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ABSTRACT

Many teaching methods implicitly assume that conceptual knowledge is independent of
the situations in which it is learned and used. The authors examine one such method and argue
that its lack of success is a direct result of this assumption. Drawing on recent research into
learning in everyday activity and not just in the highly specialized conditions of schooling, they
claim that knowledge is not independent but, rather, fundamentally “situated,” being in parn a
product of the activity, context, and culture in which it is developed. Teaching, however, often
overiooks the central, but restrictive, contribution made by the activities, context, and culture of
schools 10 what is learmed there. A theory of situated knowledge. by contrast, calls for leaming
and teaching methods that take these into account. As an allernative 10 conventional, didactic
methods, therefore, the authors propose teaching through “cognitive apprenticeship” (Colins,
Brown, and Newman 1989). They examine two examples of mathematics leaching that exhibit
important festures of this approach.
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INTRODUCTION

Deeply embedded in our society is & profoundly misieading, theoretical separation
between knowing and doing. The fok categories of know how and know what refiect this, but the
division extends welt beyond fok categories. Much current cognitive science, philosophy of
mind, and anificial inteligence, for instance, assumes that knowing is a process that can be
separated from the activilies and situations in which it is used. And many of the practices of
conventional schooling exhibit the same assumption. Thus G.B. Shaw couid make his notorious
comment that “He who can, does. He who cannot, teaches.” An understanding of the
inseparability of knowing and doing, which we argue for in this paper, leads o a distinctly different
view of teaching (see, for example, Dreyfus and Dreyfus 1986 and Haroutunian-Gordon 1988)
and a more eniightened appreciation of good teachers.

in his epigram, Shaw encapsulated, unfairly but concisely, conventional educational
assumptions that knowiedge can be usefully regarded as selt-contained and discrete. and that it
can be adequately transferred from teachers 1o students in the aclivilies uf the classroom
independent of the activities in which that knowiedge might normally be used. Knowing, in this
view, is assumed 10 go on in heads and teaching to go on «n classrooms isolated from the
complexity of the world outside, from which abstract knowiedge can successtully be distilled. A
growing body of research that focuses on cognition in everyday activity, however, is beginning to
undermine the plausibility of these presuppositions.! Knowing (and not just leaming), this
research suggests, is inextricably situated in the physical and social context of its acquisition and
use. It cannot be extracted trom these without being irretrievably transformed.

i knowiledge is situated, then many conventional assumptions must be questioned. In
particular, a situated theory of knowiedge challenges the widely heid beief that the abstraction of
knowledge from situations is the key 10 transferability. An examination of the role of situations in
structuring knowiedge indicates that abstraction and explication provide an inherently
impoverished and often misleading view of knowiedge. Knowiedge is fundamentalty a co-

AR work in this sres is 10 2 greater or lssser degree bulk upon foundational research of activity theorists such
a8 Vygotsky, Leontiev, and others. For exampies of recent work upon which we have drawn. see Rogoft and
Lave (ede.)1984, Scribner 1984, Hutching in press, Engestrom 1987, Lave and Wenger, in preparation, and
in particuiar Lave 1977, 1988a, 1908, 1980c, in preparsition. Anyone famiiar with Jeen Lave's work on
learning, apprenticeship, and everydey cognition will realize at once that we are deeply indebted 10 her
groundbreaking work.
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production of the mind and the world, which ke wool and warp need each other 10 produce
texture and to complete an otherwise incoherent pattem. & is impossible 10 capture the densely
interwoven nature of conceptual knowiedgs completely in expiicit, abstract accounts.

in Part | of this paper, we explore, in a consciously speculative way, just how cognition is
situsted.2 Knowiedge, we claim, is partially embedded in the social and physical world. And these
embedding circumstances aliow people 10 share the burden of solving problems efficiently.
Learning is the process of consiructing robust understanding out of this sort of embedded
activity. Such an approach to leaming and knowiledge offers, among other things, new insights
inmo pedagogical practices. These we address in Past Il. In particular, a theoty of situated cognition
heips explain “cognitive apprenticeship® (Collins, Brown, and Newman 1989). In methods ot
cognitive apprenticeship, teachers deliberately deploy the embcdding circumstances of
knowiedge to heip students construct robust understanding.

| SITUATED KNOWLEDGE AND LEARNING ACTIVITY

1 LEARNING AND LEARNING ACTIVITY

Milier and Gildea's (1987) work on vocabulary teaching shows how the assumption that
knowing and doing Can be separated leads to a teaching method that ignores the way situations
structure cognition. Their work describes how children are taught words from dictionary
definitions and a few uprooted exemplary semences. They compare this method of teaching with
the way vocabulary is normally lsamed outside school.

People generally learn words in the context of ordinary communication. This process is
startingly fast and successiul. Miller and Gildea note that by listening, taking, and reading the

2This paper does not attempt 10 produce a historical survey or 1 trace the genesis of idess that we discuss.

And our purpose is tar from giving a critical anslysis. We hope merely 10 present the flavor of a stuated theory
of cognition and 1o suggest what « might wmply, particularly for educston.
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average 17-year-old has leamed vocabulary at a rate of 5,000 words per year (13 per day) for over
16 years. By contrast, leamning words from definions and sentences abstracted from the context
of normal communication, the way vocsbulary has often been taugt, is siow and unsuccesstul.
There is barely enough classroom time, Miller and Giidea suggest, to teach more than 100 to 200
words per year. Morgover, much of what is taught fums out 10 be aimost useless in practice. They
give the following examples ot students using vocabuiary acquired this way:

Me and my parents correiste, because without them | wouidnt be here.
| was meticulous about falling off the ciiff,

The recdress for getting well when you're sick is o stay in bed.

| relegatsd my pen pal's lefter 10 her house.

Mrs. Morrow stimulated the soup.

The news is very tenet.

Our famiy erodes a lot.2

Given the method, such mistakes seem unavoidable Teaching from dictionaries
assumes that definitions and exemplary senences are self-contained “pieces” of knowledge.
But words and sentences are not islands, entire unto themseives. They rely on the context in
which they are used--and not just the linguistic comext--to be understood. Language use would
involve an unremitting confrortation with ambiguity, polysemy, nuance, metaphor, etc . were it
not for the extralinguistic help that the context of an utterance provides (Nunberg 1978).

Prominent among the intricacies of language that depend on extralinguistic help are
indexical words--word like 1, here, now, next, tomorow, afterwards, this, which thoroughly ground
interpretation in situations. indexical terms are those that “index” or more plainly point to a part of

IThe excerpled dictionary definitions that led the students 10 these sentences are as follows: Correlate: be
relatad one 10 the other; meticulous: very carelul; redress: remedy. relegate: send awsy. stimuiate:. st up;
tonet: doctrine held as true; erode: eat oul. As they wers given these definitions with littie or no contextusl
heilp, t would be quite untair 10 regard the students as fooksh for using the woias i this way.

. il daste N\ e
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the situation in which communication is being conducted.é They are not merely context sensitive;
they are completely context dependent. They can only be undersiood in relation 10 specific
shuations, from which indexicals are, for the purposes of interpretation, inseparable. A different
context for /or now produced a different meaning. These indexical words rely on a great deal of
contexiual, extralinguistic information 10 be understood. And surprisingly, all words can be seen
as at least partially indexical (Barwise and Perry 1983).

Experienced readers impiicitly understand that words are situated and therefore ask for
“the rest of the sentence” or other contextual information before committing themseives to an
interpretation of a word. They go 10 dictionaries with situated examples of usage in mind. Then
the context as well as the dictionary support the interpretation and continually refine a person’s
understanding of a word. Learning from dictionaries alone. kike any method that tries 10 teach
abstract concepts independent of authentic situations, overiooks the way understanding I1s
acquired and developed through continued, situated use. This involves compiex social
negotiations, which never crystallize into a categorical definition. Because it is dependent on
situations and negotiations, the meaning of a word cannot, in principle, be captured by a
dgictionary definition and a couple of exempiary. but uprooted, sentences alone. Yet the students
who produced the sentences above were given only definutions, with no support trom the context
of normal ciscourse. Dictionary definitions were assumed to be self-sufficiet. The extralinguistic
props that structure, constrain, and ultimately aliow inlerpretation in normal communication were
ighored by the teaching process, and the studems, as a resulk, had nothing to heip kmit possibie
iMerpretations. And what they leamed in the process was therefore either useless or deeply
misieading.

All knowledge is, we believe, ke language. its constituent pans index the worid and so
are insxtricably a product of the activity and situations in which they are produced and used.
Because new situstions, negotiations, and activities inevitably recast them in a new, more densely
textured form, concepts continually evolve with sach new occasion of use. Thus all concepts--
even apparently well-defined, abstract technical concepts--are aiways under construction. They
are never wholly definable, and they dety the sort of catenorical descriptions that are

41n linguistics lnterature, accounts of indexicaity usually use the term deixis. See for example Filimore (1974)
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conventionally used in teaching: part of their meaning is aiways inherited from the contexts in
which they are used.

2 LEARNING AND TOOLS

To explore the idea that concepis are both situated and progressively deveioped through
activity, we should abandon once and for all any notion that a concept is some sort of abstract,
seli-contained substance. instead, it may be more usetul 1o consider conceptual knowledge as in
some ways similar (0 a set of 100i8.5 Tools share several significant features with knowledge; in
particular, both can only be fully undersiood in use, and both, i fully understood, change the way
their users look at the world.

it knowledge is thought of as tools, we can illustrate Whitehead's (1928) distinction
between the mere acquisition of inen concepts and the development of usetul. robust
knowledge. it is Quite possible 10 acquire a 1001 but 10 be unable to use it. Similarly, it is cormmon
for students 10 acquire algorithms, routines, and decontextualized definitions that they cannot
use and that therefore lie inert. Unfortunately, this problem is not aways apparent. Old-fashioned
pocket knives, 10r sxampie, have a device for removing stones from horses’ hooves. People with
this device may know what it is 1or and be able 10 tak wisely about horses, hooves. and stones.
But they may never betray--or even recognize--that they wouldn't begin to know how 10 use this
implement on a horse. Sumilarly, students can olten mampuiate with apparent competence
aigorithms, routines, and definitions they have acquired and yet not reveal--10 their leachers or
themseives--that they wouid have no idea what 10 do it they came upon the domain equivalent ot
a imping horse.

By contrast, people who use 1008 in authentic activity actively build an increasingly nch
implicit understanding both of the 100is themseives and of the worid in which they use those
toois. Their understanding, initially narrow, is continually broadened through use. Leaming and
acting are, as a result, interestingly indistinct, learning being a continuous, life-long process
resuRing from acting in situations.

5This image is. of course, not original. For the way & is developed here, though, we are particularly indebted
10 Richard Burton, who explored it during a symposium organzed by the Secretary ot Education of Kentucky
and 10 D N. Perkng's book Knowiledpe as Desxgn (1986)
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To develop this comparison between 100is and knowiedge. between manual tools and
conceptual tools, a little further, it can be noted that learmning how 1o use a 100! invoives far more
than can be accounted for in any set of explicit nules. The occasions and conditions for use arise
directly out of the context of activities of each community or culture that uses the tool, framed by
the way members of that culture see the worid. The culture and its cultural viewpoint, quite as
much as the 0ol itsell, determine how a tool is used. Thus, campenters and cabinet makers, for
example, both use chisels and lumber, but each protession uses them quite differently. These
ditterences reflect the viewpoint and insights of the members of each particular cufture. The
culture’s viewpoint, a product of its activity, is only gained through entering that culture. Thus, it
isnt possible 10 use & 0ol fully and appropriately without enering the culture in which i is used,
observing practitioners at work, and engaging in authentic cultural activity.

Conceptual 100ls similarly refiect the cumulative wisdom of the culture in which they are
used and the insights and experience of individuals. Their meaning is not invariant but a product
of negotiation within a culture and of practice in authentic activity. Again, appropriate use is not
simply a function of the abetract concept alone. Rt is a function of the culture and the activities in
which the concept has bean developed and used. Just as carpenters and cabinet makers use
chisels differently, 80 physicists anc engineers use mathematical formulae differently. Activity,
concept, and culture are interdependent. No one can be totally understood without the other
two. Leaming must therefore involve all three.  Teaching methods. however often try to impart
abstracted conceptual 100is as fixed. weil-defined. independent entities that can be explored in
prototypical exampies and textbook exercises. But such teaching denies students the access to
either the activity or the culture that they need in order 10 develop an active understandging of a
particular concept.

To tak about academic discipiines, professions, or even manual trades as communities or
cultures may seem strange. Yet practitioners in each of these areas are connected by 1ar more
than their ostensible tasks. They are bound by intricate, socially constructed webé of belief, which
make &k possible 10 see them as cultures (Geertz 1983), and which are essential to imerpreting
what they do. The activities of most culures are untathomabie, unieCs they are viewed from within
the culture, for membership of a culture provides a set of cultural eyegiasses that are the key 10
understanding and canrying out its activities.

vt s evrne = W s daaa A . o he emmem oo =




The culture, its bellef system and the way it uses its tools--whether they are manual or
conceptual--determine the way practitioners see the world. And the resulting way the world
appears reciprocally affects the beliet system and the activity. Activity, culture, and 00ls form a
compiex, interdependent, and inseparsbie unit. Unforiunately, students are 100 often presented
with only a pant of this complex. They are asked 10 use the conceptual tools of a discipline without
being able 10 look through its culiral eyegiasses. To leam 10 use OIS as pracitioners use them,
students, ke apprentices, must be enabled to enter that community and its culture. Thus, in a
significant way, leaming is, we believe, a process ot enculluration.

3 LEARNING AND ENCULTURATION

Enculturating may, at first, appear 10 have littie to do with learrng. But it is, in 1act, what
people do in learmning to speak, read, and write or 1o become school children, office workers,
researchers and 8o on. From a very early age and throughout therr lives, people, consciously or
unconsciously, adopt the behavior and belie! systems of new 3ocial groups. Given the chance 0
observe and practice in siu the behavior o members of a particular culture, peopie pick up
relevant jargon, imsiate behavior, and gradually stan 10 act in accordance with the cullure’'s noms,
though these are often recondite and extremely complex. Students. for instance, can quickly get
an impicit sense of what is suitable diction, what makes a relevant question, what is legitimate (and
aiso illegitimate) behavior in a particular school activity. The ease and success with which they
adopt the school culture (as opposed 1o the intricacy of descnbing what it entaiis) beke the
immense significance of the process and obscure the 1act that what they pick up 15 a product of
the ambient culure rather than expiicit teaching.

The practices of contemporary schooing. however. usually deny students the chance to
engage the relevant dOMain culture. because that cullure is not In enidence ARthough students
are shown the 100is of Many academic cullures in the course of a school career, the pervasive
culiure that they cbeerve. in which they panicipsle. and which some enter Quite effeclively is the
pervasive culture of school kfe itsefi--a culture that can unintentionally be quite antithetical to
uselul domain lsaming. School becomes the dominant cultural framework within which many
students sssimiiate what they isam. But the way schoois use dicionaries (or math formulae. or
historical analyses) is very difterent from the way practitioners use them (Schoenfeld. in press)

>y ik dase. ) .
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Thus students may pass school-based exams (a distinctive part of the schoot culture) but still not
be able use & domain's conceptual 100is in authentic practice.

Before they can use the tools of a domain in the way a practitioner uses them--sither
formally or informally--students need 10 see the activity from the praciitioner’s cultural standpoint.
But this standpoint is the product of domain activity, not explicit teaching. You cannot tell
appreniice carpenters how 10 hit the blunt end of a chisel and assume they can infer the practices
of carpentry. And you cannot present students with some of the uprooted conceptual ideas of a
domain and typical textbook exampies and exercises and assume that they can infer the subtie
beliet system impilicit in the culture's use ot those concepts in the world.

This is not to suggest. however, that all students of mathematics or history must be
expected to become professional mathematicians or historians. Rather. we clam that in order to
learn these subjects (and not just 10 leamn about them) students need much more than abstract
concepts and self-contained examples. They need 1o be exposed to practitioners using these
tools in the authentic, iN-defined problems of their world. It is from this son of activity that the
culture’s befief system-—the key to understanding its behavior--can be inferred and adopted.
Thinking mathematically doesn1 necessanly include grapphng with the unresolved problems o!
the subject. Mathematicians can think mathematically about apparently trivial issues. As
Schoenieid’s teaching shows (see below), even relatively simple problems can be used to tease
out the way a mathematician looks at the world and soives emergent problems The process may
appear informal, but #t is nonetheless full-blooded, authentic mathematical activity: it can thus be
deeply informative for students--in a way that textbook exampies and declarative explanations are

not.

4 ACTIVITY

In noing the centrality of a..ivity 10 learning and knowiedge, we have leaned heavily on
the as yet undefined concept of authentic or appropriate activity. As a result of our discussion of
cultures and enculluration, we are now in a position to clarify and explore these terms a kttie
further.

ISP - VW V. . - a -




4.1  Authentic Activity

Like a tool, activity is only undersiood with regard 10 a particular culture and its belief
system. It cannot be undersiood in isoiation. Each culiure impiicitly embraces a set of relevant
activities--some of which it may not even recognize expiicitly--and constructs meaning and
purpose in reiation to them; conversely, the common aclivities, tools, and belicf systems are what
help to define a panicular culture. Authentic activity is simply the ordinary activity of the
practitioners in a culture, or activity which is congruent with their ordinary activity. In order to enter
a culture, to develop its beliet system, and to understand ils goals, those are the activities that
need to be undertaken.

Again, it is worth siressing that authentic activity is not only done by people who are
aiready experts; it is not necessarly work in the forefront of the field. Apprentice tailors (Lave
1988a), for instance, begin by ironing finished garments (which tacitly teaches them a lot about
cutting and sewing). The activity is simple, valuable, and absolutely authentic. Students of
Palincsar and Brown's (19£4) reciprocal teaching of reading may read only elementary texts, but
they nonetheless use authentic sirategies common in some form or other 1o all readers. The
students in Miller and Gildea's study. by contrast, take part in a pedagogical activity that is not even
congruent with the normal behavior of practitioners.

School activity tend 10 be hybrid--implicitly framed by one cufture while explicitly being
attributed to another. Most ciassroom activity inevitably takes place within the culture of
schooling, but it is attributed by both teachers and students to the cultures of readers, writers,
mathematicians, historians, and so on. What students do in school thus tends to be a sort of
ersatz activity, distonling both what is learned and the culture 10 which it 1s attnbuted.

This son of school aslivity is very different from what we have in mind when we tak of
authentic domain activity because it is in important ways not congruem with what a domain's
authentic practitioners do. Much school work has becomes a highly specialized, setf-contirming
activity in a cuture of its own. When, for pedagogic purposes authentic domain activities are
transterred to the ciassroom, their context is usually transmuted; they become classroom tasks
and part of school culture. Classroom procedures are then applied 10 what have become
~lassroom tasks. As a resull. the sysiem of leaming and using (and, cf course, 1esting) Can remain
hermetically sealed within the sel-confirming culture of the school. Consequently, contrary 10 the
aim of schooling, success within this culture often has littie bearing on performance eisewhere.



Math word problems, for instance, are generally encoded in a syntax and diction that is
common only to other math problems. Thus the word problems of a textbook from 1478 are
instantly recognizable today (Lave 1988¢c). Many of today’s word problems, however, are as
foreign to contemporary authentic math practice as they are o the math practice of the feenth
century. By participating in this ersatz activity students risk misunderstanding entirely what
practitioners actually do.

Most classroom tasks are inevitably ersatz because, in their creation, apparently peripheral
features of authentic tasks (ke the extralinguisic supports involved in leaming vocabulary) are
dismissed as “noise” from which salient features can be absiracted for the purpose of teaching.
The features of the environment that people actually use % perform mathematical calculations, for
instance, are not included in word problems (see section 4.2). Classroom exercises assume that
such caiculations are performed solely through abstracted mathematical aigorithms. In all activity,
the context offers an extraordinarily complex network of support for all practitioners, and. as a
result, its absence vitiates the leaming exercise. Furthermore, the source of such support is often
only tacitly understood by practitionsrs, or even by teachers or designers of simulations. Even
well-planned classroom exercises can, therefore, completely fail to provide the supporting
contextual features that aliow authentic activity. Al the same time, students may come 10 rely on
features of the classroom context, in which classroom tasks are inevitably embedded, that are
wholly absent in authentic activity. Thus, much of what is leamed in school may apply only to the
orsatz activity, i i was through such activity that it was leamed.

4.2 Activities of Students, Practitioners, and JPFs

The idea that most school activity exists in a culture of its own heips explain many of the
ditficulties of cuRivating robust domain lsaming in school. Jean Lave's ethnographic studies of
leaming and everyday activity (1968a) reveal how schoois can divorce students from the activities
and culture that give meaning and purpoes 10 what they leam elsewhere. This is the separation
between what Resnick calls “learning in and out of school” (1988). Lave focuses on the behavior
of JPFs (just plain folks) and records that the ways they leam are Quite distinct from the ways
students are expecied 10 lsam.

Three categories primarily concem us here: JPFs, students, and the practitioners o
whose status both JPFs and students aspire. Put most simply, when JPFs want to learn a

10




particular set of practices, they have two apparent oplions. First, they can encullurate through
apprenticeship. Becoming an apprentice doesn't invoive a qualitaiive change from what JPFs
normally do. People enculturate into different communities all the time. The apprentices’
behavior and the JPFs’ behavior can thus be thought of as pretty much the same.S

Tabie 1: JPF, Practitioner, and Putative Student Learning Activity

JBES Students ____ Practitioners
ressoning with: causal siories lane causal models
scting on: situations symbols conceptual
situations
resolving: emergent probiems wel-defined is-defined
and dilemmas problems problems
producing: negotiable meaning fixed meaning negotiable
& socially & immutable meaning
constructed concepts & socially
understanding constructed
understanding

The second ang now More conventional option is to enter 2 school as a student. Schools
do seem to demand a qualitative change in behavior, however. What the student is expected to
do and what a JPF does are significantly different. The student enters the school culture, while
ostensibly being taught something eise. And the general sirategies for intuitive reasoning,
resolving issues, and negotiating meaning that people develop through everyday activity are
superseded by the precise, well-defined problems, formal definitions, and symbol manipulation
that characterize much school activity.

6The JPFs must, of course, have 2008es 10 & culure and become what Lave and Wenger (in preparation) call a
“leghisate peripheral pavicipant” in thet cullre. And, of course, as an apprentice, 8 JPF usually has %0 do
great deal of work. We are not Wying 10 suggest anything magicel coours in the process of enculturation.
Medicst interne testily 10 exactly how hard ik can be. But the process, we stress, is not qualitatively difterem
from what pecple do all the time, adopting the behavior and belief systems of ther peers.
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We try 10 represent this disconiinuily in Tabie 1, which compares sallent features of JPF,
practiioner, and putative student behavior:

This table (somewhat ke the JPFs’ problems) is a Rile W defined. But it is intended 10
help make apparent the imporiant similarity between JPFs’ and praciiioners’ activity. Both have
their activiies siluated in the culture in which they work, within which they negotiste meanings and
construct understanding. The issues and problems that they tace arise out of, are defined by,
and are resoived whhin the consiraints of their bellef system and the activity they are pursuing.

Lave's work (1968b) provides a good example of a JPF engaged in authentic activity
using the context in which an issue emerged 1 heip find a resolution. The exampie comes from a

study of a Weight Waichers class, whose participants were preparing their carefully regulated
meals under instruction:

in this case they were to fix a serving of cottage cheese, supposing the
amount laid out for the mea!l was three-quarters of the two-thirds cup the
program aliowed. The problem solver in this exampie began the task
muttering that he had taken a caiculus course in college. . .. Then after a
pause he suddenly announced that he had "got it!"" From then on he
appeared certain he was correct, even before carrying out the procedure.
He filed a2 measuring-cup two-thirds full of cottage cheese, dumped it out
on the cutting board, patted it into a circle, marked a cross on it, scooped
away one quacrant, and served the rest.

Lave’s account nicely brings out the central features of this exampie

Thus, “take three-quarters of two-thirds of a cup of cottage cheese” was
not just the problem statement but 3iso the solution 10 the problem and the
procedure for soving K. The setting was pan of the caiculating process and
the solution was simply the problem statement, enacted with the setting.
Al no ime did the Weight Waicher check his procedure against a paper and
pencil aigorithm, which would have produced ¥/4 cup x 2/3 cup = 1/2 cup.
instead, the coincidence of the problem, seting, and enactment was the
means by which checking took piace. (1968b: 185)

The dister's soiution path was extremely expedient and dre'y On the sort of inventiveness
that characterizes the acivity of both JPFs and praciilionsrs. K reflected the nature of the activity,
the resources avallable, and the sort of resolulion requived in a way that problem solving that refies
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on abstracted knowledge cannot. This inventive problem-soiving resolution depended on the
dieter seeing the problem in the context of ongoing aclivity, which provided hien with privileged
access 10 the solution path he chose. (This probably accourts for the certainty he expressed
before beginning his caiculation). He was abie 10 see the probiem and its resolution in terms of
the measuring cup, cutting board, and knile. Activity-100i-culture (cooking-kitchen utensils-
dieting) moved absolutely in step throughout this procedure because of the way the problem was
seen and the task was performed. The whole micro-routine simply became one more step on the
road to a meal.7 Knowing and doing were interiocked and inseparable.

This sort of problem solving, caried out in conjunciion with the environment, stands quite
distinct from the idea of processing solely inside heads to which many teaching practices
subscribe. By off-loading part of the cognitive task onto the environment, the dieter automaticalty
used his environment 1o heip soive the problem. in doing this, his actions are not in any way
exceptional; they resemble many ordinary JPF and expent practices. Scribner (1984) records, for
instance, how compiex calculations can be performed by practitioners using their environment
directly. in the case she studied, dairy loaders used the configuration of crates they were filing
and emptying aimost as an embedded abacus. Nor are such problem-solving strategies imited to
the physical or socisl enwvironment. This sort of reiance on situations can be seen in the work of
physicists, who see “through® formulae onto the situations of an envisioned worid, which then
provide support for inferences and approximations (deKieer and Brown 1984). Hutchins's (in
press) study of intricate naval navigation siso records the way peopie engaged in difticult
colisborative tasks distribute the burden throughout the environment and the group. The
resulting cognitive activity can only be explained in reiation to the entire context in which it takes
place. “When the context of cognition is ignored,” Hutching observes. “it is impossible 10 see the

770 get some sense of how foreign this is 1 school tasks, & Might be uselul 10 Magine the iMproprsty of a
student given this as s mathematical problem asking “Does the dister have a measuring cup, cutting board,
and knlle at hand?” Though word problems are meent 10 ground theary in activity, the things that structure
sciivity are denisd 10 the problem soivers. Textbooks ask students 10 80ive supposedly “real-Me” questions
sbout people who do very unreal things, such as driving at constant speeds in straigit ines or filing leaking
troughe with isaking buckets. Students are usually not allowed 10 induige in real-lle speculation. Their
ovorydey inventivensss is consirained by prescribing and proscribing ways in which the solution must be
found. The ubiquitous Mr. Jones might, sler all, wisely repeir the hole in his bucket or 1l the trough with a
hose. Siiing down and caiculating how many joumeys & wil 1ake with 8 jeaking bucket is probably the very last
thing he would do. (See aiso Lave 1986c.)
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contribution of the structure In the erwvironment, in antifar 2, "4 In other peopie to the
organization of mental processes” (ms. p.31).

instead of taking problems out of the context of their creation and providing them with an
exiraneous framework, JPFs and praciioners seem particularly adept at soiving them within the
framework of the context that produced them. This allows them 10 share the burden--of both
defining and solving the problem-with the task enviconment as they respond direclly 10 emerging
issues. The adequacy of the solution they reach becomes apparent in relation 10 the role it must
play in allowing activity to continue. In the end, the problem, the solution, and the cognition
invoived in getting between the two cannot be isoiated from the context in which which they are
all fundamentally embedded.

So even though students are expected to behave differently, they inevitably do behave
ke the JPFg they are and soive most of their problems in their own situated way. Schoenfeld (in
press) describes math students using weil-known strategies, such as the position of a problem in
a particular page or section of a book (where the first questions at the end of chapters are always
simple ones, and the iast usually demand concepts from earfiler chapters) or the occurrence of a
particular word in the problem (e.g., “left® signais a subtraction problem), to find solutions quickly
and efficiently. Such ploys indicate how thoroughly leamers really are situated, and how they
aiways lean on the embedding context for help. Within the culture of schooling this can obviously
be very effective. But the school siluation is exiremely specialized. Viewed from outside, where
problems do not come in text books. an unacknowiedged dependency on such school-based
cues makes the leaming extremety fragite.

Conversely, though schooling seeks 10 encourage probiem solving, it disregards most of
the inventive heuristics that students bring 10 the classroom. Instead of deploying such
inventiveness 10 good effect, schools tend to dismiss & out of hand. it thus implicitly devalues not
just individual heuristics, which may be fragile, but the whols process of inventively structuring
cognilion and solving problems. Lave (1986c) describes how some students ieel i Necessary 1
disguiss efleciive sirategies 80 that teachers belleve the problems have been solved in the
school-approved way. In Order 10 suggest how this sort of problem-soiving can be depiloyed
(which we attermpt in Past 1), R will Do helphul, firat, 10 have some 90rt of idea of how cognition is
structured by siuaions.

14
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4.3 Structuring Cognition

Authenticlty in activity is paramount for leaming ¥ conceptual knowiedpe is not sel
contained but, rather, i & is the product of and struckured by the activity in which & is developed
and deployed; ¥, in short, not just lsaming but knowledge isell is situated. It thus needs 10 be
explained in some fashion how knowiedge can be siuated. In this section we try 10 cutine, in an
admittedly tentative way, the mechanisimns whereby siluations in the world structure knowiedge.

Language. it is now widely recognized, is situated. A proposition, as we pointed out
above, Can only be comrectly interpreted in the context of the situation in which it is used. This, we
claim, is also true of knowiedge itself. Like an indexical proposition, knowledge “indexes” the
situation that produces i, without which it is, in the end, uninteligible. Situations are thus integral
components of knowing.

To grasp this idea of indexing, it is perhaps heiplul 1o remember the association of the
word index with pointing (hence the term index finger and signs. Indexical propositions are
situgted somewhat in the way that signposts are. Signposts are NOt universal statements but
specifically situated “propositions,” whose meaning depends very much on where they stand. To
be interpreted correctly the sigNPOS! mMust De 1n the ng™! styaticm  “he o= c2adng Banae, £
Oakland 7. San Francisco 15 needs to be quite specifically situatea 1t relates its component parts
by :ndexing the situation in which it 1s placed

Face-10-face conversations enable peopie 10 interpret indexiCal expressions because the
indexed features of the situation are immediately available, though people are rarely conscious of
their contribution Therr importance becomes apparent. however 1h communications between
peopie at a distance. Then indexical expressions become problemanc until ways are foungd to
secure their imerpretation by situating their reference (see, for instance, Rubin 1980 on the
difference between speech and writing).

Authors of a collaborative work such as this one will recognize the problem if they have
ever discussed the paper over the phone. “What you say here” is not a very useful remark.
"Here” in this setting needs an elaborate description (such as “page 3. second paragraph, third
S6nence”) and can ofien lead 10 fong CONVersations at cross purposes. The problem gets harder
in conference calis when “you” DecComes as ambiguous as “here” is unclear.
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When descriptions replace indexical terms (which is analogous, we hold, 10 classroom
descriptions of aclivity repiacing activity), the nature of discourse changes and understanding
becomes much more problematic. Indexical terms are virtually ransparent. They, ke a signpost,
draw little or no altention 10 themaeives. They do not inherently add 10 the difficulty of
understanding & proposition in which they ococur, but simply provide essential structure for the
discourse. Descriptions, by comparison, are at best transiucent and at worst opaque, intruding
emphatically between speakers and their subject. (They are less ke a signpost and more like a
map, which requires extra steps of interpretive work 10 discover its reiationship 1o the situation )
The audience has first 10 focus on the descriptions and try to interpret them, then find what they
might refer 10, and only then can the proposition in which they are embedded be understood.
However elaborate, a description does not merely replace the indexical word, just as a map
doesn't replace a signpost. The more elaborate the description is in an attempt 1o be
unambiguous, the more opaque it is in danger of becoming. And as Perry argues (1979). in some
circumstances, the indexical term simply cannot be replaced.

Knowiedge, we suggest, similarly indexes the situations in which it anses and is used.
without which it cannot be fully understood. The embedding circumstances efficiently provide
essential parts of s structure and meaning. So knhowiedge. which comes cooed Dy anc
connected 10 the actlivity and environment 1n which it 1s developed 1S spread acrase e
component pans--some of which are in the mind ang some in the worid--as the final picture on a
jigsaw is spread across its component pieces.

Indexical representations developed through engagement in a task may greatly increase
the etficiency with which subsequent tasks can be done, if part of the environment that structures
the representations remains invaria. This is suggested by the atslity to performs tasks that
cannot be described or remembered in the absence of the situation. Recumnng teatures of the
environment seem 10 afford recurrent sequences of actions. Memory and subsequent actions. as
knots in handkerchiefs and other aides memoires reveal, are not context-independent. Routines
(Agre 1985) may also be 8 product of this sont of indexicalization. Thus authentic activity in
context becomes a central component of learming.

As Hutching (in press), Pes (1988), and others point out, the structure of cognition is
widely distributed throughout the environment, both social and physical. The environment
therefore contributes impornantly to indexiCal representations people form in activity These
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representalions, In tumn, contribute 10 the abilly 10 Perform kuture activity efficiently. Recurrent
activity—in thoroughly convensional lerms, practice, but practios in suthentic ac¥vity—is what
ulimately leads from speciic, individual situsted acions Svough & process of acing and re-acting,
10 generaiizable knowledge. The generality is not abetract, but skuated across multipie contexts.

in language leaming, for example, the original frall understanding of 2 word is developed
and extended through subsequent use and social negolistion, though each use is no less
situated. Miller and Gildea describe two stages 10 this process. The first, in which people leam the
word and assign it a semantic category (e.g., the word olive is tirst assigned to the general
category of color words), is Quickly dons. The second, in which distinctions within this semantic
category (e.g.. between olive and other colors) are explored as the word occurs again and again,
is a far more gradual process, which “may never be completely finished” (1987: 95). This second
phase of word learning cofresponds to the development through activity of ail conceptual
knowledge. The threadbare concepts that initially develop out of activity are gradually given
texture as they are deployed in difterent siluations. Iin the ensuing Ssituations, the
appropriatensss of the word is 1ested and, as with all conceptual knowledge, each appiication has
the potential to change an individual's understanding of both the warg and the world--the two are
interdepenadent.

Out of this sort 0! continual acuivily Grows an increas ~gly more dense . 'eriures
conceptual knowleage thatl is ennched by each apphcation n situations. Eagleton (1983;
describes reading as just such an erviching process, through which people continually change
now they read and this. in turn. changes what they are reading He begins with the assumption
that in order to read. people apply a code to a text  This 1s analogous 1o the deployment of a
cuRural belie! system in order 10 undertake a cultural activity that we described eartier. That beliet
system is itself consiantly changing as a result of the activity it supports

in applying a code 10 the lext, we may find that it undergoes revision and
rangiormation in the reading process; continuing 10 read . . . we discover
that t now producas a “different” text, which in turn modifies 1he code by
which we are resding t, and s0 on. This dialectical process is infinite; and . . .
& undermings any assumplion that once we had idenified the proper codes
for the text our task was finished. (1983: 125)
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This sont of dislectical process is common 10 all activity, and it similarly undermines any
assumpiion that once conceptual knowiedge has been described and applied in exercises the
1ask of seaching or leaming has been finished. Lesaming is instead a conlinual process needing
above all autheniic activity 10 support is development.

in the following section, we examine the praciical ways in which students might be given
AC08SS 10 S0Me 90rt 0f authentic activity.

I LEARNING THROUGH COGNITIVE APPRENTICESHIP

5 COGNITIVE APPRENTICESHIP

In discussing 100ls, culture, aclivity, JPFs, and situated cognition, we have been
accumuylating a set of characteristics of human learming and reasoning that we fee! school
practices need 1o nonor. Tnough there are many nnovalive ieachers. SChovis. and sTned:
programs that are exceptions. prevaient schoo! Dfac‘lsces still Droacziy assume (N3t Anowlecge ¢
individual and self-structured. that schools are neutral with respect 1¢ what is lea’nea in them that
concepts are abstract and immutable and independen of the activity in which they are acquired
and used, and that JPF behavior is something 10 be discouraged.

Cognitive apprenticeship (Colkns, Brown, and Newman 1989) methods. by conirast. try !0
sncullurate students N0 authentic practices through authentic activity and social interaction in a
way similar 10 that which is evident-—-and evidently successtul--in craft apprenticeship.  In this
S6Ction, we exXamMIng two exampies of mathematics teaching in an attempt 10 elucidale how some
of the characienisiics of lsarming we have discussed can be honored in the classroom.

8.1 Schoenteid's Teaching of Problem Solving—-Thinking Mathematically
Schoenfeid’s teaching of problem solving (1985, in press) attempts 10 show college

students how 10 think mathematically about the world, how to see the world through
mathematicians’ eyes, snd thus how 10 use the mathematician's tools By deliberately engaging
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students in autheniic mathematical practios, he reaches well beyond the incuication of problem-
soiving skills. His method, much more importantly, provides students with the opportunity 10
onter the culture of mathematical practice, which ensbiles them to use those skills as praciitioners.

As a means 10 generale sportansous Mmathematical thinking and 10 permit his students 10
see and enpage in mathematics as a sense-making pursuit, Schoenield has students bring
problems 10 ciass that he and they investigate. The approach is distinctive because
conventionaily, before graduate school, tew students get the opportunity to see their teachers
engaged in mathematical practice—yet the students are, nonetheless, expected 10 understand
the nature of that practice.

In one case (Schoenfeld, in press), he and his class faced the problem of the magic
square (see Fig. 1). Though the problem is relatively straightforward, the collaborative work
invoived in solving &k and, importantly, in analyzing the solution heiped reveal to the class the way
mathematicians look at problems. The class worked collectively through a number of strategies, in
which, on reflection, they recognized more general and more powertul mathematical ideas. Thus,
from discussing whether 9 can go in the center of the square, they developed the ideas of
“focus{ing) on key points that grive you leverage.” and “exploit/ing] extreme cases.” Although
Schoenfeid may seem only to be teaching sirategy rather than subject matter, he is, more
fundamentally, building with his class a mathematical beliet system around his own and the class’s
intuitive responses 10 the probiem.

Figure 1: The Magic Square Problem (from Schoenfeid. in press)

Can you piace the digits 1,2.3.4,5.6,7.8.9 in the box o the
nght, so that the sum of the digits along each row. each
column, and each diagonal is the same? The completed
box is called & magic square.
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As an indication that he is working in the culiure of mathematics, not in the culture of
schooling, he does not siop at what, in cullure of sohool practice, marks the end: an anewer.

Are we done? in most mathematics classes the anewer is “yes.” Early in the
semester My students all say “yes,” expecling me 10 go on 10 another
problem. My answer, however, is & resounding “no.” in most classes, so-
called “problems” are exercises; you are done when you've shown that
you've mastered the relevant technique by getting the anawer. (Ms. p.34.)

His ciass's goal, by contrast, is 0 understand the mathematical nature of magic square,
and it is in part by doing this that the belel system is exempiitied. The class went on 10 explore
other possible magic squares and thersby discovered general principies (e.g.. an sigebraic form
for describing them). This process aiso led 10 some further generalizable mathematical strategies
that are less commonly seen in classroom practics, such as working forwards from an initial
solution, using systematic generating procedures, and having more than one way 10 solve a
problem. Schoenteid is careful 10 emphasize that all these strategies are illustrated in action.
developed by the class not deciared by the leacher. The belief system is instilled in the only way #
can be, through practice in which the students actively take pan.

5.2 Lampert's Tesching of Multiplication

Lampent (1988) also invoives her students in mathematical exploration, which she tnes to
make comtinuous with their everyday knowiedge. She has devised methods for teaching
mathematics 10 fourth-grade students that lead from students' implicit understanding of the world
beyond the classroom, through activity and soGial construction in the culture. 10 the sont of robust
learning that direct teaching of sigorithms usually 1ails 10 achieve.

She starts teaching multipication, jor exampile. in the context of coin problems, because
in the community of fourth-grade students, there is usually a sirong., implicit. shared
understanding of coing; next she has the students create stories for multipiication problems,
drawing on their implicik knowiedge to delineate ditferert examples of multipication. Then she
helps them toward the abstract aligorthm that everyone leams for multicligit mukiplication. in the
context of the coin prablems and siories the community has created. Thus, Lampert presents the
sigoithm as one Mone useful sirategy 10 help them rescive community problems.
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T:  Suppose | erase my crcle and go back to icoking at the 12 jars again slitogether. is
M-w?qulewummbm¢mbrmwmmm

S8 YoucouddoBand 8
T

. Now, how many do | have n the group?

7. 24

T How did you figure that out?
© Sand 8 and 8. [MHeputs the 6 jars 1ogether nio 3 pans, Ntutively incking a groupmng
thet made the figuring easier for hum.)

B B8
N

\@ EJ
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B B
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Can anyone give me a story that could go with this
muktiplication. . . 12 x 4?
There were 12 jare, and each had 4 butterfiles in &t.

And I | did this muitiplication and found the answer, what
would | know about thoee jars and butterflies ?

You'd inow you had that many butterfiies altogether.

Okay, here are the jars. [Draws a picture 10 represent the jars

of bulterflise--see .] The stars in them will stand for
butierfies. Now., it will be easier for us 10 count how many
butterflies there are altogether, if we think of the jars in
groups. And ss usual, the mathematician's favorite number
for thinking about groups is?

10

Each of these 10 jars has 4 butterflies in 1. [Draws a loop
around 10jars} . . ..

T Thats3x 8. N's also 6 x & Now, how many
are m thes group?

$6 24 ks the same. They both have 6 jars
V. And now how many are there akogether?
$9: 24and24 48
T. Do we get the same number of buttertiies as
belore? Why?
$8: Yeah, because we have the same number of
jors and thay still have 4 butterfiise 1 each.

The first phase of Lampert's teaching starts with simple coin problems, such as “Using
only nickels and pennies, make 82 cenis.” WHh these problems, Lampert helps her students
explore their implicit knowiedge. Then. in the second phase. her students create siones tor
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multiplication problems (see Fig. 2). The students perform a series of decompositions and
discover that there is no one magically “right™ decomposition decreed by authority, just more and
less useful decompositions, whose U3¢ is judged in the context of the problem to be solved and
the interests of the problem solvers.

The third phase gradually introduces students 10 the standard aigorithm, now that such an
sigorithm has a meaning and a purpose in their community. The students stan with an extended
procedure that paraliels the story problem above. Eventually they find ways to shorten the
process, and they usually arrive at the standard aigorithm, justitying their findings with the stocies
they had created sarfier.

Lampert hopes to develop a composite understanding of four different kinds of
mathematical knowledge: (1) intuitive knowledge, the kind of shornt cuts people invent when
doing multiplication problems in authentic settings. {2) computational knowiedge. the basic
algorithms that are usually 1aught; {3) concrete knowledge, the kind of concrele modeis of the
aigorthim associated with the stories they created; (4) principled knowledge, the principles such
as associativity and commutativity that underfie the algorithmic manipulations of numbers. She
tries 10 incuicate an inseparable understanding of all of these kinds of knowledge and the
connections between them, and thus to bridge the huge gap that emerges from much
conventional teaching between conceptual knowiedge and problem-solving activity--between. as
we characterized them at the beginning, knowing and doing.

Lampen's approach exhibits several quaities of social construction and situated cognation
that exemplity coghnitive apprenticeship:

by beginning with a task embeddad in a familiar activity, it shows the
students the legitimacy of their impiicit knowledge and its availability as
scaffolding in apparently untamiiar tasks.

by pointing 10 different decompositions, #t stresses that heuristics are not
sbeokne, Dut assessed with respect 10 a particular task--and that even
sigorithme can be 2800880d in this way.

by allowing students 10 generate their own solution paths, it heips make
them conacious, crestive members of the culture of problem-soiving
methematicians. And, in encullurating through this activity, they acquire
some of the culture’s 100is—-a shared vocabulary and the means 10 discuss.
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reflect upon, evaluate, and validate community procedures in a
collaborative process.

Schoenteld's approach, on the other hand, points in particular 10 the way in which students can

be exposed 10 the authentic ways of thinking of a culture and its conceptual viewpoint, as much as
to its subject matter.

In the terms of cognitive apprenticeship, we can represent the progress of the students
from embedded activity to general principles of the culture as tollows:

Figure 3
Pppronﬂcoship (-combonh‘on reflection
world/ 5 > Generality
Activity
Lcoaching L multiple articulation/
practice making
spparent

In this sequence. apprenticeship and coaching begin by providing modeling in situ and
scatfolding for students 10 get started in an authentic activity. As the students jain more sel-
confidence and control, they move into @ more autonomous phase of collaborative learning,
where they begin to participate consciously in the culture The social network within the cufture
helps them develop its language and the belie! systems and promoles the process of
enculturation. Collaboration also leads 10 the articulation or manifestation of strategies, which can
then be discussed and reflected on. This in turn fosters generakizing. grounded in the students’
situated understanding.

From here. students can, as we have suggested use their fledgling conceptual
kncwiedge to see their activity in a new Bght, which in turn leads 10 the further development of the
conceptual knowledge. and so on. This, then suggests a helical process (Fig. 4) rather than the
inear process outined in Fig. 3:




Figure 4

orid/Activit Generality/Tools

Cognitive apprenticeship atiempts to develop densely textured concepts out of and
through continuing authentic activity. The term is closely allled 10 our image of knowledge as 100!,
Cognitive apprenticeship supports learning in a domain by enabling students to acquire. develop.
and use conceptual tools in authentic domain activity, just as craft apprenticeship enables
apprentices to acquire and develop the t0ols and skills of thesr craft through authentic work at and
membership of their trade. Through this process, apprentices enter the culture of practice. So
the term arprenticeship heips to emphasize the centraity of aclivity in leaming and knowiedge
and highlights the inherently context-dependent, situated, and enculturating nature of learning
And apprenticeship also suggests the paradigm of situated modeling, coaching, and tading
(Colling, Brown, and Newman 1989). whereby teachers or coaches promote learning first by
modeling their sirategies for students in authentic activity. Then teachers and colleagues suppor
a student's attempts at doing the task. And finally they empowsar the student to continue
independent of the teacher. The progressive process of ieaming and enculturation perhaps
argues that Burton, Brown, and Fischer's (1984) Increasingly complex microworids” should be
repiaced by “increasingly compiex enculturating environments.”

Cognitive emphasizes that apprenticeship techniques actually reach well beyond the
physical skills usually associated with apprenticeship 10 the kinds of cognitive skilts more normatty
associated with conventional schookng. This exiension is not as incompatible with traditional
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apprenticeship s & may at first ssem. The physioal skills usually associated with apprensiceship
embody important cognitive sidiis ¥ our argument 107 the inseparability of knowing and doing is
comrect. Certainly many projessions with generally acknowledged cognitive content—e.g., law,
medicine, architecture, business, etc.—-have nonetheless traditionally been leamed through
apprenticeship. Moreover, advanced graduate students in the humanities, the social sciences,
and the physical sciences, acquire their extremely refined research skills through the
apprenticeship they serve with senior researchers. Then they, like all apprentices, must
recognize and resoive the il-defined problems that issue out of authentic activity, in contrast to
the well-defined exercises that are typically given to them in text books and on exams throughout
their earBer schooling. It is at this stage. in short, that students no longer behave as archetypal
students but participate in the activity of practitioners and deveiop their conceptual understanding
through social interaction and collaboration in the culture of the domain not of the school.

Social interaction and collaboration play such a central role in this sort of learning that
before concluding this discussion of cognitive apprenticeship, we should highlight their
impontance. And we should emphasize that though we have been explicitly discussing school
education, features of this form of leaming. in particular “legitimate peripheral panicipation™ and
coliaboration are paricularly relevant 10 workpiace training as well as school leaming.

5.3 Social Intersction and the Social Construction of Knowiledge

Lave (1988a) and Lave and Wenger (in preparation) point out the importance tor
apprentices of leaming their craft in the appropriate community of practice, towards the center of
which they continuously progress through gradual enculturation. The apprentice tailors Lave
studied are surrounded both by masier tailors and by other apprentices, all engaged with similar
tools in similar authentic activity. This allows apprentices 0 observe and gradually participate fulty
in the practices of the community. The apprentices learn (o use the relevant 10ols in the context
of their use within the bellet sysiem that gives purpose and meaning 1o the tasks they undertake.
The knowiedge of the community is evidently constructed, acquired, developed. distributed, and
vaiidated through intense social interaction.

This sort of social interaction should not be seen as a facet of some distant and exotic
community. Resnick has pointed out (1968) that throughout most of their lives people learmn and
work colaboratively, not individually, as they are asked to dv in many schools Lampert's and
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Schosnfeid’'s work described above, Scarcdamelia, Berleter, and Steinbach's (1964) teaching of
wiiting, and Palincssar and Brown's (1984) work with reciprocal Weaching of reading all employ some
form of social interaction, social construciion of knowledge, and collaboration.

Within a culture, ideas are exchanged and modified and belief systems deveioped and
appropriated in part through conversation and narratives, so these must be promoted, not
inhibited. Though these are often anathema to traditional schooling, they are an essential
component of social interaction and thus of learming. They provide access to much of the
distributed knowledge and support of the social matrix (Orr 1987). So leaming environments
must aflow narratives 10 circulate and “war stories” 10 be added 10 the collective wisdom of the
community.

The role of narratives and conversations is perhaps more compiex than might at first
appesr. An intriguing role in learning is played by “legitimate peripheral participation,” whereby
people who are not directly taking part in a particutar activity learn a great deal from their legitimate
position on the periphery (Lave and Wenger, in preparation). It is a mistake to think that important
discourse in leaming is always direct and declarative. This peripheral participation is particularty
imponiant for people entering the culture. They need to observe how qualitied practitioners
behave and tak 10 get & sense of how expertiss is manifest in conversation and other activities.

5.4 Cognitive Apprenticeship and Collaborative Learning

I, as we proposs, leaming is a process of enculurating that is supported in part through
social interaction and the circutation of narrative, groups of practitioners are particularty important.
for it is only within groups that social interaction and conversation can take piace.

Some of the most salient features of group leaming include:

a. Collective problem sokving. Groups are not just a convenient way 10
accumuiate the individus! knowiedge of their members. They give rise
synergistically 10 insights and solutions that would not come about without
them (Schoenteld, in preparation).

b. Dispiaying rmultiple roles. Successiul execution of most individual tasks
requires students 10 understand the many different roles needed for
carmying out that task. Getting one person 10 be able (o play all the roles
entailed Dy authentic activity and to reflect productively upon his or her
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periormance is one of the monumental tasks of education. The group,
however, permits different roles 10 be displayed and engenders reflective
narratives and discussions about the apiness of those roles.

¢. Conftronting ineffective strategies and misconceptions. We know from
an extensive litersture on the subject (diSessa 1982, 1983, 1988;
McCloskey, Caramazza, and Green 1980; White 1983) that students have
many misconcepiions about qualitative phenomena in physics. Teachers
rarely have the opportunity 10 hear enough of what students think 1o
recognize when the information that is offered back by students is only a
surface reteliing for school purposes (the handing back of an
uncomprehended 1001, as we described R at the beginning) that may mask
deep misconceptions about the physical worid and problem-solving
strategies. Groups, however, can be an efficient means to draw out,
confront, and discuss ineffective strategies.

. Providing cokaborative work skiks. Students who are taught individually
rather than coliaboratively can 1ail 1o develop skills needed for collaborative
work. in the coliaborative conditions of the workplace, knowing how to
lear and work collaboratively is increasingly important. 1 people are going
to learn and work in conjunction with others, they must be given the
situated opportunity 10 develop those skills.

In looking at Schoenfeid's and Lampert's teaching, in noting what we believe are
panticularly important features of their methods. and in stressing in panicular social interaction and
coliaborative leaming, we are trying 10 show how teaching through a form of apprenticeship can
accommodate the new view of knowledge and learning we have been outlining. The increasing
role of the teacher as a master 10 apprentices, and the leachers’ use of authentic domain activity
as & major past of teaching will perhaps once and for all dismiss Shaw's scurtilous criticism ot
teachers with which we opened. His comment may then be repiaced with Alexander Pope’s more
admirable wish 0

Let such teach others who themselives excel
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CONCLUSION--TOWARD AN EPISTEMOLOGY OF SITUATED
COGNITION

A great deal of work in investigating situated features of cognition remains 1o be done. It
is, however, already possible 10 point 10 areas of education already under serious reappraisal (see,
for exampie Resnick 1988, Shanker 1988) for which continued research in this asrea may be
particulasty relevant.

One of the particularly difficult chaflenges for education, (which many exceptional
teachers may have independently soived; is how 10 separate whal should be made expiicit in
teaching from what should be left implicit. A common strategy in trying 1o overcome difficult
pedagogic problems is 10 make as much as possible explicit. Thus we have ended up with wholly
inappropriate methods of teaching. Whatever the domain, explication kfts implicit and possibly
even nonconceptual consiraints (Cussins 1988) out of the world and tries 10 make them explicit or
conceptual. These then occupy a place in our ontology and become something more 1o learn
about rather than simply something useful in leaming. In contrast, indexical representations seem
1o gain their efficiency by leaving a great deal of the context underrepresented or implicit. Future
work into situated cognition, from which educational practices will benetit, must, among other
things, "y 10 frame a convincing account of the relationship between explicit knowiedge and
implicit understanding.

We have described here only one pan of the implications of a fully developed theory of
situated cognition. The major theoretical work to shift the traditional focus of epistemology
remains to be done. For centuries epistemologists have concentrated primarily on conceptual
representation and its problematic relation 10 objects in the world, assuming that representation is
cognitively prior 10 all eise. This has ied them to battle with the seemingly intractable question of
reference--the problematic alignment of conceptual representations of the world and objects in
the world. A theory of situated cognition suggests that activity and perception are importantly and
epistemoiogically prior—-at 8 nonconceptual level—10 conceplualization and that it is on them that
more attention needs 10 be focused. An epistemoiogy that beging with activity and perception,
which are first and foremost embedded in the world, may simply bypass the classical problem of
reference—of mediaing conceptusl representations.

in educational terms alone, however. the unheraided importance of activity and
enculturation 10 leaming suggests that much common practice is the product of an inadequate
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epistemology. This further suggests that a new epistermnoiogy might hoild the key 10 a dramatic
improvement in lsaming and complsiely new insights into education.
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