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Abstract

Considerable attention has been devoted in recent years to theories of tent

comprehension-and recall that stress the importance of pre,- existing

knowledge structures or schemata. While acknowledging the valuable

contribution such research has made to our underdtanding of the reading

process and the various disribilities that often attend its acquisition,

several shortcomings of schema - theoretic work that may restrict its future

usefulness are discussed. The areas of concern include the specification of

component processe and their patterns of co-occurrence in less able

readers; individual differences in comprehension style; efficiency of

knowledge-based processing (including issues of auLomaticityt, immersion,

cognitive economy of epresentation, and economical deployment of

resourcestklearning (including trans-situational integration and conceptual

change); and nondenotative aspects of understanding.
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Schema Theory and Reading, Comprehension: New Directions

A la -e volume of research in recent years has led to the, in-capable

conclusion that comprehension is a constructive process. Re that it is

usually meant, following Bartlett (1932), that explicit information in a

text is insufficient for the specification of the meaning of that tux

Rather, the complete meaning is Iomstrutted by combining information from

the various sources that comprise the context of_the text, e.g., prior

knowledge, linguistic, situational, and task contexts. It is this act

combining information to produce a text understood meaning that is

referred to as construction. Of the various impinging contextual factors, a

central role belongs to the preexisting knowledge the comprehender brings to

pear to inform the understanding of a given text. Along with the

realization of the importance of prior khowledge in the. acquisition of new

knowledge has come a spate of theoretical work concerning the content and

organization of knowledge, as ell as the processes by which prior'knowi;dge

exerts its influence. This work has been carried out under varioud rUhrice

including schema (Anderson, 1977; Rumelhart & Ortony, 19771 Spiro' 1977),.

script CSchank & Abelson, 1977), sncErame (Minsky, 1975). For the purposes:

of simplifying the present discussion,. these will all be referred to as

chema thaories.

The constructive or-icntation, h its attendant emphasis on the

importance of what one already knows in determining What one will come to

know, must be considered an improvement over the narrow "bottom-d
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conceptions that earlier dominated thinking about r-

the usefulness of 'schema theories to those interest- Ln casing

comprehension is not to quicklyreath a point of di As I

believe:thore research will have to be initiated it that are

.currently being neglected. In this paper I sketch L., 1P view of what

those needed' directions

cification of Component Processes and Their Patterns

of Co-occurrence in Less Able Readers

I sometimes get'the impression that people think the main implication

of schema approaches is that if a child is having problems with

comprehension, they are caused by a deficiendy of requisite knowledge. The

Scilutiontthen- istherely to build in that knowledge. Clearly, availability

of.App opriate background knowledge is necessary for comprehension, and many

reading problems may be traceable to mistatches between background knowledge

presumed in a given -ext. and that actually possessed by the reader.

However, schema availability is not a sufficient condition for
A'

comprehension. Schemata may be available but not accessed appropriately or

efficiently. Even when an approptiate schema is brought to bear while

reading, ip is not automatically the case that-it will be used

appropriately. More attention needs to be paid to top-down processing

difficulties that go beyod chema ava ability. "Top-down" may be loosely

equaled with "knowledge-based," "bottothup" with "text- based. ") We have to

say more than that prior knowledge matters. How is prior knowledge used?

It is very possible that there are a variety of things that can go wrong in
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top-down processing. However, unless we know better what should he

occurring, it will be difficult to precisely determine what is going wrong.

Thus we need to identify and model the components of the process by which

preexisting knowledge affects the comprehension of new knowledge. Toward

this end, let-me suggest, at a very general level, several aspects of the

total process that'may form a useful taxonomy to guide further study.

1. Schema 2.solsillezi. Where do our knowledge structures come from in

the first place? This question continues to puzzle developmental

psychologists. Cognitive psychologists of the last enty years hive had

little to say about learning, (This topic will receive further attention

later.) However, various :difficulties could result from problems of schema

acquisition. If schemata are not acquired in great enough quantity, they

may tend to be frequently absent, leading a child to think that his or her

knowledge is not relevant even in those cases where it might be (see the

following discussion of general schema unavailability). Or if the

schemata tend to be insufficiently general and overly tied to personal

experiAce,they may not be readily enough applicable toe 'sufficiently wide

range of situations. Even when an Individual has

it is unreasonable to think he or she will have

a rich ore of schemata,

prepackaged knowledge

.structure for every situation that may be encountered.

ill have to be built.(or at least- altered) to fit the demandsstructures

Some t: es knowledge

a given situation (see the discussion of generic cognitive economy of

representation). It should be noted, however, that the demands on writers

and speakers be "ccoperatie" (Grice, 1975) suggest that this problem may
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not occur as often as one might think; if it is expected that readers or

hearers w11 not have appropriate prior knowledge to understand a discourse,

cooperative communicators are expected provide it.

2. Schema selection. How does one know which knowledge structure(s)

to bring to bear in a giVen situation (including those situations for

directly relevant.schema does not exist, so that a structurally similar

one must be selected and used by analogy)2 f a schema is inaccessiblei.

has the same consequences as if it were not available. If it is not readily

and effortlessly accessible, the flow of other aspects of the process may be

disrupted (see the,section on topdown. processing efficiency).

3. Schema instantiation and refinement discourse proceeds, the

variables or slots in generic structures must receive 'specific

instantiation. That is, we start off with a general model of what a

discourse is about, and that model must be progressively refined as more

information is received. We probably, understand this aspect.better than any

of the others; see Rumelhart (1980) and Collins' Brown, and Larkin (1980).

4. Schema change and maintenance. Again, as discourse proceeds,

different schemata will have to be brought to bear at different times,

depending on signals from the text. What may be less obvious is theta

schema which has had its relevance clearly signaled at one point in a, text

will often continue to be relevant long pa the.point.of the original

explicit signal. In these cases there may be problems of schema

maintenance, which in turn produce probleths of information integration

across segments of text. (Spiro, Boggs,, 4 Brummer, Note 1, demonstrate the
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exit n e of just such a problem in some children with comprehension

diff Nulty. )

T

. Schema combination. In some, perhaps most, cases, individual

:know edge structures will not suffice for understanding a given part of a

discourse. Rather,' schemata will have-to beCombined. Furthermore, the

result of that combination may issue in a product not infer ble by an

additive combination of its schema parts. Needless to say, such issues of

emergence are still .poorly understood in paychdlogy.

6. NonahlEGLc aspects of schemabased processing. These are

ed in the last section of this paper.

If there are problems with any'of these types of processes, reading

difficulties'may ensue. Unfortunately, we know very little about how they

\

all work. Forsome, it may even'be too much to expect answer ,to be

forthcoming in the near future, bedaus- they get basic Oestions,of

cognitive functioning that have -resisted solution by philosophers and

psychologists since =the begimningof recorded thught: What are insight,

creativity, thinking? ,How do these phenomena occur? After all, we now

realize that comprehension is a kind of problem solving, Mit we still are in

the primitive stages ofdisdovering where the solutions to complex problems

come from.come

Onceothe component processes are identified_ and--e.know how they

operate,.. we can then ask more precise questions about,what might go wrong in

children having difficulty. comprehending: Do they generate too many

hypotheses about what a text is about (i.e. , which schemata are appropriate
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for understanding)? Too few? None? Are hypotheses, once generated,

characterized by inflexibility-when they have to be changed? By inertia?

Do they access their schemata too early, prematurely locking themselves into

interpretations that are not warranted by the data of the text? Or do they

wait too long, so that by the time a schema is selected much of the

previously read information has been forgotten because it lacked an

organizing framework? is text content inappropriately mapped onto generated

hypotheses? Are hypotheses inappropriately,evaluated, with little or no

Checking to see,if subsequent partS of the text fit (see Brown, 1980)? When

better understand what comprises the process, We,can then systematically

attack the important question of where the seams in the process 4re.

problems tend to co- occur, forming unified deficiency syndromes? (Thia-As-a

question that has been asked before, e.g. , in the various factor analytic

approaches. The problem is that a component model corresponding to schema-

based processing has never been incorporated into such an analysis. ) To what

extent are breakdowns idiosyncratic? ,Does the same individual tend to have

the same or different breakdown patterns across. situations, types- of
0

material, levels of difficulty of material, etc.?'

Naturally, the recommended attention to the components .of knowledge-

based,processes must be complemented by further investigation of the

composition of the knowledge structures themselves. In particular, it would

1

be nice to know what,is in common across the efficient representation of

knowledge in the various subject area domains, and how the representations

of individuals can be assessed.
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In a sense each of the remaining sections also deals with deficiencies

in our knowledge of the specifics of the contribution of prior knowledge to

comprehension. They differ from this section in that they deal with-

particular problems; the current section was intended to.argue for a more

detailed inquiry into the components qf,the entire process and their

interaction.

Individual Differences in Comprehension Style

Clearly there are differences in the component skills of individual

readers that affect their performance.. However, a theoretically distinct

question that can be'asked is whether individuals with comparable reading

skills all read the same way. Here, the question is not so much concerned

with differences between more and lesi able teaders, as with differerices in

comprehension sy1.1!. Despite, the fact that constructive processes in

comprehension have been the subject of continuous investigation for over ten

years now, there has been next to no conaidetation ofilndividuardifferences.

,in that vein. If someone who accepted the constructivist premise were to

ask whether everyone did it in-the same way, there would be no basis for a

reply-. This is particularly surprising given_:theL.emphasis in constructive

theories on personal contributions of the comprehender, and the use'of mare

natural and-personallyrelevant sorts of stimuli that have characterized the

movement away from the isolated materials of the verbal learning tradition.

.Recent work has shown, however, that all those with comparable reading'

skills do not process text the same way. Rather, individual's-differ in the

way they allocate their limited capacity processing resources. As we have
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repeatedly seen demonstrated, reading comprehension:is an interactive

prdcess (for a review see Adams, 1980). What .we already know informs in

top -dcwn fashion information from text that i 'being processed from the

bottom-up. At the most general level, some individuals seem to rely more on

the contributions of text to understanding; othera stress processes based on

what they already kno This is true of adult skilled readers (Spiro &

= Tirre-, 1980) and of children who are far from maturity as readers (Spiro;

Tirre, Freebody, & DeLoache, -Note 2). /Fo_ the former, the pattera is

frequently one of an optional,distribution

direction; with little effect on success of performance. For the latter,

processing in a preferred

the problem sometimes appears to be more serious;. with maladaptive patterns

of overreliance manifest.

The instructional implications of, such findings, if the interpretation

-continues to be validated by future research, appear to be profound.

Common sense would suggest that the most Affe-c ive strategies for correcting

the problems of individuals with one type of style would be exactly .the

,opposite of. what would most help children with the other type of style. For

example, if a child is overreliant.mn the text, instruction should.seek to

enlighten the child as to the importance of Using prior knowledge as a

context for understanding. However, the child who is not paying enough"

attention to.the text ill find his or her problem reirdorced by instruction

that stresses using prior knowledge morels Hence a failure to consider

individual differences in reeding comprehension styles- in the classroom may
,

lead either to helping some while-hnfting others or, if a middle road is

adopted, providing /optimal help for nobody.
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e processing styles doe not stop with the

dichotomy just discussed, however.
P

1C

One must:also consider the etiology of

an indiVidual's style .(Spiro, 1979). A given style. can re
1

variety of causes, and each might imply its own 'pr rred treatment.

Consider the case of overreliance on text-based (or bottom-up) processing:

understanding parti

ult'froM a

1. A child may lackithe requisite schema for

passages. Clearly, in tho

be applied..'-cannot

hand,

eases where - knowledge. is not available,

I call this local schema unavailability. :On the o

child may tend to -be knowledge-deficient

situation

"latter ca

across a range of

which I refer to-as-general schema unavailabi the

e, a text-based reading-style may develop.

We have already indicated, skills and stylea are considerpd to

ular'

P. be petit of a two-tiered MoAel of individual differences. That id, skil

are not considered to be perfectly determinate og styles or vice versa.

general, a given skill defiCiency should'be"able to result in either-

Hprecessing style. depending on whether the child perseveres in the problem

to escape and compensate. For-example ionsider a child

low and who eXpends a,great deal of-effort at word.identifieation.

child may persevere at decoding, utilizing so much available

. -
'processing capacity-that other, higher order, comprehen

suffer" from:the ensuing "bottleneck" (Perfettil Lesgold, 1978). On the.;..

.:- other hand, a child with Such a problem may try to escape from the-

unpleasant task-for which he or she possesses so little. skill by doing other

to compensate. Here the child may come to rely on top-down
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processing to guess'at many of the words in a text.' The same indeterminate

reaction would apply to a deficient top-down processing skill, e.g.,

ineffective schema selection. e child could work.harder at identifying-

requisite. background knoWledge, detracting from bottom-up processing, or

escape, by overrelying on bottom-up processing.

3. Some. children seem to have a misconception about reading (Canney &

Winograd, 1979; Spiro & Myers; -Note 3 They think that reading is A

bottom-up process, and that top-down,- extra - textual activities are

inappropriate. Such a child may 'develop a bottom-up bias because that is

what the child thinks he or she issuppo ed to do. We know very little

about children's conceptions of reading and even less of their causes.

HoWever, reasonable candidates with. respect to bottomup biases include code

emphases in early reading instruction, insular and irrelevant reading texts,

and tests that stress. literal 'Coneeat at the expense of its integration with

0

relevant,preexisting knowledge.

4. Some individuals'seeM to have general cognitive proces ing styles

that dictate their discourse processing style. For example, some people'

have difficulty overcoming the closure of a geometric stimulus configuration

in -ordepto detect a memorized target configuration within it. These people

are aid to be stimulus - bound, licking in freedom from Gestaltbindun

(Thu tone, 1942), or

1977)._ This style

situationg (Witkin et

structure from memory

field dependent (Witkin, Moore, Goodenough, & Cox,

of.stimulus-boundedness generalizes to a variety of

al., 1977). Does it generalize to text, where a

(a schema) must be superimposed on a more external
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stimulus structure (that of the text)? Spiro and Tirre (1980) found that to

indeed be the case. College students scoring lower on an embedded figures

test (with vocabulary scores statistically removed) used their prior

knowledge less in the performance of a discourse processing task.

5. Sometimes there may be small areas of breakdo n or "bugs in a

child processing routine that create the appearance of an overreliance on

the text. For example, we have found (Spit -Boggs, & Brummer, Note 1) that

bome_childten have difficulties with schema maintenance across sentences

(for reasons other than forgetting the earlier information ).. However, top-

-down processes within.sentences are.carried,outadequately. Hence the top-

down processing apparatus of these Children is intact and operative, but a

keeps them from. demonstrating it to full effect. 1 would call'such

instance pseudo-styles,

The pilot _tUdyl,y'Spiro et:al. (1979) found that three of these

etiological factors (decoding skill; cognitive style, and general schema

availability) were somewhat predictive of discourse-processing stye in

fifth- and sixth grade children. However, all of the preceding discussion

must be considered , conservatively. More work needs to be done to

demonstrate the re:liability, validity, and range of application of these

findings across types of tasks and texts. Their potential practical

importance, however, should-niake.the study of individual differences rom a

constructive viewpdint a major priority in reading research.`
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Ef_ ciencyof Top-Down Process

A point often overlooked in schema-theoretic research is th

individuals. may be able to execute the various processes of comprehension

under some set of ideal conditions, but have difficulty under the real-time

constraints of reading in natural; because some of the proceases are-

not executed efficiently. Effilency is a topic that has received

considerable attention with respect to bottom-up processes following the

:paper by LaBerge and Samuels (1974) o automaticity (see also the

.demonstration by Perfetti & 116jaboath (1075) of the importance of rapidity of

decoding). Unfortunately, there has been almost total neglect of top-down:

processing efficiency, despite the fact that inefficient top-6161in processing

can, in principle, contribute as much to reading deficiency as

inefficiencies in word identification. In this section we consider everal

aspects, of top-down processing efficiency: automaticity-
1
cognitive economy

of repre eritation (episodic and generic) and cognitive.economy of resource

deployment.

the section on components should be.capable of efficient or inefficient

a general point, any-of the processes 'discussed-earlier

vxecution. For example, schemata can be selected rapidly and without

rectuiring conscious awareness, or selection. may occur, only after a process

of effortful

Automatic

the point ter reading instruction again involves our limited capacity

\

as information processors: There is a limit on the number of things we can

elf-conscious consideration.

devote Conscious attention to at a given time. If much of this capacity
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must be used for processes of word identification, bottleneck w 11,-be

created that inhibits other important comprehension processes f- Perfetti

& Lesgold, 1978). an the other hand, to the extent .tbat'wOrd identification

can proceed without requiring conscious attention (or at. least rapidly),

more capacity will be, freed to do such things as think about what one Is

reading. Note, however, that much top-down processing may also be automatic

(with similar ramifications regarding limited processing capacity). As

adult Ilf we read The child careless_y playiria with the delicate

pitcher and it 'suddenly fell to the floor, an inference about it probably

treaking.will typically be lade without 'requiring any conscious effort.

an exercise, read a prcise passage as you normally would. Think about what

it all meant when you are done. TheO7go back.and see how much-additional°

meaning you imported to the text without having been at all aware of'doing

it Such examples of automatic top7down proce ing are ubiquitous. We tend

to no longer-be aware ofIt because of the high level of skill we have

achieved. But a child may not be doing as much automatic top-doWn

.processing as w take for granted.

Any, of the components of schema-based processing,that were discussed in

an earlier section can be- executed automatically or not For .example, where

we would automatically select a schema to inform our understanding of a

given text, an inefficientlTcomprehending child might, have to labor over

,the question,of what :the text is about,' what.alteadrpessesaed knowledge

must_ be brought to bear to understand it, etc. Such conscious attention to

what could be an automatic top-down process can have as severe consequences

1 £JI
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of text processing as laborious decoding. (Note, however, that

ii ieinot necessarily the case that more attention to one process will.

prodOce interference with other .processes -- mutual fatilitation is-always

anOtherfpossibility.)\'

7 Unfortunately,. we know 1- _le about how processes below the level of

.conaciousness operate, perhaps because *heir unavailability to introspection

make them more difficult to forte hypotheses about end subsequently

\

Investigate inrigorous fashion. Philosopher have devoted some attention

to the question (e.g., Polanyi, 1966). Some speculations based on

paychologicil-models-are-possible_(e.g.,_default nodes_ in schemata may be

Activated whenever their superordinate structuves.are; see Schenk & Abelson,
. \ 3

1977, and Spiro, Esposito, &-Vondruska 1978). In general,' however, there

little we can say conclusively on this matter.

use get neiier still when one thinks of a special kind.e

automaticity immersion. Often when we are reading we become so involved In

what ire: are reading that we forget!.that we are reading. This is the

commonly 'experienced feeling colloquially expressed as "getting into

something. Yet, if we pay more attention td' tfie'detaile of our reading, the

process suffers. Although it seems intuitively obvious that there are

advantages of such a procesiirnt mode, we have'little,idea of what they might

be, much less how the ability to immeree develops, its .fteconditions,.ox

even whet'; is going on When You are immersed that is not 05_4 on when you

are not. I would venture one speculation: It is something more. than an

ability to execute more conventional analytic -type mental activities as a
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f. freed-up information processing capacity. Rather, the processing

seems to be-of a very different kind; there is,a greater sense of directly

experiencing what is being read. One "feelait-to 1%e-role of such

feelings in cognitive processing,-An-unexplored topic since Bartlett

proposed his concept of attitudes, is discussed in-the last section.

of Representation

Much. of the information that we encounter is at least imperfectly

derivable from other information already represented in memory. Does such

derivable information receive an independent and-durable representation in

longterm_memory? . Results of an experiment by. Spiro & Esposito (1977)..

indicate in the negative. For example, if skilled reading adults read that

a-karate champion hit block_during_a.demon tration- and they then read.

that the block broke,, ,the latte information c an be shown not-to be

explicitly represented-in memory shortly after reading. When information is

subsequently presented in the story that vitiates the force of the

derivability of. the predictable information e.g., the. karate champion as

having trouble concentrating because of a fight with his wife that day),

thUs.blockingits'derivation if it was not stored, skilled ruading adults

tend to sayeither that it did not say, in the story whether the block broke

or that the-block did not,break. Furthermore, they are as certain about

-these errors as they are about accurate memories. .Such errors do not occur

when -the target information is made less predictable, and they ,can'be shown

not to be due to representing the predictable information and subsequently

modifying that representation when the vitiating, information encountered.
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would argue that minimizing representation where possible (probably

not intentionally) contributes to efficient discourse Processing. Much of

the information 'we take in will either be used infrequently in the future or

_
not at all., In that case it is more economical to lessen the cognitive

effort expendedtoward,complete encoding.. If information may be derived.

from already encoded information (even imperfectly), then it may riceive

lesh prodessing attention and be left to be derived later if it is needed

rather than having to devote time, and processing capacity to over-

elaborately encoding it. This hasthe,advantages of not cluttering up

mentai-representations (perhaps facilitating the retrieval of information)

4

and, more impo ant-,--= freeing time and capacity for thinking more about

what one is reading rather than-thinking about how to remember what one has

-:read!____ItAs_passible_tbatioame childreesaPparent_discourse processing

problems may be traceable to uneconomical representation strategies-(=seeiLz:

for example, the earlier discussion of text-biased processing styles).

The cost of cognitive economy is occasional inaccuracy in remembering.

0

a matter of fact,,some children may have representations that are too'

sparse. they may overestimate the future derivability of

, information. Consider the often heard plaint that material that seemed

solidly .encoded when studying for a test was-a blank when the test actually

arrived.,'Although we have no data yet on the existence of such a strategy,

it-would fit with a commonly'observed.tendency even in the most - skilled -of

information processors to make inappropriate use..of existing knowledge to

estimate-the fUture likelihood.oteventa (Kahneman.&-Tversky,'1973).
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Particularly relevant is the finding of fiaChoff 975 that individuals

presented with answers to questions tend tovoverestimate the. probability

that they would have been able to generate the answers themselves had they

not been provided. Might.,not, in similar fashion, some readers tend to

erroneously think that explicit information in text, once encountered, was

"obvious," and thus May be superficially processed?

One thing that enables accurate cognitive economy of representation.

the development of highly ramified knowledge structures. The larger the

clustet of mutually iMpliedinformation,- the greater the number of.

opportunities. to leave information to be derived later if needed. Again,

poor readers may have'difficultiea capitalizing on potential cognitive

economies, now-becauseoftheaytheir knowledge is organized.,

J'A,

call the kirid,,,Of storage economies just disquaaedapisOdic cognitive

economy. That is, they concern the reprtsettation of particular, detailed

information. A-related phenomenon can be called ertsts cognitiye economy

4

of representation, notion like that occasionally. roposed forthe

representation of individual words in "semantic memory" (cf. Collins

Gillian, 197.2). First sonic; background'. Much of the modeling of; knowledge

matures-has taken the,direction ofproposing precompiled (i.e. Already
-47

assembled) Tackages of information. An example is the scripts of Schank and

Abelson (1977). Nit does seem to be the case that holistic sorts of

knowledge are brought to undetstand,.for example, a trip to a

restaurant; it is what perMits the episode t be appreciated as a connected

activity and .enables misping.e t ents to be impo ted An the constructive
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manner. Also, the psychologiCal reality of scripts has been confirmed

empirically (Anderson, Spiro,'&' Anderson,.1978; Bower, Black, &a Turner,

.1979). -Howeveri to say_thatknowledge.tay be brought to bear as a whole

not the same as to say that that knowledge. is represented in compiled

fashion when not being used. An alternative is that knowledge is stored

more fragmented form and is assembled when (And as) needed, in a_kind'of

ongoing programming of prior knowledge (Schenk, 1979; such fragmentation was

suggested by earlier schema theoriats like Rumelhart & Ortony, 1977, in

discussions of hierarchical aspects.of representation and knowledge

-embedding). A virtue of this latter organizational principle is that it

answers a critical question often asked of schema theories: How can you
,

- .

have a prep ackaged.knowledge-structure-in-your-head-fot-alk- _esitnationa:

you will encounter? The answer then becomes that you don-t. Rather, the'

knowledge structures are .(re)built to fit the needs of the. subtly changing

variety of situations that tbiy must help inform, thus. permitting greater

flexibility in their application. The efficiency-point here, besides

Whatever advantages may accrue from lessening storage requirements, relates

to the variable quality of that will exist between the purPo es'of-

understanding in some situation and the knowledge brought to bear far those

purposes. The more degrees of freedom available for adjusting the knowledge

context, the greater the' potential for more optimal fit. An analogy maybe

''drawn to postUre, whiCh is endlessly fluid, yk very accurately recognized.,

We-have knowledge-structures that permit us ta take the variety_of_externai

signals that we receive and integrate-them to -form a background fer an
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understanding of he current "postural scene." If rigid knowledge

structures had to be used to recognize the infinity of postures, in their

infinity ef.preceding contexts, the process could not work nearly as Weil as

does. Perhaps then, the same is true for text understanding, as well as

any other activity inwhich humans demonstrate their characteristic symbolic

flexibility. It is interesting to note that the,scheme model of postural

recognition proposed by Head 1920) was an important antece ent of

Bartlett _ theory.

How is knowledge-organized .to permit uchllexibility? Obviously, we

have little idea at this time A simple hypothesis may; however, be

proposed.- Knowledge structures that are used as wholes (e.g. knowledge\

about trips to_restan,ants are composed of aspects or scenes of two, typ

those fairly unique to the _event (_ g., ordering food)- and those that are in

common' with other events vating food). .Thpae aspects that are

across types of events might then be stored in a single-common location,

.rather than being repeatedly represented with each type of event (artificial

intelligence programs operating on this principle are being developed by

ed

Schenk 1979). Each of the-events that ahare the cture would haw

pointer 'to the shared location where more information is available.

Genericeient knowledge would then,be compiled by combining those aspect's of

the'decomPosed-knoWledge structure thatere unique- 1th thosOhared ones..

that'afe'needed. Note that for''events that are less routinizehangoing

to a restaurant. there would'be more degrees of freedomlor adaptiVe.

,flexibility in the way the ongP'ing construction of prior knowledge occurs.
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(Clearly, the details of the compiling process have been left largely a

mystery.: However nce it surely would be conceded that we haVe the

ability to build knowledge- structures over some, period, of time, ,why would

the time available during comprehension be, in principleT-insufficient?-

What must be avoided is a permanent recourse to explanation by mysterious,

homuncu uslike constructa.)

What would be the implications of such aredonceptualization o the

nature of knowledge orgenitation for reacilmg.instruction? 'For one thing, it

might suggest an emphasis on knowledge assembly, in addition to that. lready

placed on knowlekt availability- The problems one looks are

Constrained by ones theories What new problems might be suggested by a

theory of decomposed schemata that are a sembled in ongoig fashion?: Two

.-come im ediateiyt :Some children may store too much generic
---------

knowledge in rigidly precompiled form, reducing the ability b-adapt

flexibly to the subtleties and nuances of difference from one superficially

similar situation, to the:next. . If a given text does not fit the tightly

prescribed formulas inscribed in memory, it will be less than optimally

understood. For other children perhaps there is inappropriate generic

cognitiveeconomy; i.e., knowledge is decomposed.irvauch._ Manner that

recomposltlon inhibited. _Finally, some children may lack the processing

apparatus to handle the Increased dem nd placed on compiling knowledge when

and as is needed.
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Economical Deplo--ent of Resources

This is an -area of reading efficiency that has received-some

considerable researdh attention and therefore is not discussed here. Very

briefly, the iMpOrtant aspects include selectivity--paying appropriate

amounts of attention-to different parts of text as a function of contextual

factors (Reynolds, Standiford, & Anderson, 1978), as well as the -

computability/derivability of information. (Spiro, Esposito,,VVondruska,

1978) -and interactive flexibility (e.g shifting resources.between

bottom-up andtep-dOWn processes. as a-function of such Characteristics of

text and context. as familiarity, syntactic complexity, etc..).

virtue

Learning

rom-behaviorism in cognitive psychology, for_ all its

has had-an unfortunate consequence. We are now able to talk about-

gates of knowledge and processes that,ope_ate on those states the

unfortunate concomitant to this static orientation is that there has been

very little new thinking in the constructive paradigm about-the process of

moving to new structural states, 212ELJILI. It is

addition to the attentionetave been paying to ho

,processing of text, we need to\be concerned with how, the processing of text
4.

affects the development of new.nowledge., To aspects'of the neglected

topic of learning'willbe discus- d: trans-a tuational 'integration 8.4d
\

uggested that, in

knoWledge.affectsthe

conceptual change.



Trans-Sithational Integration

Schema Thebry

rn you are reading the'latest installment in.Newsweek;about the

energy crisis, if You have been following it in the past, you will probably:

-t endeavor to form a complete insular representation of.the article as
-

your goal of understanding. Rather,l.yoiir goal will probably tJe to integrate

what you are

attentionto

ding with what you already know of the subject, with special'

information that is new. That is, your goal -of reeding is -to.-

update your knowledge. Knowledge updating is not automatic; it i unddr

strategic, control. Sometimes, rather han integrating, related pieces of

information across the situations in; which they are encountered, infOrmatiOn.

is compartmentalized by acquisition situatioh-

This tends to:happen with material be remembered in memory-experiments

under conventional instructions, and with the tpical esoteric and/or useless

prose gaterialsemployed (Spiro, 1.977). The danger is that it may also-be

happening in the schools. This would not be very surprising given the feet

-; that the kinds of tests that'are most convenient to' cohstruCt administer,,

and grade also tend to reward compartmentalization. There are Situations,

of course, where it is desirable to maintain the particular identity of a-
)

given text. For example', la- students-bust try not, to blend various cases

that bear brri- given issue.' However, in many, school. situations, a knowledge

updating ode. would seem to be preferred. A child AS exposed to informatioh

about the Civil War on many occasions during his or her schoOling., dOubt

if many educatomvpuld want the information about the Battle of .,Gettysburg

contained in a seventh -grade history., 'text to receive its own insular
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.representation rether than being integrated with other knowledge already

possessed about that battle, the Civil, War, war in general, and perhaps

interpersonal relations and the plight of man. the questions that must.be

addressed include: How is trans-situational integration promoted? Answers

provided by experimental psychology up to this point are minimal, e.g., that

using the same wording promotes integration--see Hayes-Roth and Thorndyk

(1979). When should it be promoted? What are the costs of integration?

(Theso in certainly include a certain amount of orgotten detail not

sharing the organizing principle of the body of information being integrated

with. ) What Are_ the consequences of failures to integrate? Beyond the

,obvious consequences of compartmenta ization, e.g., that knowledge _

given topic will be-hopelessly diffuse and that specific information may be

harder to locate if more locations are potential' repositories (see the

her diacussion of efficiency and cognitive economy of representation),

Failure to integrate may leadan individual to miss some crucial. connections

between piecesiof Informationinformation. that are necessary for conceptual ehange to
0

occur, a topic we will now consider.

Conceptual,Chanat

There-are-4 variety of kinds of,learning. One kind that cognitive

psychology is fairly adept at dealing with is the type that involves

indorporating new informatiOn-into existing s _uc res without thereby

substantiallraltefing those structures, This is like what Piaget has

called assimilation. Arguably',-a more interesting kind of learning in: the

educational proce_ involves the .radidal restructuring of existing knowledge
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as a result of encountering new information, what might be called conceptual

change or, after Piaget, accommodation. Becoming more expert, in any. domain

involves more-than the mere accretion of information (Bransford, Nitsch;

Franks, 1977). We have already seen that we understand via mental

frameiiorks or schemata. One thing that characterizes experts is that their

frameworks are qualitatively different from those of novices (Chase & Simon,

1973). Such qualitative conceptual change typically brings with it the

following characteristics, among others: The interpretation of the

of new information changes (much as It does in science when

paradigms change; Kuhn, 1962); ore efficient patterns of selectivity

develop; more processing becomes tacit (see the next section) accompanied

by' greater immersion; and information is proCessed in larger chunks. We

know next to nothing about tha processes of conceptual change, It 4 s a

question hat-has resisted solution ince (and before ato's paradoxes of

the Meno. Piaget has described the differences between cognitive states

children pass through but has not proposed a satisfactory explanation of how,

those changes transpire. Neither has anyone else. Perhaps metaphor,with

its-capability_of describing something new in terms of what is already known

plays an,important role (Ortony, 1975), Unfortunately, it is probably the

case that psychology will have to undergo its own "conceptual change" if an

understanding of that essential learning phenomenon is ever to ensue.
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What Does a Schema "Feel" Like?: Nonanalytic and

Nondenotative Aspects of Knowledge. Structures

Given the avalanche of research triggered by the revival of interest in

Bartlett's (1932) thinking abodt constructive processes, it is remarkable

that a central aspect of that thinking has been totally ignored. 1 refer to

his concept of the "attitude. Perhaps part of the problem Was his choice

of terms, so easily confusable with the social psychological concept. One's

position on abortion is not an attitude in Bartletts sense. Rather he

described the attitude as general impression of the whole . .. a complex

state or process which'it is very hard to describe in more elementary

psychological terms . . very largely'a matter of feeling or affect"

(pp: 206207). Such attitudes were given a central place in the

.constructive p:ocess. For example, recall is described asY'a construction,.

made largely on the basis of this attitude, and its general effect is that

of a jOatificationof the attitude!' (p. 207). If our knowledge of the past

includes such attitudes, then those aspects of comlrehension that depend on

prior knowledge:, must also be subject to the effects, of attitudes. It is

worth noting that Bartlett is not the only peYson to place feelings at or

near the center of analysis of. cognitive_activity. One should see for

example, the philosopher Pepper's (1.942) discussion of the contextualist

construct of. " "quality." The idea is not even original with Bartlett in

cognitive psychology, being very similar to Wundt's G_ amtvoratellung (see

Mumenthal, 1970), to.teke One example. Neurophysiological work on

differences in specialization of the cerebral hemispheres suggests the right
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hemisphere may play an important role in this aspect of cognition (see

Ornstein,.1972, for an introduction to this area). Among educators, Bruner

(1962) is one prominent individual who has considered the importance of such

phenomena. AnOther is Broudy- (1977) .

What are these; ignature feelings (eschewing the confusing term

"attitude" for one suggesting that these feelings represent identifying

characteristics of knowledge structures)? Obviously we do not know.

However, a -speculative line might proceed as follows. Consider the act of

holding a-specific object, such -as a ball, in one's band. Our experience of

that act has diverseadpects.= One - -of those aspects is the one that could

take the form of a.Verbal description of the ball: it is round; it is White;

it has se it i_ larger than a tennis ball; it feels smooth; etc. Sdch .

,

descriptions seem inadeqnste, however. They miss the "existential":aapect

\

of the act: what the experience of holding the ball in the hand feels like.

It lothe feel of experiltnee that allows. us to refer metaphorically to the

"texture," "color," or "flavor" of an entity or event. It is proposed,

then, that experiences possess qualities,. such as texture, that permit of

being "felt." Likewide, they have properties amenable to verbal description.

-However no verbal description could ever capture the quality of the

existential feel of an experience, except as a very rough approximation and

vice versa). Now, my proposal is that the preceding dichotomy of aspecte.of

the experience of holdingla ball in the hand is extendable by analogy to the

"holding" of =a concept inithe mind! Cohesive_ concepts, however compleX,

have properties that can be decomposed and analytically examined.. However,
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they also are ex eriences, and as such they have textural, gestalt-like

properties that can only be felt. (A distinction Should be made between

feelings related to the experience of having an idea and feelings related to

the content of the idea; within the latter a further distinction can be made

between more and less analytical verbally describable properties, like,

e.g., the white color versus the smooth feel of the ball).

Work in the schema- theoretic tradition has foceeednn the structure of

knowledge that must be analyzed, rather than on the texture that must be

felt. Accordingly there is very little to be offered as Support for these

vie rs. However, a body of data concerned with meaning at the level of the

individual word is suggestive. Clearly, word meanings have an analytic

aspect, which is what lexicographers and semanticists study. However, words

-11ave also been shown to have psychological meaning'of a far different kind

from that Studied analytically. I am thinking about the results of research

using the semantic differential (Osgood,'SuCi, & Tannenba 1957), which

have demonstrated that much of the variability In judgments concerning words

is due to their evaluative connotations. For an exemplary review of other

research that suggests a central role for affect in cognition, sae Zajonc

(gate 4). Please note, however, that the concept of a feeling under

discus on,Alihile including affect, encompasses many other nonaffective

aspects of feelings e.g. feelingevof somnolence.

Assuming one accepts the preliminary, phenomenological evidence for

signature feelings, one might Still inquire as to,their utility. What is a

feeling good for? Many things, seems to-me.:=First, there is the role'
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designated for Attitudes in Bartlett 's theory, They are durable qualities

of past events, whose appearance p ecedes and facilitates the retrieval of

detailed information-("I don't quite remember what happened in the situation

you refer to, but I know it was something sort unpleasant and puzzling").

In an evolutionary sense, It would appear to-be adaptive to remember for the

future those situations hich you experienced fear, pleasure,

gratification, etc. The Attitudes or feelings then remain active in

monitoring the reconstructive.process; for example, forming the basis for

'rejection of generations that do not fit ("It'seems like that might have

happened, but it does not feel right--I have a feeling that it did not

happen"

However, their constraining function may be more general. As Langer

(1967) has pointed out, we need both models of how things work and images of

how they "appear" (by which she meant something similar to whatl have been

referring to as that aspect of:kmalledge structures that is holistically

felt). Our mental models of things :(including the mind) too-'often

perpetuate new paths and directions that we are deluded into thinking are

correct by their systematic fit with that which-preceded them. We need the

holistic image to be able to detect when our models cif.how things work no

longer fit the "look" (feel) that the system was supposed to analytically

describe. It is what enables us to say that something which does not appear

to create any logical inconsistencies or to violate any of our explicit

knowledge:of the world nevertheless "does not feel right."



Schema Theory

'30

Signature feelings may also have various kinds of efficiency benefi

They are single units or chunks, thought of all. at the,same time, and they

are often thought of rapidly (as. when somebody says they have had a "gut

reaction " "), thus making more parsimonious use of our limited processing

capacity. There is another, perhaps more important, sense'in which' such a

mode of processing ma.y.be efficient.- Where it is not possible to think

analytically about two things at the same time, it may be possible to think

about one thing while simultaneously feeling several othets, as when Broudy

(1977) talks of knoWing with" or Bransford'et al. (1977) speak of thinking

"ityterms. of some Context. (Of course,. this bega the cinestion of what

potential informational value is carried by a feeling). Perhaps feelings

are more amalgamable than more analytic or denotative entitles. If so,

feelings and the characteristics of knowledge that enable them may be an

appropriate place to start Looking for the answer to that important question

of conceptual change poied earlier. Itmay be in the rapid interplay of

feelings (so much like the combinatorial. idea play that Einsfein spoke of)

that the source of the creation of ideas, later to receive theii analytic

flesh and bones, may be found. If so, how ad it would be if it were

discovered that the real problem of many. readers is that' their instruction

automatizes them that they do not develop a feeling for what they read or.
Itv

do nit use the feelings available to them in the developme of newt

under dings from reading.
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Footnotes

1
Technically, automatic processes are those thit do not require

conscious attention. -However, for the purposes of the following highly

condensed discussion, we will be somewhat more general in the use of our

terms. Thus, in automaticity we may'sometimes'be including rapidly executed

processes' that do.-require some conscious attention.
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