of assessment that is pbssible in the‘
-course of lessons can be based on the gradual reduction in the amount of sup-

port' the teacher needs to giVe as shezgoes through a sequence of problems.

The basic idea is to make use of the supportive —aocial interactions which‘

characterize teaching situations rather than trying to eliminate thogse sup-

ports as in standard testing procedures. For this kind of assessment to hap;

pen the activity does not have to stop for the child to be tested; the assess-

ment goes on as an integral part of the teaching process Itself.  But since

.

the process is embedded in the ongoing lesson activity it is}ver& susceptible

to variations in the teacher’s priorities and te limitatioms in the resources

°

the teacher‘has available.
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CHAPTER 5:
B IT’S IMPORTANT DATA!:
: . . 7
MAKING THE DEMANDS OF A COGNITIVE EXPERIMENT

. MEET THE -EDUCATIONAL IMPERATIVES OF THE CLASSROOM.

-~

., Marilyn G. ‘Quinsaat

'Oceanside Unified School District

- As a relative newcomer to research on children, I have'noticed_arttendfin“

BN

the titling of research p#pers. Authors have found a creative outlet in using
cute_phrases from childfén who are their subjects to exemplify the intent nof

the paper. I have chosen a cut phrase, but this time thg saying is from the

‘a

LI

classroom researchers "But it’s important,dgta.r This paper is ‘intended as a
. reflection on the difficulties encountered, and how consequent deci

8 wereﬁ‘/‘

made, while I was the teacher in a classroom where psychological research was
being done.” ‘It is also intended as a comment on the difficulties'éncquntered

by the practitioner among researchers.

The research described in this paper took place in my 3rd/4th grade

-~

classroom. The three~year projecté{twe.years in the classrodém have been cdm—‘(f

2

pleted, one year of analysis remains), sought to study the cognitive _ demands

~

"children .are faced “with when learning to deal with the "same task" in dif-

ferent classrbom situations. Videotaped data were designed to trace specifié- Qi
’ } B : n ' : .

i
3

.

» &y
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cognitfv! tasks throngh-different’settings:_ large—group lessons, small group-
lessons, one-to-one tutorials, children-only school interactions, and after-
school- clubs. A set of Iessons incorporating all of the settings within a -
_curriculum-cognitive taak unit was called a "cycle."‘ A more complete descrip—
tion of the project from the researchers point of view is available in §rif—

fin, Ccle and ﬁewman.(in”press). 4 _ : © B

It was extremely important that the teacher work clesely with the project
help with the planning of cycle lessons, documentation of decisions which

might  affect the kind of data collected, and analysis. In many re9pects _the,'

practitioner and observers had much of the same relationship as others who had‘
been involved in classroom research. (Florio & Walsh -1976' Mehan,' 1977).

Florio and Walsh labeled the teacher’ s role “Observant Participant," giving

the impression that researchers and practitionets collaborated in finding and

v ‘making obserVations about the clasgtoom. However while in previous classroom

work researchers were primarily observers, in -this project researchers set up

and participated in specific’ tasks;in order to systematically explore the ways
in which cognitive tasks are influenced by the . interactional and curricular.
variations necessary to,rud a.classroom.‘ Researchersvsought :E underatand the
context of cognitive tasks, and the teacher had a moré responsible role in the
project. The problem of coordinating the needs of cognitive reSearch with the

ongoing business of teaching_and.learning in the _classroom had to be con-

.

: _ i
fronted continually.
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Background‘

- . e

-
-~

At the beginning of the’ project, I had two years experience teaching in:

public schdols. Prior to that, I had been a Sociology major and had ggaduated -
>
from the same university and the same teacher-training program wtth which the'

. r
) ‘}/

zresearch vas associated. ‘Much of my upper-division Work emphé&izéd leafning
about current educational research, considering the teacher as . ethnographer,
and using video—tape equipment to study'classroom interactiona When_ Bud Mehan

contacted me about participating in this research I thought it might give me a ‘

-

chance to build on my undergraduate background, allow me ‘to get—a glimpse of

vhat graduate work would be like, and perhaps show me something aBout- ny .

teaching- But I considered self-imprqvement to be an indirect object of my

involvement in the project, since the project was not directed at changing ny

teaching _ ) n _
. L R ) . . K

It isfimpgrtant to note that I had some prior experience which put me at

an advantage over many teachers who might find themselves in such .a situation.

/'

I have been video-taped while teaching as an undergraduate. 1 .knew that

video-taping could be an extremely important and beneficial means of gathering
-~ -

data about téaching. Despite the fact'that I had this experience, I still
. . : . P ’

felt soﬁewhat uncomfortable about the prospect. At the outset, the research—_

- ers assured me that they were not interested in 'looking at my teaching as
data. The - students . were the "subjects"; aspects of "how they learned" were

, the data.
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I soon began to understand the design and interests of the project, andA;’"
realized that, although 1 was not prim;ry "gubject," my role as the teacher,
and the way I taught, Were extremely important. to the analysis. Although the
study was nof focused. on: teachers, knowledge about the teacher’s role in
.designins lessons, making decisions about what and 'how ’tashs should.'bef,'
learned and his/her _actual implementations of plans would be essential to
specifying what the 5ask was and how the childreﬁjperceived the ‘task. TheSe
.considerations were central to claims about social organization and cognition.
~ As the teacher, I clearly ‘had privileged sources of knowledge. As I_ came to'
understand my role ~in the project as a mediator between abstract research
plans and concrete classroom reality, Leeting the demands of both teaching and:

* the process of doing research became more: difficult.

B

Problems in Doing Classroom Research in General
v LY -

- o . R .,:‘.-\S
Before proceedinglto the specifics of our research' I want ‘to review
P. blems that may arise when teachers become involved in classroom research in
their own ;rooms. Although it is rarely addressed openly, the first hurdle to
doing classroom—based research is the difficulty in finding educators willing
to participate. In principle it should be expected that educators would bed
interested in keeping up with educational research because of its implications
on how teaching should go on in the classroom. However some teachers feel -
‘unwillingness to. cooperate in classroom research afraid of work disruption, o
and especially of accusations of failure to keep abreast of .new trends in
their field. Fear of such criticism is, in fact, central to the reluctance of,

teachers to participate in such work.

I3 . . v
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Many teachers‘I know assume:that educationhl researchers end up exposing
and criticizing the practitioner and/or the educational system. : It.isAeasy to ._‘
see how teachers might get this impression from lhe kind of research' that is
published about teachers and schools. Aside from curriculum research,%teach—

~.ers usually hear about work that shows how teachers are doing it all "wrong.

yggglion_,in the Classroom is a’ good example. It points out that a teacher

can make or ruin a student’s academic‘potential without even knowing how the

influence was accomplished.

Why, one might ask naively, should a competent .teacher worry? If every- T

v

thing was going alright there would be nothing to hide. This point of view
really is naive. I am willing to admit that things go' vrong in my classroom

more often than I would like, as would any honest professional. And 1if

>

video-tape equipment recorded what was going omn, it would be extremely easy to

[y

~find cases which could be embarrassing.

3

B ’

When observers are in the classroom, especially- obsérvers who are
presumed to be ‘experts on the teaching/learning process, teachers experience
an unpltasant role reversal. Under ordinary conditions, the classroom teacher a

is regarded as an agent of benefits for the children. S/he is responsible for ;

helping them acquire the academic skills necessary for success in their every-

l
¢

day liyes, a responsibility that extends beyond tentbooks to the social organ-5
ization. of the‘classroOm as well. Once an observer/researcher_'enters.'theu
' classroom, the teacher begins to feel his/her role’change. The researcher is
there to improve classfoom effectiveness.' The reseﬁrcher is ‘an aduocate for

‘the children, .even 1if ‘s/he does not know their names or their academic ‘his-

tories. The researcher s advocacy: may result in recommendations for_ changes.p‘

' )




!
. : | '
Final Report ' , ) * NIQXG-78-0159
A ’ ‘ 158
\'A - ) ) .’ . 1 ’

may ‘stem from an evaluation of the teacher, vieved as part of "the P oblem "

-

instead of as a beneficial agent.

Many educators‘I know are discouraged with their work,fand have good\ rea~

son to be. Complications with the demands of the puhlic bureaucratic orgrni—
zation, high student-teacher ratios, and other constraints all add to the
stress of the teaching profession.v Given the opportunity, they would 1like to
talk about the difficulties of teaching in addition to the difficulties that
face the children. Yet such conversations rarely happen as a part of the
tesearch process because to' enter such a conversation is to' undermine one's
own authority with little hope that the risk will pay off in terms of improved.:

\ -
classroom conditions.

' Cognitive Experiments in the Classroom.

These very generzl remarks about classroom research are intended ' as an

\

introduction to the special problems of the project that I engaged_in. I did

" not simply dgree to have someone observe in"my classroom over a two-year

f_period"bhile I went about my own businesa. Instead, I agreed to participate
in a Pproject that would, from time to time, involve me in the planning of les-

sons that were motivated by the researcher’s focus on specifying the way that.

-~

the children processed information at each step in the lesson. Based on my

o

past experience, I had ideas about.what kinds of lesson content and structure

———— e et

would work well with my room full of 4th graders. But my ideas didn’ t always

»

fit thegrequirements of the research.

-
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The project conducted in my classroom was focused on the ways " that the

social organization of a learning task influences how well children master the

material. Intuitively it seems that some children learn best vhen left with

2

paper-and-pencil work; others respond well when working vith a. small group of

-

~

teacher is working with them on a one-to-one basis. These intuitions are part'

of classroom folklore, but they are very difficult to pin down because 80 many

aspects of the lesson change from one kind of teacher-student interaction to

the next. Our research tried to find a way to evaluate Fuch.ideas.

\
!
LS

.
%

The basic idea was to present the kids with the -same - basic material in{

’ .

K

other children; still others can’t seem to understand the material unless the

lessons structured in very different ways. We had large-group lessons where I

\

presented material to the whole class at once. We had - some lesszns where a

e

small, group of children worked with the teacher, and other

3
1
1

ere the same
: \ S :
small group worked independently. Finally, we created ”tutorials,"'one-on-one
. Y '
reviews of a whole wunit,’ that wereusupposed to evaluate what the child had

o~

i
learned--while teaching:the child as much ‘as possible _by way - of a. lesson

A s . . .
wrap—up.\\ o v ’

~ a

. s " - ' . o ‘
This systematic variation in the way that lessons were organized was the

e

first source of problems for me. I like to organize my classroom 80 that I am

usually working with a small group, while other groups are working o their

own, rotating these groups -throughout the day.' My classroom was not organized .

-

in such a way that large group lessons would pe easy to do, so ‘we had to make.
arrangements to accOmmodate that need.. Whenever the research was in progress,‘

myonormal routine occasionally had to be modified to allow for the scheduled

kinds.of lesson organization. . 7“ . ' "

»
4

gs
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A second area where I had to modify my usual prOcedure was in the formingv

of lesson plans. The _research sought to evaluate the influence of difgerent

kinds of social organization on the performance of specific cognitive tasks.

This meant either finding a ready-made curriculum unit ﬁhat fit our/needs, or
' developing our own. 1In many cases we had to work quite hard to find ways to

. 4 : . )
implement research ideas in_<the‘ classroom. It was in this arfa that the. N

4 . . . .

.research team relied most heavily on the teacher. I 4was' regarded. as the

expert‘.on presenting curriculum tc Ath grader;, 80 in the’translation between

abstract research goals and practical day-to-day actiyities I‘had /tc' be the -
translator or,.at.'least arbiter of translations, For, example, L@ decided to
teachAa cycle on'HOusehald Chemicals. The unit had the'pdtentiaifof being a
success, especially if the 1essons included some "exciting" experiments. It
also had the potential of being a disaster, if the content or 7 e cognitive
>.Vtask__was too difficultw~ I had to insure that the materials used were

interesting and accessible to 4th graders. Abstract formulations from: a ccl-

lege text wouldn’t work.

“ .

q‘Tbese goalsvuere not completely incompatible. The. researchers accepted
: m?‘ goals and I _accepted theirs. 1,‘:50, wanted the childre[ to master the
cognitive skillsiunderlyingvthe-curriculum. But implementing'¥hese twd :goals
simultaneously turned out to be one of the central difficulties of the pro—

1

ject. - It didn’t take me long to learn that vhatever areas ‘the researchers
mikht be eiperts in, tailoring c1assroom lessons to the needs of cognitive '
. psychological analysis was not one of them!

AY




_-replanning, it “vas’ also decided that the lesson would be done as'a .tutorial

the middle of the cycle, and definitely oriented toward teaching.
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‘A useful example of conflicting goals occurred soon a}ter‘.the':beginning

o
4

of a cycle on Mapping: The children were-given areas to measure and then were

’ instructed to draw an accurate map of -the area. given the measurements they

-

collected. As the lesson progressed it became clear to me that many of the

students were eager to do sgmething with their measurements, but didn t. quite

know how to go about doing it. T fel§ that a lesson on scaling was in order,

but that 1esson wasn t planned to occur until later. I got together with .the

o

. : )

research team and, negoti ted a“change in the cycle.' Since I was interested in

_lesson plan., This aspect of . the ucycle had previously been guided by the.

regearchers’ nbtions of the structure of the topic. During the course of this
4 c

.instead of a small- or large-group lesson. This proéedufe was different from

'

‘ past~:tutorials,: which oceurred at the oy 3 of cycles in;order to serve as

u

. teaching the'concept of caling, I was made responsible for writdng up the.

assessments of what a child'kneu. For the mapping cyele, the tutorial was’ in -

-

L

Implementing this new piece of research/curriculum produced a new kind of

<

conflict. I viewed the tutorials as an opportunity to teach the concept of

N -

scale. 1 believed that this was what the children needed to know in order to

3

. get o with the upcoming lessons on mapping. _The research team, on the other

'

_" hand,’ viewed this, tutorial 1ike the others, as an 'opportune‘ time for the

' teacher vto,do some careful assessment of what the children knew, while incorf

chance to look carefully at the levels at which children were able to do this

scaling task.' Thisaconflict.led me to believe that even the idea, of doing

porating good teaching. What constituted "important. data" for them was ‘a’

tutorials, or individual .evaluations on wmy students, was a luxury which I -

-,

-~
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couldn’t possibly -engage in during regular'Lclassroom instruction. The

researchers needed tutorial ‘situations in which children were taken: to the

.

limit of their abilities in order to determine exactly the level at which they

could process the information from previous lessons. Given my ime con~
e ' ; ' ,
straints, I certainly didh’t need that precise an evaluation.. More general

i

evaluations of my students would] have been enough for me to see how to go
about teaching them.

~ -
. . ’

- " The conflict is in the factithat, as a teacher,'it is important for me to

find ways in which children can succeed as well as possible in their academic:

AS

work. Yet this was not necessarily the goal of the ‘researchers gince they
were also interested in’ the ways and situations in which children were having

difficulties with cognitive tasks., Sometimes situations would nccur that .

~

.could only be negotiated" while I was in the process of teaching. I took %tf
as my responsibility to make certain that lessons went ab'_well ‘as possible

once ' the planning phase was over, no matter what the logic of the research

ﬁemanded. _Sometimes'I would modify what 1 should have'said_or done in les- .

S

sons, using my intuitions about the needs’of individual students.

] e .

-

My modifications during the lessons complicated 1ife for the researchers.

’

It would have been convenient, from their viewpoint, for my, lessogs to be uni-z

) formly structured. They weren t, of course. But the changes eventually
. LI

.- . ~
e

became..part of' the data since we wanted to know when the requirements of

classroom goals would require changes in the cognitive demands placed u#on the

children. This simply alludes to the 1idea that research, as well as teaching,

often needs to be modified as the process under observation unfolds.

v - .
. . v o ¥
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It is important to note that the primary reason I\was willing to negoJ

\

tiate changes in the lesson plans was not to improve data collection, but to

act as a guardian for the children. This advocncy was carried on"aimultane~

.
Cd

ously on several. grounds. Research, 18 intended ta be a beﬂefit for the chil-, ;

dren in the;long run. But in the immediate circumstances,,it is up to the

tedcher ta, protect the child from research situations which might violate
their rights. For example, it is well-known that classroom rebearch , involves e

possible invasion of the subjects’ privacy as well as the potential disruption

of classroom activities. ' ' o ! |

> - .
. > 1

o

‘ All participants.in this project were covered by a Protection of' Human

Subjects Declaration. The' criteria for protecting the’ rights of the childnen '

~

while collecting data. were quite, stringent." Yet knowing when a ¢hild’s rights C
174 . ‘,,_/
were violated remained rather ambiguousj For example, one part of the Human R

-

Subjects Protection Declaration required that video-tape and camera equipment

v

remain asn unobtrusive as possible" 80 that regular classroom business could

continue. T"Unobtrusive as possible" is a difficult phrase to translate into
' . (

classroom reality. I was left as the agent for the children in deciding what

equipment got in the way, and in negotiating how equipment could be set up td ‘ .
¢ CL et

obtain pvoper sound and camera angle for data collection purposes. Lo
0 “ o iy 7
“‘5_Conflicta:yere,minimized-by spending energy educating .each other. I

aften felt that I was the student. For example, at the beginning of thp pno—

ject, it was unclear to me why the tutorials/for each child were necessary. I ’15‘1
Ryt "

e - -
> v

welcomed the opportunity to- teach one-to—one lessons in the classroOm but the
idea of teaching 27 "identical" tutorials per cycle, some lasting ‘an hour, .l,,'

rhile the reat of the children went about their business, promised a lot of L
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‘'strain on my part, not to mention the effect it might have on classroom

management. .

-

The researchers carefully explained the -importance of doing  tutorials in

the way they had in mind. I was given recently published research to read on
new methods of mixing evaluation and teaching that the tutorials were designed

. . /
to model (Brown’ & French, 1979). I found the ideas interesting and we had
severalldiscussions about how we could organize such extiensive one-on-one

work.

'Over the -following tws years, the research team worked to helb me under~
stand .all facets of the proj=ct. They provided 1arge amo:mts of background.
reading, made thewszeives -available for questione and discussion, provided

adcess to helpful consultants, and invited me to'participate in Laboratory

meetings where our own ang/étLer_related projects were being discue sed. This
program ,of education, centered:on the research, provided me with the informa-
tion needed)to make intelligent decisions'about what needed to get donme in the
classroom; -' ' | |

.. As the project' continued, the‘goals ~f the resa**NH ﬂecane clearer to me,
and to the researchers as well.l I bega’~ to. understand that research is a con—
tinually changing process. I was giﬁ;n more responsibility in the planning of
the 1lessons as my interest and understanding of-the research grew. OUne of

these areas was in the planning and teaching of a Division cycle.

-~

Division cycle was an cngoing activity thfoughout‘the second year of data
collection. Sinced division- is .a standard part of the 4th grade curricsium,

and children were seen to do the calculatiocn in other lessons, it was decided

"“@

: - " 165 - o
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to tape occurrences wheré. children were trying to solve problems involving

division.

. -
i
.
-

At first-Ifthoﬁght\thaz this cycle would be much easier for wme. There

would be no long hours of planning and lesson preparation., However, in a

gsense, what occurred was even more difficult than the specially planned 1es4

¢
<

son. It was important ‘to the researchers to have a very defailad Specificg-
tion of what each lesson entailed.  This specificity was normally accomplished
By thé' preplanning of each reéular éyéle. In this case, tﬁe infbrmatioq was
éontained in my ﬁotib@s o’ what: I.thought the lesson was and how I'thought At
should be taught. I foun&'myself beihg Questioned:aboutAeOéfy a;pect of the
~division process. Why did I choose the algorithm I taughti ﬁhat vere the
stepé involved? ‘What did the child need to know in ofger FO’dO eacﬁ Step?
How did it help somé children and not others? How did I come t&l learn algo-
rithm? These are all good questiops) but they are not the kind that I askA
ﬁ&éelf when I teach division. I began to feel defensive about‘ky work, feel-

a

ing © . : che researchers might now be investigating me! Co

I
4

Understanding Why It’s Important Data

The division cycle provided another example where the everyday demands of,
- the teacher'é job come 1into conflict with that 2§ the researcﬁgagﬂ "To a .
teacher, 1t is not necessaryht; be able to specify iV grunsis 2F & lesson.
It is enough to bé ablé to find or create lessons whic: gevee the ;urpose,~ére
‘ aépropriate to the glass, and are manageablé. If a fzacner svere  to  work on
it, s/he could spend the timé figuring out tﬁe sperifics of Eh@ .essons in the

way that the research team needed it, but it would demand a 'great deal more .

time tban the competing demands of the curricuiuﬁ.petmit. ) <

°
®

[

P
o
C
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But, to the‘researchers, that very specificity of leasons 13 what enables
them to understand. what the children are doing. As one of rhe reseafbhers
pointed out, the teacher’s specific notions about the lessons ver?» important
data, because -they shaped the way that' the children experienced t;t.cnrricu—
lum. I began to Jnderstand better that everything that happened to Mshape
classroom lessons was important. Tne students alone were npt_the sunjects.

Inreraction was the "subject" also. And in the sense that infcraction was the”

subject, the teacher became a subject, too.

-
Y

I recall seieral ~occasions when I made ° a’ cagual ‘observaticn. | A
researcher would stop me and ask me to clarify my statement. At that peint,
the researcher would mutter, "We're~gor rn“remember to write that down;ﬂ No
one could :specify ahead of time all that constitnted good data, ao ar any

point anything could be important; . ' .

t

. v

In reflecting generally on rhe past two years of data collection,. it' is
difficult to.know exactly how the research has affected tﬁt children or their
abilit§~to do schoolwork. One hopes the children gained some knowledge from
the curriculuﬁ areas taught. I know from being with them that they fodnd';ne

cycles to be interesting as well as fun.

However, I feel that I probably wasAaffected the most. I spent hours
working on the project, to the point where it seemedllike a second job. 'Thosef
honrs often included negotrations which were made difficult %y the ambiguous,

" paradoxical conditions of advocacy. Yet I felt tnat I had emerged after r;aoD

~

years from the best teacher-training inservice program I nad encountered.

N
. !
T » s o 1
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The experience 1°ve gained from having been involved in reaearch contin-

ues to have a great impact on my work. Designing curriculum for the cycles

and the amount of specificity involved in doing that 'made me more aware of the
.quality of materials that I was coming in contact with in my classroom. Get-
;ting td understand better the theories behind our research project and learn--
ing how to be critical of theory taught me how to analyze the vast number of
educational curricula that I encounter. The analysis of my classroom thus far

reveals that I do plenty of things I wish I could do better. But I think in

the long run, it also reveals that I em learning how., -
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CHAPTER 6:
)

LONG DIVISION OF LABOR:

~” "IN SUPPORT OF AN INTERACTIVE LEARNING THEORY
' Andrea L. Petitto -

~ Graduate. School of Education and Human Development S )
}j ~ University of Rochester . . . : ‘

-

This chapter presents a process oriented ﬂtudy of teaching and . learning.
Small group lessons in- elementary school classrooms where groups are -strati-
fied by achievement levels in arithmetic, provide a set of contexts in whichﬁ
to investigate learning processes in relation to naturally occurring varia-

.

tions in the constraints on expert/novice interaction. " The analysis and dis-
cussion draws'from two}major areas of learning research-. educational psychol-.
‘ ogy comcerned with learning among children of different academic abilities;
and vcognitive ‘psychological studies of individual learning processes.ivThe
analysis demonstrates that in' important'”respects, the teaching/learning
interactions cannot be reduced either to direct instructioﬂ or to individual

Tlearning\processes. %2’

-~

»~ L'-""""'&‘

22. The use of the expression "teachfng/learning”. refers to a concept best ex-
pressed by Sutton’s definition of the Russian word "obuchenie" which means
"both teaching and learning, both sides of the two-way process, ... well suit-
ed to a-dialectical view of a phenomenon made up of mutually interpenetrating
opposites." (p. 169, 1980) N -

.~
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_ How to deal effectively with a heterogeneous student- population has long

been - & major problem for educatora. In classroom practice in the United

States, this problem has most often lead to ability grouping—-dividing stu-.

©

dents into small working groups according to a teacher’s perception of the

students’ academic abilities. Teachers use small group instruction to promote

student/teacher interaction and to increase student attentiveness during les~
sons (Barr, 1975). Children of similar academic ability are grouped together

u ' J
to facilitate the adjustment of teaching techniques to instructional needs.

E4

For pragmatic,reasons such as these, the practice of ability grouping is. well
.
established. This practice, however, raises several theoretically important

issues which are the continuing subject of research and debate. Primary among

. these 18 the role of group interaction in learning, and how psychological

processes important in group interaction are related to variations in . student
p ‘ :

!
ability.

+

Process from Product

i i

The acquisition of new cognitive skills has 1ong been studied inferen-

tially by assessing learning outcomes related to a variety of curriculum mani-

pulations (Gagne, 1§68). More recently, cognitiVe science "has developed '

. detailed- models of the process of skill acquisition by examining in—process‘

transformations of individual problem solving belfavior (Anzai & Simon 1979;

Anderson, 1982;. diSessa, 1982;.Resnick, 1982). But processes which nroduce.

individual learning are internal, inaccessible to direct%observation. ~ Inves-

tigation of such processes must infer the nature of those'processes from their -

products-~however fine grained that seduence of products uight'be;'

!)_.

pro



' Final Report L ' : NIE-G-78-0159

. N o 170
| !

Rssearchcrs who have studied learning through small _group interaction
have also 'assumed that all the important processes which produce changes in
problem solving skills and strategies occur inside each individusl's. head,
thoughijfacilitated in some way by dynamics of the interaction. This assump-
tion has led to the predominance of research methods wﬁich rely npOnv end;sate
analyses--in the éer of pre and-post tests--from which to infer intervening

i?;rocesses. These studies have not provided definitive answers abont the rela-
tive benefits of ‘small group vs. whole class nor heterogeneous V8. :homogene-
ous ability gronping,much less explain the psychological bases for- those
effects which.are £ound (Kulik & ‘Kulik, -1982; Mehan, 1979).' Some recent stuf'v
dies hsVe begun to. assess interactive mechanisms that might be impo:tant but
evidence toJ date has not been sufficiently consistent to demonstrate strong

relationships betveen interaction patterns and cognitive learning processes

. (Webb, 19823 Swing & Peterson, 1982; Peterson, Janickl & Swing, 1981).

The research presented here will show that there are processes which must . /

—

: properiy be characterized' as fintersubjective—-arising from the interactionﬂh

'between people——which play a major ro1e in producing changes in problem solv-

ing " behavior among the participspts. These processes, being external, are
more accessible for observation'and analysis and can provide an important link

to explain relationships between interaction and individual 1earning. .
; o ! o _ q ' '
Lok . \ ,‘ - . .

The éocial‘Context

-

A

/ When investigating cognitive learning in socially organized contexts, as [:f

in classroom lessons, “the inVestigator is forced to consider cognitive and -
. . » L] . /
social issues together as two aspects of a single phenomenon (Griffin, Cole &/ ’

Newman, i982). ' This refoarmulates the theofeticsi question from: ﬁnow does an}"
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individual construct the neceaaaty productions and flow of conttol for acquir-

.

ing and tefining a cOgnitive skill?" to "By vhat mechanism and in vhat form is.

a teacher’s competence in a cognitive skill transferred to a novice?"

Cognitive psychology has long ‘since abandoned the model of 'the' .passive
learner. Psychologists have argued that teaching cannot be construed as "tel
-1ing," i.e., direct transmission of knowledge. This 18 particularly true in
procedural learning. Anderson (1982) points out that a major difficulty with .

direct procedural instruction is the necessity to specify new productions that{;

-

will be adequately integrated with the student’s "complex’existing~flow of

~ontrol." Gagne}(1968)pexpressed similar caution about the generality of hisg

-~

learning hierarchies, stating that the optimal hierarchy for™ any individual
depends upon his current configuration of cognitive skills. Resnick and
Glazer (1976) have argued that learnmers must actively "fill in" gaps 1n

instruction, making connections that are, only implicit in the teacher’s
presentation.,’ . .
' 7} $ . .

Inﬁcognitive studies, however, the-role'of the teacher as active partici-
pant 1in the learning process has been generally neglected.,.Researchers usu-
ally’construct learning and problem solving situations in .which instruction

5-follows standardized procedures and which adjust for variations in subjects
;31earning rates and styles in predetermined formal ways. This'contrasts- with

most every—day teaching/learning situations. ThOugh a teacher usually begins

.with a more or less well- formulated lesson plan, the teacher’s interactions
‘ . o, S )
with individual learners can vary in many ways along multiple dimensions.

~

This variability is not constrained by a need for experimental controls, but

by such c0nsiderations as a desire_to'promoteplearning.and the teacher's abil-

P
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ity to recognize correct performance of all .or ‘parts of the skill to be

learned, in any of its possibly many validlforms.

Newman Griffin, and Cole (in press) point out several important differ—
ences between tasks which occur in 1aboratory settings and  those observable in
regular classroom lessons. In either instance, participants may have many
'goals other than the one the~ researcher or teacher have ir mind. 1In the rela-
tively loose constraints of a classroom setting, students-produce moreﬁrisible
activity related to those "alternate" goals than 1is possible in most. experi-
mentally controlled situations. Many of these alternative activities 'enter
into the teaching/learning process in important ways. Newman, Griffin and

Colp also argue that both_laboratory and classroom tasks are always socially

constructed, though in classroons .social_constraints are more flexible and

r

shifting. They show that changing social constraints produce immediate
./ . .

'changes ~in .the nature of the task at hand, in the procedures used, and in

their ultimate products. ‘

These issues have been cogently illustrated specifically in the area of
. -

. mathematics lessons by Bauersfeld (1980) Making ugé of current sociological

_ theories, (e.g., Mehan, 1979,x1978) Bauersfeld describes four "hidden dimen—

sions": in the classroom which have been neglected in instructional research..

4
The first of these, and the one most immediately relevant here, is the ~ con—

stitution of meaning through human interaction." Bauersfeld descrihes'class—

" room lessons as episodes in which "...each participant’s view of ' the actual

task to be done 1is different and varying during the cgurse gf the episode.

The task must be understood as a function of the situation" (page 121)

-
L] - -

)

173 .

~
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‘Since each participant--teacher snd students alike—-have a different view

of the task then uhen investigating the processes by uhich,people 1earn from -

‘other people, the umit of Analysis must be larger than the individual. S

Purther, not only the wunit of analysis, but the method “of analysis must
D - Ewr——_-’
change. ~Since the constitution of meaning cannot be ascribed to a single

individual, Bauersfeld eschews the use of simple, linear models to describe '

-

- such learning events. He states: "...an a matter of - principle, ‘there is
+*
small chance of predicting the outcomes of. such episodes at their beginning "

While we agree that there can be no simple mapping between either the child’s

- or the teacher’s entering dystem of knowledge and the” educational outcome for
. a . . w0 A

the child, there are constraints which .limit - the likely outcomes of this

learning process. What these constraints are and how they work'is.the'suhject, '

of.this'paper.

Bauersfeld’s critical argument points to the need for an interactive

theory of learning; Members of the Laboratory of Comparative,ﬁuman Cognition -
(1982) have developed an'interactive learning theory through the sy§thesis of

current cognitive theory in American psychology (McClelland & Rumelhart,

' 1981a b: Norman, 1980) and Soviet theortes of learnigg' and’ development
:(Leont ev, 1981; Luria, 1979; Rubinshtein, 1957, Vygotsky, 1978) . . This theory

views -the teacher and 1earner in their joint activity as as single, functional .

« o

. system.. This functional system is treated as a fundamental unit of analysis .

¢
-

of the same kind as an individual acting independently. As in ~more tradi-

tional versions of American cognitive psychOlogy,zgoals(serve to coordinate

the actions ‘within the system. In the case of an educational factivity, ~the .
educational goal is treated ab the primary one which sustains the unity of the

functional system, although the various individuals particlpating in this o

- . | . . . e
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¥ .
system each have different versions of this overall goal. There is also a-
multiplicity of goals-—an issue raised by Neiaser (l996)--exi§ting simultane-
ously, any of .which may or may not be related to the educational goal. It isr

up to the»teacher‘to organize the actions'of the par icipants with respect to

|
the educational goal. ' . i . W

Vs ¢

A Study of Learning Long Divi/sion' '

L

With this theoretical view we approached _the analysis of the

Y

teaching/learning processes that took place in sev ral small&group sessions in’

\

a fourth-grade public school classroom. The overall educational goal in these

N -
[

‘gpisodes was for the children . to learn to dolong division. Thﬁg goal is-

s

institutionally defined and 1is understood and acc pted in various ‘ways by the

teacher and .students.f This leads ,to\a\\ore immediate and locally defined

goal, to carry out long division problems. Learring new procedures® by demonsg-

tration and' practice is one of a limited sek of activities that regularly;;

Ioccurs in small.group sessions such  as these,u and is confirmed by the -
teacher ] introductory remarks, e.g., "let 8 try a feu." As each problem is

N

presented, the current goal is to divide, using the long divisiOn 'procedure.

At the outset, bnly the teacher has a clear’ idea of what kinds of actions’ ade—
i N

quately satisfy this goal. The teacher has a/Lelatively well developed theory.

of long divisibn which consists of a hierarchy of goals and subgoals-imple-'

'mented by arithmetic routines which satisfy them. This is what the students ’

must acquire in the teaching/learning processes obsetved here.

.
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But howicnn the students acquire goals.they do not already have? Simply.
gstating the goal of 1long division to students who are not alreadptramiliar
" with it would certEinl;lbe crpptic: e.g., "find an approximate .integer-‘quo-l
tient less-.than-the precise duoiient but greater,tban any other integer quow
tient which is less than the precise quotientl Then determine ‘the -undivided
remainder." Since statements éuch as this one would be uninterpretable by the

average fourth grader, goals are ekpressed in terms of the procedures which

L

satisfy them. . We shall ‘see that in 10ng division, as has been shown for other
kinds of everyday arithmetic (Lave, Murtaugh & Roghar 1983), one particularly

useful and effective procedure,utilizes successiwe”approximation. lhis pro-'
. v St
cedure is important because some kind of successive approximation strategy is‘’
necessary for human -expertise in long division in its more complex formy’ But’“
"proces;es of estimation or approximation are notlprecision operations as are,

<

for example, multiplication and: subtraction whigh can be carried out mechani-

~

[

cally. Estimations are inherently goal directed. Bow is it possible -then,

for a novice unfamiliar with the goal to learn such'.a procedure? .The.interacé -

~ tive learning theory includes the notion of a medium of interaction, or con- - h

text. ' This provides'for5intermediate_#oals,that are within reach of the stu-
.- . ° . . ’ I : K . . ’

dents and so can be shared between teacher and student. Such a, context will"

4be'identified in this analysis. B #( ', o - : -
-..'I - ' . . ‘l i . « .

How do the students in the functional system~ mnove from' their initial

4 understanding toward one that is consonant with that (9 the teacher?~ ‘The ™

S, g . ¥
' .

analysis presented below will reveal several aspects of tnis process. First,

LY

in initiating the‘lesson, the teacher~presents a precise.procedural.descrip-
tion which serves as a medium of interaction between herselffand~the"children;'
In the'process-of the teaching/learning interaction, the form of the pracedure

a4 "

<

ST
-

b
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which the students'learn changes from the protedural description originally

s

presented by the teacher to alternate but equally valid prOcedureé including

successive approximstions among others. As will become clear in the snalysis,

' .\\ B3

' these chAnges led to different final versions of the prOcedure from student to.

s Yooy
student. Yet these variatidns are neither inventions or ‘discoveries by the
- &
students nor are they plannedpin advance by the teacher but arise through the °
- "Q -

interaction between them. Varlations in the form ofx the student-teacher !

' - Y Cey

interaction re indistinguishaﬁle from variations - in the form of the long

%

o division procedure; These variations follow certain_ characteristic patterns

:\ some’ of which are associated with\achievement levels of individual students.

R ) < -
. . . o
Y .

z‘ o ‘ o

-+ Q

-~
H

"These observations serve as the basis for an interactive learning theory

in which the teacher and learner are viewed as parts of a single system.\ This
R e, . . - , . 1
d 1’ B bd ) oo
system serves to transform information using operations, cognitive resources, -
1 ';'-.
+ and constrgints' in much the same way as. individual-internal processing

1y
[

itheories do;. For the purposes of this investigation, the fundamental unit of

vanalysis contains teacher and oné or more learners. It is on'this,levelfof
-

analysis that observable changes" in the problem solving process take place.

Since ‘ the smallest ’ meaningful ' unit of analysis “for this kind“ fg

Y

teaching/learning process must be 1arger than the individual, our theory is an

attempt to extend the domain of cognitive analysis from" individual processing

a

to intersubjective processes and to show an essential continuity between them. *

L4 .

i Such an enterprise is necessary if we wish to understand the maintenance and

'transmission of cultural knowledge--the primary function of instruction.
. t ) ) ) J . v

~ .

ai- : 177“_y3,d .T: ‘ aih
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The Setting and the'Lesson T,

— . .
OO - "~

3 . N ’ 9 .' - N .
(/ The serious consideration of learning as an interactive,process leads to

- -

.a redefinition of the task itself. It brings up the possibility that what the

:task 18 and what is being learned’ is different for different children ‘and . that

oy,

]

these differences have »educational consequences' (Hood,‘MbDermott, & Cole,

1980). . . - o0 , -

Ve
"~

We studied the teaching/léarﬁihé process as it ‘unfolds in "a regular

3

4

<

.

fourth-grade , classruom in a public elementary school in a medium sized, wark-

ing class town on the west Coast of the United States. We obserVed a sequence

! '
> ’

of eight arithmetic lessons on division. The analyses presented here concen-

\

tFate on only one lesson, the fifth in a QEries of eight. This was the lesson

in which ' the long division algorithm was first introduced. -It had been pre-

ceded by several lessons which used manipulable materials to illustrate the -

notion of division and remainders.

(33

- -

For the purpose of arithmetic lessons, the teacher ‘had divided the chil-

dren in the " class’ into five small groups on the basis of tested arithmetic

4

)

: achievement in computation skills. These were routinely administered Ppaper- ?

/

and-pencil tests developed by project TORQUE. They included two tests on

g ¥

number lines and one addition, one subtraftion ‘and two multiplication .tests.

Though these test results formed the basis for assigning children to groups,

- - ’ L.

the teacher ‘did not strictly adhere to them. In a few cases she placed ch114 )

‘ A
dren into groups higher or lover than their arithmg:ic test 8cores vould have

‘|. Lt

4indicated.’ The teacher justified these adjustments noting that those who had

&

been placed above their tested scores showed "systematic rule errors" in their

- e "l

(19

I

-

vritten work, a fact fhich she interpreted to° mean “that their )difficulties :

.a‘
Vo -
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were not in "understanding' but were mechanical. The teacher felt that the two
children whom she dropped %0 a lower placeﬁfg; generally "didn"t seem to
understand 'things." Our analysis suggests that the tcacher’z perception of &

child’a understsading of the lesson content cau be effected as much by ~the

¢hild’s interactional difficulties as by actual cognitive akills. Neverthe-
less, we ulso conclude that difficulties in social futeiactional skills qﬁn

lead to diminished ability to learn from instruction.

The average arithmetic test scores for each group are summarized in Table

1. A

v
~

The resulting groups consisted of four to six children each. The nucber

\

of grdups formed was not‘detgrmined by the distribution of test scores but by
‘the teac;gr's organizational plans for the:classroom. The teacher’s purpose.
in f&rmiﬁg :hése groups y;s tc provide an opportunity for regular individuai
conta:t.in'aritﬁgetic lessons. She used ‘ﬁomogepeous abilit§ grouping to
~‘}acilitate teaching pracgices, including remgdiation and ‘other forms of sup-
port. Despite differences in skill levels; th:e teacher used the game basic

!

iesson plan for ail grouys, expecting to make in-process m&dificatiohs in

response to the children’s performange dufing the small group sessions.

At the éutset, our  primary concern was to describe ‘the the effects of

1y

diffgreﬁcgsAfin students’ entering arithmetic skills on the interactions that
constituted 'the teach}ng/learping of new material. The analysis of cognitive
pfbcesses,_ already difficult in labératory settings with controlled condi—

tions, is problematic in obsérvat}onal studies. waéver, we ‘were gshle 'to
exploit the teacher’s pragmatic atrucéuring of the cl&as:oom and the well
e

,
\ e !

defined nature of the lesson content to structure the .obsérvation of social

G

p 1 | jl 723 .
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Highest
Achievers

Table 1

Rer of Arithmetic Pretests

fo- ive Achievement Groups
Average Score Std Dev

(max=28)

Group 1 . 26.8 v 0475

éroup 2 ‘ 25.§ 0.89

Group 3 . 22.8 ' 4.1

Group 4 - 14.2 4.9

Growp 5 1_5..8 3.8

RIE-G-78-0159
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Number of -
Children

6

5

6"

6

4

‘Scores are the number correct of 6 addition; 8 subtraction, and 14
multiplication problems. Averages shown here are from *he finzl
group compositions which are not.strictly in line with arithmetic
scores. The teacher placed two. children in groups higher than their
scores warranted - one from Group_4 to Group 3 and one from Group 5
to Group 4. She also placed two children into groups below that
which their scores alone would have indicated both from Group 4

iuto Group 5.

»
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interactions. The classroom saéup was well suited to this purpose with its

five small groups ranked on the basis of achievement in arithmetic skills.

v e

The institutional setting and classroom routine provided constraints on kinds
Lo : _ . ‘ ‘
of social Ihferactiona that were likely to occur and prescribed legitimacy

within this restricted range of possibilities. Conftftions for field observa-

tion - were  nearly 4deal. Ethnicity ‘and social class compositiz: were-

equivalent across all five groups. We had arithmetic ﬁfetest scores, video—

-
-

tupes (from two camera amgles) ar ' field notes for all small group.sessions,

access to the children’s written work, and the results of a division post-

test.

‘The lesson content was long division with two digit dividends and a one

: : ¢ . :
digit divisor. Long division in this lesson is viewed as a standardized pro-

cedure for doing division problems with remainders. The procedure generates a

quotient, o number which is the muitiple of the guotient and thebdivisor,‘?nd

a remainder which is the dividend minus the nultiple (see 'Figure 1. 2):

first, {finding the qudtient then cﬁecking the quotient. Finding the quotient

prd

is treated as a simple lookup for the missing member of the multiplication

triplet (a x -b = ¢, where either & or b is unknownﬁ. Checking the answer
\ .

amounts to a justification in which a multipl%cation is ekpré;sed in 1ts usual,

complete form (a “nto c equals b because a timké:b equals c).
MQ introduced long division as a variant of the simple division procedure

l N . .
followed by a new step to find a remaindeﬁ; She first presented-the long
1 o
division problem, "seven into forty-six“,2 to ! the "group, then presented a

-

2. MQ used different numerical examples in each group. The one presented foF
explanatory purposes here 1is from the second highest achievement group, but
- all others follow roughly the same course. - | » /

Q | v " . ‘ S "léil

T T
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QUOTIENT —-> 6 R 4 <-—- REMAINDER

DIVISOR —--> 7°Y 46 - {=-=_DIVIDEND
42 . K= MULTIPLE of Quotient and Diviscr

.4 (== REMAINDER
/ ;'

s .
" S o

Didgram indicating portions of the long divisicn layout and
correspondlng terms. ‘

2 \

Figure 1. The long division layout and correspon Iing termq.

4 . -, . “
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q aRr ‘ qRr
xJy" xJy xJy
y’ 'y’
T o

Exterded Precision
Procedure

Simple Division ‘Long Division
‘ Introduction.

- Find a "nearby" Find a "nearby" -
simple division sinmple division
y’ close té y Find q such that
y' <y o Q¥ x=y', y' =y,
and y' <y
' Generate an ordered
o ‘1list of multiples
of x: x * q =y’
from g =1 ... 9

Select y’ clos€é to y .
(on magnitude contin-.
uwum, no'y’ between y’

and y) '

Check: is y’ < y?
If no, go back to
select y’

If “ves’ then do Simple
Division '

Simple Division Simple Division

Quotient Quotient Quotient

Reverse multipli-
cation: find q

such that
q*x=y

kWrite q above

Reverse multipli-

cation: find q
such that
'q*x: y'

Write q above
division bracket

Reverse multipli-
cation: find q
such that’

qg* x =y’

‘Write q above

division bracket " division bracket

Check c Check . . Check |
wultiply: @ * = = vy multiply:’q * x = _y’ ¢tmultiply:s g * x = y
Write y’ below y Write y' below y -
Remainder i : . Remainder ‘ N
Subtract: y - y° = r Subtract: y -y =r

_Hrife:_;R'*r above .
division bracket .
to the right of g

Write: ‘R’ r above
division bracket

to the right of q.

: Figu;e 2: Iong Division Structure °

SR 1853 -

°
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closely related, "nearby" simple divisicn, 'seven ints forty-two," Awriting

- S
4 ,

both of them on the blackboard. She solved the simple division, then returned
v . p

to the lqhg division saying that it is done "'the same way," byisearcﬁing for a

5

nunber which when i tiplied by the divisor (seven) would result in a multiple
close to but smaller than the dividend (forty-six): "hat number times. seven

has an answer that’s clise to forty-six? ...but it doesn’t go over. If it’s

bigier than forty-six, thean it wont work." At this print, after seeing the

"nearby' simple division worked out, the clrildren in all groups quickly filled

in the correct'qnatlent. 4Q then complete the problem by carr&iﬁg' out -thé

multiplidatinn as 1in the checking step‘";..becdu§e six times 'seven is forty-

| _ v
~

, ) ’ . .
tus," then demonstrating the subtraction “step to. find the remainder "We

SUbtract..Gthls number [printing to 42] from that number [pointing to 46] to
find out what the difference is....This is your remainder."3

s
¥

The middle columnn in Figure 7 shows the overall structure- of 4.  Tong

division procedure at this paint dn the presentation. By indicnfi%g';his

xulntiunnhiﬂ to simple divisions, MQ has escablished a subgoal hierirchy for
! 3 3 ) ) -

/ : . : :
tha | 1ong /Hivisian proccdure: first, Elnd a nearby slwple division; second,
cavsy out the simple divisiogg thivd, find the difference or remainder. Sim~
. .

ple division is .an already established routjne conslsting of two part:,

’ -

roetvovse aul tiplication and "checlis Finding a remalnder is  a  goal which has
. L) o . .

alss Leon previously estoblished throwgh other instantiations of division with
& v Dl -

'rgmaindhrs using other media (manipulables of vaoriouse types) . and other pro-

A

cadures . Put the goul of "finding a nearby si:ple division™ is entirely new.
. . . /

i

g aaram e e fe e e S e e rae

/ . &
3. The chlldren had all been introdueed /£o the idca of remainde.s as Mleft-
overs"  that could . redult” when a quaptlity is not evenly divisible. This hed
been covaered in lessons using various ‘manipulables and soime paper and  pencil

“dlvision procedures other than the standard nusmerlegl algoritli ..

) -
v

ERIC

Aruitoxt provided by Eic:

1 .: ff



O

ERIC

Aruitoxt provided by Eic:
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It {8 thils step in.the procedure that will Le the focus of ‘attention ‘because
of Lts unfaniliarvity (for the studoute) ang becouse of its patentlal= for suce-

cessive appro<imet Lon.

e - '

, ¢
§
|

1t has been presentetl so far, it 45 not-clear what tHe criteria for™

e}

A
' T ' : h o ‘ b .
"nearby' *shauld be nar whiat procedures wmight be aﬁplicd in the! search for such
: 0 . . ' - ! .
a simple divislon. HQ dealt with these smbigulticls by re-solving the same
_ \ . >
| :

“oproblea, this time filling in the ambiguous prdccd&rcs wvith a,éggfcncc of pre~

. o e . ’ J ! .
c\nlﬁn aperations. The ~esulting procedural. scquence is -presented in  the

: . ) o«
third coluan In Flgove 7. \\\\\
\ )

\ MQ’s filicd in procedure begins by generating all the multiples of the
diﬂisor and scanning them for the one with the nceded properties. 1In her

presentation, she vrote out a‘list of multiples of the divisor on the bléck—

3

bourd, . smmenting that thls step is.normally done meatally: "So, that’s what

you would be doing in your haad--trying t» find all  the answers\\fpat are
tiren.t Using thls method, i) demonstrated the pricess of making proximity and |

relative magnitude judgceuwents based on the sequence 9f multiples (35, 42, 49,

4 , o ) "
ete.) =t "¥ind an ansver  that’s  close to  forty-six but doesn’t go over.
. . c.
Forty :inz is c¢losé but 1t gozs over [pointing at the wrltten list of wulti-
pLes on tho blackbonrd]l. So, forty-tws is the cloasest one that does ... that

- o o
3

fsn’t Dbigger." 1 #8 . completes the process of finding a nearby simple divi- .

$190 . . e 1

|

1

|

e e e e e |
|

4« Rathor than bhe Suqﬁenho of multiplicrs. (5, 6,
r | |
: : L . - .
. & - b : :
|

185
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Subsequently, the simple division is car;}&g out in its. original form;

»

reverse multliplieation and check: "What times seven is forty-two? S§ixz." The

checking step follows all of the above procedures  with the multiplication,
"Six times seven 1is forty-tws,' although this resuit_had already been found

vithin the procedurcs for finaing the nearby simple division. MQ completed
’ | - ;

the cxaample by finding thﬂ"remainder: "Subtract and find your remainder.

Remainder is fouv. The answver is six rewainder four."

»

'

This 1s the Tatenood Precislon version of MQ's long division algorithm as

NIE-G-78-0159

i - . _ o] -
prgesented  to the chillren dn cach sintlil group. The procedure as presented
i ' ) i .

sacrificed clegance for precision and conyleteness. No operations are

N

unspeeified, asswaing , that multiplication and subtractlon do not rujuire

kS

evplanation. ‘A child who reaesbers this sequence of steps in the proper order

and. who can exerute coch operation accvrately 1s assured of success. Further,

.

) . - . . ) § ' . [} s . 3 ‘ .
the Exténded Prucision sequence presarves intact the derivative relationship -

[}

batweon long division and siaple divistlon.

] .
j .
i
'
n

Howaver, the oparations invelved in ddeatifying a nearby silmple dilvision

put.  a  grest burden von working vemovy by dnclnding cteps whilech genorate and!
! Feen '. MEen ; ,

‘ /
sonr et a long table of multiple:. The chioeling step is redundant—--vrepeating a

.

Lessnidd atready  found In  eaxrliar operotions. These characteristics malin 1t
b i i
i s

vl ikely thar oo ewperc wenlld actially uss this method to do long divi .
Hevartheless,  thir o i the "Llidng diviacion algoritha served as a melium
throwush vhich the tochur and childres oosotiated new and mbre efficlent  pro-

cedures  niueh as successdve appromiestions.  The following discourse analysis

traces this developneat.

h

1

1. D

i - Q
! .

1

/
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Intzractisn and Traustformation
—— e e e SRR e e | i S et
. ¢ ) ' .
As the teaclicy and children cooparated to;golve the deasmstration prob-
v . . e 2 : ‘-:’\) ) . . L %
leinsg  and owhea they Interneted in salving che wovrksheet, problews, the actual
. . . ¢
. v . .‘ . “ .
procedures hy vhitch the problems were solved were chonged™ from- the  Fxtended
\ . , .. A
ecetston version thar MQ originally preseated.  These transformatidns pro-
ducnd abbroviations and rasvpanisations, tendlss to shift the procedure from a &
tizltly spoctfind sequonce of preelsion o) _lons o more coguitively effdi-
sty ) R , .
clunr processes ohrich can dnclude come eloments of estlimation.

-

~

~ :
The resnlying new versicas of the long-dlvisica algovithi appeared to  be
o N *

) . . . . "‘n 4
neither an ezplicit part of the teacher’s lesson plan nor inveations or
discoveries made independently by the children. evertheless, the tcacker’s
lesson plan, the children’s understancing of it, and the curreat state of the -

| . - - R

I children’s aritlmetic sliills all entered dnto the process. The present

\ enalysis  takes into  account the rclatLOnQpips between varintlons 1ni this

;! A . - — . - . ' . .

M tranafrraation process and copnitls . resources, - l.e. skills and knowledze

s 3 v > ] R o

[ : ;
that cach participont bilags Lo ber o ghe curgent prodblom. 7

1 : : ’ ‘
Procision Mathod oo
D AL UL LU A ,
i : .
o - .
Tiransforuantlons Fallood b differealt routes -draw.as  upon dltﬂqrcn;
aspecte of  the ehildven’s  arithmetic  okflls.  One route relicd upaq the
g N - —_—— h. v . » h i '
ehitdien’ s knowledoe of an ordered zoh of multiples of the divisor and &%o—
. . : . ) B {
. ° P . i . . . I,
dueed  an abbraviatoed vevsion' of the oclginal algorithn in which the flrst‘two -

suhsonls ave wmeoged. This will-be called the "Preclaion MuXtiples" procedu#e.

A soeeond routs relicsd on the childeen’s ability to perform single multiplica-

tions Lut dLd ot require familiarity with ordered secs of multiples.  This

Aruitoxt provided by Eic:
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. 1 : . "
second route lcd} to

the prockdure termed "Successive Approwimat. .
\ T
cutivhtion

~
.

1" It
introduces an

tratagy intu the figst tﬁq subgoals and recruits the " \
rom~lndqf- PEOC“dUFQS to scrve a chécking fuhctign Quité different from the

origipéi:chcck[ng'subganl. L5 discussed above, this proced;rd {tself implies
the active existence of tha long

division goal which guides 1t. The following

examples to 1llustrate ' the transformation’
processes. .

paragraphs present and  analyze

5 .
4

multiples: 0f the two kinds of transformations observed, Preci-

sion Multlples represcents a relatively wnalle-but névertheléss significant--
[ .
departurce from the Ixtended Precision Zorm  and often ‘required considerabty

’

less teacher/child interactioh for its formation than did Successive Approxi-
mations.

One exanple in whic: thi

g transformation did dnvolve an extended

Jdnteractls . Tsequanue is prusented neve Lo dempnstrate the interplay of cle-
ments in the Interactive process.

Soetlines trausformation processes took  placs within cre  problem and

o sarides of, problens and several

betvron “eone child and thoe tenche

%hildren wveee dnvolved. The followiog. esionp e ocourred | over thred  problems
~y anleed din
3

saaue:
N,

(e‘/‘by‘ three

it tiie teacher durn

«

differcan  ehildren, Jorge, Jénny and Tracy,
Tateractine ing

tl.e denoastration phase in one smnll group
sessina.

- e ‘. - ') \,/
\
%o, !
‘ IR Alrviche Jorgpe, your problem  will' be ..[wrdtes the diviceion
problaw "9)49™ on the blackboagd) .
. . v ) . 6‘ . ’ , }‘ . "
“r Yarvoy=five, Filvo. . T
v "
.
[writing 5 above the diviaion brachets] Five tired nlne is 007 v
. ‘ °
_/ﬁ_\). o N . ; *
. \ . ) - 4

. e 3
s
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Jorge: Torty-five.

MQ: [writing 45 below the_49]f0k, and then what?
- Jorge: TFour. TRemalnder four. { .

. |

!1 the steps in the Extended Precision

. Jorge did st overtly carry out a

results of each step; first the closest

n

i

[

/
!

v smaller multiple (forty-five), then the corresponding muitipliér (five)., Ve

O

ERIC

Aruitoxt provided by Eic:
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cannat  say whether Jorge mentally geverated all the multiples of nine, though

it is likely that he sonehoaw abbreviated this part of the procedure. The
' 4 '

teaclhi=zr  acted  to miintain the Extended Preclsion form by writing in only_ the

quoticnt; "5," and dcmnﬁdidg the-reddndnut multiplicatibn’ step, Jorget com-—
; ’ _ ; .
i N - .
. . .| . Y
plied (the second "forty-five™), then finished by producing the results of the

i

gubtraction and labeled it the~ "rFmainder." Here, the overall form of
. . i ' t‘\ ‘ .
teocher’s origlual seqeonce of stupsw resined Intact, though rnot all of it is

overily carriced out. i , .

In tus subsogeent problews, this procedure was abbreviated and resrgan-
. o ’ N ) - ©
’ - - '] ’ - B . 13 .

ived L eliminnte  the radundsng wultiprication. In the first of thecc,
< . ’ . id 1" T )
] . . . i .

Aoy s ausuer wos rougbly the saap form &g Jorpe’s had beqh. MQ then asked.
. ] q N

foe fucther uwpzetliration of thu roles of these.numbers in . the alggﬁithm
i ! | ’ y .'.‘,
soquence, this ties by asking fop [tholr placowsnt.  Jenny’s  answer  speeified
- - ‘ - o . . .
tha ‘placcient not of tho guoatienf: but of the wmultiplo--~obviating the need for
rocaleoalaiiing th‘muTLipliCHtiOnj\MThhi, wversea the fivdt step  towdrd elim-

1

Jnatingfrhg reduadant mnltﬁpficnii%n. [N has written "7)51" ome the blackboard
1 S . .

\

Ch : . of . L ‘
for Jgnmy to solve] L. . . . ' )
e
o ' _ .
! . -~ . ’ v ‘ : . .
i : i o ' ’ -
! . _ =, :
y o -
«* L i d
N 185
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Jenny: It’s forty—nine. .Seven Limes seven.
HMQ: Her:? Here? [poluting to positlons above andﬁbelow“the division
brackat) > ’

Jenay: The forty-ninc goes down'undeg the fifty-one. 1It’s supposed to:
be seven. [MQ vwrites in the forty-nine and seven in their proper
places] -

"In. the third probiem, Tracy beg:n by specifying only the multiple and not
the quatient (or nultiplier), specified 1ts placement below the &ividend. ‘Eﬁe
tcacher  accepted  this  placement -before Aany quotiéﬁt was given. = Only
subsagntly-—and  with & 1itele difficulty--did Tracy determine-the'quotienﬁ.

[MQ writes "8560" on the blackboard for Tracy to salvel
racy

™
Tracy: Wait a wminute. Fifty-six.. ’
MQ: Hers? [pointing above the division bracket] 2

, | .y .
Tracy: ‘There, on the bottom. [Q writes 1n "the fifty-six] Uwm. Six.
MQ: Six tlmes etght is fifty-six?

\ . ) ) .
) i 1 » . - -
Tracy:s [othor ehildren laughl Watt.  Scven! Seven ... and fourn.
i L]

. Y * . . ‘ :
HQ: [urites in the seven and the four in, thelr proper places]
()’L:;? | ! . R ¢
' o 5 P
g [ [
| - : }

Ao this oadnat, the Prec slon Multiples [foin of the procedure has enmerged.

The redundant eheotiing step da merged with ¢he procedures for finding o nearby

' , - ' §
sleple divistion, and i3 comploeted before the quotient . is  completely deter-
: : T - ' :

hadiat s

minacd. his soquance doamonstrates that the Eransformatdion process is oo wuch
. . ¥ ) N . ;

'

/

i . . : : Cepa
preparing the novices Lo leavu. /inc

) s .

v X ) - . » 5 . .
a-process of hovices preparing the teacheg to teach to rheilr narvucul:v under—-
stand oy of the to:k as it 15 the teaecher

& .

txtended Precision procedure called upon phildren’s lmovledze of multiplica-
. Ve Lo o .

"
i

tion of siugle dirit nunbers. The [children’s adeptness at finding such

I ‘
\ : . . /
’ \ N / L/ o

RIC o v o S T
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multiples—-once called upon to do so--alloved them to abbreviate this sequence

of operdLlfnS cand  adapt the Precisiun Multiples solution. But.only'thrOugh
collaboration with the teacher An solving long division problems’ could: these

<

children demonstrate their ability to apply these md}tiplication'skills in

this way. The demonstration of reatliness and the development of the new  pro-

M

e

cedt 1 sequence develsped together. ' ‘

- N P
-

. . . : ™ .
In this way, onc procedure led-to another. The old procedy¥e; | Extended

- -

-
.

Precisilon, served as a, starting point and a medium of intéractdion between

]

teachar and chlild. Through'it, the teacher and children negotiated a new form

.

of the procedure appropriﬁtc_to the childrcn's"current%arithmetic skills and
& . . ' - o - s

’ . . . -
4 . -

levael of understanding. : ) Ty . LT

— o ' : . .

> sy N . : 5, - '
Succegsive appr wrimﬂtiOﬂ‘: In the gbove-examplp , the children drew, _upon
T T - -

knowledze of multiples of S1ngle dlgit numours £o 9pcc1Ly nultipico of ph\

singiu digit'diviﬁors. Nor al] chi]drun effoctlvcly qc‘.ccsu knovled"e of mul—

] e

K =

“,tipljvutton'fncts In this Way, h0ch(r.*5 one of th childrcn showved a ,ten~

N "
¢

-,

deney  to start- with a likely quobiunt rathnr thaa a ~ualtiple. This tendenacy

-

N - ? . . . .
sesnlted daea dlffevent kind  of  re u]unhl/dtllnn Successivey Approzimation.

el coagple beles is From the sade goesion os the/precceding expimples. TNere,: <

)
fhry.ou aslvens the peoblen Vacwea divided dnts portyf” ac foliows: \
. . . 3 ) . - ) 1 . ® » - \
\ .
- : \ ) \
| 3 * . . \\ \ 0
e8] . N : . e . »
' <3menn: Sever timos fpur S Tinit..oThat not Lhe closest. Ok, it’s
¢ supponad tr be deven thwes flva. Mhivty-five...Four? | Remainder
. four? Or, renmainder, U, five. - - S
: g
. \ ) ’ = - -
ke o - e ._‘. [RSUIEE U . . , . ) . P . .

5. To this phrticular classroon, the usnal methad of practleing weltiplication.
S

facts  was Jto drill for §pecd. and accuraczy on randamly orddged my tip}icatiod\’
trifplots: axh=c. Thus, many . childrea may not have had. pz lctlcc vith jordered
. - » ! '
sets of multiples. . ' T : Aoy /
| J
. ,
T ‘ i /
“~
| : 1 I ' .
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MQ:  Ok, you gat that. .

\

Thomas slarted by stating a wultiplication--mul lylng the divisor. by
. ' . BN o *

v ot

four. Then without overtly stating its.result, he w s a judgbmént'nbbut its

"That“s not the clgsest.'". Finally he . adjusts, "piloking a larger

Jadeque 7 o
. Iv ‘ [ ! .
SoamultIpiier. From hls treatnoeus of this woleiplier, we must assume that 1t ig
BN e o \ . v . . b
o . 8 . ¢ '
) . ‘ ' " '
0 1to be the quoticent. .Thomus’s overt respon.es suggest a new ” process, -
oo et = M . . . . . )
IS L 'ulﬁpproxlmntion, in which the fi.st precision operation is the multi-
. : Do ' o v [T
A ' . . . . . . ~ .
cople n-in the checking step which follows an| estimation--finding an-approx—-——
" . ' ' ’
Tant by correct quatient. '
. ;o . '
" ‘ v ‘/ .
Vo cannot determine precisely what mental ‘processes resulted - im - these
verbal products. Thomas’s problem solving is mainly internal and individigal
. - " o ' .
Hhwever, similar tra nufur arions arwse in extoaded teacher/child  interactions
vitlch ‘are wore open to analysis. In one such casa, Jackie had written "10 R
ce N Lo . ] . )
1V f£or the problem "nine into eighty-four' on hor worksheet. .
’ 1] 3 ) . * . i ‘ by ! -, .
- an B
( : Y E
Jackje: Oh! o ,
~ \ » R .
; S \ .
MO T 0k, so T oihink eeybho you wonl too high. . . :
©oJackic:  Bight. | Whot's edght times cight?  Bight lees...sevonly~ 3
- oot . o ot . ‘
B WL On, edght times nine?. Can ygu $0 higher'than that?”
. . ) ! ' . '
Tdackic:r  BIZhE tdwes nine is 727 _ Just nignx .times nine...0h!  [She
T ‘ eirases - and begjnsA,Laf(odo the pLonlom The teacher turns her
attention v uoaccone olse.) e o
o
: R P o ' N
’ ) L .- ! ' ' ) ! N
o Waen dintoecatfing with HQ, Jackic dlearly chouses multipliers without
PR ' 1' . ,‘v" ‘ v v \ " - - '
ficst deviving the from_mv L)ptoﬂ of nine, note har hesithtion after specify-
. - . . - ,’ .
.. B , . . ) N 5 . . "
- ’ " ’
e T - L)
X u N N .\‘\
) : W ’
\
N 4 - . Q
a @ \ ’ )

[ERj}: )‘ 'FJ gN§§L ;w- . l.: if /»‘
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.

ing the nultiplicat1on by elght. 6 This characteristic of Jackie”s approach

. N
interacts 1in complex ways with MQ's instructional techniqués 1 with HQ:%
. & .

versisn of the luﬁg division algorithw. Jacile’s multiplication Qas accurate

and her multipliers were within-a reasonable range, and so *Q prbvided_feed-'

- s
ba. - on relatlve magnitude: "too high,"''"can you go higher?" MQ"s judgements

N 4

slstent with the criteria for finding a nearby simple division. But Jacvie

gected on  the highe swer feo - ok by . adjusting the i Ao .ne

; , —t———

instead of the multipl.s. The net result is Successive Aprproxime.

5 .

in

f »
_which quotients are estlmated and tried as multipliers of the divisor and sub-
sequyently checked.

As noted above, procésses of estimation or approrimation are dinherently

.

woal dirceted. Jackie’s incorrect-snlutions are sufficiently reasonable to be
B8 .

intérprcted'in terms finding a nearby simple division.. MQ’s responses  derive-

from a wmore tightly constrained version of that goal than 1Is available to -

\

Jackic alonec, though Jackie’s and MQ's goals overlap 1in their "attention to

magnituds  relatioushdéps between nultiples of  the divisor and the disided.
»

Becise of this Gverlap, MQ necedad only to express relational moves, providing
) - - -. ’ B ' N ‘ .

extornal  guidance which nonitored vrelationships betwgen the dividend and-the

-

outcornes of Jackirc’s actlions. In this way, the goal itself is made clear
. _.J R : .
througlh  the procedure to attain it. This procedurs, however, is Successive
. . = - .
Approximation, not the Ext#aded Precision procedure.

1

[ :

. As noted above, processes of estimhtion or approximatisn are inherently
foal directed. . - ’ . " )

/. ' = , ‘

“ 7. Leoling at the beginning of this interactiss, we can see possibilities for
further reorganization regarding this cheching procedure. Jackie had aiready
written out a camplete, thouzh incorrect salution. In it she had‘madctan error

° >

-

oS

ERIC
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arc basad on the relationship between eighty-four and multiples of nine, con-
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In this and other exadples observed - throughout these sessious, a
v ‘transformatlon to, a Successive A;  oximation procedure beé%n with,a child’s
5 T C . .

fcndency to spcéify.a quotient at Ehé'oﬁtéet which, if nof correct, is %Lthiﬁ
a reasonable maﬁgituéé'range; Efrorg by‘chiidfen'using this apprgéch"led t
_COrrcction effﬁftékgj;eitﬁer‘tgc'chilg or the teécﬁer ?hich focused on re1;< '
’ '.tionshipé which sp}ciﬁy the.géal of the exercise. : . . R

! .

- . : v P . . -

. ) ) ‘ .

i ) These results i1llustrate that the form of the teacher-child interactions

vary with different children and“that these variatiohs'depeﬁd as much on the’

L] ?. D .

child’slappfénch to the procedure as on the teacher’s initial presentation and
. . . i . ’ . .

- Al

'3 * i . )
follow-up.:- The ‘development of these interactional forms takes .place through a

-~ » . .

complex interplay of factors iunvolving divisio of labor _on the task and

’

,mutu.” interpretation of respofses and directives. These variations in the

» N - B
[ . .

form;of interactions. are i+ !istinguishable from variatioas in the form of the
Y . f . ~

procedures which are the content of the lesson. .

"o

Croup Nifferences in Internction

»

Our analysis 3f the teaalar—child interactlens_ shoved that there were

jnportant  differcnces in thé fornyof these interactions adross groups. These .

L a < -

~

i - .. . \ .
- . - N -
. . a

v

e e e ol et s o e e . . RN

In a presunably familiar opzratisy] subtraction, which masked an error in the
(uiatient stce vhere her unltiple violates the "smaller than" criterion “withr
respect 4 the dividead. MQ pointed sut the subtraction errox in order to wun--
mask the division error. This uoved the process of checkingé/fgz adequacy of

the wultiple, which wes originally part of the Quotient st€p, to the subtrac- -,
tion in¥thz Remainder step. Subtractisn now tdakes on a new functional signifi- )
cance  within the low;y divislon proccdure. It has become part of the chack for -7
thc;qnuticnt-ns well ag a way to find the romainder. This use of subtraction

1s net exploitrnd further in- this sequence, but the'.ul possidbility for doing

#3 is clearly present. v

3
v

o - . - o 194 o .
ERIC ‘ '
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Table 2
- ! \ °
‘huﬁg . / Solutlan Processes  Characterizing
~ , / Observable Teacher—Child Interactions
Groups --> ";(highest) 1 2 3 4 5 (lpwest)
Solvtion ' ) ' o ) ' ’
Processes ' v ‘
Extended . \
Precision 3 0 . 0 -2 4
i . 257 177 407
. Preclzion i NN B .
Multiples . 5 1 6 10 - 6 "
427 257 - 437% 837 - 607 . x
Successive S o .ot
Appro.iration 4 ‘ 3 8 . 0. 0 -
337% 5% 5%
" Absolute frequencies of each observable occurrence each solition
- procedure are shown in the upper portion of each row. Pcrcentaged
. shown below cach frequeney are calculated hy dividing . frequency
for cach category by the tofal number of observable s¢*  ins fox
: that category. Only those solutions achieved through t« . .cr-child
/ or child-child interactions arc included in this table. :
P i
? = ~ - -
i /H . T~ ‘
r— ! .
&
' -
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. o Insgert Tab! . 2 about hera

t

. -

. differences are displqyedﬁin:Table 2. The Erecisionf”ﬂultiplés vsolutioh‘ was

observad in- all ability groups, tQ}ugh not for all individﬁals in any one

5

group. The Sugccssive.Approximations solation was observed only in the three .

groups highest in arithmetic achiévement. Finally, the Extended?Prchsion form

of .the long division algorithm as it was griginally'breSentcd often reéppgared»
. i q v . . 4 . - ,; .

in the ‘teacher-child interactlons in the lowest achlevement groups, but very

- -

rarﬁlj in the highest ones.(dftér the teachef;s initialﬂpresehtatioh).

0
- - . . T
L.

«

Tn-all groups, some children showed sufficieét .fémiliafity with arithf |

metic facts and the long division algor whm to pibvide appfopriate,ana eff-

" cient scquences of numerical responses similar to those presented ‘above as

exawnples  of the Precision Multiplece solation, Children in all groups made

some  errors, hovover.. It was the teacher’s.and child - en’s efforts to resolve-

these errors which produced variations {h the form of ‘the problem soliing
interactibns across grLUpS .

- . b Il '
[

N i " . . . : ‘. ‘l . ’ B
The Successive Approximation solution is an example of error resolution

wvhich occurred with relacively high achievfng children. Asvshown above, the

’

-

errors thot high achiovers produced usually bore a sufficient resenblance te

. the correct answer to be intcrpretadle, and so correctable by the teacher.
. , . g -
) . o . _".$'. ’ .
That is, the teazher could specily some parameter by which the child”s solu-
tion procedure could be ‘corrected: try a lower number, get closcr, etc. With

»
- *

. : ¢
P the lowest tws groups, however, children who did not produce correct answiers

) - »

either s remained silent or gave answers that were not readily interpretable in

N terms of ‘the goal ‘structure of long division. VWhen this happened, the teacher

L e 195 -t -
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 process.

. Whom thc»teacher called upon were.abla to prov

with little'or no discussion.

Lo the srigfnal/{form
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of the preséntatién of the algorithm, guiding'

tﬁz*%hi%ﬁ;fhrough it step b& step. The following examples i sstrate this

e e 7

. . sy D ' . o
In_the sacond to lowest ‘achievement gfoup, three 'of the five children

ide precise.numerical solutions
. :

o

Two _oth  :hildren h:d some difficy . Joel’s

“attempt dllustrates the form that the teacher— I 'd interaction: took when the’

-ghild providés no‘initial inputi 1831

, to

]

theybknow how to do it.]

7

MQ:

o
- Joel:
MQ:

Joel s

O

ERIC
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solve.

¢

Qri;es "7 5L the blackboard for Joel

Joel 1e silent for some time. Other’s occaslonally mutter that
: . . .
oo Coe
Seven times what has an answer that’s close to fifty omne? [no
responuc)] Ty o number. How about' seven-times three? .
No. . T ; ' - .
Seven times four? N -
Row ) L
Sevén times five? ’ _ : v : B ' N
’ . & oo
No . : . \ 2 .
What’s seven times six?
N‘O . v . . . L °
Ok, hoy about seven times seven? | ‘. N
B . :
Yes., Co , ‘ T,
. . ' ’ : 5
«++07 seven times eight? : . . . :
Yes . -
Which one @o you think it should be? : S
- ) - e
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R

Fingl Report . T o  NIE-G-78-0159 °

R ) - a | 198 -,\ -
. Joel: Seven tiﬁcs eight: 7 - _ . | . : -
. MQ: - Ok, wh;t's,seven times.eigﬂt? = o . _. . .
Joel: Fifty-six. o o - | R : :
| MQ: | Fifty-sixs. Is‘thhx oo big? y .
Joel: ' Yes. Forty-nine. Sévén tines seveﬂ. :
_MQ: Good . Sevenitimes seven iQ Qhat again? .
Joel: Fo;ty-nine.. 3 : : o " ) | | '
- . . " A 4 e
nge, Joel’s yes-no judgements and his numerical responses indicate that
his multipli ation. is badquatg to éarfy oﬁt the Step; of tk .pfécedugé once © ‘

‘the teacher sﬁ?;ifies them, but hg’bontriﬁutes. élmééh néthing rhat is lnét. ' S
: . _ : _ .
asked for. Though MQ began by using terns which suggest an éstimation_stra; . ~%(

tégy,ﬁ“%ry a number ," the'inﬁerac;ion resglté in khe.complete_Ext;ndcd Preci- ‘
sion .procéQure- close to its originai fbfm.t joel’s ybé—no responéés pb'MQ’s ’
"Héw abogt..." quést%éns‘shgﬁ ;ha; he doesmpqvq soéE:g;;§p of the criter}al'
relationshiﬁs  betwagnAthé multipleé apd tﬁe dividénd, but he failed to eétab—
lisﬁ'this ﬁé ag area of agreement between himself .and the 'teachgr a;- the -
outset.. : . . ‘

’ ) . o . .

St 3
This per formance may.have affected'other ;hildren»in bhp group. -The next
‘ child, Candy, began the division "Four into thirty" by stating the muitiplica— )

tion "four timeé‘two qqualé eight," apparently initianting the Euli ferm of the
Ex tendad Précisinn pracedure; The, t&acher tﬁen followed'along‘by helﬁing he;-
through the entirc sequence of multiplcs’of'f0ur. ) _ . o -

. .

1 -

“

RIC o138
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1

L3
-

. - v
- .~ .

The low achieving chilren sometimes fiade initial responsts that were not

- .

’
.

- easy o interpret. In > lowest achilevement group, duril,; the worksheet
: ' - ) LR . ' w

o

phase of the sension, Fric had made spme calculat® : errors and an  error 1

. the placement of theé results of his calculztions. Because of these errors) héy

~

had written "sixteen remainder one" as a solytion to the problem "three into

seventeen.", - . : ’ o '
i
MQ: v What'npmber times éhpee_is sixteen? - B . -
Eric: Hmmmmmmunme
MQ: I think you better think this one again., [The teacher erases the

H

sixtezen,] Think of your three’s tablus. What number tives tlree
has an .:answer that’s close to seventegn? o

L3 .

[y

Eric: [No answver.]

-~

MQ: Let’s po for our multiplication tables. -Three times one?. .

A

Eric: Three. [said isith a sigh} . ' g o

i ’

Eric and M) then proceed through the entire nultiplication table to com-

’
i

3

plete the,  Extended

Precistion form of the algorithm. Ve have seer repeatedly

.

Cthat MQ resorts to this extended procedure when children provide ro d{ntevpr .t-

@

. - . . )
able responses in approaching these long division problems. What"is the fune-

tional siguilficance of this procedure that thHe lowesr ability groups a&re "go

- often' evposed to?

- e v T

[t}

., Differcnces,in the procedural transformations acinss achicvement -gréﬁps

consisted of the wureven ' distribution of Svccessivc Approximatlon which

¢ .

; ' ' A - . =
azppeared only awong the higher achlevers, and tie relatively greater frequency

R . : - o NS
of the Ixtended Precision form aming lower achievervs. Thoigh groups had been
. . . - ' [ . \\y‘

) 5 : . ’ Ao .
formed primarily on the basis of arithmatic cemputation skills, difficulties

. - i

ERIC . | . .
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'with‘multiplicétioﬁ facts cannot entirely éCEount for these differen in the
form of the\interactions‘ Highcr achieving -childreﬁ  Were not always"véry

-1 ~ N .»

thelr arithuctic, but thny often showved a concern for monitorinw

L)

accurate in

= the,critical nuaer:’ . relationships within the algorithm.'eOne striking exan-
\ iple. vas a chqu;t with bhtt)-dne70f.the.childréh in the highédst achlcv;ment o
grOuﬁ. 1T@c foiio&ing éﬁcerét from the demoﬁétrationfphase of one small group .
> - b : = ¢ g
serslon  shows _ﬁhat, though -Matt’s-mult;piicqtioh'skills were, demonstratébly B
~-weak,. he ﬁqpaged to pgésenf foeét \-égal diré;fcd’beﬁavior aa - wblll.aéjﬁgdr
.§E&ggi£a‘¢om?e€ence-}in @ult?ﬁliqa;ion,_»Ey;c;bfe%sigg reiaéiopﬁl Sﬁdgements_:
[¥Q Wriyes 7}3? on'ghé‘blackbpard for }mtt Eo_solvesj" v .
Re o ’ ’
MQ: Fifry~two divided by evqn?q - B .
: ugtr-“ Seven times ...eight:f_ ; '
2  MQ: ss.is5 whar? [shnshcs tWL«OLgOl chx]dreni Come ;n,. yoP FUYS . Let
hirn t:ry to, figure it Oﬁt. o ‘? \ ’
_ Matt: [pauqm] It s ovear-. ,[pqusn] Seven times hix. s .
M MQ: Sevep times s%fris what?.' Lot l., ~
? Maté:' Fgr;&—cight...fqrtyftwb? . !
\e‘ , ;MQ: ,quLy;Lwo. 115 ;ﬁat as close as you can goet? \;
Matts ,[shékes heada”u;“]"n “ | ) . .
- MQ: Caq‘ydu éét.qloser? . -
H:u,t: ﬁh:l_1u1;.. ‘E'i"}ies"]' 5 o t . . .
. ‘ ‘ o . . ' ..
HQ: 'Le;fé try to get closex. .
Matt: ﬂo-.g:an h-ave ‘E.LX, eloht l;J'.mg:.'-; slx but 1'.11at"s /227/ .
\ MQEJ /It’s gotta ba/ times seven. It‘g sotta  be éimés seven. VWhat
times qevc:'t,"‘ .
Toﬁy: Iﬁ’s closer to nine. e N

ERIC
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-MQ: . Seven times voasiz times  seven was forty-two.. Let’s try- the "mext
;.ea = .highest one. e e . -

S Chld: -Seven ' e N o o oL -
» . ST . . . . c ‘ .. . . :
MQ: . What’s seven Limes ‘seven? = R R A
- ' Matt:"Don't‘knowﬂv" ‘ ®
| ' K, . \ ;0 '
MQ:, /Fort“—ﬁine/
. ohld: * /Forty ~n‘.‘ine/ f __ L ’ X
: - s S ' ~
MQ: . That’s as ¢ » as. you are going to’get. If you o eight times
.seven 15 fi. | six and that”s too big [on the bla. noard, wriLes
in the seven as the answer and fortyunine belom;rhe iifty—two] e

In sp{te of his:;diffihulties .ﬁiph multiplication, Matt nevertheless

establishes  the. Successive —Approximations transformation. ‘The jdtéraction
. ‘ : mat e

which achieves this, however, 1s "quite differeat from“ the ‘sequence wlth

Jackie,  pre SﬁJqu above. ‘Jackie hﬁd supﬁlich uumﬁé guidod’by MQ”* ; ii;w//
. . . v " )
tives émncerning felagivé magnitude. lHere, Matt does most of,jtbe @onito;ing
. of réiativé'magniéuderhflé ¥Q and other children supﬁlyzmd;b"ST theunumbers.’f?\\u
’ : “ Lt r . [ .
Matt’s "It'" over" fvtﬁbl{sbes the "nearby simplc d3v151on ,goal permnitting a

A L ¢

c00peraLLvo }fuLL with chers who' shaned uverlapplng versions of. thts goal.

- . N 2

. wfth the.goal well eétabtished in the interaction, Matt’s "eight pimes six" is
- s . . ) : s - K L
also. tnterpr eted as,an etronesus variant off this scarch, and MQ simply brings .
» - - ' . - . N . .

’

him back to ﬁﬁe corredt procedure. 8(

-
[

.8.-Note also that the sequeance with Jackie " took pLace dur:ug a WQrkuhP’ sesg-—
sion in .which her own written work iuncluded an erveneous subtraction, making
possible further “%ransformg ticns of the pruuedure. Note that such- a shhtrac—

= tiod would nat lHave arisen Jn the demonstration phase of tha lesson where the
teacher charvactervistically. would not write incerrcct respensés.s The polnt d4s ¢
that many of the seemlngly i1ncidental aspchu of a setting can affect the
dynamics of an interaction 1eading.Lo si"nlfwchnL differeaces 1in connlLivo
outcomes. ' ' :

. ..
4 ) -

o

) ] : .
/. PR . )
\}. . : ) o 4 201
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B %F spite of P . "8 OinOUS dlfficu]tlc wi&h_/multlpliqation, MQ never
esorls ‘ e _

rescirls to the full -sequence of multiplipat11“ m:-the Extended_Precision Ty

‘e duﬁﬁ. The functton of the mulLiplicaLion . .uence in the Extended Predi.ibn

c%dure ‘is not simply added practice hlamﬂt;plicaLlon Lables, nor is it

pY
O ) e
‘necg ssarily presnntad as a foal—proof way of" doﬂng 1onw dlvisiono. Its func-
Voo . 7 '
tion\ is expchatlvc, dcnaﬂ Lrsthv important funcg}andl relation%hips bngc
v" .

mulLiplica&ioﬂ and divislon. ”att has alrcady established the~ coﬁéidnration

A /\ .' R , ): L
oﬁ those rellationships by his initial responses. / ' -
-" M . " . # - .
. / “ n . _ Lo oo .
T f . ' ) .
. / i Discussion : Lo
/ / A . . '
i : ; . 7 ) )

jlﬂ\this analysis, the teacher and students are seen as embedded in a

ro funcﬁiohal sy tem which itself - constitutes a fundamental unit of analysis.

A |

The obsdtvcd t{an OLﬂdf\J) pr)Ldﬂ 5 described above characterize these func~

. tiohal systems’ as .self~modifylng—~altering. their own functional prOperLiLo

-

thrpugh -processes internal to “the system,'th0ugh ﬁot entirelx interﬁdl to any -

one- individua © within it. -This conceptualization points to alternatives to

[ i . : . .

.~the us ual way af dlvlding up les 3n cpisodes.  While ﬁc recognize'[thgg impor-

s

tance oﬁ s;ucies which analyze JndiVLdudl cognitive prhxcs ses and learning,

P

\

1nalv s to reveal. ney aspects of © the:

T

i . . >
this discusszion explores other moden of

. dygamicg of }nstructiqqnl intaraction. Uow can we charactertian thase func«
- .- : j
i

-+ tional systemJ.in-ordér to capture at. least some'of theo envantjnl\ pl:nctp1cs
by which leaxxiqw ocau s? _ . : i .

: “ - ’.‘
The lntfracLLVﬁ leﬂrniug Ll )ry 1dLntiEies a leston cnivodv as\\ a funce-
e . P . . R
tional systcm contained withfn an Lng.lLuL101d113 o“ﬂanL/od sattlue: d.e.

v

. 3 ; E
division ig a clussroom'in au elementavy school. The fuoc—

/

our lesson’on lonx

/ ('}
/ .
“tional system produczs the performance we obséerve while the sctting ILHVJdnc a
i . ) . c L , ) \ 4
;. o . f” o0l : . : S

v
'
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. ST . . . . S .'. X S ) ' » -é. )
genéral specification of the goals which coordinaté @ . adtions, This . g la~ .-

) . . A v’ : " o - . \ - <.
tionship between setting and shared expectationsg and goals is,develoy " by,
Murtaugh et al (Lave, Rocha, &}Hurtaugﬁ; 1983). . o _ - '.%

: .\' . ‘ . . - » '.' o - I - o

The role ofbg;aié 1s critically .important here. The setting provides ° e
. : “ ‘ R M .
goals vhich ave held In comnon by the.;@vqraI individhalb'yithig thcilcsigdi'a
epiﬂadé. "By hglding common goals; the v@sﬁgps:ﬁarticipantg are-ﬁ>1e.{£o=weqmﬂ A
o1 oleate, Tﬁaﬁl is, ﬁhe-inbtitgtioualz%gtting "seQS up! individual cognitive

N e

. — ? ° . . ..

processcg\in a way that. affords them accessitd each-~other. At the outset Qf
. ’ ‘- . . ” . 1
utionally established goals of learning-

the 1lesssn  analyzed .above the instit} ,

| . . .
. loug division By demsnstration and pra¢tice~are'in some general way guiding =
. ? . : j . . \ .
thé childéen’s and teacher’s,interpretatidn of ‘each other’s products.
v : : . L ‘ w .. ’ .
.- . . N : , N . . i . R
*lWithin-thc'functioqalmgzstem, thpee'mnin'gpmponepts ‘can  be identif@ed:ﬁ

.
N .

background  knowledge, though;v,of’asfé‘pbo} of'multlple competencies brought s

. . . . . ) ) (X}
“into. the episode by the novices and/ovr expert; products which are writing,

aural statements, a

ctions or other prescntaticns offered by the various partijj
cipants, and a continuss process of intevprative interactlon between , novide

0 o : . T i

. . 4 N - ’ .' . . L

.and  evpert wuich -relates old knowledge to new procedurcs.  Though we make

ey

these distinctions, the three componants are not equivalen¥, types. Either the” - - 7

3.

K] o

. S . R . . . . ~ L L
background - knowladze or the products can exist independently without the sup- .
\ ‘ St o ; T

’

port of the gurrent functional/ system. .But the intcrppetiﬁc interaction dis- .
LN B - . . :

Y

. - - . 2

dependent’ upon the availability of tie other,tWSIgompohents as well. ag the

fundamzntal organizing power of the setting. . . . ; .
o o 3 . .
. N . s N - . “~ N B
’ a . R . .
; - ' L
o v . . N L)
a af , ! . . ) -
- g ‘ e
.‘. - N
» ot ‘ , - . ) .. . . d
- 2 %~ .
o) . . . . - eU3 -

Aruitoxt provided by Eic:



]
»

H Finéi Report C o S ' o = _NIE1§~7§-0159
d . . 204

- : . - . : »
- .

O an;lysis Leveals a ¢yclie relatinnship nnonn the thyee - components.

thkgrdund kno‘ladnc and products both enLcr“unto the 1nterprPLive inneraction:
. S o .
and- are modifled by it. Since it is dieributed across individuals, the whole‘

. body'dbf the available background\knowlcdve is not immedidtcly accessible by ’

-

any sinﬂf; 1ndividua1§ thou ah piCLEQ of it are made visible by being drawn a
into the interaction. Preducts ari e within‘ghe interactiop and'once produced~*

arc available to all partic1pants as obJecLs ofzdiﬂéusvion. In‘modified form,’

both backgr0und 1nowlcdge and products re- cnter the interaetion in continu1ng

‘ (
,cyelc;s._, Ve tave seen that MQ s E\'tended Precisio# pwcedure ig the c key pro-

“duct which initiates the lgssan sequcnce. It depicts a procedure which euwbo-

N

vy dies important relatilionships and coustraints .while drawing qn foutindS‘ fami-
. ) 1 . -

liar, to the students. “But the Extended Precision procedure cannot not be’

.
.

’annﬁ literally as a definition of long division. It functions ds a starting.

point or a goutext, specifying intermediate_goals and routines from which

<

‘ - .. L ol

_{ “ . hilgher order goals and ucl procedures which serve them are derived.

v,

R

= The critical processes for change occurtin the interpretive _interaction.
. » . . L. v . ey
>

Herc, participants interpret each other’s products in terms of their own . ver-
slons of commonly held goals. But since individual versiovus of these goals do

a

T J .' . . . . . X . - .
rot  overlap comnlctuly,_such interpretations are often askaw. . When this hap--

penn,nxnuividuﬂl plrLlcivxnt “aay Lr( to ﬁdj:st”bthcrn' ﬂctinn t Lo bring “them

in’ 1inc with what ha pdrceives Qﬁﬁﬁﬁﬂ common objective. Thoe nature of these-

© adjustments provide Infarmation for the othervise jnaccessibla goals of  the’
. ‘ t : - '

. individueal doing'the ipterpreting.d,Thié\combination of interprctation {(inter-.
' ' : . S ¥ . B ) . L . :
nal and individual) and adjustment (external) has' besn terwed. © appAOp. atJOn"
N - M J “".‘
(Lhnu, 1982), It"forms the qui of Lhn mechanism’ by wh:ch inJLVLmunl goaly .,’ :
N . . oo

e Rug e
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. : : .

are brov. - ints-claser cirrespondence. 9 Vien such adjustments call upon the

-

baclkorour ' knowledse of other individuals, then thils process also results in
(o] [4) b P 8 R

.

“the reor; lzation of that lhaswledge. , T
- d : . . . ) . - Lo
' We have documented nemerous instances of cappropriation - in- these small
- , /0 , N t‘ . . v ] . *
group - secglone. Waen  a ¢hild’s actions can be dnisrpreted as an attemplt te

achfeve tho probar gual, th
. ] R

in¢ uhigher order constraidts“ The tecacher’s higher order goals coordinate the

I3

teacher acts to adjust these actiouns by maintzin-

. ¢

L.} o dl) ) -
.. y N | . : . :
cuiltd’s products and ?rlng familiar background knowledhe into new functional

relatiouships: for example, multiplication becomes structured as sets of
ordered triplets, iﬁtegcr multiples take on signifiéant magnitude relation-

ships to other integers, and 52 on. This results in viable long division pro-

cedures vhich are modified by the interpretive intergction to fit the particu-

1ar charsctevistics  of the student’s brelizround knowlwdze, while at the same

N 4 ~ .
‘time imposing new wrganizing principles.on that background kgowledge. ‘;?

“ . . -

The importance of the student’s actiong is brdﬁght‘out by ¢t instances

observed where students gave no products or uninterpretable oues.
: X < . . o s
ST, S Coh . ; . .
junctures, the tcacler reverted to the thende%’ Precisien procedurs
. - * 0

_ . . : . :
establish a basis for interaction--an infermadiate contewt based on familiar

PET8

o ' B ' 7 ‘ : _
routined and goals from which to work. - This move suggests that nere instruc-

. ’ .\ ’ "

tion tiwe will be required £or ‘such students. It is iwportant to realize that
PN ’ ‘ . )

this‘is not necessarily an error on' tiie part efthe teacher. Nevertheless, it

e < - . ) '

is’ 7also irportant to understand that there can be many reasons for a child’s

+ .

failure to prbvide adequate feedback to the teacher. Such reasoans could

—~— - . >

9. This 1s the way- At 1s supposad to work. The process can break down in - a
Y SUpp I L _
multitude of ways, however, ‘possibly leading to ever diverging goals. Thls

results in such remarks by educators as "I1'm loosing thaf student.” - .
|_..‘. . . 4
: ® ‘ :
. . Y ' . . -
" .ob L . e ) .
\)4 . . ‘ ) . B - a 2U5 ) H l.. . . ) v
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’

S : % T .
involve background knovledge, mental.capaeity, emotlonal prot. s, or matters

which  are social ox sidental-—as for exauwp” a tomporary miSquSrstanding.

“In "any case, without interpretadbl- productions by the student, the teacher can

'
\ .

only gu2ss at the appropriate nc | soves

'

Conclusions
i

We have depicted functionzl systems as information processing systems
. ) . g -
which centain individuals within them., These are nestedwunits of analysis.

. . . ’ 3 ]
" The functional system is nested withim the setting (which is nested in turn in
lavger cultural units), and individuals--proper units for other analyses - are

nested within the. functional system. Vhat is important 1s the continuity
N . : . o ‘

betvecn nested levels. The way the functional system processes information is.

eritically related to the proccosas golng on iuside the fndividusls, and  the

way that inforsation dis processed by the functional system as a whele modi-

2

" fies, sustailns and adjusts processas gainz on within thé individuals. In an
b A f ] Y

Y 3 : v . . .
gy 2 important sens2, -then, Intra-subjective . and inter-subjective information

2

procecses are continuzus, thouzh the physical mechanlsms  which sustain thon .

10

N -

o, N
-

L

- - i o e ~ . . ' . n

10. ‘fhese grgumonts rake it ciear that this kind of learning is interactlve in
twas senses. It OGCUfﬁ in interaction hetween indiﬁiduals, and it conslsts of
an interaction between top-down and bLottom-up processing. The top-down’
processes are supposvted by, tha sctting which makes pousible the agrecment upon
cormon (or overlapplng) hjgher order goals, in this cade, to learn  some kind
of arithnctic called long division by denonstration and practice. Prerequisite

“elewBaty - intarmcediate goals and coapinent routlines -~ arc asaonbled In a

. £ . .
bottows-up . way thouvgh coosrdinated by highee osvder gozls. All  of these
processes are sustained and synthesized {a the jateuprative interaction.

o

¢
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We have seen that the process of instruction cannot be reduced to direct.

. -
<

transmission of knowledge, nor are crestive learnir: processer ~rocessarily

v

'entirely internal. to individuals. This study subs§7n7§a5es Andersen’s +(1982)

conclusion that procedural knowledge 1s not acjuired directly. Instruction In

. ’ . i . .-
cither deciarai%yo form—— ] in Anderson’s ctuly-—or in.procedural fqrmﬁ-as_ in

the present study -xequir'" interpretiye pvaresses in_which previously exist=

ing proccdures par .icipage. However, theqcurrcﬁt study shows that a great

deal of this interpretive work is done inter-subjectively and results in the
: , R

acquisition of new goals as well as new procedures by the novice. The

observed: ihstfuctionul,/;ﬁisodes, analyzed with reference to the Interactivé

Learning Theor show a constant interweaving of internal, d1ndividual . cogni--
o }’» o i .

Lok

tion and dinter-subjective processes in which the form of what is learuned and
. N . - . . .

process of learning ave mutually constituted between. teacher and student.
E

This process, however, 1s cLirLLally gopcndent upon some 1evcl§?f sharcd
4 - . B

©

overlapping goals, for it is these that allow individual's-to.interpret'éach

v
~

oni{’s exiarnalized wroducis. This coordination is initiated and sustained
by institutiénéllyﬂ specified goals. That there can be roughly cor¥responding

goals defined by institutiocnal sdttings depends, of course, upon the cffec-

tiveness of socialiéatibn and aculturation processes In the historics of the

DT e )

1ndivic uﬂl’s who méqt there. Thus there is a g¢ontinulty between cultural his-

tory and dndividual cognltion whigh cannoL be dgnored in any instance of

P e '," o : X N .
Instruction. The teacher and students:simply must have sonme 1dea of what they

P ‘ .

are all doing together' - . .

o
©
-

4

-

-

g

-~

14

-~
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A systea thils complex 1s bound po’ be richly ecudowed with  possibilitvies

for Dbreaki. _ down. Sev T of these possibllities & currenily under inves-
tigation by«the LCHC teaw (sco LCHC, 1682). Their Costigat of learning

diszbi'itles has showp the lwpoctance o soclabization and speial skills for
. . shor » ) :

-

the ability tn learn froa oth: . It 1z hoped that this paper can provide . a
framawork 3 Ia‘:inr:.r.:g,m-:ting inve#ﬁL&ations into the great

‘

~atructuring

varlety of locti LJr‘posdibla lcarnihgldifficultics, as vo2ll-as to shed ldght

on normal learning process. ’ :
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CHAPTER 7:

CONCLUSIONS

This report, addressed to the broad audience of . cognitive scientists,

o W

takes an approach that is fundamentally different from the mainstream of that

discipline. Because our topic. is education we have not isolated the mind of"'

o

the learner from the cultural tools and the culture members involved in the

activity of instruction. Instead we have 1ocated the process of learning in

3

the interaction' betWEen the learner and the cultural e1ements ‘that are both

‘~the means and the topic of’ learning. 0ur thesis is that an explanation of_

learning must include both an account of the changes in the social interpreta-

-

,tion of the child’s initial responseswand an account of the»transformation of
" cognitive activity from the inter- to the intrapsychological planes. bur -

~method in the project we have reported was to create learning environments in:
‘a variety of social settings in which we could‘model the’ proceaa of change.

™

Putting tracers in each of the settings helpek us to make the . cross-social— .

A

setting. comparisons that are esaential for understanding the interactive -
: randing * . '

>learning procesSes.

s N “a
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~+-Implications for a Cognitive Science of Education

Our observations and analyses-of,activities in the laboratory and class-

" room settings lead us - to three cbncluaions. First learning in interactton

involves a process of appropriation in which the- teacher interprets 'the,‘

. child’s responses in terms of her own analysis of the task. ~This process

works off the assumption that the same action or object ‘zan be simultaneously

~ -

from two different points of view,.- The appropriation of nonuniquely analyzable -

“objects is both a source of creativity and a problem for researchers attempt-.

2

does have important limits which have an important impact on both research and :

of creating systems of social interaction.

Had

ing to make statements about cognition. Second, learning in interaction N

involVes a zone of proximal development in which the teacher and student colp._‘

~

Laborate in undertaking the task.~'The zone provides for many divisions of‘

4

labor and sequences'of instruction. Third designing instruction is a’ matter

.o ’

Appropriation and Multiple Analyses

o

We have seen many cases in which two people in 1nteraction have different

v

understandings of the' task.-or'situation. Multiple realities are not'neces-

~ - '

_sarily an occasion for miscommunication but a necessary part of any social

* encounter. The limits on successful communication are not determined by the

3 - T [ . - -

g'communicatiOn could never occur) but are determined by the possibility of the

s, L e

participants apprOpriating eaqh others actions. The appr0priation process~'

- o ‘e

- ¢

- instruction. v T . - : e - AR

Lot

o cR1a

<

‘ participants having identical analyses of the situation (if that were.the case _’
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The limits'of"appropriation can be seen most clearly when a - child gives

n "inappropriate" reaponse. Recall the difference Petween Jackie and Eric in

the long division lesson discussed in Chapter 6. Jackie, the successful stu-. |

dent, made an error in computation ‘but one that was interpretable as an wrong

answer to the task at hand. Lric, a student in ‘the bottom math group, wrote

.down an -answer that was 80 entirely out of the ball park that the teacher had

no recourse except to back up in the procedure to a point ‘on which she had

- '

some hope of finding common ground with Eric. When the child makes a mistake>

don the task, the teacher can work with it and show the child how it is un

‘error. - When the child 1is doing some task other than the one the teacher

/
exgect the children to be working on, the teacher cannot show the child how
, his re8ponses could be improved. .

-~

The teacher’s capacity to assess the child will depend upon her ability

to appropriate the child’e responses. A teacher may, of course, be-mistaken

about the child’s response. Eric, for example, might have accidentally pro- '
duced an answer that had the appearance of an interpretable mistake. The'
- teacher’s appropriation of that response however, would not be interpretable*

to  Eric . and the- interaction would break dowvn or be'otherwise'unsuccessful.‘

“h

Working such an interaction through to an ultimate success would require con-

siderable concentration and individually focused efforsgﬂcOmmodities that

teachers seldom have in a classroom filled with iS other, children. . Conse-

quently, the mainstream children who are doing the task in the "appropriate"l

. A' . .
manner, receive instruction and the children like Eric are left behind._- The

teachér’ 8 coding scheme necqﬁsarily breaks down in the face of . children who'

are not doipg the task as the teacher understands it.
AY
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Researchers attempting to code classroom processes are in precisely the
same dilemﬁa. Coding schemes, eapecially those vhich are done online, favor

the children who are anal/zing the task in the same way a8 the researcher and

teacher. As we show ip Chapter 3 standardized coding schemes ‘appear to give an-.
valid picture only for some of the children. In this respect hOWever, teaeh-

ers have some important adveutages over the researcher attempting to code the

children's behaviot. The teacher can intepact with the children and thereby

e find out if hc: aaprOpxiation of the child’s response is interpretable to the

R
.child. The researcher has no such check on the outcome of his coding. Thew

coding scheme nzcesssrily assumes ‘that the behavior is uniquely analyzable/ an
assumption that can lead to dangerous misappropriationsvof children’s hehavior

unless e/te 'can arrange experimental conditions which help to check on what

»

the child'is really doing. The teacher also has a longer history with each
child than does the typical researcher. Throughout our work in the-classroom
we were continually imn"essed with the richness of the knowledge' that a
teacher . builds Qup over the course of daily interactions with the child. Thisr

vast knowledge of individual patterns considerably increases the range . of her

-fwell-grounded interpretation of the children 8 responses. Without this

. knowledge (for example, at the beginning of éhe year or in cases of rapid stu-~

dent turnover) the teacher is in a position similar to that of the researcher°

she is far more -dependent on normative expectations. Those expectations
almost invariabli,fmvor the children from the mainstream and majority culture

and render thejother children’s responses uninterpretable {or, incorrectly,
"wrong'"). . S o ;

;-
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Appropriation is not limited to cases in which the teacher and child have

the same understanding of the"task and its solution. As the examples
throughout this volume have. shown, children can learn new goals and ways: of

doing things when their responses are appropriated into a system of which they

were not previously aware. Because -the teacher interacts with the child

(unlike the researcher who simply miscodes the behavior and. leaveig the child
can learn retrospectively what his response counts’ as in the system as under—

stood by the teacher. - o o . .
< | , .
In education there is an attempt to ‘teach children to identify and solve
tasks when they arise in contexts outside of school. Weysuspectfthat the pro-

cess of appropriation is instrumental in achieving the creativity necessary

for tackling what we have called the "whole task", that is, being able both to

formulate the goal'and'to come to a ‘solution. For example, the providing -

opportunities. such as 'found in the combinations of chemicals task in which'
children were allowed to discover a task in the course' of doing some gelf

motivated activity is an important kind of experience for children to hsve if

they are going to learn how to apply what they know to new situations. They_

} \

will not 1learn to transfer if they are always presented with a ready-made
task. .A teacher’s retrospective discussions are also a crucial part: of that
experience. -. For the children.who did not formulate the task themselv 8, such.

discussions ‘are an opportunity to see that a task had ﬁhen potential}y in .the

~ ,

activity. The process of appropriation stands' in for- the ¢ ild's self

o discovery and displays for the child h0w the task and his response to_it looks

-

v from the pe spective of the teacher ER analysis. Ve belieVe that appropriation

- 'is a quite general process that can account for “the. emergent creativity of
) - 5

social interactions and, the growth of flexible expertise in learners..
<y
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The Sequence of Instruction in.the Zone of Proximal Development

a

. ’ ~
- . - N

The essential counterpart to apprOpriation is the zone of proximal

b
[} \ '

.development as formulated in the work. of3‘Vy§otsky"and his .students.

Throughout this report we have shown examples of teacherfchildtinteraction ‘in
which the task wss divided‘betveen the two participants and in which overithe
course of the interaction, the child came to‘umderstand“the task and to do it
more competently and independently. Our conclusion from these observations
concerns the tremendous flexibility that we find in the system. The ZOFD (as.

v

we' call it) is- in no way a mechanical transmission of predefined task com-

'ponents from the teacher's=role to the child’s role. The appropriation pro—‘

cess, for example, makes clear that the child’s role may betome reorganized -

v

duriqg‘the course of interaction as it becomes ‘more and more under the control

of the teacher 8 interpretationqof its significance.

The flexibility of learning within a ZOPD extends to the sequence of

tasks that defines/a curriculum. There is a strong tradition in developmental
Y
psychology that is\reflected in the assumptio\i of many educators as well that

-cognitive change in"any domain can be specified in terms of a hierarchy of
levels, stages, -or tasks. The notion of a learning hierarchy as ' popularly
interpréted11 implies that educators can conmstruct a curriculum consisting - of
a single best sequence of. tasks going from simple to complex.that will Optim—f“
1ze transfer and not leave any gaps in the skills required for/ later tasks.
The ZOPD notion, however, provides an interesting alternative to that assump-
tion. Where a task is being carried out interactively between an egpert and
11. Gagne (1968) is careful to deny that his<experimenta1 findings imply that
there is any generally applicable single best sequence of tasks. . . - .-

I
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novice, the components.that the expert tqkes reap;hsibility for may be "higher

: level" or - "lower. level”. The expert: may take charge of the executive deci-'

'sions leaving the lower level operations to the novice or, alternatively,h\ﬁhe
! 1K

expert may allow the novice to make the difficult decisions a&d,give support
by handling the mundane details that might'otherwise distract the -novice. from

the higher level-thinking. The latter approach has been suggested as .a method

.

5 for teaching writing (Bruce, Collins, Rubin & Gentner, 1982) through tasks

which involve ordering sentences and paragraphs. The teacher (or in recent

-

'implementations, the microcomputer) provides.the -sentences and . the child’s

. _ ' b} - :
" role 1is to consider the higher level text structures involving topical coher-

‘ence.

Our own observations suggest;that in many cases the notion of higher and:
'lower levels may be misleading. -Takea for eiample, learning long division a
prerequisite for which, it is commonly.assumed, is mastery of the multiplica-
tion facts. Children 1in the lowest"math group?entered the setvof divisioh
lessons with little command of the basic'facts. In Chapter 6 we-saw that ‘the
expert successive, approximation strategy 'did not emerge in their interactions
with the teacher. The relationship betwéen the lack of math facts mastery and,
.their subsequent failure_to learn‘long division is far from straightforward
however, as: Chapter 6 makes clear. Two anecdotes reveal further dimensions of '
.this relationship. One member of the lowest group, Margaret discovered that
the multiplication tables ‘printed on the inside cover of her folder ptovided a f
very effective suHstitute for her memory of° the facts. . The tables were par—J
'ticularly effective. when working on long diviaion because they were ordered by

multiples allowing her to scan down the téble to find the particular multiple

.that was’ "close to but not bigger than" the number in the question. Using.the"

)
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o
table, she was able to complete long<division.problems. In the'proce 8, she ~ -

also learned something very important about the structure and function f_ thé

.multiplication tables. Another child in the ‘same group, Mark, found- the long.’
division task very difficult. One day at recess after he had been worki g on a

'.seat work assignment the teacher found him very upaet’abOut the fact he did
not know his multiplication facts.;‘He could seek'the Arelation - betwe nAche

doing’ the division algorithm and knowing the facts and, for the first [time id

his school-career, became determined .to wonk on memorizing the' facts. | We do
not want to deny that having automatized knowledge of multiplicat on facts
~helps children in learning the algorithm. We want to point out, howe er,-that‘
it also works the other way. Confronting theialgorithm also org izes and
motivates the math facts. The facts and their organization are give ’ perhaps
'for the first time, a clear function. We can thus suggest that th algorithm
could be used as a way‘td.drill and practice the math facts provid d -that 1in

the 'initial phases of working with the.algorithm written tables were made

available to the children. The standard sequence of math fac's then .long

o

division is a necessary sequence only where th tasks are~co ceived of as a

series of individual accomplishmeats:\\Under condiriOns ‘of an .lxpbrt providing
- ! T
‘ support for the "lower" level components, the child may prgfit by a reversal. B

in the sequence. At least, it should ot automaticalli be assumed - that
. /o N
failure to learn—a complex algorithm indicates the- need to do more rote work

-~
— ~

on the basic skills.\\z\reordering such that the * higher level sctions_~ give

2 o .
functional significance “to the lower level operations may be far more valu-. -

able.
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Designing Instruction . } : ' .

.
- -

.
.

we began this report with a discussion of its relevance to Cognitive Sci-

ence. While the mentalistic aaaumptiona that predominate in much of that dis-
cipline are contradictory to our own poaitZyn, we nevertheless conaider-;our't

hapters to be a contribution to it.

\“\ ~ ‘ 1y

PR Lo .
+ Where we do resonate strongly with current formulations of --Cognitive Science
. | o S
is in the notion of "artificial" systems (Simon, 1981). ResEarEhﬂongeducation

> . I g
. . oy

work to be part of that effort and\these

is also a science of the artificial in that the 'study of how educational“mw”*
ini&ractions work can never be far removed from the task of engineering them
to work better. Thus we will end this report with a set of - practical recom- .

mendations for education that follow very directly from our: observations and-

analyses. - ‘ - . !

" The underlying theme of "all-our- recommendations 'is.. that - designing more

effective instruction “involves designing systems of social interaction and

«

 social organization. Better textbooks or better microcomputer': courseware"
»will be only as good as the multiple settings in which teachers get them to
function. For example, the new domain of "intelligent c0mputer aided instruc-

' tion“ (ICAI),_ a notion’ that.is very popular among cognitive scientists, is
usually thought of in terms of constructing a stand alone machine that will '
replace the teacher for instruction in 1its apecific domaim. We have triedq'dn ‘
this report to emphasize.the complexity of the fteacher-child- negotiation rin
'the‘_process of_ appropriatiod. - Efforts at designing ICAT will benefit from.
careful analyses of how concepts emerge in the teacher-child interaction. But

current computer systems are actually quite far from being able to perform the

.. ..

feats of sensitive interpretation performed routinely by. human teachers. ;

J;BJXQ},:;,Qgc,;Ei;ﬁ;qux;ms
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: reeommendation that follows from our research .is tH‘t the deaign of ICAI

-

' should not attempt to replace the teacher but rather 1" ahould set the machine

up as a tool that mediates between the teacher and the child, /In that wvay,
the human teacher can still act as the inte;pretive expert appropriating the
child’s reaponses into 'the terms of the machine and“helping the‘child to
appropriate the machine as a new tool\for learning. Our':ecommendation, how-

ever, krequires that ‘the designer of the machine be sensitive to the sociplly

organized settings in which the machine might function in the -classrbom._ it 7

,

would not stand alone. It<aould~be integrated into a setting in which it'had

- v

a functional role.',\c‘ o

Conclusions Regarding the'Broader'Issues -

i ‘ ' |'
B N )
<

- In the previous-section we summarize our conclusions in . erms that
occupy us as scholars and theoreticians. In this section we repeat those
' /

points in the terms that we think of them as citizens who are also scholars;

s

)
W% want to return to the broad. questions that got us to come to NIE several

years ago to ask for support and summarize what we think we' have learned ’ that

0

may be relevant to the stafﬁ of the institute and other policy makers who look

to research for guidance. These remarks are extrapolations, in. some catesyf

from the, facts at hand. But in each case we asked’ ourselVes, "What general
T v ' \ K ‘- Co- e
conclusions about kids and schools have we arrived at? “hat experiences' led
: \

those conclusions? What data do we have to' support those conclusions that"t}

we can show to others as warrants for our conclusions?" In each of the points

’

that follows we will briefly point back to the source of our claims._:‘

N . . ~

1. Codigg schemes as. process measures ofsedusation. It makes good' sensev

-~
rar.

‘for educational planners to seek.objective data about classroom events Lo help_"{
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bin teacher eveiuation, curricuidnlevaluation, and ‘a nnmber of issues rhst
revolve around the'core_ofrthe educstional experience. But there are theoret-
iiggi limits to what_csn be expected from on-line “process“ measures of educa-
tisn. Over and over again we have<aeen that such schemes do not err in a ran-
-doq‘wny;‘tney_do not“permit the inference that a child .or tescher’ ﬁho is
'apparentlyq doing‘"poorly" is,in'fact doingAHEil with respect to another task. .
This is a théorerical limitation because we hsve shown that structured ambi- '

guity is central ’to the educational - process. Teachers give children the

" "benefit of the doubt" not out of softheartedness, but because this "as if"

assumption is absolntely essential to the communicative process.
[N

e

i. Do kids behave'differently on the same task. in different contexts?

This 4intuition has a firm groumding in experience and our evidence, but it is
incompletely formulated. Our tracer proceduresishow that what sort of task

one is in canlbe discussed systematically, but it is a mistake to take certain
logical or action schemas that are coded in our language as procedures ‘(for

A}

doing intersection, dividing, etc.,) as the process of learning/tesching, The

explicit procedures are an important part, but only a part, of the actual con-

straints constructiyg the event. o
AN .

In_real life,-the~teacher credits phildren for their. contributions to
doing ‘the whole task that {nclude many elements missing from the diagnostic
vexneriment. .She/he is able to observe a child who “ does poorly when someone
else initiates "take charge" and dis covers fo{ hereelf what camnot be told, or
organizes someone else to do a next step. This is evidence of ability to deali

, with intellectual tasks but if it is tsken care of ahead of time by the adult

or the procedure, the 'child cannot display it.
9 : : * ’

LA

21
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Thus, although it is incomnvenient, we find intuition cofrect and science
prd : -

v

vrong because. science is operating at the wrong) level of description. To
teachers and children, "whole tasks incldde figuring out that the problem 1is

there, figuring out wha: to do sbout it, -and doing it within the constraints

3%

at hand." Standard testing practices truncate this prdcess i ways w: have

-

repeatedly :demonstrated; the result is more,standardized;codingq of behavior

at the cost of a process that values shaping over development. A

g.fgwhht aboit equity issues? A major motivation for this work was a.

'

aeries"df~.¢qhiti -1gssues that arise around the diagnosis/instruction nexus.
o »

S

One major.line of effort q&er many years is to come up with ways - In which
th&se seg&eq;é ;of the society who achieve pootly'in school can be helped to
raise their_e&ucationali;;relafed ékills significantly. Severallgcgnplusioﬂs
_concerning equity #re warranted by our work. |

1. It is a mirage to think that it is possible to redrets early educational -

+ ~deficiencies without adding extra educational activity for poorly achiev-

- 1ing students. (We do not here ‘address’ the problem of teacher/student

ratios, just the issue of time.) The evidence from our work shows clearly

how .weaknesses in early parts of the curriculum sequence become
-weaknesses ﬁgq-pefhaps even terminal -difficulcies by thellater grades.

B
~

2. Uniform conditions pf instruction imply that some students will have to
do more work thgn,ther to complete the same task. Yet heterogeneity that
only makes:some. tasks '"less" of another .4s not the answerj just as
children’s. concéptions differ from each other in more ways. than we can
know, so there a:é‘many-qualixatively distinct ways to accomplish a given -
criterion of performance. v ) - T

3. A solution to educa;iopal deficiencies that emphasizes more time on _task
without .taking into™.consideration 'variable organization of activity is
not sufff{cient; it can 'dig a child deeper into’a rut ' instead- of giving
him a head start. L : . _ ‘\\"

4. Our research leads us t& ‘émphasize the importance of -continuity 4in the

‘experience of both teaahgr and student in theieduéatidnal process as an -

1
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important assist to equity in conditions like the ones we analyzed in
which teachers. believe in the children.and are working ag hard ;?\;hey
can to help them understand. If the cast of characters keeps changing,

;none ' of the parties have badly needed information td overcome toﬁgh o

SpOtS- But continuity without variability isn’t likely to- help. : mf“z

. - A s

There has been a great deal of debate for a long time about ;the:. problems
surrounding’ diversity im school achievement and the neans that- can best be
used to improve performance in all sectors of our school system. The current

pressures and dissatisfactions are generating a lot of finger pointing and

exhortations to hold people accountable. The centralized, bureaucratically

driven need for objective data is perfectly understandable in a giant system

4

of the sort that our educational establishment has becqme. Our work is but one

of many indicators in recent years that the process of educating a large and. -

.

nvery';;;erogeneous population on a mmiversal scale has been handed to the
schoo 8 as an institution without sufficient attention to all of the functions'

vhich schools cannot fulfill *When students fail, the social response' is one

4
of impatience, and eventually anger and disgust. Looking at the process. of

learning/ teaching in a normally heterogeneous California school with skilled
and dedicated teachers has served amply to emphasize the_gAeat difficultf ota
the teacher's and the achools’ task.'Even very basic shills,!hike lbné “divi-
sion, turn out to be mine fields of uncertainty that cannot be explicitly.
explained but nust always rely on the child to make the leap between teacher 8

'word and child's deed.

This characterization of the educational process implies the contents and
style of education Whould always be changing to help connect the culture 8

' abstract formulae to an ever changing realit.y. To capture a modern ph_rase, we

- must. not get caught in the illusion,.of'"back" to basics. Instead we must use

-~
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schools to help coordinate aliﬁthe social social institutions that give con-
_ . i

.tinuitf and vériabili:y Fo the child’s experiences, a Ebordinqtion that is

organized around abstract ' concepts and concrete, always diverse, aociél -

° . -
! experience. : . -
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