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PREFACE

Two fundamental components of the decisionmaking process are

the acquisition of new knowledge and the retrieval of tnowledgejtom
m4ory. The knowledge available to a decibionmaker is 'frequently

expressed in textuai 'documents that are Voluminous and poorly

organized. Decisionmakers in command and control situations, both .
1Crirrently and in the future, /ill become increasingly dependent on

textual knowledge bages that are tesident in computers. The quality

*Of..decisioni will undoubtedly depend on tke quality- of the
e

informatip .available 6 the decisionmaker. Thus it is-important to

optimize both. he amount of information he Can assimilate from text

andias ability retrieve that information when needed. .To'improve,.
4'.hia. ability to retain and use acquired knowledge, itNis necessary .to

understand the relationship tetween the informatOn presented in

.

texts and the representation of knowledge.in human memory. It should

A be possible to adapt the lomat of the Presented text to facilitate

.the reader's assimilation and utilization of the information.. This

might.be.accomplikhed by filtering and reorganizing the.to-be-learned

. material. Developing technologies in ,Jelectronic data bases -and

computer-controlled communicatioas make this filtering process a real

possibility for decisionmikers who routinely receive information

onAine.-; , A%
.

This repoxt details the results of a one-year study, completed

in 'November. 1977, egpported by the Cybernetics Technology Office

(CTO) of the Defense Advanced Research Brojects Agency (ARPA). The

findine, ,,hich were provided to ARPA -at that time in informal

'doeumentation, have 6en prepared here in report form, using Rand

Corp9ration funds, for distribution to a wider audiencL.

The objective oi the research was to develop mo.dels of how

humans store, organize, and retrieve in memory..information obtaineds.
from re'ading,teXts: These'models, derived empirically from a' series

of psychological experiments, might serve as the basis-for the design

%
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of computer systems capable of structuring and.presenting texts in )

optimal formats.- A system incorporating such pL.Aciples of human
,

learning into its text-handling.faciliivies would prove to be a usefUl

. iemory, aid for military comManders, intelligence analysts, or other

h'igh-rvel.decisionmakers who depend on large 'computer datilases of

knowledge: The research repoited here has been directed toward the :

.

development of bliman information processing Jmodels rather than a .-
deZlistrable eomputer.4rstem. However, the results of this study m4

4

. iliave direct applicability to .tHe cpnstructron of a 'system

incorporating telraiques for formarting texts into optimal

organizations.,

*

t.,*""
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SUMMARY

:.

ft . . ,
.

.
.

This report documents.a series of studies of
r
how people learn

.

'from and reason with information cpntained in. texts. .The ex'eriments
4

reportea here are based on the premise tRat readers 'typically derive

their, knowledge .fr9m several source texts; The reader's problem,

then, is, not only to acquire individual faëts but to organize .'related

facts obtaihed from diverse sources.

The research has been motivated by four goals: (1).to 'elucidate

the .proceiSs .by .Which knowledge is acquiyd fr:om a textual document;

(2) to specify hot./ the acquired knowledge is represented in memory,

(3) to identify how and when related infoimation is.integrated in

memory, and (4) ,to discover' technique3. for the facilixation of

leakning And reasoning with textUarinformation. Two task domains ..
,

were chosen i which to 4tAidy the ,strnctures and processes underlying

hymen performance, with texts: Tlr Virst- task domain was sim

ACQGISITION, in which the reader attempted to learn and retain s.Much %

knowledge from the text AS pos,sible. The, second task omain was

I.

'INFERENTIAL REASONING, in which the reaex had to ganize.'a .set df
. .

facts from.the text in order to generate. or. rify '.a4, conctnsion

following from the facts. 'For boa dOmains'
.

eapproacOken 0ttr
-model the representation of knowle .!.- in memory'and the prcesses

,.

required'to perform the task, and en to design. text, resentation
.

.--- 4

',formats that faoilitatd . h .the transfer of Jnledge from texts

into these mep1ory struttures and the performance of inferent ial
1 .

reasoning tas s.

Five sqs af studies evaluated particularTrocessing models and

optimization techniques. In Study .1, the acquisiti:on of new.knowledge

that *conformed to..a. previously learned structure, or schema, Oes-

investigated. Memory for teit information was generally facilitated .

by prior trdining with the structure in which the'text was embedded,
.

.

particularly when there was no confusionamong facts from different

texts sharing a comMon organization.

0
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In Study'.2 information from newspaper stories was restructured

fnto different formats in n attempt7. to improve' memory for the

stories. lallese fOrinats intluded a condensed version of the.news story

(with all redundant and superfluous informatio,--deleted), a narrative

structure based on the temporalrorder of evAtd, a topicabstructure
. , ..

,

organize& accotding to the primary coneept.s of the passage, and an
. .. %

outlyie /Pi ructure qat reduced, the, text to key phrases spatially

arranged on the page in outline form. All' forms of restructuring
. ,..;

'produced significant *improVements in recall of the. infOrmation

c)ntained in the passage..
-

Study.A investigated the integration of .-related but seihrTately

acquired facts in memory either for apprehension of a complex idea o

fOr performing inferential reasoning. Integration of separate acts

into a. unified memory structure Was more likely to occur, reaated

facts occurred in close eeMporal proximity and if tbeja -Ca cued each

other With .similar wordings, rather than withpraphrased wordin

The'integration'of facts signifiCantly irnethe ability to,4ecill

related information and perform syllogistic reasoning.

Techntquee.for improving a learner''s ability 'to organize' diverse .

j.nformation .for.inferencing were inAstigated in Studies 4 and 5. In

Study 4,.subjects verified inferences based on information from two

distinct texts. Performance was better when subjects had attempted to

commit .the texts to memory than when they were allowed to inspect-t,he J.;#
ii.texts freely during the reasoning test. 1h Study/ 5, method's of

annotating texts to facilitate integration and inferencing- were

investigated.

The results from these studies are presented in (the Context of 0

set of models for .knowledge representation add processing. Based on'

these models and the obtained experimental reqults, 'as. set of

principles for improving human learning from"texts emerged. To the

extent that our subject and materials samples were representative ofo

the population of readers and potential texts,, these principles ate

descriptive of human text-processing chardcteristics. They may be.

summarized as follows:
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1. Presentation of new infOrmation in well-learned structural

organizations caq.facilitate learning of the new-information.

2. Presentation in close temporal proximity of large numbers of

lacts (i.e., five or moie), sharing a common structural

framework interferes with learning.

3. Temporal separation in presentation of interfering facts can,

lingt interfering effects.

4. Eliminatlon ot 'redundattay and irrelevant commentary from

newspaper stories facilitates assimilation andretention of'

important facts.

5. Text organizations that place complementary facts in tlose
, .

'4 ('
proximity improve integrafion 9f those facts.

6. 'Wording comPlemenkary texts as similarly as possible improves
, ..

integration of cOmpleT. tary facts that octori in separate
n .

texts. . . .

4 .

7: .Wo.rding related texts as similarly as possible improves

inferential reasoning based on favti W ithin the te ts.
. . . . .

. .

8. Reasoning from memory/About carefully studied texts is. more

1 aCcurate tfian reasoning based on inspection of less familkar.
. .

. ,
,

. texts.' , .44 .

,

9. Knowledge of Ole information contained in exts is improved

. .

by studying.to learn the texts rather thim"uSing the. texts to
.

/

p
. ..,

. erform Anfereng.
.

ein.
.

v
.

, 10 Annotating texts withj.e&rences Ito related facts 'that, have
, .

occurred in previous text6 facilitates general inferential

\

'reasoning from the texts.
v

olV

V
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I., INTRODUCTION
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An information glut confronts most decisionmakers. The

information they must assimilate from.textual docaments is typicall)

' voluminous, poorly organized and presented,' and informationally

sparse. It is often necessary to maki rapid decisions based on an

overload of available information, and the decisionmaker can rare0.y

invest the time necessary to rehearse the_new_.matefial, integrate the

fiew facts with existing knowledge, or otherwise improve his memory for

the information. Presumably, the quality.of decisions dependk on the

quality of the information that is utilized *in arriving at those

decisions. Therefore; optimizing a decisionmaker's ability to.acquire

1 and use Informaion nwould have .beneficial consequences for. the.
.3

'

decisionmaking.process.
.

'The objective ofthe ligese#rch reported here was to developpodels

of how people store, organize, and retrieve in memory information'

obtained from reading.texts. Throughout.the,course of the research,
1

it was assumed that to improve the decisionmaker's acquisition and use

of informatiOn it is necesiary to understand the relationship ,between.

the information presented in texts and the reilresentation of knowledge

in huinan memory. Infoimation is most readily assimilated when it is

structured in a format that matches human cognititTe structures and

presented in .a way that strength:as and maintains its memory

repred6ation. If a detetmination of human memory structures .arid

processing strategies Gan be made, then it should be possible to.adapt

the Tbimat of presented texts to match these structures and hence

facilitate the reader's assimilation and utilization of the
.

_information. In a real-world situation, this text formatting might be -

accomplished by filtering and reorganizing the to-be-learned material

before it is presented to the decisionmaker, or by reqursting (the

decisionmaker to procesS the information in the text in particular

ways.

1
4. \
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a This report documents the results of al series of studies,:designed

t6 -elucidate the pai-ameters of humAn learAing from text. 'All the

studies reported here r!onsisted. of controlled operiments in which

subjects were presented with textaill information, oianipulated in a

Variety of ways. Subjects' performance on a number? of taskq requiring
)

the.use oEh the.textual information was measured..

these experiments served several usefill, purposes.- First, they
\

provide4 data on how various parameters of texti and learning

environments iafluence the acquisition and effective use of

information'from the texts., This Permitted the c]lentification of text

characteristics and learning situatiohs 'that, when maniVOlated

appropriately, can produce large Kuptuafirms in a person's ability to
.

learn and reason.

"A,second purpose of these-experlmentswas to provide inferences
,

about -the knowledge structures people use to represent information

from texts... The experithents suppdrted the-development .Qf models of

the underlying memory- structures' and processes .required for task

performance and allowed the evaluatLon of pLoire :models against-
k

alternative models. The develppment of the meals i4 :motivated by

three specific oals: (1) to elucidate the process-b'y which knowledge

is acquired from a textual document,- (n-t-6-specify how the acquired

.knaw-tedge is represented in_memory and (3) tb identtfy' how and when
-

related' %;informati.on --integrated in memory. The theoretical
,;

determination Or- ese underlying structures and processes was central

to the researr, becaTte of the iforementionid working assumption that

learning may-be optimal y facilitated by:Matching the structure of the

input information to th preferred internal memory structures.

Finally, the resu ts of these experiments' were useful in

suggesting and- testing techniques -for restructuring texts or the

learning process in ways that improve such performance measures as .

reading time, amount' of information learned, length of time tfie

inforthation is retained, and inferential ability.

.Two broad task domains were chosen in which to study the

structures and proceSses underlying human performance with texts. The

0
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fixst task'domain was siniple ACQUISITION; in which the reader attempts

to learnand retain as much knbwledge irom the text as possible. 'The

second tasiWt domain was INFERENTIAL REASONING, in which the reader must.d

'organize Alset of facts from the text in order to generate or verify a

conclusion\following from the facts. For bott tiok domainp, the

approach taken/was to model the represedtatiop of knowledgp in memory
.

and the associated processes required to perform the tpsk, And then 'to'

-design text presentation formats that facilitated both t;he transfer of

knowledge from texts Into these memory structures and the performance

of Inferential-reasoning.:

. Five sets of studies evaluatedparticular models.and optimization

techniques. Each study:consisted of one or more experimeutt designed
tb determine the nature .of the structures and processes underlying

text leirning ahd/or to evaluate the efficacy, of various techniques'
for facilitating performance.- The methodology, results, cOnclusions,

and evaluation of' proposed models' of each 'of these studies is .

.

*41

preented.in detail in'thefpllowing chapters. A brief.description bf. .

. ;

each of these studies is $iven

In Study 1, a model of "schematic" learnift.was developed that
,

provides an account of how knowledge in memory is used to guidR the
tr.

acquisition and organiiation of new, 4. incoming information. The .

advantages of and constraints owthe accidisition of new knowledge that:."--.

conformed to a previously 'learned structure,; or schema, were

investigated experimentally. Subjects receivRd various'amounts of

training on a set of structures by reading texts that uti,lized the

structures; they then tried to learn a new set of.texts that conformed

to those structures. Memory for this new set was facilitated'by prior

experience with the text organizations, particularly when there was no

confusion among the .factsfrom different texts thpt shored a common

organization.

In Study 2, information from newspaper stories was restructured

into different formats in ap attempt to affect memory for the stories.

These formati included a condensed versiOn of the news story (with all

redundant and superfluous'information deleted) ,.a narrative structure

elf
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based on the temporal order of events, a topical structure organized

according to the primary, concepts, of the passage, and an outiine

structure that reduced the text to key phrases sliatially arkanged on

the page in ouiline form. .All forms of restructuring produced

significant improvements in recall of the information contained in the

passage`.

'Study 3 investigated the,integration of related but separately .

'acquired facts in memory either for apprehension of a complex idea or

-for performing inferential reasoning. Integration of separate facts

intb a unified memory structure was more likely.to occur if related

facts occUrred in close temporal proximity and if the facts cued each, .

oilier with similar "wordingS, rather than with paraphrasgd wordings.

The integration of facts significantly improved the .ability to recall

related information and perforth syllogistic reasoning. A model. of

knowledge representation and integration in memory was developed and

evaluated against numerous alternative models.

Techniques for improving a learner's.ability to organfze diVeise

inforMtion for inferencing we're ihvestigaed in Studies 4 and 5. In.

Study 4, subjects verified idferences based on information from two

distinct texts. Performance was better when subjects had attempted to

commit the texts to memory.than.whed they were'allowed to inspect the

texts ireely during the reasoning tst. This result.seems to indicate

that memory,can automatically organize related facts more reliably

than conscious information-seeking searches of available, external

sources. Based on these findings, a model of search and retrieval is

'proposed to account for,these surprising results.

In\Study 5, method:, of annotating texts to facilitate integration

and inferencing were investigated. Subjects read texts containing

pairs of facti that could be integrated to support inferences. The

second fAct.in each pair was annotated either with a footnote that

repeated the first related fact, a footnote that contained the first

fact and the appropriate inference following from the two facts,'or no

additional informtion. Cn a later test of reasoning, subjects who

had received only the fact (but not the infereLce) annotation

performed best.
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*The results ol:each study, are pre,ehted in the context of a set

of models for knowledge representation'and processing. Esc4 study may

stand- alone in addressing / particular ihsue- in knowledge

represen'tation. The underlying theoretical assumptions and

conclusions following from each study are discussed separately in each

chapter. However, taken together,. these studies provide akunified

corpus of research on related/issues in learning and'.reasoning. The

models, while addressing different tadk domains, share a common Set of

underlying assumptions about the. struc6are Of human memory. The

individual studies are presented in detail in-ChapS. II through VI.

Based on .these models and the obtained experimental-results, a set f
principles for.improving human learning and perarmince wiUli texts has

emerged. These principles are presented in Chap. VII, accoMpanied by

brief descriptions of supporting data and references to the Chapters

in which particular results are descussed in detail.

a.

7
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11. 1THE USE OF SCHEMATA IN,THE ACQUISTION AND TRANSFER OF iNOWIAGE

..

s

Recent theoretical research on human memory has beeti stimulated

.the rediscovery of,the concept ot the "memory schema.'! The notion

bf a sChema was first introduced by Head (1920), who, claimed :that
So

anithing that enters consciousness is."charged.with its relatiOn to

L4

L.

,

somkthing that has gone before." Woadworth (1938); in hig classic
#

t.extbdok, on experimental psychology, extensively utilized the concept.

ofio Schema to describe various'perceptual and memory phenomena: A

memory schema, .as it is typically,conceptualized ,today,-±s.a cluster .

of..knowledge (a set'of concepts and atiociations among *the ooncepts)

that defines a -more complex and frequently'encountered concept.. A

schema may represent anything from the componential features pf a face'

(cf. Palmer, 19?5) to the prototypical behaviors one engages in when.

going to a restaurant for a meall(Schank:&2Abelson, 1975). The

concepts that constitute a schema may be perceptual features, Semantic
4

primitives, events Or situations in the world, or, recurgively,, other

schemata. Thus, schttmata of varying.levels.of conplexity coexist in

mgmory.

The revival of interest in .memory schemata as a. theoretical

construct' is pridcipally.attributable to two' lines of research. The

first, conducted in the domain of artificial. intelligence research,

has soughb to define new data structures .for _encoding complex

descriptions of the world. The result has been a.proliferatioil oT

4

knoWledge representat:ions that utilize some form of knOwlgdge

clus.tering such as "fraAeg" (Minsky, 1975; Winigrad,-1975; pipers,

1975), "scripts".(Schank & 'Abelson, 1975, 1977), or other forms of

schesipata (SchMidt, 1976; Moore & Newell, 1974). A second area in

which schemata have received extensive treatment has been that of

memory for Connected discourse. Bartlett's (1932) seminal studies of

ptose memory led him to conclude that memory for a story consisted of'

a schema or plot..framework .and some associated details from the , 4

1 6 4

,

*ft
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passage. Extendkng Bartlett's early ideas, S'everal researchers- haVe\

recently begun:to Ilse ISchemata to model ..he 'underlying :iiiemorY.
,

structures that encode prose införmation.(Rumelhart, 1975; Scher*,

1975; Thorndyke, 1976, 1977, 11.78; Kintsch, 1975; yan Dijk & lintsch,"
1

1917; Winograd,' .1977;.. Dooling Se. Christiaansen, 1977;. Richert St.°

Anderson,1977; And-rson, Spiro, & Anderson, 1977; Anderson, Rein41ffis,

-

' Schallert, &:Goetz,4976). .

.

\;
..

.
.

. With t hA rrsurgence of incerest in memory. schernata, ..s few
\ . .

.
..:

.

_
.

researchess .have attempted to formulate ygeneral,' et comprehenaive, ,., .

.

.. . ...

'memory models or ttlesanized around e, coricept of knowledge. scheMata, . .. ,
,

.

...,' (e.g:, :Norma,' & Bobrow, 11175; *Bobeavi & Norman, 1975;RuMelhart & ..

Ortony, .4017; R.. C. Anderson, 1977). While each formulation of memôry
,. 1,

schemata h.;s its unique charaoteristics, there seem tO be a few
T

. .

properties common to each vaeiant: .
.

-% .
. # .:. . . . .

.
, .. , .

.

-.1. A schepa represents a prototYPital abstraction of the complex

concept it represents. This abstraction contains a description of the

composition and.properties of the concept. For example, 4 "face"

schema might specify that a typical face possessestwo eyes, a nose, a
,

.

a

I.

4 gr.
mouth, and two ears, even though a particular face missing.one or more ,

of these features is sill a face.

2. Schemata are induced from' past experience rith .5nmeroug

exemplars of the .vomplex concepts they keprestnt. / e'Presumably, w

abstract the concept of a face after seeing many pf them.

3.- A schema can.guidelthe organization of incoming iriformation

into-. clusters of knowledge that are- "instantiations" of the schema,

This-Tepres nts ,a goal-directed focusing. of prodess4ng by ac tive

memory schemata. Thus, when we catch/a glimpse of a head, we activate

our face Schema ancl use the properties assumed by it to guide our.

searc Or features ori the face we are viewing.

4. heh one of the constituent concepts of a schema is missing
,

iu the in"put, its features an be inferred from "default values" in

the schema. If the face is in shadow ana We-cannot see the mouth, we

may still reasonably infer diarit has two lips.

Previous attempts to formulate general "schema" theories of /

memory have had two principul shortcomings.
4

1

Firstr the-theories have
4.

.



-.. u '
.

8, .
,

...,

0:wen so vaguely specified or gennal that they are able to explain

.. post.hoe any set of available data. While many data may be ..taken to
..

.
be consistent with schema theories; it is difficult to find any data

,

that are-inconsisteat with them. Second, the theories proposed".thus
dr

far have beem used only.descriptively,to account for..exiating data. .
e-,

.

'They.% ,have qot, been 'sufficiently mell-specified to be 'used. .

, ,
.

prediaively: FOr exaMple4'it 4/!"cot%clear what a schema theory would.
, i -,

,

,..r...; , predict about memory:for an. -anomalous Aia;uni, 1i.e., i:i constituent .

, .. , / .
,.

. . ..

detail .inta set of inforWatiqn thatdid not Iit the schema invoked to, ,1
...

comprehend that information. Would it. be-well learned as a surprising
.

.. . .

stimulus 0.4., a Von Restorf 'effect for schemataj, or. (wdUld it be ..c.

.

c

...Li

141.

1!.1,ii`74.

Toar14 learned beCaute it did not,coriform to the prbtotypical encodfig

structure?
\ ;

' .The purpose of this ckaptpr is to. operationalize sale
. 4

the

eoretical Constructs that underlie schema theory in a model of'

learning from simple texts.'Ale model represents -a marriage between !

previous work On the acquisition and sharing of memory schemata -
,

(Thorndyke, _1977) and'the dynamics of learning and trangfer of shared

'knowledge (Hayes-Rot14 197.6. Many, assuiptions'of the Model draw upon

classical research in learning.' Some,details of potentialmechanisms

fur learning information in terms of schemat will be presented- The

novel prediqions of' this learning model were tesied in two prose

qearning eXperiments; the results are discUssed later in this chapter.-.

.In the,remainden of this chapter, the term "sChema" will bb ulsd

. to refer to 'a. configuration of concepts,and associations among the

conceits that are repeatedly*invoked to encode unique ttimulus events.

.The concepts in the schema.represent abstractions or generalizations

.of'ithe originally presented concepts that invoke the schema. This'

configuration of concepts nay represent knowledge exogenous to the

syntactic and semantic relationships in the original inputs; as in the

case ef narrative schemata imposed by a reader on the events of a*

story to facilitate Comprehension (Rumelhart, 1975; Thorndyke, 1977;

Mandler & Johnson, /977). In this case, the schema represents

higher-order implicit relationships .among concepts that would

4

st. 45

ido
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embellish a conventional propositional 'rePrisentation of the

.
linguisticinput. However, thii study.is concerne4 'with a iiipler

i
.

form of schema, une in which the configuration of concepts reprdtents
. .

. .

a simple sharing of frequently repeated information. Thay is, the
.

.

.srhema 'is fp abstraction.of-s set of .concepts and relaii6nships that
. .

explicitly occdr in a number of uniquc contexts. Recauie% the schema ..

?'

. .

. is4n ibitraction 0 explicit knoaed3e, 10 has aistructural integrity i

.. :- 1 . . . 4 .

.
that is,independent of.any particular occurrence Oithe conCepts that '

..

utilize it for theie iipresentation, . .. . .

. i.

abbgtAs.an example, suppose dne were to learn some. informatio

the figutes regresented on Mount RushmbA. Thi'S inforniation
,

ght be ..

eel!.provided in 4 s
0,0

nee oisimple texts as folloWs:

$0-
\Text 1: George Washingtow-was the firgt President of the

,
\
. United States.' He lived in Mount-Vernon.

,

'

...

. ...1 Text 2: ,Thomas Jeffersiin was the third Piesident.of the/ /

,

Unitedlitates. . He Lived iii. Monticello.
- .

...

,
,N, 0 . IIIP

Tat! 3: Abi-aham.Lincoln Vas the .16th Prelident 'Of the
United States. Ae_liwed inpa log cabin.

Text 4:. Theodore Roosevelt wag the 26th.President of.the
United States. He lived in Sagamore Hill.

A s mplified representatiOn of a portion 011*-this information in .a

cow/ nt onaf memory model is given in Fig: 2:1. fie' occurrence of

eacii.....text constitutes a. new context, and none .of the presented

information stored in. memory is shared between contexts.- (Mbst

propositional models would assume indirect associative connectidhs

between'repeated.occurrences of a concept such as "President" and
. r

"lived," mediated by direct'associations through a common typenode.

However, only the individual occurrences, or "tokens," are depicted
. ,

here, for simplicity.) .

.

Much of-A.he infbrmation.in Texts 1 through 4. is identical. The
,

predicates or relations in the texts are repeaied, but the arguments

to the predicates stet different in:each of the texts.r,-That is,. th*

knowledge in these texts might be conceptualized(4s "Text i states

that person i was the N -th Piesident of the United States aria

1. 4D
X 4. /

1

t.

.

,
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' CON TAINS

a

\TEXT 2,

TEXT...3

CON TAINS

OBJECT SUBJECT
PRESID EN TIk- wiks

I T;;BERI
1

CON TAINS

10.

COIi TAINS '

OBJLCT I SUBJECT

I:4.,UMBER

3
. .

C cN "NI S

SUBJECT LOCATION

5 4

I S

PRESICENT

NUMBER

16

4*

uuACT SUBJECT

, .

.

.. .

.Nfig. 2.1--A,hypothetical representation of the,informatioh,4n_
Texts 1-3 in a conventional propositional

memory model .

.
.

LINCOLN '

I

S BJECT LOCATION '
°

4 5'

A

: -

, .r/;
.

.

.

lived in location L All texts share t e commOn infcation :but
%. 4

.1 A..
.

. --. ,
:..

,4iffei' in the details of person, number, and cation. If these textS 4
1 . ' . ''N

were.learned togethei, theit respective" represeqtations might be .

,

integrated by the sharing ore common sUbrepresentation encoding the

repeated information (see Chap. IV): This shared knoWledge -would

constitute a schema in which.the repeated concepts seiVed.as varidOblei
.

that could take'on44ferent vaTUes for each new occurrence. Figure

2.2 shows the resultant integrated,stiucture and-shared schema. The

concepts labeled Ni, .Person'i, and Li represent placeWders,

slobs, that are associated with (i*.e., bind) different values for each

new usage of the schema: In essence, these concepts are type nodes

within the schema that subsume the tokens, or detailed' values, that.

occurred in the various contexts. The context in which each detailed

value occurred is preseYved by means of a label'on the link between

the value and the abstracted concept that subsumes it. In Eig.

I

:92

4

1

\
a.

a.
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\
these\ links are labeled with the numbers of i.he

details occurred (1 through

texts in which the

4). These links may b4 thought of'as

context\labels ortime tags for the

those Postulated in other, propositional models

Bower, 1073). 0"

presented details, similar vo

(e . g . , Anderson &,g

We assume .that knowledge in Memory is-frequently
.

the use.of,such'schemata. Inyarticular,. we believe
A

structure formed in the representation of information from one,context
a

tan be used torepresent the same information occurring in different

contexts (Hayes-Roth, 1977; Thorndyket 1977). ,The use. of a schema for

encoding information depends, of course, on the suctessful activation

organized.e4th,

that a knowleage

of the. relevRit schema in Memory at''comprehension time.. Such

activation is p obabilistit4nd. depends upon such factors as r the

Strength of t Stored infotmation,.the extent of the overlap or match', ,

.0

between

TEXT I = I

TEXT 3

TEX 4

input .and schema% and the amoun of time sinte the previous'
. .

7

CO TAINS
CONTAINS

.41

CONTS.
CONTAI

CONT S-

CONTAINS

PRESIDENT
SUBJECT

f
SUBJECT

LIVED

.v

2.2--A shared schema for.the representation of the common
.

-

"
information in Texts 1-4

0

't

4
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activation. These issues are'. treated elsewhere (Hayes-Roth, 19.77,

Chap. IV) and will hot be addressed here. 'Rather, the concern here is

to specify how the existence of such sghemata influentes the learning

and retention of information that is represented with the..upc of...the .

schemata. For- examples given our assumption that.the information in

Texts 1 Ihrough A is represented aCshown in Fig. 2.2, we wish to:

model 'how the acquisition of Text 4 will be,influenced.4 the prior

acquisition of Texts 1 through 3,
1.

We assume that the use ol a schema for encoding or rerieving
.

intormation depends On itte\accessibirity in .memory (Tulvitig &

Pearlstone, 19664.-Hayes-Roth, 1977): The actessibiiity of,a-scheMa ts

the prbbability itgan'be activated; either for use in storage of

kacoming information or for retrievala of previously . stoted . .

6

itiformation. Accesibility, of a schemaidepends.upon suCh factors as.

'.. the strength of the stored information, the extent of the overrap or

match between input and. Schema-, and th&recency and frequency of

previous aetivations. ..Each time a- schema is activated for use, it
1 .

. becomes. more accessible for successive activit lions. The incrementa

effect of an activation on the accessibility of a schema is presupably .

a decreasing function of ita prior strength4 That is, a weak schema

benefits more from an activation than .A'strong one.. The assumptidu I

that accessibility ofinformation increases -with, the frequency of

activation and strenith in memory has been proposed previously and haa

received considerable empirical support (Underwood, 'Runquist, .&

Schulz, 1959; Jung, 1963; Hayes-Roth & Hayes-Roth, 1975; Perlmutter,

Sorce, & Myers,. 1976; Hayes-Roth & Thorndyke, 1978).

e When multiple details instantiate a yariabie concept in a schema, .

it is assumed that they compete with one another for associations with

"the variable concept. As the number of.competing details increases, a
r

person's ability to discriminate (and thus recall correctly) the

context in which each detaif occurred decreases. The discriminability
,e

among details associated with a single variable concept is assumed to

be an inverse function of the number of competing concepts add the

tempoeal proximity of their occurrences. The postulated effects of
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decreaaing discriminability with-increasing numbers of competing

details are . derived from previous work on interfqtence in.

paired-associate transfer. In particular, ihese ideas resemble the

notions of response .competition (McGe59gh, 1942; OsgoOd, 1949) and

list-differentiation difficulty (Unctrirwood, 1945; Underwood &

Ekstrana, 1967; Anderson & Howerf, 1972) in recall of paired .

: (

associates., More recent studies have demoustrated that# learning
-.

.

multiple propositions about a concept interferes with _verifying any
,

.

: one of tliAli (Thorndyke SeBower, 1974; AndersOn, 1974; Hayes-Roth &

. Hay'es-40th, 1975):: -"` . "":
. ,

Note that wg postulate bOth beneliti and Costs associated with

the use of schemata in !learning'. The- benefits derive from tge

availability of previously learned representations of knowledge ior

use in the encoding of novel information. The strength Of the prior
4t

information, the schema, incrementeUby the new dctivation required

for the representation of the novel information should be neater-than

the.strengtft yt the 'reprisenta4oh of that information in a completely

noKel structdrp. On the other'hand, the additrion of novel information.'

to the 'shaved tchema.entailsicompeti,tion for asslociations among all

the concepts necissarily sting the sale scheMa. Such 'sompetition

shbuld inhibit the acquisition process and prodhce interference in

recall of the detailed concepts at retrieval time.

EXPERIMENT 1
_ _

These assimiptions /we're .tested in an experiment utilizing a

transfer paradigm. Subjects learned a variable number.of.texts (the

training texts) about.a conceptual categoll, such as constellations.
C.

The. -topic of each text in the set was a aifferent instance in that

category, e.g., the constellations Pisces, Aries,4 Scorpio, etc.'

Subjects then learned and were tested on a transfer.text -(the target

text) describing a new instance in the same category. Each sentence -

in the target psssage had a cbrresponding sentence in all of the

training passages that bore a particular relationship to it. For

example, suppose the, target passage contained tpe sentence "This
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constellatiod was originally charted at Palomar Observatory." .The

corresponding sentent4 itiall'previous training stories could then be

, one of three types:. In the REPEATED condition, the entire sntence

was .repeated intact-in.all training stories (i.e., "This Constellation

was originally:charted at Palomar Observatory"). In the CHANGED
, . .

condition, the ptedicate was identical but a detailed case or argument

to the 'predicate was changed in each of the training Oasaagei. For
4

example, "This constellation was originally charted at Moant Wilson

Observatory" might be one .such. prior seip:ence, These CHANGED
%

- . .

'sentences represented the sathe transfer situation as is shown in Fig.

2.2. In the UNRELATED condition there was no similarity betWeen the

target s,entence and any preceding training sentences. Thus--in this

Condition, no sentences concerning the charting of the constellations
. .

would aPpear i4t any training story.
%

.Subjects kere tested for retention. of the targetstory by- either

a, free-recalL cued retall test. Onethe.cued recall test., subjec s

were given'the edicatt (e.g., "This constellation was charted at"

and asjted to 1recall the target detail. Using the'asimptions given

*above,.we may now predict performance on these tasks a a function of

the number of training'stories preceding the target story.
/

Figure 2.3a shows the qualitative effects on learning, and

retention.of information from the target passage plotted against the

number of training .passages. The ordinate.values above the origin

indicate increasing positive effects on learning; the values below the
5

origin indicate increasing negative effects on learning. Durtng

.acquisition of the training passaget, the repetition of substructures

of the passages produclre representation i9 memory that is shared by

all occurrences of that 'Substructure. Repeated activatior: of the

schema'strengthens its representation, even when the details that

instantiate it are unique in each context. Therefore, the

accessibility of the schema for both storage and free recall of the.

target passage is a monotonically increasing function of the'number of

training passages. Because the benefit of an additional activation is

.a, decreasing function of prior .schma strength, the function is

a

4
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Accessibilitx of schema, Cued recall

Accessibility. of sChema, free rucall

Number of training passages.

4

.
Discriminability of 'details

Fig. 2.3a--The.theoretical functions for the effects on learning
in.Experiment 1

p.

a \

.1

1.0

.

I,

41.

Predicted cued recall 44:ti

Predicted free recall

NOmber of training. passages

Fig. 2.3b--The predicted functions for free and cued recall of
,CHANGED sentences
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negati ely.accelerated. That is, the slope of the function is ,steep

in the early sages of ,learning and eventually readies an asymptoX.e .

.4 4 l'i \
when the.schema%becomes very well learned, as shown'in Fig. 2.3a.

%.

.

On the 29her hand, when details are. changed in the successive

occurrences of the schema (as in the CHWED sentences), the
.

discriminability of the contekt labels associated with the changed

details produces A monotonically decreasing, or negative, effect on

This negative effect appears at some point following the

establiøment of the .skiarable schema representaion; that is, the-
,

. schema must be established before it can be ihared. ,Thus the positive -

etfects of accessibility are initially stronger than .the negative

effects of decreaied,discriminability. The disciiminability functiOn .

presumaply reaches asymptote at some point during training after the

N4.accessibility function reaches its-asymptote.

The qualitative-effects functions shown in Fig. 2.3a may be
S. J.

* operationalized as pwbabilistic behaviors defined over the rpme
. .
(00j. Tor example, the accessibility of the sche9a On . the free

retell task can be directly measured as the probability of recall of

the sentence schema, or predicate. This probability fey be designated 41

as P(Predicate). Since the number of training pasiages increases from

.zero, this function begins at someorvalue greater than zero and

increases monotonically to an asymptpte less than or equal to one. .

The detail discriminability function.may be operationalized as the,

conditional probability of recalling the sentence detail, given recal4
.

of the predicate, or P(Detail/Predicate). .This probability measures

recall of the sentence detail, given that the preditate was
,

.successfully retrieved from memory. Differences in this probability

across varying numbers of training passages are* presumed ta reflect'

only differences in a person's ability to retrieve the appropriate -

djtail after the predicate was successfully retrieved. As the number

of training passages .increases, 9:the functioq describinil this

probability VG assumed to start at a Value less than or equal to one

and decrease to dn,asymptote greater than zero. Both functions are

assumed to have non-negligible ranges.. That is, there is measurable

1

ID
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variation in .-both probabilities across training . conditions. In

addition, it is assumed that the domain over which the two functibns

vary is similar; that is, the variation between the times when the two

'functions reach their asymptotes is nilt. vast.
-

When operationalized in: this manner, these., functi ns may be

..combined to predict subjects' performance on the re 11 tasks.

Correct free recall" of a sentence requires recall of both predicate

and detail from the sentence. 'Thus the probability of sentence recall

may be designated as P(Predigate and Detaik). This probability'may be

expressed as the produce Of the two other probabilities:

P(Predicate and Detgil) =.P(Predicate) x P(Detail/Predicate).

That is, the predicted function foe-CHANGED sentence recall is the

product of the two effects' functions in Fig. 2.3a; . Given the

'assumptions listed above, the shape of this reCall function should be

that depicted by 'the lower line in Fig. 2.3b. As the*number of
. )

.

training passages increases, recall of the CHANGED 'target sentences

should initially increase, then decrease, eVentually reaching

asymptote. Thii restilt shoul reflect the increasing accessithlity of

,the schema, coupled with increas ng interference.in recall of details:'

Since no assumptions were made tout the starting or asymptotic values

of the component probability runctions, the ibsolute magnitudes of the

component functions and the gesulting free recall function cannot be

predicted. Therefore, the relative values of the functions shOwn in

Fig. 2.3b should not be taken literally. Howev as long as the

effects functions exhihit the depicted shape d satisfy the,

assumptions listed above, the qualitative shape of the free recall

functrin may be predicted.

Similarly, we may predict the free recall function for the detail

portion of the CHANGED sentences. This probability, designated as

P(Detail), may be derived from the equation

P(Predicate and Detail) = P(Detail) x P(Predicate/Detail).

sk
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The factor P(Predicgte/Detail) is tht probability of 'recall of the

sentence predicate, given recall of the 'sentence detail. It is

assumed that a subject rarely, If eve, recalls' a detail without

recalling' the sentence schema' 'in which.it is embedded. Therefore,

this probability shOuld be.one or very close to' one and should. not

*vary, acrosS different numbers of-training passagesr If thls is tee

case, then the probabilitysof recalling a 'CHANGED sentence 'detail,.

P(Detail), should be approximately equal to the probability of

recalling the entire sentence, P(PredicatE. and Detail). Thus the

functions describing these probabilities across varying numbers of .

trainlng passlges should be nearly identical. -.
, , ,..

For REPEATED items, the entire sentence was repeated ..intact 'in
1

each of Altie training passages and the° target passage.

Discriminability of contexts would not be a peoblem: in this case,

since, the information was identical in all contexts.. Therefore,

predist.ed free recall for REPEATED sentences should reflect a simple

repetic.ion effecta monotonic increase with increasing numbers nf

training passages as predicted by the accessibility function alone.

Tor UNRELATED items, no related septences occurred in any of the

training passages. Therefore, recall of these sentences should be

lower than recall of CHANGED or REPEATED sentences and should not vary

across increasing numbers Of training passages.

On the cued recall test, subjects were given the sentence
,

predicates 'as cues to recall the detailed case fillers. Each cue was

c
the portion of the stored schema relevant for recall_ of the tested__

,

sentence. Thus the probability of 'accessibility of the schema at

retrieval time would be essentially one and independent of the number

of training passages. (Some small decrement' in the4liccessibility of

the cued schema might exist when small numbers of training passages

fi'ad been. presented, reflecting a weakly established memory

_..represent'ation;)--Itis acceSsibIlity function for the cued recall test

is shown as the top line in Fig. 2.3a. In this case, predicted

performance for cued recall of.' CHANGED sentences .is just

P(Detail/Predicate), or the same as the discriminability function,

(
2s

4,
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.Thii predicted function is shown as the-bottom.line in Fig. 2.3b.

Cue& recall of CHANGED sentences should be a monotonic .non-increasing
. .

. ,

'function of the number Df training passages. The rued.recall funrtion

should initiall4r be flat or slightly.decreasing It a value.greater

than the peak of the free recall.functiOn: 'Thed thi's function. .should
.

exhibit a significant decrewe, eventually. inding at asymptote.

Method ...

"

Materialt. Five.to-be-recalled stories (hereafter referred. to.

as. "target" Sto,ries) were used'. Each of.these stories. was.unrelated

. to the otherscin topic and content. The tieles of the. five ,storieS

weTe \"The Silicosis Disease," "The Apus Constellationl" "The 'Circle

Jsland Story,","The John Payton Biography,'! and "The Tilicules Plant,"

Each passage contained 12 sentencei. For each target...story; eight

"training" passages. were constructed that were different

instantiations of the same general tOpic as the target passage. For

example, the trainihg passages for the Apus constellation story were

about the Lepus constellation, the Pavo .constellition, the Eranus...

constellation, and so on.

Each of the 12 sentences in a training' passage corresponded to

the sentence in the saMe serial position in its target story. The

coreespondence,couldbe of one of three types: REPEATED, CHAgGED, or

UNRELATED. Each pa'Siage contained four sentences of each type. All,

sentences were approximately equivalent° in. semantic and syntactic

complexity. For REPEATED sentences, the same fact was repeated

verbatim in each of the eight training passages and target Rtory. For

example, if sentence 7 of the target passage was "It was'

charted at Palomar Observatory," then sentence 7 in each of the

training passages'would be identical. For CHANGED sentences, the same

predicate was repeated in training and target passages; .but in each

instance it was instanttated with a differmt detail. So if sentince

7 in the target passage was in the CHANGED condition, one

correspcnding sentence in a tr'aining passage might be ,"It was

originally charted at Mount Wilson Observatory." Thus in each of the
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. .
eight training passages, the predicate "It was originally charted at

..." wastinstantiated with a unique detail. For--UNRELATED sentences,

theice_was no syntactic or semantic relationship among corresponding

sentences,in the training.and target passages. Thus sentence 7 two

of the training "passages might be "It was ibund to contain hydrogen

gas".-and,"It is approximately 400 ltght years from earth."'`"

For each subject, a.new set of eiglit tiaining passages for neach .

1.

cm

target story was generated. \First, the assignment of sentences in the .

target -story to traiming condition (REPEATER, -01ANGED, or UNMATED)

was randomized. Then, fbr each training passage to be constructed,

the 'CHANGED and UNRELATED sentences were selected without replacement

from the pool of '8 -possible sentences in the designated serial

positién (1 through 12) and ientence condition (CHANGED or UNRELATED).

Thus for each subject, the generation, of new taterial prbvided a

randomizedassignment of items to condition and a randomized selection

of training materials.

Subjects. One hundred UCLA undergradUates participiied in the

experiment, either for pay,or to satisfy.a course requirement.

Design. A 5 x 3 x,2 x 2 factorial design was used. Sentence

type (REPEATED, CHANGED1 1 or UNRELATED) and the number:of training

passages preceding a target passage -1V/erewithin-subject variables.

Each of the five target stories WAS preceded by eitheel, 2, 3, 4, or

8 training passages. The assignment of target story* to training

condition (1 through 8) was counterbalanced across subjects. Since

each target story tpntained four sentences of each type, there" were.20

of eath sentence type per subject. One between-subject variable way

the ....retention 'interval for the target pasSages (either 10 minutes or

24 hours). The other between-subject variable'4,as test type (either

free or cued recall). Different subjects performed these.two tasks to

insure against an artifactual effect of one task on performance of the

other. The two groups defined by the,two' retention intervals will be

referred.to as the 0/0group (0 hours between presentation of the
-

training and target passages, 04iour retention interval) and the 0/24

group (0-hour training-to-target interval, 24-hour target retention

39
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interval). Each ef the 100 subjects was randomlY assigned to one,of

the four..;groups so that there were 25 subjects in each group..:
4

.PiOcedure. .Subjetts Were tesied in groups bf from one .to eight

perstins. The expeeimental materials were included in'three-part
....

booklets provided to subjects; who Oorked at: thein own pace.

Intentiipal learning insttuctions were gi'ven. Subjecti'vere. told to

read-the stories carefully because they would be tested, on them later.

Subjects then proceeded to Part 1 of the booklets, Whichcontained the

training passages! The stories were printed one per .page. -; Subjects

_were 'allowed fo read.through.the'passages at their own pace hut were

not allowed to tuin back to previous stories at any time. The' first.

story was a buffer story, unrelated to all others in the experiMent
,

: and identical for all subjetts. The next 18 passages (1 + 2 + 3 + 4 +
.

8) were the training passages,for the. ffve target stores: Their

order was randomized, with the constraint that one story of.each type

'must occur in,the last five serial positions: The -final passage in

the training sequence; was unrelated to all others in the set and

served ,as a.buffer to minimize any recency effects in short-term

memory. Following this final passage, subjecti worked Dn.

multiplication(problems. that took approximately 10. minutes to

complete.

, In Part II, the intentional learning instructions were repeated.

Then the 'five target storiA Were presented, one per page, in random

order for each subject. The, target stories were surrounded by

unrelated buffer. .storiee..ss' in Part I. The .study procedure was

identical to that in Part I.

The 0/0 subjects.then proceeded directly to Part III, the recall

test for the target stories. The 0/24 subjects were dismissed until

tte nextday, when they reconvened for the recall test. The target

stories were tested in the same order as they had been presented in

Part II. Subjects receiving thearee recall test were instructed to
.

write, for each story, as close to a verbatim recall of the story as

they.could. However, they were told not to omit snything that they

remembered if they were unsure of exact woraings or sentence order.

v-

,
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cSubiecta . receiving the cued recall test performed a sentence

completion task for eath target passage.. The stories were presented .

as in Part,II,, with the detail instantiating each predicate, omittA

for, each sentence. gubjects were instructed to fill in the missing

poytion with as 'close To the exact word-or word's as they could..

remember. Writing time for both free 'and' cued recall tasks was

unlimited.

,

Results

The results from the free and cued 'recall tests were analyzed

separately. All data were initially analyzed using an analysis of

variance that treated sentence type, nuMberaof training. stories, /and

'retention interval aa.factors. Ars-aine tIransforMations on proportions

.were used for the analysis to insure homogeneity of tell variances.

For free ivcall, Orbtocols were icored for gist :recall Of the

presented-information, with the, exception 'noted- below. For.,each

sentence, it. was determined whether the predicate had been recalled

corectly, .whether the .detailed case, filler had been," recalled

..correctly, and whether the entire sentence (predicate plus detail) had

.bfwn recalled torrectly. In scoring recall:of details, a paraphrased

.., recall was coupted correct only if it unambiguoUsly specified the

target detail and none' of "the corresponding training details. In :

cases in which paraphrase recall-was impossible, (e.g.,. recall of a

year), exact recall was required for the.trained item,to be counted

correct. A.single scorer analyzed free.recall protocols.

In each of the four groups (both free and cued recall.in the 0/0

.!and 0/24 conditions), tle mean'number Of UNRELATED items correctly

. "recalled did not ary as .a function of the number of prior training

stol'ies, as. predicted. by the thebry`above. As a result, for each

subject, the mean 'number of UNRELATED Ams correctly recalled .was

averaged. 'across the five training conditions (1, 2, 3, 4, 8) and was

treated as a control or "0" training condition. That is, this value

WaS used as' an estimate of recall of a target itemwhen no related
4.

sentences had preceded it duri ining. "1
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The results for fro4 retall of eniire sentences are summarized ifi

Fig. 2.4. .0verall, Iubjects .recallj -Itiore",on the immed.iate test*

.t7 (0/0 group) than pn .the delayed tesi (0/24 group), F(1.,-720)

41 < .001. The effect of number of training stories was significant,

F(4,. 720) =*14:78, E' < .0111-, as was the type of sentence, F(2, 1.702) .=.

249.06, < .001. yOr REPEATP sentences,. 'recall. increased, with

, increasing number of: training stories both the 0/0 'and 0/24.

tAgroups. As preditecr, ttit,. recall of CHANGED sentences in the

immediate test. condition initially increases from the zero pOint:, .then

,R peated, 0/24

Changed, 0/0
--------4Changed, 0/0

(predicted) -

Changed, 0/24

Mow

2 3 4

. Number of training passages

*Fig. 2.4--Free recall ot entire REPEATED and CRANGED sentences
in Experiment 1 -

.)
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-decieases, then'reaches asymptote. Since no quantitative ptedictipns
4 ,

were' made regarding the exact location of the peak or the location of..

the 'asymptote relative to the zero point, there is 'no WaightfOrward

statistical test to evaluate the fit of the data to the 'predicted

function. Several potential configurations of recall data would have ,
41/01.

been consistent with the prediction of an increase, followed by a

decrease, foflowed by an asymptote. Therefore, the following Monte

Carlo, niethod wasmsed.to eValuate the reliability of this result.

For each subject, the mean recall sco'res of CHANGED sentences in

. the six training ,conditions were randomized and reassigned to the

conditions. This was done or all 25 subjects, and the .mean simulated. '

e
recall curve was, computed and plotted. This randomization was

performed 100 times to produCe 100 sraphs 4 simulated''recall.

graphs of the .obtained data and the 100 randomizations-were then

rank-ordered fortheir fit tO the predictions, by two independent

judges, both of whom were thoroughly familiar with the theory and

predictions but had not seen the obtained data. The rank order of the .

real data then constituted the probability th'at a fit to thepredicted
.

function by thelata could be obtained by chance. For both 'raters,

ithis probability was p = .05. While the immediate re all of CHANGED

sentences showed the predicted inverted U-shaped function, after.-:.a

retention interval of 24 hours the differences were eliminated and

recall was very pooy.

Thesdresults for free recall of sentences are broken down into

separaCe recall of predicates and details in Fig. 2.5. For kEPEATED

sentences, immediate recall of predicates and details wa§ virtually

identical. In 'addition, free recall of predicates from CHANGED sen-

tences was as accurate as recall of REPEATED predicates, t(4) = 1.82,

n.s. After g 24-hour retention interval, recall of predicates

dropped significantly across all training conditions but still

reflected the increasing effect on recall of number of training

stories. This is shown by the line for recall of the -CHANGED

predicates in ehe 0/24 condition in Fig. 2.5.

While recaYllbf predicates for the CHANGED' sentences increased

with number of training stories in both emediate and delay

3 4

II

41)

2:14:2

*;

1
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eonditions, 'immedi#te recall- of;GHANGED details, increaseelY then

decreased to idymptote. Thus the sentence free recall function in

Fig.,' 2.4 for CHANGEDitems reflected fluct tiofis in rpcalt of

details,.not predicates. The fie of the, recall dn,tibn, fOity CHANGED.

details in Fig. 2:5 .to the-predicted function was.tested using the

same-tandomization method for details as :was described above for

sentence recall. The attained signi,ficance leyels fot the recall.aata

us obtained from the two independent rateis were = .94 and =.05.

The intrusions of CHANGED deeails \from training stories' into,
,

recall of CHANGED tatget .paSsages are also shown in Fig. 2.5. While

60

o
41,)

40
41,)

4

if)

Chang Intrusions, 0/0

4

Repeated: Predicates, 0/0
Itewitiftir-DeWts, OT

Changed: Predicates, 0/ 0

Changed: Predicates, 0/24

a.
,

Changed: D20

3 4

Number of training passages

tails, 0/0

Changed: Details, 0/24

Fig. 2.5--Free recall of sentence ,constituents (pnticates and
Al)details) in Experiment

.
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correct recall of Aetails increased, intrusions -did not vary .from
.

their base, or zero, level. (The zero.point ia the "ability of

intttiding 'an 11NRELATED-sentince from A training passage.into recall of

. the target passage.) vldhen -correCt recall df details decreased,

intyutions. Increased reliablyi. F(5,- 144) = 2.31, 2 < .05. Com-

bining these two functions provides a measure of the probability of

a schema:relevant rdsponse for CHANGED"sentendes as a function of the

number of preceding training passages. , That. is, "by adding the

intrusion 4nd Correct recall probabilities for details, we obtain the

probability of :recalling any detail that was associated with a"

variable conce.pt during training. This' function 'tfiscreases reliably.
,

\. 'frA 24 Rerc-ent to 45.percent, F(5,144) = 2.46,,t

.0..: The-restritz for cued recall are summarized-in Fig. -2.6. As. 'in
f

/
-

: .

___... ,:..t. . ,

. .

.

frep recall, 'performance is better on the immediate,than on the
.. .

t
delayed test, 4F(1, 720) = 12.67,.p.< ..001.: ReliaBle.differences. were

\ obeained due to both sentence !type, F(2, 720), = 214:76, p < .001,

and training copdition, F(4,...1720) = r0.56, 2 .< .001. As gre-,

dicted, the cued recall of CHANGED details in the immediate test_
'.' .: . ...

.

condition is initially flat and then decreases as the. number of
. ,

-.4-- training stories increases.. 'this decrease in cued recall is reliable
C

F(5, 144) = 2.61, £ < -.05. By comparing Figs. 2.5 And 2.6, the rel-

ative levels oT free and cued recall of CHANGED details .May be
0

J:

noted. As predi.cted, the initial flat portion of the cued recall

curve (40 percent) is higher than the highest point en the free'recali

curve (30_percent): For delayed cued recall, as for free recall,

perfdrmance bn CHANGED details was' poor and did not vary across

training Conditions.

As shown in Fig.. 2.6: intrudions in cued recall of CHANGED

details increased monotonically with number of prior training stories.

While this result was in the expected direction, it failed to actlieve

significance.- As for'free recall, the probability of generating a

schema-relevant response to CHANGED predicate cues was computed by

adding the correct recall probability and intrusion probability, in

each training condition. There was no difference in the resulting
A

36 4
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20

'

Repeated, 0/0 .

Repeated, 0/24

.4

.Changeds Intnnions,
0/0

Changed, WO?

A Changed 0/24

2 3 4
Number of training passage

Fig. 2.6--Gued recall of details iOr REPEATEdand CHANGED
Sentences in Expe iment 1

P
#

response probability as a function of number of training stories; .the

probabilities for tht five' training conditions were all within the

range of 50 to 56 percent.

Discussion

These results confirm the predictions discussed above. Diming
.

/. the acquisition phase of the experiment, subjects eonstructedgicheMata

representing common information in related-passages. With each new
.*.

trainins passage, the schema representing the shared information wouLd
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be Activated and Sk.xenigthened. . For REPEATED sentences, this
.

.activation produced a -strengthening ot the entire repesentatio6 of
. .

, that sentefice, as would be padicted by malty /earning. theories.' For
. /

CHANGED sentences, the common preditate would be Strengthened, but t .
., .

detail instantiating the predicate would'compete for askociation wfth'

thatipredicaee with other details from different .contexts. *The
-accessibility of the shared information was mestsdled directly from

free retall of the repeated information. As expecied, AccessiVility

...increased monotonically with' increased repetitions of the shared
,. .

schema. The incremental accessibility of repeated information, 'was

'independent -of whether- that information had multiple associates

(CHANGED predicates) or a single- repeated associate, (REPEATED

.predicates)..

Immediate free recall of entire tHANGED.- senikencec. ,and CHANGED.

etails coAirmed the novel predicted inverted U-shaped funttion.
. .

T function derived from the 'combinid effects.' of increased

ssib414y of the shared information and decreased discriminability

of the details as, 'the number of training passages increased.. The
. 4*

.l
cla4m.that this function represents tha product of* the accessibili,ty

and discriminabilityl functions may be evalitated, by combining the data

from the two functions.% The accrssibility funétion was

opérationalized as free recall of CHANGED sentence ptedicates.- As
, ,

expected, recall increased-mohnically vith.increased repetitions of
the shared sChema. The 'incremental accessibility 0 repeated'

.

inforMation was independent Of whetter that informationshadimultiprk

associates (CHANGED predicates) or a single repeated associate

arc

(REPEATED predicated5:

The discriminibility effect function can be estimated from the
ecued recall data. Since providing the cue.at test time,equalized or

nearly equalized accessibility to the schema for the var ous training

conditions, recall of qHANGED details would presuma y reflect only

the conditional probability P(Detail/Predicate). This -was the

operatiorialization. of the discriminability-effect function shown7ln,

- Fig. 2.3a. This function predicts little change in discriminability

9 s
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as .the shared schema .beComes established in ,memOry,*follored by

steadily'decreaseng dOcriminability among the details as more and"

more of thembecome associated with the shared predicates. As shown

in Fig. 2.6,-the cued recall of CHANGED .details shows this exact'

trend. These two component functions, the free recall of CHANGED

;

' predicates and cued recall of CHANGED. details, ere obtained- from
,

I different subject- samples. The .product of t ese 1,wo functions .
. .

i,.. N._ : _. N

estimates ihe predicted funttion for free recall ot,CHANGED sentences.
.1

.This function.is shown by the dashed lines in Fig.2.4. The function

is nearly identical.to.the Obtained free recall funiCtion and did not
c-

.

differ reliably from it, t(5) = .58, n.s.

The:intrusion data in fre% recall-may alsoAcez iused. to estimate .

,

the discri-mitrabilttreeffett function. Presumably,..an 'intrusion occurs
, . I

when the subject suCcessfully a6tivates the'schema.4or recall but'

cannot discriminate the taiget detail .from others he has' studied,
%

thereby retrieving an incorrect detail. , According .to the
L

. predicted-t-tfect function in Fig. 2.3a, the difficulties .in. ...

discriminability shoula; be negligible for small numbers of training

passages and then steadily increase with greater numbers oi .training

passages. , That is, as the number of training passages increases;
, .

intrusions should initially stay the same, thepe-Turease. This

precise result was obtained in free recall, as shown in Fig. 2.5.
i

According to the model of schemata proposed above, . the

accessibility of a schema should decreaee as a function of the time

since its isrevious activation. Therefore, in general, the longer the.
i

441

retention interval, the .lower the accessibility of the schema in

memory. In addition, the longer the retention interval, the more

pronounced should be the negative effect of discriminability of

details shST**,g the schema. As the retention interval of shared

knowledge increases, then, the sum o f these two effects functions

shoufd flatten and depress the recall function. This effect was

obtained in free recall of CHANGED sentences in the 0/24 condition,

where recall was worse than in the immediate test condition 'and did

not vary over training conditions.

. .
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- IC the sharing of details froiil different contexts by a. schema
4

exerts a negative efiect on learning and'reteption, then increasing

.the discriminibil,Cy between the target,and trainin& contexts should

improve performance onrecafloof the target 'facts. One technique for

improving this discriminahility would be' to decreas, the temporal !

proximity of the training and target passages. If.during learning .of

the CHANGED sentences there were no negattive effects of. decreased

discriminability with increasing numbers of tr4ining passawly then no,

interference in learning of. CHANGED details should be obtained. by.

increasing the number of training passages. This. hypothesis was

tested in Experiment 2.
4

v

EX6KIMENT 2

Thv materials and-methodology of Experiment 2 were identAcal to

-
those oi i.xpelipent I, .wit.h one idportant exception. Atter

,presentation ot Cht tr'aining. materials, subjects waited 24 .ours

hetOre receiving the target passages: This 24-hour delay presumably

would increase the di.scriminahility hetwien the training and, target

k .

detailS ot CHAN6EU.sentences sharing single predicates in the schema,
.

...

relativ to the case in which target preseatatiol immediately followtd
)

t rai n t ng. cif course., eve'h t he. d i ser i m i nab i lli ty produced by t he.

x
.

..
. . ,

24-11our interval v.-ould fade over a long retent ion interval. On an

i mine, I 1 a t t. /, t ti.:-.t , hitv.-ewv r , the theory. won I ii previ i.t t t ha t
.

t he.

Thaliminahility-Otect tun(tion in Vig. 2.1a should he flat at -.vro

the: various training conditions.

k.,0 now 1:aisider the .1icited-aicessihi1 ity(0 function III thi.

situatH,n. At the time ot tnrgyt passagq presentation, 24 &ours won-1.d

ha%e 014p,,d since the prvvioos attivAtioll of the vxperimental

!.t1lemata. Ihe shape of the attessibility tnnction atter' 24 16iiirs mAy

he estimated from the graph ot REPEATED sent IN the 0/24

timilition of Experiment I .ffig. ..1.41ftrund the graph ot 1.1R. CHANGED

pledil ate iekall in tt> 0/24 kmidition (Fig. 2.W Atter ibis'

urtcrittoo pcvlod, the ackessihilitvi functit2n stilj fltrea:ed.

monotonitallv with increasing training lits:-.4gez., evcn though the
.

*.

.4
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strengths of the schemata had faded

Prrsentation of tfie target.pasSages would

the schemata... However, the increment. in

decreasing function of prio'r strength.

function: while'remaining monotonically

over the retention period1

activate and thus strengthen

accessibility would bea

Therefore, the accessibility

increasing across training

tcpndifions,. shoulti be flattened considerably.

Free Acall. of entire CHANGED sentences
.

and CHANGED details

shpuld be the product of the accessibiljty- and discriminability-

effects -tunctions. In particular,- as the number of training

passages increases, free recall of CHANGED sentences *rid details

should' intrease monotonically and should be proportibnal to iecall

ot CHANGED pTedicates. Since the CHANGED predicates would have been

mresented n .times and f6 target CHANGED dhails would have been

presented only once, the former would have greater strength in memory
. .

and therefore a Iiigher probability'of being recalled. How-

eve r r Inc reas I lig numbers ra iii I ng passages , r.eca It of CHANGED

deta i Is shou Id increase at the saint ra Le tt'cal I of CHANGED

pre,ditates.

In kited ieca11,,tbe etrect of the cue should be to prvvide

atiessibility to the stored schema. Any differential effects of

ac, essibility title to training conditions should he remove4 thus

.rek a 1 CHANGED details shoueff retlect the

distriminahility-eltet.t tuivtion. This ettect is'. predicted to he

twgliohlc a(ro!,s t.rainiug tued. re,a1I ot CHANGED

detail, ..b,u1.11 not vary. 4Another estimate, ot the discriminahility

tunCtion Maly he obtained trom .the intrusion errors tor CHANGED items

on hot.h trce nd tiled For each ot these measures,

,h"uld be Ito ditteientes due to training condition.

`let hod

there

"lag.i.11.11. The materials ere I(ntital to those used .in

L.werimenL 1. Each ot the tivt. target passages contained 12

Aitvntc:.., 4 each that were REPEATED, CHANGED, or UNRELATED vith

respett Lo tho traintng passages that preteded them.

41
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Subjects. .0ne'hundred UCLA undergraduates participated in the
A

experiment, either for pay or to satisfy 41 course.requiremeht.

.Desiift. The same .design as in-Experiment P was -used. The

dependent variables were percent free recall and percent cued recall

of sentences from the target Passages. . The number of training

passages preceding a target passage (1, 2, 3,-4,-or 8) and sentence

type (REPEATED, CHANCED, or UNRELATED) wel.e within-subject variables..

Test type (free or Cued recall) and re)tentipn interval for the target

passages (0 or 24 hours). were between-subject 'variables. The two

groUps defined by the two retention intervals will be referred tO as

the 24/0 group (24 hoursibetween presentation of the training and

target passages, 0-hour retention interval/ ) and the 24/24 group

(24-hour iraining-to-target interval, 24-hour .target retention

interval). Eac.ti of the'100 skibjects was ,randomly assigned to one of
i

the four groups so that there were 25 subjects in each group.

Procedure. The study and itest procedure was ,the same as in

Experiment I. -After studying to learn the training stories presented

in booklets (Part I), subjects were disinissed and asked to return at

the same time the next day. -In the second session (Part II), the

intentional leatning instructions were repeated. Then subjects read,

the target stories aS in Experiment. 1. The- 24/0 subjects ifien

proceeded directlY to Part lit, the recall test for the target

stories. The 24/24 subjects wpre dismissed until the next day, when

they reconvened for the recall test. The target stories were tested

in the same manner as in Experiment 1.

Rqsults and Discuaion. _ _. _ _ _

The cued and free recall results were initial y analyzed

separately using an analysts ot variance. Free recall p .cols were

scored as in Experiment 1. In each of the.four groups (I...t.h free .and J

()led recall .in the 24/0 and 24/24 Oonditions), the mean number of

UNREOTED items correctly recalled did not 'vary as a function of the

n

s)

umber of prior training stories. Therefore, for each subject, mean

perforMance on UNRELATED predicate and details in both -retention

4 -1
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conditions -was averaged acroas the five training ciWitions (1, 2; 3,

A, 8) and treated as a zero.training condition., as in Ekperiment 1.

The results for free.recall. of entire sentences are summated in

Fig. 2.7.- Subjects recalled.more on the immediate test (24/0 group)

khan on the delayed test.(24/24 group),' F(.1,'7.20) = 10.12, p <11.001.

The effect of number of training stories was ilso significant,

F(4, 720) = 11.434 p < .001, is wai the type of sentence, F(2, 720) =

187:58, p < .001. Recall of REPEATED sentinces increased with

'increa'sing numbers of training stories on both immediate and

delayed tests. As predicted, immediate recall'lbf CHANCED sentences

(the 24/0 condition) also inCreised .monotonicallV with increased

number of training. stories. . Although this function was in the

predicted direction, a planned comparison failed to confirm a linear

tiend in the data/ F(1, 144) = 1.99, n.s. Recall of CHANGED

sentences on the delayed test (24/24 cond*ion) was depressed and

constant across training conditions.

4.

One method for assessing the effect of the delay between training

and target passage *presentation on improving discriminability is to

wompare the CHANGED recall_ results from Experiments 1 and 2.,_OVerall,

free recall of CHANGED sentences in the 24/0 condition was suPerior

recall' in the -0/0 .condition (no training-to-target delay), t(4) = 14%,

b.72, p Moreover, this superiority in recall was maintained

atter a 24-hour retention interval. That is, recall of CHANGED

sentences An the 24/24 condition was reliably better than in the 0/24

condition, t(4) = 2.39, p < .05.

To determine the effects on learning and recall of. the *CHANGED

sAtences in the 24/0 *condition of Experiment 2, these recall data

were hruVen 4kIni into predicate and detail recall graphs. These

results are shown\ in Fig. 2.8. CHANGED predicates were recalled

reliably better than details, F(1,288) = 9.69, p < .001. This

result was expected, since. predicates presumably received more

frequent activations, and hence were* more accessible, than target

details. For both predicate and detail recall, performance increased

with increasing numbers ot training stories. This increase was

I.

``.

13
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reliable, FTT,288) = COO,' p < .05.... Furthermore, the interaction
4,

between ,item- type (predicate .or detail) and. training condition was- na.

significant; 1(5, 288) = 1.26, n.s..- This:failure to find a sig-:.

nificant interagtion is au important result for stwo reaions. .

First; it indicates that the sigiailtant incremie in recall across

training conditions is attributable to.increases in detail recall as

well is predicaterecall. Second,,this result implies. that .detail.

recall is proportional to predicate recall, as predicted. Thus the

increase in detail recall can be attributed to the-4ncrease in schema

accessibility and.the absence of negative effects of discriminability. \

Additional support for this latter conClusion laybe adduced from

theintrusion data .for CHANGED sentences. It May be noted in Fig. 2.8 .

that subjects virtually never intruded a detail. learned during

training into recall of tar$et CHANGED sentences. Furthermore, there

was no increase in the intrusion rate as the-number of training

passages increased. Thus the 24-hour delay een training and

target presentations guaranteed e e tion of dtscriminability

difficulties..

:The cUed recall results for.Experiment.2 are shown in. Fig. 2.9.
r

As in free recall, performance was better on.the immediate than on the

delayed test,.F(1,-720) = 14.13; p. < .001. Cued .recall of details

from REPEATED sentenCes increaied with increasing repetitioni provided

by the training passages. This result 'was obtained in both the

immediate. (24/0) and delayed (24/24) test condiiions. As predicted,

cued recall of HANGED details in the immediate test condition did not

i

,
vary significal k0 across training conditions. Cued recall level was

'
.

. .
constant.for 0 ta4 training stories. Performance i reased for the 8

condition, 6ut 0 post-hoc NewMan-Keula test declared Ithis difference

to be unreliable (p > .10). To reject .the'hypot esis that Ole

24-hour training-to-target interval did not lter detail

dissEiminability, the cued
4

recall results for CHANGED sentences in the

0/0 and 24/0 conditiona were compared. Overall, cued recall was

better in the 24/0 than in the 0/0 condition, F(I, 47) = 5.30, 2 .<.05.

4.
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In addition, the .decrease in cued recall acrosi; training' con-

ditions in the 0/0 condition produced' a signiticanti interaction,

IF(4, 18.8) =1.50, 2.< .05.

Intrusions of training details 'in...cued recall. of CHANGED

sentences on. the iimediate test did not vary significantly.across'

training conditions. This result was as predicted and provides

additional evidence for the assumption that the training-totarget

delay improved the discriminability between the, training and. target

details.

3 4
Number of* training pasiocies

va.

Repeated; 24/0

Repeated, 24/24

Changed, 24/0

Changed, 24A4
Changed: IntrUsions,

24/0

.Fig. 2.9--Cued recall of details, for REPEATED and CHANGED sentences
in Experiment 4
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These results povide Consistent suppo4 for the- proposed model

schemata. That lodel presusies Oat knowledge-subitructures

in memory to .encode informatiOn -acquired in different
, .

The model rests' on some basic', assumptions about the

of memory

are shared

contexts.

structure of these'schemata inmemory:and the procesies that *rite

on them. The major assumptions and the results that bear on those

assumptions are briefly summarized below.

1. The use of a schema or shared substructure number of

unique contexts -strengthens the represenat n of the shared

informabion and ;increases its accessibility in memory. This

prediction is common .to alanY previo.6 theoriesda learning (e.g.,

Hebb, 1949;, Anderson & Bower, 1973). For both REPEATED and CHANGED
1

sentences and in all retention conditioni (0/0, 0/24, 24/0, 24/24),

free relcall -of the shared information (the sentente predicates)

increased With increasing numbers of, training passages. These

training.passages constituted.repetitions of common information in pew

contexts with either.a single or varied.associates.

2. When information from different contexts shares the same

schema in memory, there is interference in learning anNretention of

the'subset of the information that is unique to eachtif the diiferent

contexts. This interference' increases with increasing numbera of

competing associates to the schema. This predition was confirmed by'

the data in ,the 0/0 condition for intrusions in bah free and c4ed

recalt of CHANGED details and by the data foi correct cued, recall of

CHANGED a-tails. The probability of corrict cued recall of details

decreased with.increasing numbers of other details competing for
,

associations with the same schema. Intr sions of those competitors,

661on the other hand, increased across trai ing conditions.

3. The facilitative and inhibitory 'effects of_ the use of

schemata 'for learning combine to iredict acquisition and retention.

As a shared schema is strengthened,through its use in muitiple unique

contexts, acquisition of information sharing that schema is initially
,

facilitated, then inhibited, and . finally unaffected as .the

4

..

4
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componential effects reach their maximal values. .In.free recall of

CHANGED sentences 'and CHANGED detiails in the 0/0 condition, this°

prediction (shown in Fig. 2.3) was confirmeP. As the number of prior

trainihg passages increased, recall of CHANGED,items*first ihcreased,

then decreased to asymptote. -.

4. The interference among competing associates to a schema 'Can

be reduced or eliminated bt increasing the liscriminability among the
A

varioub contexts of occurrehce of the competing information. When the

presentation of the target passages followed the training.passages by

24 hours,

condition)

.addition,

immediate recal14f CHANGED sentences'and details (the 24/0

was improved relative to the no-delay.condition.(0/0). In

the reduction of'discriminability difficulties did sot come

at the expense of the facilitative effect of schema 'repetition:,

Recall of CHANGED items increased with increasing numbers of training,

passages.

Our characterization,of memory schemata addresses but a single

level of complexity in what is shared and transferred. A Sehema in

this study was operatiodUlized as a semantic predicate ot relation and

f/

%

the associated case frames/that instantiated the predicate. 'The upe

of' a schemA in.muitiple contexts consisted Of the repetition of sets

of these predicates in different passages with either the same
. .

(REPEATED) Or different (CHANGED) case fillers. Other researchers

have studied the acquisition and transfer of both more and less

complex schemata.

Hayes-Roth (1977) prediCted and obtained the combined transfer

function in Fig. 2.3 using paired-associate nouns as materials.

Subjects were given variable amounts of training on A-B pairs and were

then,transferred. to learning of A-C. pairs. A reCognition test

measured recognition confidence on A-C pairs as a function of 4-B

learhing. At low levels of\A-B learning, establishment of the .A-C

representafion benefited from the accessibility of A. in memory.

However, with increased strength of the A-B association, activation of

A for use in A-C learning entailed the simultaneous actiVation of B,

thus 'interfering with establishment of the A-C representation. ,In

4
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that'study, the shared information was simply the noun A, but transfer

effects simiJar to the present ones were obtained.

.Thorndyke (1977) *investigated ..the ranifer Of a much more

abstract learning sccej:ma in a study of text memory. Subjects were

presented a narrative textc to learn"for Xlater recall. test.

According to a proposed theory-of text learning, the comprehensidn.and

assimilation of the text into.meMory required the use of a schema .for

story Atructures -that facilitated the organizatiOn .of simple

propositions from the story into higher-order functional units.. These

units rqflected the integration of the story information into a

coherent knowledge represientation of the plot and episode ptructure of

the:narrative sequence as well as,the semantic content of individual

propositions. The to-be-learned stoty was preceded.either by a itory

with unrelated cbntent but an identical narrative schema1 ..6..or by a
4

story unrelated, in structure and content. It was postulated that in

the repeated structure condition,.. the ttory schema encoded during

firs"t-story_ learning could be successfully utilized for representing

the to-hgr-learned story. In fact, this repetition Produced a

significant 22 percent improvement . in learning, compared to the

control condition. Thus, with one prior learning trial on a story

schema, pcisitive transfer of.the schema to a new context was obtained.

Similar effects, of proactive facilitation have been found using

expository educational Materials (Royer & Cable, 1975, 1976).

.The observation thit multiple associations to a knowledge unit

produce .interference is, of course, a "well-established result. The

hypothesis that multiple assoLates to -a knowledge unit produce

interference because of discriminabilityi difficulties was first

proposed by Underwood (1945). Recently, numerous researchers (Crouse,

1971; Anderson & Myrow, 1971; Bower, 1974; Kuhara, 1976) have found

retroactive interference in the recall c4 detailed facts trom prose

passages when the intekpOlated.passages contain the -same facts with

new details (as in the CHANGED sentences used here). In addition,

Bower (1974) found retroactive facilitation in recall of information
4

repeated in the interpolated passages either with the same or with new

4 Q
Pg. .4

,
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associates (as in the REPEATED and CHANGED predicates used here):

However, none of these researchers predicted the, combined

facilitation-interference function for performance that was obtained

here for CHANGED sentences.

;.One potentially important factor that was not manipulated in the
/4present experiment is degree of learning of each individual CHANGED

de

A sentence. Hayes-Roth (1977) has argued that the qualitative nature of

transfer effects (positive, negative,'or null) is largel,#1termined

by the degree of learning of the training material. n particular,

she demonstrated that (1) minimally learned training material produces

primarily positive transfer effects; (2) moderately well-learned

training material produtes primarily negative transfer effects; and

(3) overlearned training material produc6s no transfer effects. These,

effects presumably 'reflect changes in the availability of memory,

substructures fot use in enéoding new information. In the present

experiments, all CHANGED trairiing sentences were presented only once

and were thus minimally learned. If the training stories had been

.*better learned, the observed transfer effects. might have teen

qualitatively different. Whether or not an interaction would occuA in

the present paradigmhremains an empirical question.

Most of the attempts made to date to develop schema theory as

viable psychological theory. have 'focused on the representation o

weli-learned schemata in memory (Rumelhart, 1975; Schank, 1975

"Thorndyke, 1977, 1978; Rumelhart & Ortony, 1977) or the processes that
0

). operate in conjunction with schemata during .comprehension or memory

search (Norman .& Bobrow, 1975; Bobrow & Norman, 1975; Rumelhart &

Ortony, 1977.). To date,.schema theorists have said little about the

dynamics of andaconstraints on the acquisition of new information per

se. The tacit assumption of the class of schema theories.seems to be
.

that new information is acquired by.producing a copy (or token) of an
r---

/* existing schema in memory and "interpreting" the new information in

terms of the schema by instaabiating as many of the variable concepts

as possible (cf. Rumelhart & Ortony, 1977). While this is a

reasonable theoretical generalization upon our learning theory, it is

as yei' empirically untet4d.

;
I
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.

In contrast,.Experiments I and 2 focused primatily on those
aspects of _schemata that are relevant for.the learning proeesr. -In

/.

essence, we halie proposect.a learning theory that ciabines the new
notions of memory schemata with some traditional- psychological
assumptions about :learning. Our theory of schemata as shared
knowledge structures is similar to other formulations of schema,

theory; however, it goes beyond them as a psychological 'theory by
detailing the costs and benefits assoeiated with the use of sehemata
in learning.

)
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typically, a text that someonellas-to learn contains information aboui

multiple topics:, _has a wide variety of predications about those

topics, and contains events or actions with a temporal structure.

Traditional classia.t1on systems segregate prose passages into four

*basic genres:7-- escription, exposition, narrative, and persuasion

(Brdoks & .Warren, 1972). Depending on the author's intention and

point of view, texts of the first three types are frequently-organized

either topically,*ith information organited agund conceptual themes,

- or temporally, with information presented in a narrative sequence.

These two organizations mighthave very different consequences for how

well a passage can be learned, particularly if orie of the

ot:lanizations.is preferred by.readers.

In studies of the effects.of these two forms of organization on

learning (Sasson, 1971; Kulhavy, Schmid, & Walker, 1977), conceptual

organization of_information waS superior to temporal organization. In

tha Sasson study, however, the textswere presented *o subjects one

word at a time in serial order. This, procedure bears little

resemblance to the way in which people normally study and learn texts,

so 'conclusions from this study regarding normal processing modesoust

be regarded as tenuotA. In the Kulhavy et al. study, only recall of a*

few target words was measured, so it is difficult to assess *the effect

of the organization manipulation on overall learning of a coherent

prose passage.

In attempts to precisely model the organization of textilal

information .in memory, several researchers have proposed detailed

representations for the _structure in a prose passage (Kintsch, 1974;

Meyer, 1975;' Rumelhart, 1975; Frederiksen, 1975;.Thorndykei 1977;

Mandler & Johnson, 1977). Various' predictions from these models for

the influenc.e of structure an acquisition,and retention of information

have been tested empirically. A typical finding is that the

"centrality" or "importance" of a proAsition to .the "theme"- of the

passage /predicts the recall probability of.fhe proposition (Kintsch,

1974; Meyer, 1975; Thorndyke, 1977). From these.and other studies, a

general theory of "schemata" has emerged (Anderson, 1977; Rumelhart &

::,.rtnii,
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Ortony,. 1977; Thorndyke, 1978). 'This theory assumes that .a Persdn.has.
.

in memory a set of prototfpicaldstructures for use in comprehending

and encoding prose information,Iiarticularly goai=direCted narrative

sequences. For narrative st'oriei, these structures ormize a
.

. .

temporal sequence of actions into a. hierarChically arranged set of
.

episodes that reflect %heir caubes and consequences (fliunalhart,, 1915;

Mandler & Johnson, 1977; ..Thorndyke,.1977). A common assumption\of

these models has been that the easier it is for a reader to identify

the Underlying narrative and caUsal
.

structure of a text, tlie better
\ .

\., his comprehension and' meMory for the text will be. While ,this
. .

. .
.
:assumption has received some empirical support (Thorndyke, 1977; Stein°

& Nezworski, 1978), the text domains to which thi schemata apply have
,

been relatively narrow. Thus the generality of Particulai sehemata

has .not been determined. It is unclear, for example,.whether a

particular structure or schema is optimal for learning all narrative

text6, or Whether numerous schemata coufd be equally effective,

depending on subtle attributes of fhd to-be-learned texts. Thus, ap

in the name,attribute-value studies d'scussed above, thequestion of

.whether particular schemata can be iden 4fied as° optimal for learning

is still unresolved. 4
. .

The present study attemAted to aisess the overall effect of

various information organizations on t4e learning of meaningful,.
. i

O naturalistic texts, and to determine if antoptimal organization could

be identified. If readers strongly prefer taase a single narrative

scheTh# to encode narrative.passages; then a text presentation format
, .

that highlights the temporal and causal dependencies among events
. 10

should produce optimal learning..

`Rms.

The source of materials for the experimental stimuli lin,

Experiment 3 wai ,n6wspaper stories. Several current events and

feature stories were selected from the New York Times and the ips,

Angeles Times to serve as fact.bases to be learned by, subjects. .The

newspaper was used as a text source because news' stories kovide a

naturalistic processing environment. People frequently read and.use

newspape'rs as,an information source. Furthermore.; news stries-,appear
. .4).
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separated in the story. ThUs, while certain goals of the newspaper

editor are met, they might decrease the overall learnability of the

material,

In tflis chapter, the efficacy of alternativelpresentation formats

for.learning is assessed. In Experiment 3 .subjects read and, then

recalled stories presented either in news format, standard narrative

If .

alreadi'organized in a standard, familiar.format, so the utility of

that format for learning clan be contrasted with other experimentally

Of news stories-!-the
,

presentation of "important" or ."timely" Information in the.first

parigraph and he elaboration of. details and background in subsequent

Aparagraphs--is% based on conventions of journalistic style.. Impora tant

information is presented-firstso that it will catch the reader''s eye
.._.....

...

....
.______

. and--4._ assimaaied7Tat a quick glance. Information is presented in
_

1

.4
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generally decreasing order of importance so th at if the story needs to

be cut to fii a particular space on the page, the material that is cut

will be less important .than what is left in. Thus, the

rganization o? the news story is dictated by the particular

requirements of. .that medium. However, this structure may not be

optimal for the learner attempting\to. acquire all the facta in the
4
passage. News stories present events otit of their normal time

sequence and utilize repetition -antréCrtiiidancy in order to establish

referential connections aMong. facts that are related but are widely

. .

14...;.&
orgAnizapion, or a topical organization. Meas r of reading time for

each passage were taken in each organization 1 format to provide smile

indication .of the readability of- each organization. If subjects L .

prefer to use a narrative-schema to comprehend and learn stories, then

the narrative text organizations should produce faster 'reading times

- and higher re.call scores Chan the other familiar organizations.

EXPERIMENT 3

Method

Materials. Four newspaper articles from the Los Angeles_
-t.

Times and the New York Times were selected for use as materials.

.)
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Each article described a set of events that oci.urred over a period of

time and background information relevant to tholl ivents. The text"of

one such story is provided below aa an illustration of the NEWS

organization.

Iraq: News 8Xory

Despite having the second largest oil reserVes ilk the Middle.
'East, Iraq today finds- itself short of cash.

Civilization was cradled between its Tigris and Euphrates
rivers, and the iite of ancient Babylon's splendor lies SO
miles south of Bagdad.

vet the Majority of Iraq's people were illiterate as late as
1973.

c::::il revenues have increased massively in recent years, but .

only a small, minority have benefited, in contrast to other -

petroleum-producing Arab lands where spread-the-wealth has
%,.. been a byword.

'"Our problem is management ... management from .top to
bottom," said Dr. Hashim Jawad, a top planning advisor to
Iraq's Revolutionary Command Council.

Iraq once was a sleepy, British-oriented monarchy.

Red double-decker buses still churn through,Bagdad's crowded
streets, and what remains of the old privileged class still
gathers for tea or tennis at the Alwiyah Club.

To this has been added the trappings of the turbulent
post-revolutionary era, such as the splendid arch which is a
monument to Iraq's unknown soldier, and a still-unfinished
luicury'hotel.

Many projects such as this have been halted in midstream and
others postponed beciuse.of the lack of cash.

Iraq has an estimated shortage of $600 million in oil

revenues this year, out of a total expected income of around
$8 billion.

When the Basrah Petroleum Co., the'last remaining Iraqi oil

firm which still had foreign participation, was fully
nationalized last spring, the former parent companies halted
their-purchase of oil.
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Gradually they have coming, back, with Shell and the
French Petroleum Co. the first to resume,.

Last April, leaq suddenly cut off 'all oil shiments to

Mediterranean poits via a t rans rian pipélihe.

Early this yeh4.., another pipeline to the Mediterranean,
which bypasses Syria and ends up in Turkey, is scheduled to
become operational.

This shold fully mike up for the capitity lost by shutting
down the trans-Syrian pipeline.

The present set of rulers here is the third since the 1958

revolution which ended the monarchy.

That

....

evolution set the country off on a new course, vaguely
-socia istic and...strongly Arab nationalist.

--
,

.

The Soviet Union is now Iraq's major friend, and Zionism is

the Onemy. 0 . ,

A lack of manpower and skilled technology is the major
problem.

This story concerns the 'declining oil revenues Of* .1raq, the

causes for the decline, and the prospects for the future. However,
.

many of the sentences in the story are either tangentihl or irielevant .

to this theme. In addition, some of the-sentences are repetitions or

elaborati ns of information presented earlier.

A econd version of this NEWS organization, called the CONDENSED

organ zation, was constructed. The CONDENSED organization of each of

the four newspaper stories was derived from the NEWS paisages by

deleting certain -Information from theM. Deleted information was of

one .f three types: (1) repetition or elaboration -of previously

presented information; (2) background information that was irrelevant
,

or tangential to the main imint of the story; or (3) extraneous

commentary on the events of the story either by the reporter Or by

. another observer. Background information was considered to 'be

tangential if it was neither referred to nor presupposed by subsequent

statements. Thus the important information from the story was
. ,.

preserved, While the unimportant infotmation was eliminated. The
. 4
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serial position of.the remqaing sentences in the. story was not

altered. A portion of the CONDENSED versio of the Iraq story is

given below. .

Iraq: .CONDENSED Version

Despite having the second largest oil reserves in the Middle
East, Iraq today finds itself short ol cash.i

Iraq once was a sleepy, British-oriented monarchy.

r ve 4Wthis year, out of.,a*total expected income Of around
an estimated shortage of $600 million ,in oil

$8 billion..

'When the Basrah Petroleum Co., the last remaining oil firm
which still had foreign participation, was fully
nationalized last spring,-the former parent companies halted
their purchase of oil..

1

Gradually they have been coming back, with Shell and the
* French Petroleum Co. he firatito resume.

/// I.,est 'April, Iraq sud enly cut off all oil shipments to
Reditrerranean ports via a trans-Syrian pipeline....

The CONDENSED version of each news article was used to create all

of the other organizations used in.Experiments 3 and 4. One of these,

theiNARRATIVE version, .was construCted by rearranging the sentences in

the CONISENSED organization into i chronological sequence. Thus this
. .

passage preserved a temporal continuity in the presentation of the

story's events. A portion of the NARRATIVE version of the Iraq ,news

story is presented below.

Iraq: NARRATIVE Version

Iraq once was a sleepy, British-oriented monarchy.

S

.
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The present setiof ruleri here is.the third &ince the .1958
revolution whicL ended the monarchy.'

That revolutioh set.the country off on a new course, vaguely
socialistic and strongly Arab nationalist,

.

The Soviet Union is now Iraq's' major foreign friend, and-
Zionism the enemy.

\se

Iraq has the second largest oil reoryti in the Middle East.

Last Spring, the Basrah Petroleum Co., the last remaining
Iraqi oil firm which still had foreign participation, was
fully nationalized.

As a result, the former, parent comianiei halted their
purchase of Oil.

qadually, they have been coming back, Oith Shell and the
French Petroleum Co. the first ip resume.

Then last April, Iraq suddenly,cut off all oil shipments to
Mediterranean ports via a trans-Syrian

Finally, a TOPICAL version of each story waa constructed by

.organizing the sentences from the CONDENSED version under topical

subheadings. A portion of the TOP/CAL passage is presented beloilk

Iraq: TOPICAL Version

Oil Economy
. Despite having the second largest oil reserves in the Middle
East, Iraq today finds itself short of.cash.

Iraq has an estimated .whoTtage of $600 -million in oil
revenues this year, out of a total,expected income of around
$8 billion....

History
Iraq was once sleepy, British-oriented monarchy.

,

When the Basrah Petroleum Cot.; 'the last remaining oia firm
which still had foreign participation, was fully
nationalized last spring, the former parent companies halted
their purchase of

a

(

LI
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Politics
'Last April, Iraesuddenly cut off all oil shipments to%

Mediterranean ports via a trans-Syriantipeline.

-10.0
This action served as au Iraqi protest o fjai .141itary _

intervention in:the Lebanese civil war

lir.

Subjects.. The subjects' were 60 .UCLA undrIrgraduates. They

participated, in the.90-minute experiment, eitheE to satisfy a course

.requixement or for $5.00 pay.

Design. A Latin-square design with repeated measures was used.

There were fourconditions of story organization--NEWS, CONDENSED,

NARRATIVE, and TOPICAL._ Subjects were randomly assigned to one of

four grerips, with 15 subjects in each grbup. Each subject received

one passage in each of the.four: orgapizations. The four topic stories
-

were entitled Iraq (the story presented above), The Release of
-

Carrillo (concerning the prison release of the Spanish Communist Party

leader), -Wernher Von Braun .(concernini tile career of the rocket

scientist), and BUrundi (concerning the civil war in the African

country)-. The assignment of'stories to each organization_ condition

was counterbalanced across groups. The 'dependent variables were

reading time and free recall of story propositions.

.Procedure. Subjectsr'were tested singly or. in small groups.

Subjects were given booklets containing the stories, one story per

page. They were instructed to read the passages carefully .because

they would be asked.questions about.them later. They' were instructed

to read each passage only once and were not 'allowed to look back to

previous stories. Each subject would read a story at a self-paced

rate and then record the amount of time it took to read the story.
4./

Immediately after reading the story, subjecp were instructed to write

it down exactly as it appeared in wording and sentence order.

However, they were told not to omit anything' that they remembered

simply because they could not recall ,its exact wording oe serial

position in the passage. -Recalls were written on a blank sheet of

paper, and unlimited recall time was provided. This read-recall

procedure was repeated fot each of the four stories.

60
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Results and Discussion

In order to analyze the reading times and the recall protocols,

each passage vas segmented into _propositions. A proposition was

defined as'a clause or sentence which contained an action dr stative

veib. Recall protocols 'were scored'for gilsereproduction of the

propositions. A proposition was scored as havini baen correctly

. re5Oled if the relation or action in the propOiatin was recalled or

paraphrased correctly.

The data were analyzed using a _three-way analysis Of variance

that treated. text .structure, materials .(atory topic), and subject

group as Main factors. Since there -was _no significant interaction

between structure and materials for either reading time or recall, the

ata .were collapsed across the different story topics within each

structure condition.

Reading Time. The mean reading times for each of the structure

conditions, are shown in the first,row of Table 3.1. Mean readinctime

for.the original news stories was the longest.(157.6 seconds), while

that for' the other three structures was.nearly equal. The effect of

story organization on reading time was significant, F(3, 168) = 22.64,

2 < .01. ' Newman-Keuls tests were used to perform pairwise

comparisons between the means. :Reading time was significantly faster

.for the three other organizations than for the NEWS organization

(2 < .01 for NARRATIVE and CONDENSED; 2 < .05 for TOPICAL). No Other

pairwise differences were-significAnt. That the readinithme for' the

NEWS passages.was the longest was not surprising, since theSe passages

contained more propositions than did those in the other conditions.

To correct the reading times for the differences in passage

length, each reading time was normalized by dividing it by the number

of propositions in the.passage. Thus for each condition, a mean

reading time per proposition was obtained: These data are shown in

the second row of Table 3.1. Mean reading time per proposition was

actually fastest. in the NEWS condition, folloWed by the NARRATIVEe

CONDENSED, and TOPICAL vncljtions. This result was significant,

F(3, 168) = 3.78, p < .05. The NEWS reading time was sig-

nificantly faster than the TOPICAL reading time ( wman-Keulsl
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.

READING TIMES AND RECALL iERCENTAGES.FDR
TEXT.ORGANIZATIONS IN*PERIMENT 1

StructUre'Type

CONDENSED

. Factor NEWS NEWS NARRATIVE

Reading time (sec) 157.6 114.3 108.9

Reading time per
proposition (sec) 2.10 2:21 2.12

Free recall (%) 18.8 25.5 24.7

TOPICAL

122.1

2.41
24.9

2 < .05). Again, however, the mean reading titie for the CONDENSED

condition did not differ fromitiet for the structural transformations

on the CONDENSED condition (NARRATIVE and TOPICAL).

Free Recall. The results for the free xecall task are

presented in the third row of Table 3.1,. which gives the mean

percentage of propositions'recalled across' the four passages

for each text .organization condition. These data were analyzed

using-the arcsine. transformation on 'the percentages., Recall was

lowest for the gEWS organization and'higher and approximately equal

for the other three organizations. The data were analyzed using the

arcsine transformations of each subject's recall proportions. , The

effect of organization on recall was significant, F(3, 168) =

3.13, p < .05. Newman-Keuls tests showed the mean for

the NEWS condition to be significantly 1oWer than the mean for

'each of the other. conditions (p < .05 for all three pairwise

comparisons). The CONDENSED, NARRATIVE, and TOPICAL conditions did

not differ reliably. It, may be noted lthat while these. three

organizations all contained -identical passage content, the NEWS

passages contained additional propositions not included in the Dther

organizations. Therefore, not only Were the NEWS texts longer, but

the to-.be-recalled information in them was not identical to that in

4_
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the other three conditions. Consequently, the analysis of the recall .

data was recomputed using for the NEWS cond ition on ly . those

propositions that occurred in.the other organization_conditions. When

only this subset of theNEWS propositions was considered, recall was

22.0 percent. Using this scoring metric, the overall effect of

,organization was . not significant, F(3, 168). = 2.55. However, a

planned comparison revealed that the meandfor the NEWS condition was

reliably lower than the combined mean for the qther conditions,

t(168) = 1.74, p < .05.

The fact that recall of the NEWS pas sages was lower when the

extrineous NEWS propositions were scored than iihen they were not

suggests that these propositioni were not well recalled. A separate

analysis was Performed to compare.mean percentage free recall within

the NEWS organization for those propositions that occurred only,in the

NEWS passages (i.e., the propositions that vrre deleted ta create the

CONDENSED organization) veisus those propositions that'occurred in all

,

oirganizations. Overall, mean recall of the former propositions was 41
1!2.0 percent, whlle recall of the latter was 22.0 percent. ..This

difference was significant, t(59) =.5.42, 2 < .001.

The finding that recall of the extraneous NgWS propositions was

poorer than recall of the propositions used in the.CONDENSED condition

is consistent with the hypothesis that these extraneous propositions
s.

were not central to the theme of the passage. When reading the NEWS

passages, subjects presumably evaluated Ihe "importance" or

SI centrality" of each proposition with respect to the main theme of the
,

story. Those.that were tangential or unimportant were not processed

as dgeply or as carefully as the more important.propositions and hence

were not learned as well. Viis effect of propositional importance on
.1

recall has een obtained on a variety of prose 'materials (Xintsch,

1974; Meyer, 1975; Thorndyke, 1977).

. This analysis May also be, used to explain the obtained

.... reading-time results. While recall was, worst fok the NEWS condition,

(1
the reading time per proposition foi thi* condition was the faitest.

It is varticularly surprising.that the mean propositional readingAime
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for the NEWS coffition (2.10Aeconds) was faster than that for the

CONDENSED condition (2.21 secondp), since these conditions were

identical wept for the extraneous NEWS propositions that were

deleted in the*CONDENSED-Adiipon. A possible explanation for this

difference-Sin readlng ti,ime is that-the extraneoui propositions in the

NEWS condition were scanned faster thSn thoge propositions that were

common to 'the two conditions. Since subjects were reading to learn

the'passages, scanning time includes reading time; coMprehension time,

and time for elaborative p:ocessing fon, encoding in memory. If
k

subjects identified the extraneous propositions as irrelevant or

tangential to the theme of the passage, they.,could process .them more

superficially and hence.faster than the more important ones. If. the

Tropositions common to the NEWS' and CONDENSED cdnditions Were

processed at the same rate in the-two conditions, while the extraneous

propositions in the NEWS condition were processed faster, then the.

mean reading time .per proposition in the NEWS condition would be

faster--which, in fact, was the case. 0

While all structural transformations on the NEWS Passages led *to

improved .recall -performance, neither., the NARRATIVE northe.TOPICAL

passages were read faster or recalled better than .the\ CONDENSED

passages. This result suggests that neitheriorganizat.iOn provided a

preferred, familiar schema'that could be used Co guide comprehension

and envding of the facts embedded in those structures. Ekperiment 4

investigated whether this result could be replicated with another

Terformance 'measure, question-answering, and with another

organizational format. A TOPICAL organization was added to further

highlight the narrative organization of the passages.

.EXPERIMENT 4

The design of Experiment 4 was similaT to that of Experiment. 3

except that the NEWS and TOPICAL organLzations were deleted and an

OUTLINE organization was added. The OUTLINE organization was .created

by reorganizing the material in th CONDENSED organization into an

outline format, where events were chun d into episodes according to
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temporal and causal associations among -them. An episode thus

consisted of a set of events and their consequences that wel.e causally

and topically related and that' occurred tbgether in tile. The

episodes were ordered chronologically.sThis organization is similar

to that found in several psychological. models of' narrative story

memory, (Rumelhart, 1975; Thorndyke, 1467; Mandlpr & Johnson, 1977).

In the present experiment, .however, thls organizatIon was made

explicit by presenting the information in the physical layout of an

outline. Information was spatially arranged on 'the pagkikusing

indentations to .accentuate the hierarchical nature of the

organization, explicit labels (e.g., Background,.Episode_1, etc.) were

.given to section headings,and.the text from which the outline -was

derived (the CONDENSED passage) was abbreviated so as\to be amenable
-

to the outline format. This alteration of the text itself-required a

-certain amount of syntactic reduction of sentences, but no semantie

'alterations.to the information were made. A portion 'of the OUTLINE

organization for the Iraq text tspresented below.

BAWGROUND
Iraq

CHRONOLOGY
Episode 1:

Event:
Result:

Iraq: OUTLINE Orgtnization

Was'a sleepy, British-oriented monarchy

1958
Revolution ended the monarchy
Country set off on a new'course,

vaguely soci4list
and strongly Arab nationalist....

Episode 2: Last spring
Event: The Basrah Petroleum Co.,

the last.remaining Iraqi oil firm
which still had foreign participation,
was fully nationalized.

Result: Former parent companies halted purchase of

.

Episode 3: Last April
Event: Syria intervened militarily in the Lebanes,

civil war.

Result: Iraq cut off oil shipments
to Mediterranean ports
via a trans-Syrian pipeline....

e ! .

,:
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Subjects. The %subjects were 45 undergraduates at UCLA sato

partiiipated in the experiment to satisfy a cousrse requirement. _

Deaiga..; ' Latin-square design with repeated mlasures was, used.

There Vere three concylions- of passage organization-CONDENSED,

OUTLINE, and NARRATATE--and tliree of *the
.

topic p'assages, from

ExperiMent 3 were used as materials (Iraq, Burundit.and fhe.Release of

Carrillo). Each passage had three . versions, one far each 'of. the

different organization connitions:+ 'Each subject received for .study

. ana test a passage in each of the three organizations. The assignment

r.ipof story topic to orgaNization wa's counterbalanced across. subject

7.Jgroups, as1 was the serial position of' presentation of each':

%;organization.
:

.

There.were two dependent Variables. The first was free recall of
e

.

the entire passage, . as in Experiment 3, and the second was

4uestion-answering performance. For each .passagen a set of 12

questions were constructed whose answers depended upon retrieving a

'particulir detail from the passage. Answering the qdestions correctly

required only retrieval of explicitly presented.facXs; no. inferential

processes were required., For example, one such question for tle Iraq

passages was "What is Iraq's.majOr natii o al protlem?"
(4

Procedure. Subjects were tested rd ingly or in small groups.'

They were instructed to'attehd carefully to. the passages because they

would be required to recall them later.. They were permitted to. read

each passage only once and could not o.4 back to previous passages.

After reading all three passages., subjects performea'the free recall, ,

task. Recall instructions 'identical to those in Experiment 3 were
, .

xt
given. Order of tecall of the' passages was the same,as the

P.
..

presentation order.

,The question-answering test 40ediately.followed the. free recall

test. Subjects wel.e instructed to answer the questibns as well.as

they could, using the information they could recall from the story..

Twelve questions or sentence cOMpletions were p'reseAttd for each

story. Questions from each story were listed on separate pages, and
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test order ,for thepassages was the same asoresentation order.
Unlimited time for answering questions was provided.

a?

41
1.

Results and Discussion

The same procedure as that described in Experiment 4 was used, to
score the recall protocols. The mean percentage free recall and

questions correctly answered.were computed for each siory in each of
the three organizations. These data were4lanalyzed separately using a -

three-way repeated measures analysis of variance that tieated stories,

structure conditions, and subject group as main effects. The results
are shown in Table. 3.2.

Story

Ta 1e 3.2

FREE RECALL AND QUEST1ONANSWERING PERCENTAGES FOR THE
TEXT ORGANIZATIONS ANS 'STORIES IN EXPERIMENT 2'

CONDENSED
NEWS f'

Structure Type'.

NARRATIVE OUTLINE

Free Question- Free 'Question- Free Question-
Recall Answering Recall *Answering 'Recall, Answering

Iraq 23 * 36 33 52 74 42
Burundi 17 28 26 34 23 44

"Carrillo 27 40 19 24 19 33
Mean 22.3 34.7 26.0 36.7 22.0 39.7

The pattern 9f 'results

question-answering. Across

correlation between recall of a

was similar foifree recall and

subjects, there was a significant

assage and the percent of questions
correctly answered, r = .62, t(13)) = 9.11, p < .001. For free re-

-; -
call, mean performance was 22.3 percent for the CONDENSED condition,

26.0 percent for the NARRATIVE condition, and 22.0 '1676Tcent for the

'

1111b
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OUTIJ.NE conditio.n. These differences were not significant. However, .* f. . 5
.

there*. wai .a . Nsignificant story-by-structure interaction,
..

F:(?) 84)-= 3.70, p < %05. For 'the quettion-answering task, mean
. 1 ..

....

percent' correct Was 04.7 fot the CONDENSED condition, 36.7 for the
. ....:.

-.

\
NARRATIVE c9ndition, and 39:7 for the OUTIJNE condition. Again,. the

results by orgap.zation were not reliable, but the story-
-. .

s.,

'by,brganization.in raction was signif)icant, F(2, 84) = 4.35, p < .05..

. As-0-*Experiment 3, iione of the organizations was 'consistently
. ..,

superior for learning of the text information acros's stories. In

fact, the interaction obtained 'here for both free recall and ,

question-answei-ing suggests that diffrrent organizations were optimal

for different stories. An exaMination of the news stories used as

... materials in Experiment 4 revealed an obvious distinction among them.

Both the Iraq and Burundi stories were essentaally background or

feature articir;s. They-both contained a narrative chronology that' .

provided a historical perspective for,viewing the present socia and

political situation 0 the.countries. Nei,Xher article contai any
--"Ne

-current, newsworthy events; rather, they focused.on a broad history of

events. For these stories,' then, Comprehension of. the narrative .
,

.

sequence 'of. .events was,critical to the theme of the passages. It.is'.

thus regsonable to presume that a. presentation structure organized
I

around the riarrative.chronolOgy would. facIlitate.learning of the text.

The Carrillo story,.on the othel hand, was a more typical current

events story. . It centered around a single event, the release of

Carrillo from .pri.son, and the multiple consequences of that event.

There was much less.narrative history in \this story than in the-

others. Rather, the emphasis waS on.the implications in the present

and in the futbre of the single, important action. For this story,

then, a structure. that emphasized the main event and its direct .,

consequences and deemphasized the background na'rrative might be

preferable for learning.

The ability' .of these hypotheses to explain the optained

interaction betimeen structure and story was tested by computing

Newman-Keuls post hoc-linear contrasts oe the means in'Table 3.2. If.

' I

,
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a narrative structure was optimal for learning of the Iraq and Burundi

stories, then free recall and question-answering pt .ormance for the

NARRATIVE and OUTLINE conditions should be bet?... than for the

CONDENSED condition.. For the Burundi story, the eombined mean of the

NARRATIVE and OUTLINE conditions was reliably, greater than for the

CONDENSED condition.for both free recall and question-answering (p <.

.05 for.both). For .the.Iraq story, the combined NARRATIVE and OUTLINE

mean for question-answering was greater than that for the CONDENSED

condition (p < .05). The comparison of free recall performance

demonstrated the samle trend but failed to achieve significance (2 <

.10).

For the Carrillo-story, the hypotheses given above make the. ,

opposite prediction. That is, the CONDENSED structure, with its

emphasis on the current event and situations of the story, should be

superior to .the NARRATIVE and OUTLINE conditions for learning. The

same comparisons performed for the other, stories ,confirmed, this

hypothesis. For both free recall and question-answering, performance

for the CONDENSED condition was better than for the combined NARRATIVE

and OUTLINE conditions (p < .05 for both).

GENERA1 DISCUSSION

he results obtained here indicate that newspaper stories contain

a considerable amount of information that is of little relevanco to

the reader or to the main theme of the story. A significant portion

of this extraneous information is repetition of previously stated
. .

information that is necessary to establish referential identity for

'some new information to be presented. The repetition presumably

facilitates comprehension by facilitating the integration of the new

information with previously stated, or "given" information, as

suggested by Haviland & Clark (1974). Since a newspaper story employs

frequent' shifts among the set of topics it treats, much repetition oi

intormation is required to identify the changing contexts and identify

the referents for the new information to come. Other extraneous

intormation in news stories includes incidental background information

*f.
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and coinmentary that is only tangentially related to the main.poliit of

the story. Tlie recall data fronrExperiment 3 indicate that none cif

thia extraneous information is well learned 'relative to the more

theme-relevant information in the story. The reading-time data also

suggest the possItility that this information is not processed as

carefully.as the more theme-relevant information. These results are

consistent with the 'general finding in prose studies that people are

more'likely to learn and remember the important ideas (those centrgal

to the theme of the passage) than the unimportant ideas (Meyer, 1975;

Thorndyke, 1977; richert & Anderson, 1977).

The recall data in the two.experimentspresented here complement

previous work on the effects of various organizations on learning of

textual material. In previews Audies using texts describing the

valnes of various attributes for a set of concepts, no clear

organization emerged as optimallOr learning. In the present study,

texts with more substantial variation in content were used as

materials. The to-be-learned information coniained varying amounts of

narrative history supported by background information and discussion

of the consequences of the historical events. While all the passages

used in this study shared this general narrative form, no single

organization was found to be optimal fox presenting the information in

all texts.

These results argue z.,,inst the existence of a single, universal

schema for representing all narrative texts. The.notion of a 'schema,

as it applies to the representation of prose information, is generally

lterpreted to be an abstract framework or description of how

narrative information can be combined to produce* meaningful stories.

A narrative scliemat then, provides a set of constraints on how events

and their consequences can be combined to produce meaningful episodes,

and how a set of episodes, in turn, can be combined so they lead to a

reasonable conclusion or resolution of the story. In this very

general formulation, text schemasta have been proposed to describe the

structure of a story independent of its semantic content (Rumelhart,

1975; Thorndyke, 1977). When a person reads a story, a stored schema

')
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is presumably sed to guide the comprehension Of the story b'ysimposing

the constraints. o the-schema. owthe interpretation of the incoming

information. When a tory fits the stored schema., comprehensions end

retention 'ate facilitated by the organizational and Integrative

benefits provided by the schema.

In the present study, however, no single organization. of

information was optiMal for all stories. In fact, different

organizations were most effettive with different stories. When the

storx cOntained a narrative chronology, .the organizations that

emphasized the causal and temporal associations among events produced

.the best learning. These organizations were suggested by earlier work

on sctiemata fOr narrative stories (RuMelhart, 1975; Thorndyke, 1977;

Mandler & Johnson, 1977)..s However, when the to-be-learned story

. focused on a single event and its consequences, the newspaper format

was superior to the narrative format as a text organization. The

inability to find a'consistently superior organizational form suggest6'
4

one 'of two conclusions. Either there are no real schemata that can

characterize the organization of text information, or thept must be

several (or many) schemata that a person can effectively use,

depending on. the ,Diature of the to-be-learned information% The first

conclusion seems unwatranted in light of numeroUs studies that

indicate people have no difficulty.distinguishing'between stories with

we'll-formed narrative structures and those in which.normal conventions

of Causal and narrative organization are violated (e.g., Thorndyke,

1977; Kintsch, Mandel, & Kozminsky, 1977). While,these results do not

prove the existence of sc4emata, theories based -on such structures

currently provide the best theoretical account for people's ability to

recognize well-formed stories. Therefore, it would seem premature to

argue against schema theory on the basis of negative results from a

single study....

The more reasonable conclusion from these data would seem to be

that people have available a set of schemata for text organization

that can be used as the content. of the text warrants. For example, if

.the narrative information in a story is only incidental to the main

Vv.
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point 'or conclusion, then a narrative schema, in which the events are

assumed to lead up "to and support the conclusi5A/6ay not be

appropriate for encoding the story': The main point, or focus, of the

stdry would thus be central in determining the appropriate schema for

encoding -the story information. In current events news stories, the

main point is identified by its placement in Ile first sentence or

paragraph Of the story. On the other hand, the focus in many stoaes

depends on the perspective of the reader. given different

perspectives on a story; different information might emerge as being

central or important in development of the theme. Other researchers

have begun to note circumstances in which alternative schemata may be

\ applied to the comprehension of a story, depending on the perspective

taken by the reader (Pichert & Anderson, 1977; Kozminsky,. 1977). In

these-studies, the.information re;ftined from a passage'by a reader

could be influenced by biases ',in' perspective introduced by.the

experimenter., These studies give credence to the notion that multiple

'schemata are available for use4n encoding stOry information. For the

multiplf-schema theory to be useful and viable, it must be

demonstrated that there. are many fewer schemata than there are

possible stories. That is, while there may be multiple schedata that

can be used. to encode story information, each one of them nust be

capable of representing numerous texts of its type. If: the set of

schemata are unable to reduce the universe of all texts to a small.set

of prototypical types of teXts, then the theory iO of little

explanatory value: However, a substantial body of data have already

been reported in support of a general schema for narratives, and the

schema has been successfully applied to the analysis of numerous

texts. It is not unreasonable to suppose that other general schemata

for text .organizat'on could be identified and tested in asimilar

manner.



63

IV. INTEGRATION OF KNOWLEDGE FROM TEXT

Chapters II. and III considered factors determining the

acquisition .of individual facts from a text. However, knowledge .

integratiOn is also a fundamental component of the 4cqui8ition

process. People do not simply acquire sets'of unrelated facts. They

integrate the facts they learn in meaningful conceptual structures.

As a consequence, people can put separately acquired iacts together to

form new ideas. For example, a student might encounter the following

two sentences at various points'in a textbook Chapter:

In 1850, the Calediahs rebelled because the king had

declared martial law.

The 1850 rebellion was suppressed.

By integrating the information from those two sentences, the student

could respond on a subsequent examination:

There was a rebellion in 1850 because the king declared

martial law, but it was sUppressed.

Knowledge integration also provides a basis for inferential reasoning.

For example, a person might reau in the morning newspaper:

Mary Jones has been appointed Secretary of State.

and thed hear on the evening news:

Sam Smith has been named Special Assistant to MaTy Jones.

By integrating these two news items, the person could ihfer:

C.

. .e



.

. 64

Sam Smith has been named Special Assistant to ttie

Secretary of State.
.

Researchers have, studied knowledge integretion in several

paradigms. Bransford and Franks (1971) provided the first

experimental demonstration of khowledge integration. They showed that

subjeets could integrate the information in several related siMple

sentences to form a single, complex idea. Other risearchers have

demonstrated similar effects f integration of constituent ideas

(Hupet & LeBoudec, 1977; James, Hillinger, & Murphy, 1977; Park &

Whitten, 1977; Peterson & McIntyre, 1973). Similarly, many studies

have shown that subjects can integrate several individual pairwise

relations to form a single linear or"' partial ordering of all

constituent elements (Barclay, 1973; Foos, Smith, Sabol, Mynatt,

1976; Hayes-Roth & Hayes-Roth, 1975; Potts, 19?2, 1977). A third area

of
t
research has focused on the integration of information in

successive sentences based on common referents (iaviland & Clark,

1974; Clark '& Haviland, 1977; Garrod & Sanford, 19.*, 1977; Hupet &

LeBoudec, 1977; Yekovich & Walker, in pkess). Finally, a number of

, investigators have proposed theories to account for the representation

and integration qf knowledge in ..long-term memory (Anderson, 1976;

Anderson &Bower, 1973;.Kintsch, 1974; Rumelhart, Lindsay, & Norman,

1972; .Schank, 1976). These theories assume that the memory concepts

and relations in acquired facts are represented 'as nodes apd

associations in memory. Two facts are integrated in memory if their

representations share a subset of nodes and associations.

Previous studies have; in general, assumed that integration is a

structural iphenomenon that occurs during storage. . Successively

acquired facts are presumably appended to related existing knowledge

representations. However, questions regarding when and how knowledge

inte ation occurs have not been addressed.

This chapter investigates the ck.nditions under which iategratj.on

occurs. We begin with a model of knowledge integration, based on a

few assumptions about memory structures and processes. Many of these

1.
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4
assumptions. .appear in the previous research discussed above, and all .

have receiyed preJlipus empirical support (Hayes-Roth, 197:7;.

HAyes-Roth & Hayes-Rath, 1977). The model provides a framework for

predicting the conditions under which a given pair of facts will be

integrated.,"

We asiuie that the basic units for representing facts in memory
are lexical. The meariihgs of lexical units derive from their

,

associative connections to other lexical units. Semantically related

lexical units.are presumably more closeby associated than unrelated

lexical units. These assumptions imply that memory representations of

facts that include identical wordings ca include identical .

trilsubrepresentations. Memory representations f facts ,that include

paraphrased wordings can not contain identical subrepresentations but

may codtain associatively connected subrepresentations. Of course,

memory representations of facts that express unrelated information

Will have neither identical subrepresentations nor close associative.

connections.
.

,
Memory representations can be "activated" in two ways. They .can

/-be activated directly, by apprehension of the information they

represent in an external stimulus, or associatively via excitation

received from other activated memory representations. A memory
representation can be activated more easily if (a) it has been

activated recently;.(b) it contains a subrepresentation of information

that is identical to information in an external stimulus; or (c) it

contains a subrepresentation that is identical to one in an activated

memory 'representat.ion. A memory repiesentation is more 'difficult to

activate if (a) it hag not been activated recently; (b) it contains a

subrepresentation of information that is synonymous with information

in an external stimulus; or (c) it contains a subrepresentation that

is associatively connected 'to one in an activated CMemory

representation. Of course, a memory representation is least likely to

be actis(rated if the information it represehts is unrelated to any

information 'in an external stimulus or an activated memory

representation.

,/
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We assume that when two memory representations are simultaneously

active and tontain identical or associatively connected

subrepresirtations\. the two mgesentations are integrated into.a

single higher-order representation. In the case of identical

qubrepresentations, integration effectively. !'superimposes" the two

representations' upon ,one another so that they share a single

subrepresentagon. "-Thus-i--integrationeliminatek re resentational

redundancy in memory for related facts. However', the integrated

representation also preserves the identities of the original

constitueat representatiods. :In the case of associatively connected

subrepresentations, integration establishes a direct connection

'between the subrepresentations reflecting the semantic relationship

. between them but preserving their individual identities.

Consider an example. Suppose a student studied a text describing

the political organization of a particular country and.encountered the ,

following two facts:

(1) The Domestic Welfare Agenc}y2drscrr1g4tes information

about professional options.

(2) Information about professional options is distributed

by means of computer terminals. e

_cf
Facts (I) and (2) share a common topic (the distribution of

3nformatibn about professional optibns) and they present complementary

details regarding that topic (that the information is distributed by

the Domestic Welfare Agency and that it is distributed by means of

computer terminals). The student could integrate the two facts as a

single "idea" that included all of the information:

(3) The Dometic Welfare Agency distributes information

about professional options by Means of computer

terminals.

According to the assumptions outlined above, simply learning (1)

and (2) does not guarantee that they will be integrated. Successful

.?
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integration requires *the simultaneous .activation of their

representations. This activation could occur directly because the two

facts contain xidentical wordings oigrommon information, i.e.,

."distributed information about professional options." Let,ys consider

the memory representations that would result from either Ule success

or failure of the integration process.

If the (1) and (2) iepresentations were not simultaneously

---artiva-ted-c--t-hey-----wou14hame. independent representations, as shown in

Fig. 4.1. For purposes of illustration, we have made a few 'arbitrary

assumptions regarding the 'structural details of the individual fact .1

representations. Figure 4.1 illustrates'two important pbints. First, Z''---J

the representations preserve the lexical constituents of .the input
1 , ,

facts. Second, the two fact representations. remain unintegrated; that
.

.

is, t ey share no common subreprbsentations, and no direct

assoc ations connect them. (In a complete memory, indirect

ass ciations would connect these fact representations viA other.

repesentations defining their lexie ei constituents. We have omit

thelse from Fig. 4.1 foi simplicity.) \
.

:

If the (1).and (2) representations were simultaneously activated,

they would be integrated in a single.higher-order representation, as
1t

illustrated in Fig. .4.2. The two fact,rrepresertations have:

upon one another, so that they share a common subreprg'Antation of the

shared information, "distributes information about professional

options." Note, however, that the higher-order representation does

not simply incorporate the constituent representations, obscuring the

distinction between (1) and (2). Instead, the higher-order

representation preserves the distinction, as indicated by the solid

and broken lines in Fig. 4.2.

Now consider the case in which the student encountered the

following instead of fact (1):

(1') The.Domestic Welfare Agency provides career counseling.

41krtitegration of (2) watt the previously learned (1') would depend upon

simultaneous activation of the two representations. Because the two
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. facts contain paraphrase's of -.common .Information ("distributes

information about professional options" versus "provides career

cohnseling") this activation could occur only associatively.' In other

words, .litivation of (1') during input of .(2) would require

. associative "chaining" based on the semantic relationship between the

two paraphrases.

If the (1') and (2) representations vière activated.

simultaneously, they would' be integrated in a single higher-order

illusk.rated in Fig. 4.3. Becauie the commonzmwaraa

inform.
7--- --------

is paraphrased in the two facts, the-iwo

have no sharable subrepresentations and cannot be superimposed Uppn
. eP

one another. Instead, integration is accomplished by encoding-the

semantic equivalence of the .common information as an equivalence

--relition between the two synonymous subrepresentations.

As discussed in these examples, integration of (1) .(or 1') and

(2) presumably occurs only if the two fact representations are

DOMESTIC WELFARE
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AGENT

//".1-.PROVID\
II tOBJECT 1

I CeltSEtING

QUALITY1

VW. mew

. .
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1 OBJECT4 I

( INFORMATION)

I
QUALITY

I (C5IPTITI
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(-PROFESSIONZ...)/-, .=.,..r .,vb.
wow

MINN. .

Fig. 4.3--Integratee assembly representing differently
worded complementary facts (1') and (2)

'
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activated. simultaneously. Two factors influence. whether or not

simuitaneoui actiVation occurs. The first factor is the recency of

activation of the (1) rbpiesentation. As the time since the most

. recent activation of (1) increases, the probability of its. activation

when (2) is eneouniered decreases. Therefore, the probability that

integration will occur tdecreases. The second factor is the

correspondence between Anfordation in the tWo facts. Representations
6

of facts containing identical wordings of &moon information, such as
. ,

(1) and (2), can activate one another directly. Representations of
e .

facts containing paraphrases of common information, such as (1') and

(2) ,-iiiistTaivate-Loneano-ther.....a_s_Loci_a_tively. Therefore, simultaneous.
.

..

activation and successful integration are more likely
/

case than in the lattir. .

The following experiments investigated these predictionS. In

these experiments, the two factora of interest were operationalized as,

binary variables. Thus, rellte0 facts occurred either consecutively in

a single story or in two different stories. Similarly; common

information in related facts was either worded identically or
.

paraphrased. Of course; if one could quantiTy the.Proximity-between
... - .

.

related
,

facts 'Or
.

the similarity -of their wordings, one could

N presuarabty predict the magnitudes of the effects. However, eq effort
!

was made to quantify .these variables, and therefore //only Ile

qualitative nature of their effects will be evaluated.
.

. 6 t4

EXPERIMENT 5

Experiment 5tested these predictions in a task requiring

subjects to integrate WO facts in memory. The facts provided
-V:,

information necessary to fill different slots in a single case Irame,

as illustrated.by (1) o.7 (1') and (2) above. Subjects were presented

pairs of related facts embedded in meaningful stories and were then

tested on their ability to integrate the related facts.

A matching test measured subjects' ability to identify pairs of

case fillers from different facts_that shared the same case frame.

Matching of case fillers was performed in the absence of explicit
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case-frame cues (information common: to the related facts). For

example, subjects were tes.ted on heir ability to *identify "Domestic.
. ,

Wel fare Agency" and "computer terminals" as the agent and'instrument
1

from a single case frame. The cise frame itself ("distributes'

information about professional options"). was not given on the test.

In performing' tlhe matching.t.ask, subjects presumably Could use a

given .case fillet to activate the memoiy representation in which it

occ urred.' If that represent ation were part of an integrated

represent4ion of all facts involving the case fraile,.its 'activation

would provide access'to all other associated ease .fillers, that is,.

those that were appropriate matches. If the activated representation
c

were not part of an iptegrated representation, the subject would have

the activated case-frame' subrepresentation as a cue to

associatively activate a second knowjedge representation in_which.the

same or a semantically equivalent case frame occurred ,in order to

locate other associated case fillers. Because of the additional

processing required in the latter case, retrieval of case fillers

should be less likely and performance.on the matching tett should be

worse.

On another task, subjects were cued with case frames they .had

11,
seen previously (i.e., infonmation common,to the related facts) and

were then asked to identify the pairs of. case fillets occurring in

that case frame from a long list of ,alternatives. In performing this.'

multiple-choice task, subjects presumably used the c'ase-frame cue to

activate representations in which it occurred. If the case-frame cue

occurred in an integrated representation, activating it would also

activate alfof the associated case Tillers. Subjects could then use

this information to select the appropriate responses to the caserramq

cue from the list of alternaticies. If the case frame cue occurred in

two independent representations; both of them would have to be

activated in order to retrieve all associated case fillers. Again,

because of the extra processing required in the lat.,ter case,

activation of all case fillers should be less likely and performance.

on the multiple choice. test should be work than when the fillers were

stored in a single integrated representation.

a
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Two independent variables were manipulated to influence th
. .

probability that.' related facts would 'be integrated. Itelated,fact

pairs such as (I) and" 12) occurred either consecutively within a

single story ot-. in two different' stories. According to the
. ,..

\
assumptioAb outlined above, consei7utivw ocCurrence of the two fact6 in '
.2. .

. > ,

a single story shouid facflitate integration iv, performance-.

the mataling and cued recail tasks should be be er in the one-story
1

.condition 'Ain in the two-story condition. Pairfi of related facts

also vaeled in the wordings of common inforination. Common information. -

was either wdrded identically pr praphrased, as illustrated by the

pairing of either (1) or 9.') viith (2) above. AcCording to .,the

dssumptions outlined above, Fdent.icak wording of. the common

informatipn should facilitate integration. Thus,%performance on the,

.matchink dad cued-pecall lasks ,should be better in, the

identical-wording condition than in the paraphrase condition.
-

The dssumptions also predict aninteraction between the effects
o .

of nueier ot s tories and Wording of the common information. In the

one-story condition, consecutive present'htion of related facts should

tacilit-dte Ath Airect and associative activation. This facilitation
A '4

. may he strong cnough that identical wordings of common ''information

provide no.additional advantage. Therefore, the wording manipulation.

'should have a felatively small effect in the one-story condition. In

the ewo-story condition, on the other hand, both direct and

associative matches are less likely to occur. In this condition,

identical wordings of common information should facilitate dkrect

activation and, htice, integration. Thus; while the effect of the

wording manipulation should 'be. relatively small in the one7story

condition, it should be relatively large in the two-story condition.

Method

Materials. Three sets of meaningful stories %were co tructed.
.....

Each set 'consisted of. three stories abOut a differen mythical

country, and each story within a set was about a different aspect Of

that country. Six pairs of related .facts and six unpaired and'
1
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unrelated filler facts were equally distributed among the three

:.stories in eagh set. Each.pair of related facts contained information

necessary to fill dif rent slots in a single case frame, as

illustrat in (1) an (2) above. Four versions of these materials

were used .Experiment 5. In the one-story condition, the two facts

constituting a related pair occurred consecutively in a story. There

were two such pairs in each story within the set of passages for a

given country. In the two-story condition, the constituent facts in
pair oCcurred in different stories within, a set. Two ofthe related

.

pairs had constituents in Storiei -1 and 2 in the set, two -had

constituents in Stories 1 and 3,. and two had constituents in Stories 2
ano :3.

In both the one- and two-story conditions, each pair of related

facts had either the. identical wording or a paraphrase of common

information, as shown above by the alternative pairings of (1) or (I')

illw.Cration of these materials, one set of stories

ex'emplitiig ine.. i.lentical-w.)Cdings t..wo-stbry condit...ii is presented
. below.

. Brownland I

In Brownland, the work of the government is di-
vided among several different bureaucratic agencies.
Some of the agencies and their respons;bilities ,:.re given
below. The . National Intelligence Group collects data
regardLng the international superpowers. The Navy, attacks'
enemies of Brownland. The Board of Banking studies supply
and demand fluctnations in order to prevent fiscal
crises. The Royal Knowledge Society monitors scientific
investigations ili universities. The Internal Guard uses
negotiations to deal with civil riots. The Domestic
Welfare Agency distributes information about professional
options to all citizens.

2:owniaud 2

Government activities in Brownlanct ate .undertaken with
particular purposes in mind. A represelkive sample of

0.11.
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activities and purposes is given below. The movement of
citizens within .Biownland is reported to the
Statistics Department in .order to minimize census taking
difficulties. Spying operations are undertaken primarily to
evaluate the likelihood that Brownland will be
inv,ided. The . government collects data regarding the
international superpowers in an effort -to anticipate
major disruptions. Scientific invest gations in
universities.are monitored so that important findings can be
made avaalable tc the government. The state keeps track
of the wealth of individual citizens in order to

nvaic planning. County agents maintain
permanent flits of all violations of the law so that
repeat offenders can be punisned.

Brownland 3

The.Brownland government makes use cf various kinds
of equipment and personnel in carrying out its
tuutions. Smile of these are described Lelow. Social
workers Are used to insure that children are given
adequate home environments in older to -promote an
egalitarian society_ The %ice squad- uses electronic
surveillance equipment to detect crime the streets at
night. Long range Missiles are used to attack enemies.
Spying operatlons utilize panitroopers. Information
abuut professional options is distributed by means of
computer terminals. The state keeps track of the wealth of
individual citizens by means of ID cards.

Subje!.-ts. Sixty-four UCLA undergraduates participated in the

one-hour experiment. Subects were.either paid $2,50 or given course

crt.dit for participation-

Design, A 2 x 2 between-subjects factorial design was used.

The location .91 pair constituents (one-story .versus twc-story

conditions) was,cro3sed with wording of the constituents (identical

versus paraphrase) to produce four experimental conditions. Subjects

were assigned randomly to,one of the four groups.

Procedure. Subjects weee tested in groups. Each subject was_

given a booklet containing the experimental stories and tests.

Subjects' progress through the booklets was self-paced.

Subjects studied and were tested on each set of three stories as

follows. They read the first story carefully, then- thr2y performed a
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cued recall test for'facts from the story; then they looked back at

the story to check their answers and study 4ny facts they missed.

This read-recall-check Procedure was repeated for each of the three

stories in the set.
. ,

Then subjects were given a matching .test. Two lists were
presented, each of which conteined the case fillers from all of the

facts in the stories. kor example, the lists for Brownland included

the folloiving two items: "Domestic Welfare Agency" and "computer

terminals." One of the lists had a blank space precedi.ng each item;

the other,had the items numbered. The subject's task was.to ind icate

which items occurred in the same case ft-6e by writing the,humbers of

items from the numbered list in the blanks preceding the corresponding

constituent fillers in the other list.

After completion of the matching task, subjects were given a

multiple-choice tak. Subjects were cued with the subgets of

information common to facts in a related pair (e.g. ."distributes j
information Jh,nt, professiiinal options"). Only one of the two

wordings was used as a cue. The SUbject's task was to select froM the

list of all case fillers that hdd occurred those that were appropriate

for each of the cues (e.g. "Domestic Welfare Agency" and "computer

terminals").

This entire procedure was repeated for each set of stories.

Results
.

The probabilities of correct responses on the _matching and

multiple-choice 4tests are shown in Table 4.1. Since errors on the

tests could be produced either by memory failure for4individual facts

or by failure to integrate related facts, test performance was

considerably lower than 100 percent.

The results of the matching test are shown in the upper part of

Table 4.1. The entries give the probabilities of a correct match

between case fillers associated with the same case frame for the four

experime.ntal conditions. Perfbrmance was better when in the one-story

conditilm than in the two-story condition, F(1,60) = 8.32, 2 < .01.
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1`Table 4.1

PERFORMANCE ON THE MATCHINd'AND MULTIPLE-CHOICE TESTS

Wording of Common Information in Related Facts

Identical Paraphrase. Identical Paraphrase

Location of Correct Choices of
Related Facts Correct Matches (%) Pairs of Items (%)

One story .45 .40 .57
Two stories .35. <-19 .44 . .25

n addition, performance was better in the identical-wording

condition than in the paraphrase condition, F (1,60) = 4.05, p < .05.

However, the latter difference was significant only in two-

story coniition (for the.one-story condition, t(30) = .62: for the

two-story condition, t(30) = 2.53, p < .01).

The results of the multiple-choice test are shown in the lower-

-part of. Table 4.1. These entries give the probabilities of correct

iAentification of both case fillers associated with the case-frame cue

for the four experimental conditions. These data ar,! compatable to

the results of the matching test. Performance was better in the

one-story condition than in the two-story condition, 1(1,60) =

14.20, p.< .01; and it was better in the identical-wording condition

than in the paraphrase condition, 1(1,60) = 5.05, k < .05. Again,

this differenee was significant only in the one-story condition (for

the one-story condition, t(30) = .62; for the two-story condition,

t(30) 2.8, p < .01).

Multsuile-choice data from the paraphrase condition (see Table

4.2) were analyzed further. in the multiple-choice task, hal-f of the

case fillers in the paraphrase condition had been presented originally

with the case-frame cue given in thj test, and half had been presented

with a paraphrase of this cue. Table 4.2 shows that, overall,

individual case fillers were more likely to be identified if they had
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bpen presented originally with the test cue (.69T than if they 'had

been presented originally with a paraphrase of the test cue (.52);

F(1,30) = 24.66, E < A01. This etfect' was, greatet ia the twa-

story condition than in the one-stdry .condition, F(1,30) = 4.01,
. p < .05.

Table 4.2

PERCENT CORRECT CHOICES OF INDIVIDUAL ITEMS

Wording of Cue
!,)ea'lon

Related Facts Identical Paraphrase

One i,tory

TNU1 stories
.72 .66
.59 .45

Discussion
.

1

These re:,:ilts are consonant with the predictions discussed above.

When related facts, such as (1) and (2), occur consecutively in a

story, integration of the two representations is highly probable. As .

predicted, the wording manipulation had only a small 'effect when

related fvs occurred together. Subjects performed well on both

test., regardless of whether common information in related facts had

ideutic. ,r paraphrase wordings. This is consistent with our

assumption that associative activation, as well as direct activation

of the (1) and (2) repres'entation, is facilitated by recent .priOi

activation (1). Additional evidence that this integration occurred

was obtained from the analysis of matching test performance within the

paraphrase condition. If the related facts were'integrated, subjects

should, have been able to identify case fillers originally presented

with the test cues and fillers originally presented with'parabhrases

of the cues. In fact, performance was quite good on beth kinds of
,

case fillers,'and the difference between them was small.
-y

.40
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When reIatLed facts occur in two different stories, the (1)

ripreser , is weaker during input of (2) than it is.when the facts

occur :. . Thus, integration, of the two facts is less likely

than in .... one-story condition. This was reflected in the

observation that subjects performed 4ubitantially worse in thi

two-story conditiOn than in the one-story condition on both the

matching and multiple-choice tests. As predicted, the wording

manipulation produced a large effect in this condition. Subjects

.
performed better on both tests when common informatiou'had identicaf

wordings in the two facts than 'when it 'was paraphrased. This is

consistent with -our Issumption that associative activation is less

likely to succeed than direct activation. Additional evidbnce a`this
.,

point derives from.the analysis of matching tett 'performance within

the paraphrase condition. If related facts are not inte rated,.

subjects should be more likely to identify case fillers pres nted

oilginally with the test cues than- fillers presented originally with

paraphrases of.the cues. Performance was worse on both kinds of items

than in the same-story condition (where many pairs Of related factt in

the paraphrase,/ condition were presumably integrated). Hore

importantly, case fillers presented originally with the test cues were

more likely to be identified 'correctly than fillers presented

originally with paraphrases.of the cues.

The observed interacti6n between story and wording conditions is

particularly noteworthy. Many res.eArchers have supposed that both-
,

lexical and m6re abstract-semantic codes exist in memory, but that the
.

.,--,

formenilade rapidly, while the. latter-persist (Doo g, Christiaansen,

& Keenan, 1975; Fillenbaum, 1966; Sachs, 1°74). This view predicts

tHat the effect of the wording manipulation should decrease s the

temporal interval between presentation of related facts increaser.

However, exactly the opposite result was obtained here.

EXPERIMENT 6

'Some researchers have assume,d that the integration of related

fa...1.s into a unified memory representation obscures memory of the

A oe.
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unique occurrences of the facts. For example, Bransford and. Franks

(1971) observed that subjects could not discriminate OLD sentenees.

from NEW sentences that were consistent with the information in .the

OLD sentence. They conclu#0; "Individual: sentences, lost thei .

unique.status in memory i. avor of a more holistic representation of

semantic memory" 348). However; subsequent research (Katz,

Ateson, & .J.derl.r, 1974; Katz & Gruenewald, 1974) suggedted Alternative

interpretations of these data. In particular,.the.work of Bransford,

$arclay, & Franks (1972) and James, Hillinger, & Hurphy (1977)

indicated.that people retain knowledge of originally presented faces

.eVen when those facts are integrated with others in memory.

As discussed above, we agree with the latter assumption that

irltegration of related facts does not completely gibscure their

separate .identities. Whedrelated facts having paraphrased wordings

are integrated, the preservation of wording information in memory .

distinguishes them, as shown in Fig. 4.3. Even when similarly worded

facts are integrated by .the sharing of common .,representations,

however, separate traces distinguish the facts, as shown in Fig. 4.2.

The model can accOmmodate a small percentage of false recognitions,of

"integrated" facts (i.e., combinations of related forts) by assuming

- that the dist ictive traces or tags encoding separately.recorded facts

' might occast ally deteriorate, while the rest of the information

persi.sted. rhus the theory predicts that there shOuld le fewer false

recognitions of "integrated" facts than correct recognitions of facts

that weve actually presented. This discriminability should hold

regardless of whether the common informafion in the related facts has

identical or paraphrase wcrdings.

Experiment 6 tested this, hypothesis for the materials and

conditions of Experiment 5. Subjects were given a combined

recognition-verification test containing OLD items, which had actually

been' presented; INFERENCES, which integrated the information in,two

separately presented but, related facts; and NEW items, which contained

concepts and relations from presented facts but combined them

inappropriately. For each test sentence, subject- judged wnether the

. !;
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sentence was OLD (had been presented originally) or NEW (had not been

presented originally). For items judged to be NEW, subjects indicated

whether the sentence was TRUE (stated information that was true in the

passage although not expressed in a single sentence) or FALSE.

We assume that either an OLD or a NEW-TRUE response to a test
.

item implies that the subject has learned the information in the item.

Thus, an OLD "or NEW-TRUE response to an'OLD item implies that the

subject has learned the item. An OLD or TRUE response to an INFERENCE

implies that the subject has integrated the facts necessary to derive

the INFERENCE.

We assume that an OLD response to a test. item implies 'that in

addition to having learnpd the information in tlie item, the subject

perceived an effectively perfect match between the test item and its

memory representation. Thus, an,OLD response to an OLD item implies

that its memory representation haG remained relatively intact. An OLD

response to an 'INFERENCE implies that any trace encoding the

individual identities of the constituent facts has deteriorated, while

the memory representation of the remainder 'of the information has

persisted.

The prediction tan b.. restated in terms of OLD versus TRUE

response probabilities for UbD items and INFERENCES. If constituent

fact5 retain representational integrity even when integrated, subjeciis

should be'abl& to discriminate. presented facts from INFERENCES in -all

conditions. That is, relatively feW OLD responses should occur for

INFERENCES, and the probability of..an OLD resonse .should be

substantially lower for 'INFERE=S .than for OLD 'test items.

Integrated knowledge of related facts should, instead, be exhibited as

high rates of NEW-TRUE reponses to INFERENCES. If, on the other hand,

constituent facts lose their identities in integrated memory

reptesentations, subjetts should produce many OLD responses to

INFERENCES on a recognition test. When integration is very likely to

occur (in the one-story, same-wording condition, in particular), such

false-alarm rates for INFERENCES should approach hit rates for OLD

items. Relatively few NEW-TRUE responses should occur for either item

type.
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Method

PID

Materials. The materials were the same sets of stories used in

'Experiment 5, with the modification that new filler sentences were

constructed that specified two filled cases 'in the sentence- ca.se

frame, rather than one filled case, ai in the.constituent facts of

related pairs. These filler

positions in :the passages

sentences occupied their- same serial

as in Experiment 5, so that each passage

Jontained some sentences with one

witn two cases specified.

case specified and some. sent'ences

Three types Pf items were constructed for the

recognition-verifi.cation test. The OLD items for each ,serbf three

stories comprised the six.filler sentenCes from .the three stories.

Six INFERENCES were constructed by combining each of the six pairs of

separately presented but related facts into single sentences. 404or

example, one such item constructed from the materials used in

Experiment 5 was "The Domestic Wedfare. Agency distributes information

about professional options using computer terminals." These senteres

could be correctly classified a NEW and TRUE. Six false NEW

sentences were constructed by knpegrating the

information from two separately presented senten s. Thus all test

items specified filler, information for two slots in a case frame.

There were 54 test items in all, 18 for each set

Sutiects. Sixty-four UCLA undergraduates

experiment, either for payment of $2.50 or

requirement.

Design and Procedure. The four experimental conditions were

identical to those in -Experiment 5 (identical versus paraphrase

wordings of related facts crossed with one or two stories). Subjects

of stories.

participated in

to

the

fulfill a course

- were randomly assigned to one of the four conditions. In each

condition, there were three types of, test items: OLDs, NEWs, and

INFERENCEs.

Each subject Worked individually with a booklet containing the

,stories. Subjects studied each set of 'three stories, using the

study-recall-check procedure described for Experiment 5. Then Ithey

91
("j
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were given a combined recognition-verification test. The 18 test

.items were presented in random order. SubjeCts indicated whether each

test item was OLD (had occurred Ncactly as stated in the studied

stories) or NEW. If an item was judged a be NEW, the subject also

indicated whether A was TRUE or FALSE. A TRUE response' meant the
.414

subject believed the fact gave true inforMation.from the stories, even

though the gentence had not been presented explicitly.

Results

For each subject Ph each condition, the probability of responding

OLD and'6ie probability'of responding .OLD or NEW7TRUE were tabulated

for- OLD and INFERENCE test items. (The latter probability Was simPly

the sum of the probability of responding OLD and that of responding

NEW-TRUE.) Each of these probabilities.was corkected for guessing,

-using a variation of the hilh-threshold Correction. The following

covrections were usedl

Corrected NOLDIOLD) =

lt(uomb) P(OLD1NEW))/(1-- P(OLD1NEW))

"

Corrected P(OLD1INFERENCE) =

IP(OLDIINFERENCE) - P(OLDINEW))/{1 - P(OLDINEW)}

Corrected P(OLD or TRUE1OLD) =

1P(OLD or TRUE:OLD) - P(OLD or TRUE1NEW))/

11 - P(OLD or RUE:NEW

4

Cocrected P(OLD or TRUEIINFERENCE) =

1P(OLD or TRUE1INFERENCE) - P(OLD br TRUE:NEW/

- P(OLD or TRUE:NEW

The data for OLD responses and NEW-TRUE responses were analyzed

separately. In each case, the data were submitted to an analysis of

variance that 'treated wordings, number of stories, and items. (OLD or

INFERENCE) as main effects.

0

.
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The results are given in Table 4.3. The,top half, of the table

piesents the proportions of OLD responses given to OLD and INFERENCE-

test items in each ot the four, conditions (identical versu's paraphrase

wording crossed with one versus two stories).' In all four conditions,

subjects made fewer OLD responses to INFERENCES than to. OLD items.

The main Affect of items was significant, F(1,36) = 85.61, _p <

.001.T6' probability of an OLD response was .greater in the one-Atoyy

(.57) ,than in the two-story condition (.42). This main effect of

number of stories was also significant, F(4,36)
-2-.2 19.21, p

The bottom half of Table 4.3 presents the proport6ns,of OLD or

NEW-TRUE responses given to OLD. items and INFERENCgS in each

condition: Subjects made more OLD or NEW-TRUE responses to both OLD

items and INFERENCES in the one-story condition than the two-ptory

condition. There was a main effect of number of stories, F(1,36). =
.

10.9,, p < :01, but no main effect of item type (OLD versus INFERENCE

F(1, 36) = 0.584. However, there was a significant item-
.

typc - by - wording (identical Nersus paraphrase) interaction,

F(1,36) = 5.66, p < .05.- That is, while there was no difference

between OLD or NEW-TRUE response probabllities o OLD versus INFERE

items in the identical wording conditiotil these probabilities were

higher for OLD items than for INFERENCES in the paraphrase wording

.condition.

Table 4.3

-

RESPONSE PROBABILITIES ON RECOGNITION TEST

Same Story Different Stories

Wording of Common Information in Related Facts

Item Type

P(OLD)4b

Same Paraphrase Same Paraphrase

OLD .77 .84
,-

.58 :60 -
INFERENCE .28 .38 .28 ...22

P(OLD or TRUE)
OLD .87 .86 .64 .72
INFERENCE .89 .79 .73

.

.58

S.
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Discussion

The absence of any main effect of-item type on probibility of an

OLD or NEW-TRUE response indicates that, in- general, subjects

successfully integrated related facts as often as they learned OLD

items. Thus, if integration obscures the identities of constituent

facts, subjects should have responded OLD to INFERENCEkas often as to

OLD test items. However, as predicted, substantially higher

probabilities of OLD responses were observed for OLD items than for

INFERENCES. Subjects apparently retain information about the

individual identities of the facts they,study, even'when those facts

are integrated in memory.

It might be argued that in soMe conditions *(for. exaMple, the

paYaehrase wording condition)-, subtects .did' not integrate related

facts as often as th:y learned OLD items. This would also produce the

observed effect. However, in the age-story, identical-wording
1

condition there was clearly no difference in the probability of

integrating related facts and the probability of learning OLD items

(i.e., no difference between probabilities of OLD or NE4kTRUE

respong0 to OLD items and INFERENCES). Yet it was in this condition

that the largest.difference between.probabilities of OLD'responses to

OLD items v rsus INFERENCES was observed.

The r ults of Experiment 6 provide additional support for some

of the edictions supported in Experiment 5. The OLD or NEW-,TR1E

responses to INFERENCES indicated that subjects were more likely to

integrate related facts that octurred in one stoity than those that

occurred in two different stories. They also indicated that subjects

were !more likely to integrate related facts if the common information

in those facc.s had Wentical wo-rding than if it was.paraphrased.

EXPERIMENT 7

Experiments 5 and 6 investigated integration of facts that were

constituents of higher-order knowledge units. The inferential process

enabled by integration was essentially concatenation of two knowledge

structures.

o
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People also integrate facts haying other kinds, of relationships

to enable more sophisticated inferential processes. Consider, for

example, the fol Lag two facts:

, (4) Albert Profiro hated all dictators..`

(5) 'King Egbert was a dictator.

"f

Integration of these .> faets would provide a valid basis for

inferring:

(6) Albert Profiro hated King Egbert.

,,

This experiment investigated integration of facts such as (4) and

(5) above.and the influence of integration on subjects' performance of
I

f
deductive reasonial4 esing the facts as premises. Subjects st died

several paiTs of stoOes containing pairs of related facts. Each air

of .eelated facts ould be used to support an inference. After

studying each pair 0/f stories, subjects verified a set of true and

false inferences.

Consider what i..he subject might be doing in order to Verify an

inference such as () above. Correct verification of a true inference'

requires simultanetis consideration of two studied facts.(for example,

facts' (4) and ( )). Presumably, subjects would attempt to use the

information in a t st item to cue retrieval of facts from memory to

support . it. Foo example, the subject could use the information

"Albert.Profiro hated" to cue retrieval of (4) and use the information

"King Egbert" to ctie retrieval of (5). Given successful retrieval of

(4) and (5) the subject must reason across the two premises to
!

validate (6). (f.i the case of a false test item, the subject will

presumably fail Ito retrieve any pair of facts that can function.as

premi5es in the validation of the test item and will thus respond

FALSE.)

Figures 4.4 and 4.5 illustrate non-integrated and integrated

representations pf (4) and (5).* Again, the details of individual fact
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ALBERT PROFIRO
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4

DICTATORS

011 IS A ...
1/4 KING EGBERT -111.1 DICTATOR )

dm.* *"..or

Fig..4.4--Non-integrated assemblies representing related
facits (4) and (5)

.1.BERT. PROFIRO
AGENT OBJECT

ALL

IS A
KING EGBERT

mow. ,
,ekt

Fig. 4.5--Integrated assembly.representing related
facts (4) and (5)
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-

representations are- arbitrary and should be disregarded'. The
. .

-timportant aspects of Figs. 4.4 and 4.5 are the structural

relationihips between the two- fact 'representations: The.
.

non-integraeed r!presentat* ns in Fig, 4.4-have.no shared structUral

components. Th4 integrated reprasentations ip Fig: 4.5 share a Common

subrepresentataon of "dictator." .

.If the ifacts necessary to validate a test 41teN have

non-inte'grated memory representations, the*.subject must retrieve,each 47*

.

.

,of 61! facts independently. That is the subject *.must use. the

information "Albei:t 'hates admeone" *to, retrieve .(4) and -then,

independently, use the information "King Egbert" to r4rieve 45).

pn the other hand, l'ae. two facts :have integrated memoty

rePresentations, .activation of.eiiher one of them entails "activating'

the other; That*is, the subject can use Ore,information Inert ;hates

someone." to retrieve (4) and (5). Alternatively, the subject can use,
ssi

.

the information' "King Egbere" to retrieve (4) and .(5). TAus,

integrated memory representations 6f related facts such.as (4) and (5)
t

can. facilit7ate 'inferencing based onithose facts in tWo wa.ys: First,

.6
.(

independent tues are available - to activate .the integrated

les-s processing i$ required to actiVate one integrated representation

than to _activate two independent representatronp. .;Second, two

representation, ,ccimpared to\-2e single 'pair of cues available to

activatp ehe two independent reprêuatations.

Two independent variables were manipulated in* this experiment. ,

Common information in the pairs of .stories.subjects studied, and

particufarly in the pairs of facts necessary to verify test

inferences, had eithe.r identica.I. or Paraphrase wordings. Pairs. of

facts in the identical-wording condition.are illustrated by ) and

(5) above. 'Pair44 of facts in the paraphrase cOnditide.i are illatrated

by (4) and (5'):

(5') King Egbert was an autocrat.

'According to ate assumptions watlined above, integration of the two

facts can' occur in either condition.. (Integration of (4) and.(5')

.

Sq
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would uequire encoding of the equivalence relation betwOn "dictator"
. -A.

, - -.

and "autorrat," as fliuitrated% in Fig. 4.3 for th* eqiiivalence
. . . . .

..

- . relation between ."provides career counseling" and "distributes
. -.

'information about professional Optionsi").However, identical.wdrdings

of the common 'information should facilitate.- integratlon. "Therefore,

.1/44
. 4 . .

, .
supjects shoued- perform better on the. inference ,tec,t in the

.
.

identical-warding condion than'in the paraphras. e condition.. .
4. . .

The second indenendent variable Was 'retention interval. Subjects
4 - .

001.

performed the inference test after either 0 or 30 minutes. If the .

wordin$ manipulatian produces .the. .assimed effect on *mory

representations, relatiireperforMince in the identical.-wording versus

paraphrase conditiods should be 'comparable for both retention
A.

intervals.

. ., .

I

.

Method
......____ ,. . .

.:

.
-,

Materials. Four Wrs of meaningful ftories. were constructed.
,-----

.

All of the stories Were about the.mythical country Morin&a. Each
. , .

...
. . .

iatividull story was 'about a different topic, but the stories within a.

di

/

4

pair were.abouvrelated topici. The.four pairs of,topics were (I) Thb
.

First Mojinthian RelkIution, and'The Imprisonment of Albert Profiro;

4 (2/ Religious Customs and Beliefs in Morinthio, and (Religious
1

Overtones 'During) the Fever Epidemic; (3) The Marriage of Princess

Isadora, Successor to the Throne of Morinthia,'add The Romance gebtrn

. Princess Mathilde and Basil; and. (4) The Provincial Lifestyle 'id \

Morinthia, and The Home of the.Caledian Ambassador.

Each pairsof stories inclre ur pairs of related 6cts, ,such 1

d,' . ,
as (4) and (5) or (5') aboile. .ach pair of related facts contained

't T.
t.De, information necessary to support a.particular inference not

eXplicitly stated in .either story. (such as (6) abd've).- Related

stories and, in particular, the related fact& withiii the stories had'

'either. the identical or paraphrase wordings of commcs information, as'.

11 0

illustrat above by the alternative pairings of (4) with .(5)._or

"As an illust ation of these materials, one- set pf stories exemplifying

the ntic'l-wordings condition.i.s-presented below.

8, 1

084)

1/4

1

4

.
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The First Morinthian

The . Spring EpiS bde was the first revolutign . in
Mortnthie. 'The outbreak ocourred shortly before dawn on
April 110 1843. :The revolution was undoubtedly caused by
the tyranny .imirsed upon the Morinthian people by King..
Egbert, the.dictator..For.months,' Egbeit . 4ad extracted
half of all the eArninfs of the people. However, the
immediate cause of.the outbreak appeared to be a minor
crime coafaitted several daya -earlieril A-peasant _haid

pOached severa.lAchickens from the royal henhouse to serve at.
his .daughter.'s wedding. It seemed a minor offense to the-

people, but, in Morintbia, everyone who disobeyed .the law
was. punishekseverely.. The-peasant Was .branded one of the
king's enemies 'and thrown .into prison. ...The Morinthian
prison was populated exclusively by the ting's enemies. The
towriffeople were'thrown into a frenzy at the severity of the
sentence.' Even those who,swore. loyalty to Egbert joined-

the- ciowds demanding freedom for the peasant. The
crowds 'stormed the palace. An, effigy .of the iking was
burned... Egbert commanded them to respect his authority
and,disperse-at,once. jn the. end, Egbert called out his
guards and 'martial../Jaw was -imposed. So ended ,the first
M6rinthian revolution, all, of wbich were doomeAl'to failure.

Tb:e Imprisonment of Atbert Profiro.
it

The Curfew Episode was the second, revolution in

Morinthia. It pryided the seXting for several important
events in the life of Albellt Profiro, a yqung Morinthian
tradesman. . The outbreak 9ccurred on March 22, 1844, fhe
day after'a group, of youths were discovered to have
disob6y6d the curfew- law. .The law had been a source of
friction between the townspeople and ..the government for

some stime. The people welcomed the opportunity eo-fjood
the streets, throwing' stones and damaging. .property.
-Albert took it upon himself to try to calm the people.
Although Albert hated all. dictators- and their
governmentso*))0 hated anarchy in the streets even more%
So, he poAitioned himself on a platform in the center of

the town square .and.called upon.the people to return to
their homes. Unfortunately, when' the royal. soldiers
arrived., tlry .anly saW a young man shouting to the crowd
and assumed he was responsible.for the -riot. Albert waS

arrested and .throwl, into prison. Although Albert spenC
three bitter years in prison, his ,experieace brougfit some'

good Vith it as well. It was in prison that Albert met
Anastacia DeVille, whom he subsequentlylaa4x4ed.

e
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Subleets. Twenw0..x211CLA undergraduate% participated in the__.
. \ . --.

two-.hour exp'eriment. fubjects were.either paid 42.50 or given.Coartie
, 4 .

, .

. .
.

credit fr pao.their rtickpatin:o . .. -- _ 4 .

Deskgn.- A 2 x rfactopial design was used. The wording' ofl'the'

Common information in the
,

two:storigsq(identical or paraphrase). Was
I r

,

crossi with ratention' inte.val (0 or 30 minuees) to produce 'four,

'tondiAions. The 'wordiag_manipulation wasia wain-subject factor.

The retention-interval manipulation was -A between.-subjects factor,
,r.

with 11- .subjects in the 0-mqte retention-interval Eondition and 15

subjectg in the .30-minute Wention-interval cendition.

ProcedurP. Subjects ,were tested in.groups: Each subject was_

given a booklet containing the experimental stories\ and tests.
.

Subjects\progress through the booklets was sejf-paced. intentional

learning instructions were given, incltuding the warning that an

infereuce test would be AiirenT .

Subjects Studied and were tested on each 6f the three stories as
. N .

follows. They read.a pair of related.storieS carefully, attempting to

learn as much as possible. Then they were given a verification test.

On this test, TRUE items were defined as those that could be proved
4

tripe, given Che information ih the stories. FALSE items were defined

as th6se that cop4'not be proved true, given the information in the

stoi-ieS. There Were Cour TRUE And four FALSE items, ordered randomly,

on the test following each pa'ir of stories. This study-tesf procedure

was repeated for each of the four pairs of topically related stories.

After subjects had studied and been tested on all stories., they

were given a elmal test of the inferences in syllpgrkm form.*. On this

test, each,inference was immediately preceded by the two facts that

presumably deteemined its validity. Subjects sidpiy indicatehhether

qr not tach inference followed logicalIcfroin'the two facts,that

preceded it.

Results and_piscussion
. .

'6

The,arialY0s.ofperformaficeolitheverifisatdontask.included

only those items to which thecsubject had responded "correctly" on the
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syllogiim' test. That is, inferences for whtch a -...bject could

not perform the necessary'reasosint 6frectly, given the premises, ' ot
. .

for which the subject disagreed with the experimenters' reasoning were

'excluded from thelnalysis. '.Thus,.the data reflect only the subject'A

ability to retrieve, the fatts necessary to verify a particuiar

Oferente., not.his or her ability to perform the decesdary yeason,ing.

on those facts. .

.41 .

Table.4.4 shOws the corrected percent.correct responses in kach

of: the four experitmental conditions (identical versuS paraphrase
. .

wordings crossed with 0- versug 30-miliute retention interval). At

both retedtion intervals, subjects verified inferences more accurately

in the NOentical-wording condition than in the paraphrase conditiOn,

F(I, 24) = 5:72, p <-:025. These results soapport the predtctions

outlined above. Presumably, . identiCal. wordings increased the

probability that the two facts underlying an inference WoUld be

integrated in mcmory. entegratiit,'.in turn, enabled eithei of the tx:d

eu4 iffiPliLit in the ,inference (e.1., "Albeit Profiro hated someone"

and "King Egbert" in the.infetence "Albert'PrOfiro hated King Egbert") ,

t9 cue retrieval of both facts. !When the facts underlying An -

inference *were._ uninturatea,. each of the facts had-to be retrieved

independently, given a single cue. Retrieval of. a Tait of

unintegrated facts required more processing and was less likely to
.

succeed than retrieval of an integrited representation of a pair of

facts. Thus; integration of related facts facilitated performance on

the inference test by facilitating retrieval of the facts neccssary to

verify inferences.

Retention
Interval

0 Minutes
36 minutes

Table 4.4

CORRECT INFERENCE VERIFICATIONS
(petcent)

Wording of C on Information in Related Facts

Identical Paraphrase

.78 ' .57

.65

.1 01

V

I.
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..GENERAL'DISCUSSION .-

:

r
Ile-present:rfsearCh-compleM'ents. previousreseardh onknowledge

. .
.

.

integration in two ways: .First, it replicates-the basic integratioh

phenomenon under previousjy untested conditions. Subjects encountered

relaq,djacts in ehe context of delatiiiely long, meaningful texts. In

additicin, related facts occurred either in a single text or 'in two

separate, textso The results reported indicate that integration can
( '

occur in\!both, cas'es... Second, the research identified -.-Wtois
,,.

,

influencing whether or not subjects-successfully.integrate a given
. . .

.

. pair 0 elated facts. The,results indicated thkt 'temporal' proximity
lz?

and similarity-i:of _wording faci itaté. iiltegratiOn.. These effects

follow,directly from the aw simp Ifassumptions regarding basiC memory

structures and processes outlined above.
-

It is appropriate, at. thisi paint, ,to introduce plausibre.. . .
. .

. .
, .

alternative accouncs of integration. Like previous researehers,.we

have assumed tkat'integration is a sirtictural phenoMenon that Occurs-

during storage of related 'facts.. *Let us consider the' alternative view

that individually presented faces always generate independent.memory

's representations and that integration is a retLeval phenomenon. In,

other words, assume thatelelpcts exhibit knowledge of higher-order

ideas or inferences by retrieving and appropriately. combining the
,

necessary independently stcired constituents at'test time.

radopting some:of tale siMe assumptions as in the structural '

modql the ret0.eva1 model oan account for mtyst of the results
A .

No

4
report d. Assume again that7memory repreSentations preserve lexical .

infcirmatioff' and thai direct activtiqn is More teliable than
-

associative activatifon'. The retrieval. hipothesis simply assumes that

simultaneous activation bkf. related facts must occur at test time,

rather than at storage time. The dynamics pf this simultaneous
NI

activation remain the same. The retrieval model accounts fof the

observed effects of the wording. mabipulation by assuming that -

identical wordings of elats1 facts permit them to cue on another

directly. Paraphrase two dings requre dsviative acti t on via

'semantic mediators. Therefore, integratipn is more likety to succeed

in the foriner case than in the latter.

4,
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The.retrieval model accounts for the.effect of presenting,related

facts consecutively'in one(story by anuming that fakts prsented in.

close tetoral proximity'have proximate memorY locations. RetrievalS.

of a related pair of facts can be accomplished gither by retrieving
. .the two facts directly or by retrieving one and .searching for the

second. lf,the second fact-is stored near the first,. it is more

likely to be retrieved than if it is stored further away. Therefore,
integration is more likeIy-to succeed if related facts have occurred

consecutively than if they have occurred in two differen :stories.

The retrieval model c4n also account for the inter ction between
wording 4a4 temporal proximity of related.facts. It incorporates a

-
simple variant'of the structural model's assumption: Proximate memory

locations for related facts facilitate associative as well as airect
) .

.
activation.

, a ,1
The only result that challenges the retrieval model occurred in

Experiment b. Subjects-responded "OLD" o.substIntial numbers NEW
,..-.

.

.
'):tesC items that iotegrate OLD test items. Alie.model has no viotts

mech.thism for handling .this iesult. Because the result has been

replicated'mliny times, by many different iniiestigators, it is a .

serious problem.for: the retrieval. mOdel.

We must. consider ' a second, alternative explanation for the

re sults of Experiment 7. Subjects might actually -draw and store the

infA,rences themselves while studying the souxce text g. These, rather

than integraLed representations of the underlying facts, might be the

baiis 16r orrect inference verification on the subsequent test.

Again, by adopting as'sumptions similar to those of the structural

model, the literal inferenCe model can account for th6 wording effects

'observed in Experiment 7. However, it can be Criticized on common
*

sense" gibunds. 'Ilcause subjects did not know in advance whicli

inferences would be tested, they would have to have stored all of the

many possible inferences based on tacts in the two stories. It iso

unlikely.that subjects could have done so or that people generally

draw and store all .possible inkerences from the informatidn they. *

ac.quire.

.1 5
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While both of the alternatdve models described .above have

ProbleMs, they can account for many of .the 'results reported: Of.
,

course,. we eannot attribute the same significanee to these post hoc

explanationk that we attribute to ale. structural model's prediction of

the results. By the same token,lhowever, wr cahnot rule them out.
.

. /
'would be too extreme to .eonclude -fro 'these obsewations that

40

e'
integration is inviriably a qtrictlY'strnctural phehomedon. It seems

obvious.jhat people sonetimes draw two,distinct memories tOiether

pecifically to'evaluate a ilypothetical inference. It also seems

obvious that People somet generate and store inferences erom

sourcoe materia l they read While structural imtegration probably

underlied mahy of thp, observed integration phenonina, it is likely

that'both of,the elternative processes des'erdibed above Also 'occur

occ asionally. Additional research is needed- to elucidate the

conditionsunderyhich each integration process occurs.

Regardless of.which model one adopts, the present results 'mply..

certain qieoretical 4:)LiStraints. In these experiments,..both w 'dings
/

and temporal proximity-Of related/fiacts influenced. Johether or not

subjects 'integrated the facts. Any viable model of integrAaon roust

include .to account for these effects.

C.

1

L

J

\
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V. CONFIGURAL EFFFCTS- IN HUMANMEMORY

.

1 Chapter.IV investigated two factors influencing the integration

o related facts into A single, coherent structure. Frequently, such

jactos can serve as premises from which logical inferences can be made.

For example, consider the.following.tWo facts:

.

0) .Albert Profiro hated King Egbert.

.1.
1

(1) Albe6t Profifo hated All dictators.

9 (2).King Egbert was a dictator.

C.

The§e.twd facts can be configured logically as

6

(1-2) Albert.Profiro.hated all dictators, one of whom was ing
.1

Egbert.

to provide a basis far theinference:

t Given (3) as a hypotheti.11 inference, saw effective reasoner

shoul.d be able to reason backward to verify (3) on the basis of,(1)
.

,

3nd (2). -To do this, the reasoner would have to identify (1) and (2)
%

as- being relevant to (3), configare them appropriately, and perform

the deductions

This-chapter shows that identifyin And c6nfiguring faCts in
order to support hypothesized inferences is extremely difficult unless

the facts have been committea to memory. Simply reading relevant
, . -

tetxts for familiarization and then refetring to them as needed

'provides an inadequate basi6 for deductive logic. Further,

apprehensicin of the logical configuratiori, ofapremisms. undetlying a

particulars infehnce can be an essentially automatic proces for the

reasoner who has structured the /facts approprriatelyin memory.

1 5

5.

o
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The research neported in this chapter began. with an unexpected.
result, obtained from)ian 'unpublished experiment concipcted in our

labc:watory.. Subjectsivere given'tekts containing pairs of facts such

as (1) and (2). Tiler-were thep asked to verify inferences such'as

(3). Distractots, whose truth values were indeterminate, were also

included liniothe inference.test. In.a TEXT .condition, subiects.simply

glanced over the texts in orde r to become.familiar with the subject

matter. During the inference'test, these subjects were permitted to

refer back to the texts. In a MEMORY cogdition, subjects were

instructed to study the.texts c3refu*ly, attempting to learn as much
I

of the information they cOntained as possible. Airing the inference

test, these subjects were

The most intuitively

experimpt is

condition than

(approximately

not permitted to-refer back to the texts,

obvious prediction for-the outCome of this

that subjects should have perfornied better in the. TEXT

in the MEMORY condition. The texts were short. enough

200 words). to be read In a few minutes. It would keem

that given freedom to refer back to the texts, during the -inference

test, .silbjects in.the TEXT condition should have been able to ffhd the

facts necessary for inference verification and therefore should have
. .

/ performed very well. The texts were too long to have been committed

perfectly to memoi-y, so 'su bjects in the MEMORY condition must haye

forgotten many of the facts necessary to verify 'inferences before the

inference test was given. Thus, they could not be expected to have

performed as well as subjects in the. TEXT condition.--
The results of the experiment were straightforward: Subjects

performed comparably well in both conditions. SubjeAs in the TEXT

conditA eesponded correctly to 81 percent,of the true inferences,

compared to 85 percent for subjects in'the MEMORY .conditio:n. Subjects

in the 'TEXT condition responded correctly to 79 percent of the false

inference's, compared to 85 percent for subjects 'in the MEMORY

condition. Neither difference is significant, and both differences

actually favor performance in'the MEMORY condition.

We believe that the explanation for this finding can be

summarized in two assertions: (1) People do not know how to search an

104'1 S.
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extprnal P information SoUrce, such As a text, for cOnfigural
T

,information.. Thit is, they do not know how to , se. arch for,jogal-
. configurations of faCts that support hypothesize() inferences. (2)

.Automatit memory mechanism14-requently organize acquired irforacation.. ..

so that çonfigural information is directly accessible. That is,

related facts are frequently stored together in memory In a meaningful
,

.configuration 0 ate directly accessible as an integrated data

4111tstructure. jn. h e nextsectinn, we elaborate this view -of the search'

11

and memory mechanisms underlying inferenCe verification.

MODEUNG INCEGRATIVE INFERENTIAI; REASONING 0

.

To verify an'inference in the present. experiments, a subject must

perform a."backward" reasoning task. -That is, he must search .the
-
-texts or memory for two critical facts mhich.,. simultaneously ..

orsidered and apbiopriattly configured, permit logical4- valid
deOuction of the teit\ .inference. Consider the.example introduced

abve:

4

Ailbert'Pr'ofiro hated Xing Egbert.
.

Any number of pairr of possible facts might 'justify (3), including,

for example, the folloying:.

(1) Albert Profiro hated %all dictators.

(2) King Egbert Was a dictator.

(4) Albert Profiro was a radical.

(5) All radicals hated King Egbert.

(6) Alberi Profiro knew abOut King Egbert.

(7) Everyone who knew about King%-Egbert hated hiM.

We refer to the 'pair of facts that justify an inference as "critical
. -facts." Thus, the subject begins the search for critical facts without

0



knowing exactly what those facts might be. The oaly guidance the

subject has is that each fact must :refer to at least one of the

concepts or actionlihvolved in the ii4erence. (Note that this is not

always a simple matter of" keyword refeiencing. The conceptual
-

xelationships betweeh critical facts and the associated inference may

be masked by synonym substitution, exteasive paTaphrasing, or

specialization-generalization relations. These complications did not

occul in the present experiments.) Further, since the texts in this

experiment are cohesive stories, the concepts and actions in the

inference'occur in many different facts. Thus, it is necessary for

the subject to search a relatively large set of facts, including many

"candidate" critical facts (those referring to .critical *oncepts cir

actions), for an unknown pair of facts that could te configured in

some way to justify the inference logically:

Ideal Versus Actual Search Mechanisms
. . . . . . _ _ . . _ _ . . . . _ _ _ . _

Let us consider performance of the backward inference task in the

TEXT condition. While the task is.a difficult one, the way that .a

simple-maided ,computer program could perform it is obvWS. First;

the program would examine the texts systema.O.cally far facts referring
-

to the critical concepts or action.s.,-'' The set of candidfte facts

identjfieti nust? contain 4Fly pair of critical facts which, when

appropriately cotzfi,gur6d, constitute a valid proof. Next,Nthe program

would formulate every possible pair of candidate facts, attemaing to

coufigUre each pair so as to justifY the. inference. In the course of

'this activity, it would either encounter a'pair of critical facts that

logically justified.the test inference and respond "TRUE," or it would

exhaust the set of pairs and respond "FALSE." * °.

The computer program described above ill strates the kind of

search people It ought" to perform. Potential y relevant candidate

facts might have occurred anywhere in the source texts. 'Only a

systematic and exhaustive search of the 'source information, regardless

of whether that information resided .in memory or in an external text,

would guarantee detection of all canaidate facts. /Similarly, any two
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candidate tacts, :when properly configured, might support,the test

inference. pnly systematic formulation of all possible pairs of

candidate fl.acts would guarantee detection of the _pair af critiCal

facts underl?ing a true test inference. Systematic formulation of all

paqrs of candidate f cts is also necessar because of '.the

characteristics of' hu y. . Efforts to A.ogically configure

candidate facts-presumably occur in "working memory." Given the severe

limitations an human working memory capacity (Cf. Miller, 1956), only

a systemativ pairwise consideration.of candidate,facts would guarantee'

simultaneous residepce of the two critical facts in yorking memory.

While a variety of algorithms exist that could accomplish a systematic
-

search, i't is obvious 'Oat our subjects did not use any of them. If

'they 'had., they, like Ore:hypothetical computer program, would have .

performed perfectly on the inference test in the TEXT condition.'

Hypothetical MOltro-riMe.chapisms

Now let Us consider- perfo6ance_of the backward inference task in

the MEMORY coadition. Return to the exadip discussed above. IA
-

order to verify theNinference

(3) Albert Profiro hated KingEgbert.

the subject must retrieve two critical facts from memory:

(I) Albert Profiro hated all dictators.

.(2) King Egbert was a dictator.

As we have roted,, the only cues available to the subject, are the

concepts and actions involved in the inference: Thus, the swject

eventually must cue retrieVal of the fist fact with the information

"Alt,-rt Profiro hated ..." and cue retrieval of the second fact with

the concepi "King Egbert." In a'ddition, the subject presumably must

retrieve the two Facts in close'temporal proximity so that they can

reside simultaneously in working memory. How can this happen?

n_
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We assume that,.once learned, pairs of critical facts are likely

apo have been stored in. .integrated memory representations, as

illustrated in Fig. 5.1! Each'of the critical facts is represented as

a configuration of nodes representing concepts, propert.ies, actions,

etc. _The relations among the concepts, properties, and actiohs

expressed in the fact are represented as as&ociative connections among

the nodes. The representation in Fig. 5.1 is integrated because the

two fact representations share a common subtepresentation .8f Xhe

commmon concept, "dictator." (See Hayes-Rot.h and Thorndyke (1977) for

a-discussion of some of the factors determining whetlier related facts

are stored in integrated or independent memory representations;)

Given an integrated memory nepresentation of the two criticaL

facts, the fotlewing search processes.are postulated. Each of the

.concepts and actions in the test iriference automatically retrieves

memory representations citI all facts liat refer to it. 'Because the two.'.
_

criticayacts are integrated.in memory, retrieving either one of them

'entailg", associatiVely retrieving the other. -Thus, the integrated

memory representation can be retrieved by either of the two

independent cues available in the, inferenCe. (Hayes-Roth .and

Thorndyke (1977) proposed tilts view of the structures and processes

*underlying knowledge integration. Anderson and BoWer .(1973),

Hayes-Ro0 (1977),.Hayes7Roth and Hayes-Roth (1975), Rotts (1977), and

Rumelhart, Lindsay, and Nprman (1972), among others, haVe advanced

similaryiews.).

AGENT OBJECT

,

__. ...,--
....... --

--- . IS A
(:. KING EGBERT __.).- VOICTATC*S23)..

--
-.......... - - --- -. ........... --

Fig. 5.1--Integrated representations of facts (1) and (2)
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Becaase two Andépendent cues "cgraborate" 'to retrieve' the
\. /

integrated memory representation, its rfitrieval is iore likely and

more rapid thag retrieval of any/other cued facts. That is, the

integrated representation of the" critical facts retrieved and

available for subsequent processing before any non-critical candidate

facts are retrieved. Thus, other; candidate facts are unlikely- eto

distract the subject from th(i Tcrieical facts or to interfere with

their simultaneous residence in viorking memory.

Once retrieved, the'intAgrated representation -provides 4 ready

hasis on which to perform' the nece,ssary inferential logic: As

ilAusttated in Fig. '5.1, the hypothetical inference (3).is implicit in
ASS

the stru4.ture'of the 'integrated memory representation. of the two

critical facts. .Thus, searching for relevant facts and reasoning

across separately acquired facts to verify a test inference reduce to

essentially a recoknition.process. InforMation in a true test .

inference automatically cues retrieval of' an integrated memory

.representation of the two.critical facts in which the .inference itself

' is implicit:and apparent.
4

In order tu test these a'ssumptions, we replicated 'the, experiment

describtd ibovg, with several modifications, The most important:

modification was' the'requirement that subjects provide verbal

protocols of t heir thoughts while attempting to verify, test

inferences. In particular; subjects,were asked.to indicate how they

knew that a test inference was txue or alse. ThisTroeedure

permitted precise determination of whether a carrect respopse followed

from correct reasoning from the appropriate facts or from some other

(invalid) process. The protocols also provided a detailed record of ..

the decision processes underlying subjects'. -judgments of individual

test inferences. Thus, analysis of the protocols provided a basis for

modeling the observe4 ,,differences, in .pefformance in.the TEXT and

MEMORY conditions.

EXPERIMENT 8

Materials. Four pairs of texts concer&ing the mythical country

Morinthia wer used (See Chap. IV). Each individual text was about a

111 .1

ot
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,different topicl but the texts within a pair were about related

topics. The four pairs of topics were . (0 The First Morinthian

Revolutioni and The Imprisonment of Albeit Profiro; (2) Religious

Customs and keliefszin.Morinthia, and Religioua Overtones Duringlthe -

/'
FeNiers Epidemic in Morinthial .(3) The Marxiage of Princess Isadora, '

Successor to the Throne.of Morinthia, and The Romapce Between Princess

NIMathilde and Basil; and (4) The Provincial.Lifestyle In Morinthia, -and

The MOrinthian Home of fhe Caledipn Ambassador. .

Each pafr of texts'included fpur pairs of critioal facis, such is

(1.) and (2) above. Each parr sof critical facts contained the

ineormation necessary to support ,a particular° true inference not
...

.

explicit4y..ptated..in either text (such as (3) above). One sei of

texts4 (41so used in Experiment 7) was shown earlier, on p.
.Z
Procedure., Subjects we-e tested individually. E" ach subject was

given a booklet containing the experimental texts and the inference

tests. Subject,' progress through the booklets was self-paced.

Subjects were iniormed of theaaare--o-f---the_inference test they would

be given. ,

. Subjects studied each pair oftexts as follaws. Those in the TEXT

.condition simply scanned the two texts". Those in the MEMORY condition

read ihetwo textscarefulIy, attempting to learn as much asspossible.

After studying each text, these'subjects completed fill-in-the-blanks

tests of the information they had read. Then they referred back Co
-ig

the texts and corrected any errors they had made. The purpose of the

tests was 'simplyto mecimie the probability that subjects committed

individual facts from the texts to memor9- Therefore, the test items

tested memory,. Tor arbitrary'information from,individual sentences in

the texts. They did not test any ipferential knowledge, nor did they

test, information necessary for verifying inferences on the subsequent

inference test.

After studying a pair of texts, subjects verified (judged true or

false) true and false inierences -derived from the texts.' True

inferences were'defined as those that could be proved true, given the

information in the .texts, as illustrated ,by (3) above.,, False

svor

4
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inferetwes were defined as tkosethat could not be proved true, given

the.information in the texts, aS iliustratedipy the following example.
.

,
.

(4) Te Morinthian people were thrown inc a frenzy by

. lbert Profiro's imprisonmennt.

There'were four true and four false inferences,,ordered randomly,/ on
Y. c

the kest following each painof texts'. Subjects in the TEXT condition .

were encouraged to consult the stuqed texts dtiring the inference test
. a

in order to determine the validity ofqor verify theirjudgmentS of

test inferences. Subjects in the MEMORY condition,were not. permitted
,

,

to look back. a& the texts- All subjects.were 4rged to prodvt a -

coril_Thuoui verbal deicription of their thoughts while, performing the.:-

,inference cest. These protocols were tape-re.4orail and.subsequently

transcribed. Tills study-test procedure was reeat:ed for each of the

four pairs- of topically related texts.

After subjeas had.studied and been tested on all texts, they

were 'given a free:recall test for the first text in each of t pairs.

of texts they had studied. .Subjects were gOen the t13f ea h text'

S.

and instructed to write down everything they could remember from Ole

texti.
t

Fir41117, subje4s .were given A test Of the ,inferences in
.

syllogism form. On this test, each inference was ilimediately preceded

hy the two facts that presumably Aetermined its -iraltdity. Trué

inferences were preceded by the critical facts that supported them, --eks

illustrated 'by' the sequence (1), (2,,.(3). False inferences were

preceded by.faCts taken from the texts that, were related to, the

inferences but did not-validate them, as illUstrated by the fo14wing
I

sequence:

The Morifithian people-were throwil into a frenzy by the .

:)Imprisonment of the peasant:who poached the chickens.

\\
Albert Profiro was thrown into prison.

11,
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.(4) The Morinthiap people Were thriwn into a frenzy by'Albeit

Prmfiro's imprisodment.
1.

Subjects iimply indicated whether- or* not each inference. followed

.logically.from the two facts that 'Precea it.

Desi.p. A within-subject design was used. The one independent

4.1
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variable manipulated' wAs study-test condition (TEXT versus MEMORY)..

All subjects worked with all four pairs of cexts described above.

IjiAlf the subjects worked i the TEXT condition fkkthe fi.rst two pairs

and in the MEMORY condltfQn for the second two pairs, while the other

half worked in the reverse order. In addition,*withift each .or these

.
two groups, each pair of texts occurred in eaeh serial position for

. ! .
. .

.

one of the subjeCts. Pree recall of the first text in each pair? .

't
occurred in the order'of original prespotation of thri pairs of texts..

s \
Sublects: Seven UCLA undergraduates and one Santa Monica

College undergraduate served as:subjects,. Subjects were4 paid .$6,00 )

. .

for the two-hour session. In addition, subjects were given a O.

(nus,for each correct answer above 50 percent.

41.

Resalts arii Discussion

Table 5..1. shoWT.proportioPs of .ciorreict judgments ,of trite and

false test inferences in:the MEMORY and TEXT conditions. These data

represent Only those test ipfenences _to ..which subjects\responded

wrectly on the final sy1f4ism test. That is, inférence1.s for which

3,subject could not perform the necessary reasoning correc ly or for
:

)Which 'the subject disagreed with the experimenters' reasoning were .

excluded from the analysid. OccuraTon the syllogisms was above .98

and .i.distinguishable in the twot conditions.) Thus, the ob'serN:red

difrterences in performance ip the two conditions reflect only

fferences in subjects' ability. to reerieve the critical facts '

necessary to verify inferences,,.not differencesin subjects' ability

to perform the necessary reasonington those facts.

11 4
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Table 5.1

kdaACCURACY ON TRUE AND FALSE INFERENCiS

Condition

.

01

.

Measure MEMORY'
1

Cp.pfg-ct responses
to true inferences

Correct responses.
to false.inferenceo .82

Correct justification'S
ot true inferences .75

.*

7EXT

.82

.87

.48.
. tr.

'The first two rows in Table 5.1,give pr9portions correct for.true

and )tlse.inferencel, :The third row gives proportions .of correctly

justified true .inferences.. `These proportions are 'iexplained, and

Aiscussed below. 'All continence levels reported in this avl
'e

substquent sections'are based on two-tailed,
A
matched-pairs t-tests.

.Considering 4rst:the simple proportions correct for true and

false inferences, the results of the present experiment go beyond me re

replication of the results discussed above. Again, go difference was

observeebetween)/
71)

ortions correct on false inferences ln,the MEMORY

and 'TEXT conditions' (.82 versus .87), t(7)=.45'. HOever, the

proportion correct.on true inferences was significantly higher in the

MEMORY condition (.82) than 'in the TEXT ocandition (.62), t(7)=2.43,

v05.
Th4s, the experiment replicates 'the obsetvation.that the

availability ,of reference4 texts duringlpference verification does not

impfave performance over the case in which the information in. the text

must be referenced from memory. It also indic'ates that in some cases,

exactly
.

!the opposite occyrs: Storing, and.referencing the informati.on

from texts in memory can improve performance over that obtained when

the texts themselves re available for reference.

The third.kow in Table 5.1 gives the proportions of true

inferences judged to be true and correctly ju;ified. Correct

justification wag operationalized, using both strict and: lenient

criteria, as folloWs. Under the'strict criterion, a true judgment was

,
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.considered correctly. jutified only if both of Ihe.sritical facts

underlying t,he inferonce were explicAly simted in. 'the protocol .and

44,nked toget with .appropriate logic, as illustrited in the .

following exa ple:,

Inference: Anastacia Devifre was an enemy_91--tbV-114.

Fact I: It was in prison thAlAlbert Profiro
. _

met Alastaera DeVille.

' Fact 2: The Moninthian prison waspopulated

exdlusively by enemies of the king.

Peotocon.

Well, that would.be true because I 'remember reading in
A

the other stor.y that everybody that was in prison was an
,

enemy of the Wing, and4heImet her when he was in pris6n,

so she was an enemy of the king. .So that s txue.

Under the.lenient criterion, a true judgment was considered coriectly

justified if at least one of the critical facts* Was stated in the

protocol and the Other was implied in what .appeared to be a logically
6

correct account, as illustrated in the-following vicample:

Inference: 'The Curfew Episodevyas,a failure.
. -

Fadt 1: The Curfew Episode wak a revolution.

. Fact 2: All Morinthion revolutions were doomed

to failure.

Protocol:

Weil, I would say that's true because I remember

reading at the end of the first story that the Spring.

Episode was a failure as. was [sic] all the other

revolts. So that kind of predestined the fact that

every, every'one'of those things would be a failure.

Implicit Critical Fact: The Curfew Episodetas a revolution.

a

4. ...a
, V
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TwcOndependent judges were in perfect agreement regarding the

correctness of justifications according:to both crlieria. The lenient'

criterion' produced a slightly smaller difference between accuracy.\

rates in the MEMORY add TEXT conditions, butOe pattern 'of` 'results
0*

was the same under both criteria. In addi.tion, both judges felt that.

the lenieht criterion provided a more acthrate evaluatioq of subjecti'
.

justifications;...Thereforecl. the, lentieni criterion was arbitrarily

adopted and the data me6rted in IYable 5.1 reflect measdrements under .
,.

, -

.
, that criteriom (Judg;ents.'of false inferences, were not evaluated fdr

',,,
f *

.

correcteless of',..g.t.Ification .because of.' ,ihr difficulty of:

operationaliiing correct justification for them.) 6 ..c
.

:The proportion of correctly justified'true inferences is, a more

precise -meaure of subjects' knowledge than simple proportion correct
. . .

because it excludes 'both false alarms and . imperfectlY reasoned

responses. 'The proportion of correctly justified' true' inferences was.

significantly -higher in Pie 'MEMORY condition. (.75) titan ia the TEXT
$

condition (.48), 1(7) 5.65,' p .01. These :data indicatev.

. su8jects' superior' performance 'in the MEMNY condition is a

consequenT of their sUperior ability to identify thz,_ c4tical facts

underlying true inferences.
-

These data support our two basic assumptions. Subjects' 'use of ,

ineffective sear-h procedures 'presumably impeies detection of the

critical facts underlying Arue inferences. onfigural memory

mechanisms organize many learned facts, pre-. -bly facilitating

detection ol the critical facts underlying true test, inferenc.
,

Because subjects had' to rely primarily on ineffective search

procedures in the TEXT condition, they should incorrectly juigr many

true inferences to, be false. In the MEMORY condition, on the other,

hand, subjects :should benefit from configural memory mechahisms,

orrectly judging .,most true inferences to be true. Perf-, nce on

false inferences should not be.affecbed: The results described above

follow directly:. While subjects performed comparably well on false

inferenc ilk the two conditions, 'they performed better on true

infeee ees in the*MEMORY condition than in the TEXT condition.

11

11
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Protocol Analyses
.

.,_

As.discussed'above, subjects provkded verbal protocols. of their -....

.. - ..

- decision processes during infere4c4 verification. We analyzed these
. .

protocols in order to get a better understanding of the decisiv '

..,

.processes and te providetthore detailed support fOr the proposed searal .
,

. . ,"and memory mechanisms. This analysis revealed si..,x distinct types of,

decision processes. "Automatic.retruval of bath crit.ical facts" and ,.

a

..
. .. ."search followed by automatic retcie, were.based on the confiBural,

.

. e. . .

memory mechanisms described above. ,"Successful fact search" and "fact,r ..
. ,

... ,.

.4 search failure" were bolsed on turistic,Seirch procedures. ."Inference

search failure" was.kaSed on
1

avieneffective'seardi procedure. "Fidity. .

4

reasoning," as&tts name iuggests, reflected logixal errOrs. Tal;le 5.2
)

rsufmnarize's the six decision processes and theljudgmenis they support.

. We characterip each decision process briefly below.
.

k

.0

Table 5.2

JUDGMENTS OF TRUE AND FALSE INFERENCES
PRODUCED BY SIX DECISION PROCESSES

.

Decipion Process

Automatic retrieval of
both critical facts

Search followed.by
automatic retrieval

Successful fact search
Fact seardi failure'
Inference search failure
Faulty reasoning:,

Validity of
Test Inference

True
4

TRUE

fRUE
TRUE'

FALSE
FALSE

TRUE/FALSE

False

FALSE
FALSE

TRUE/FALSE

Automatic Retrieval of Both Critical Facts. True judgments were

consideited to hAye been based on ;utomatic retrieval of an 'integrated

memory representation of the two critical facts underlying tile test

1 9
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infereni- if the subject verbalized only those critical facts, as

illustrated in Che following protccbt:

True Iigerence: Albert Profiro hated King Egbert.

Albert.Profiro hated all.dictators.

F"act 2: King Egbert *was a-dictator.

Protocol:
.

True, because. King Egbert 'was a' ,dictator and Albert
,.../-

Profiro'hate'd-aii'dictators:- So it's-true.
4.

We assume %tat this decision Process involves no conscious search for
A

releva,nt facts. 'there' is-no indication that the subject considered
, .

any other related facts in the attempt to verify the test inference.
Rather, the subject appears to, have been able _to retrieve the"two

critical facts automatically on prepn6tion of le; test inference.

Search Followed.by Automatic Retrieval.' True 'judgments were

considered t. have been 'based on a comblnation of search and atICOMitic

retrieval if (a) the subject verbalized one or mote facts that were

related to the test inferetice before verbalizing the first of,the -daio

critical acts underlying the test inference, and (b) ,the subject did

not verhagize any other faets between verbalizations, of the /*Iwo

critical4aCes. This deCision process is illustrated in the'following

protocol:

True-Interence: The Caledian Pmbassador's house was sur-

rounded by lilies.

Fact 1: The Caledian Ambassador's house was

surrounded",those flowers that were

prevalent in Morinthia.

Fact 2; A species of lily was the prevalent flower

Piotdcol:.

OK, they said he had fences and ... in Morinthia

in Morinthia.

Ic
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they hAve fences and.they put plintivor *flowers around, im

their, no,' .vines ... *and they're twined tOrough their
. .

fences. Um, ....he had* fences. *OK, . the cottege had

fences and lilies aren't vines so they,can't intertwine.,

through 6is fence. He h4d, I remember they said .he 'had

typiTal vegetation of Horinthia.,And since liZO.es.were

one of their best flowers, the ones they liked and he had .

typttal vegetation, then I say the statement is true. He

grew lilies.

fit

S.

We assume that Xhisdeciiion process involves an initial search of

either Atie.texts pr memory for relevant information, In 'the protocol

above, the searrh ippears to have been for relevant facts, .although,

in.othersases, it appears to have been for,the test inference itself,.

In eithr ase, the initial search leads;to deeection of one of the
.

two,critical facts necessary to verify the test infereece. That fact

then .Cues automatic retrieval of the integrated memory representation.

of bdth Critical facts,

Successful Fact Search. True judgments viere considered to have

been based on successful fact search if the subject verbalized one 4ar

more facts that were relateeto the test inference before verbalizing

each of the two critical facts as illustrated in the following

protocol:

True Inference: There were berries growing outside of the

Caledian Ambassador's cottage.

, Fact 1: The native shrub of Morinthia

tlugged the walls of the Caledian

Ambassador's cottage.

Fact 2: There was also a native shrub, called

the salsa fhrub, that had broad leaves

and was covered with red berries.

Protbcol:

OK, that's the second story. Be .sure to look there

.
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because 'there's 'nothing. in 'the first story about the

Caledian Ambassac4. So,-um, (readingi it talks about-the :

cottage first and, Ijih, lush shrubs hug the walli of the

cottage. OK,' it farli brought opt About floWers that were

prevalent in MorintAia.' OK, I don't know if those flowers

had berries or not. \I look at the first Story to see

that. It doesn't sa/ anything about berties.in the second

'story. OK, um, fArst story ... They talk 'about the

;people., .They. don't talk about Ambassadors, aithinigh I'm

.not sUre. that Ambas4adors are really that much different

than-people. OK, apiecies of lily. Uh, I don't see ..

anything about li1ie in. the second story. .I'm not Aure

. that's relevant.
t

OK, 4here's a native.shrub, also quite
. :

popular, called the 'als4 shrub. Its leaves.were broad

and it had berries. U4 if that's the same shrub aS the

shrub 'n the second :story, I would say that yes, there

were berries,

Successful fact search reflectsactive search of either the texts or

memory for both critical facts underlying a true test inference.

These searches indicate an awareness that two crit,ical : facts are

needed and that they might occur in either of the two relevant texts.

Thus, successful fact search. reflects a heuristic, rather than '4
0 .

algorithmic,'search prjture. 'In addition, we assume that the

occurrence of\ successful fact search implies that the-critical-facts

underlying the \true test' inference have not been stored' in an

integratedmemothy representation., Indeed, it is the only waY subjects

. can correctly Verify true inferences whose critical facts have not
:

been integrated in memory.

Fact Soai-ch Failure. False judgments were considered to have

been based qn faCt search failure if the subject vetbaIized a number

of alternative facts before concluding that the est inference was

;false. A false judglent of a'.true test inference based on fact search -

Jailure is illustrated in. the following protocol:

121
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True ,Inferenee: The Caledian Ambassador's cottage was

surrounded by lilies..

Fact I: The Caledian6Ambassadoe's cottage was

surrounded by those flowers tbat were

4.prevalent in Morinthia.

fact 2: The most prevalent flower in Morinthia

. was a species of lily.

Protocol:

Uh, the second story. I'll look again. Probably should

remember.-this by now. Um,Areading) lush shrub§,

nokhing about lilies. He had, a low white .fenCe and

there's something. in the firSt'story about fences having

shrubs Over Uh, looking at that now. OK, the 'most
P

prevalent flower in Morinthia was a skecies of lily. OK,
,r.

um, I see' nothing -about ... no necessary implicati..n

between Cnces -and gates which have vines on them and
,

4

lilies: So I'd say that, uh, the Caledian Ambassador's.

cottage was surrounded by lities is false.

Fact search failure reflects active search of either the .textS or

memory for facts that arrelated to a test inference. These searches,

also.indicate an awareness-that two critical facts are needed.and that

they Anight occur in either of the two Televant texts. Thus, fact

search failure also reflects a heuristic sestet procedure.

Inference,Search Failure. False. judgments were Considered to

have been based on inference search failure if the subject-
.

explicitly. searched for the test inference, itself. .A false

judgment of a false test inference based on inference search fatKire

is illustrated in the following protocol:

False Inference: The people threw stones'during the first.

Morinthian revolution.

4



113

Protocol:.
_J

I'm going back to the first one,because I remember in the
,

second one they °threw stones in the street, but I'm not
1

\ sure 'about.the first one. So, starting in the middle of

the page, [reading] "It provided the,... Everyone who

disobeyed the law was punished severely. The peasant was

branded. The townspeople were thrown into a frenzy

'with the severity of'the sentence. The.crowd stormed the
.

palace." No, they didn't throw rocks? It..didn't say on

here.

;Inference search failure is based on an ineffective search procedure.

The subject .assumes that if the test inference were true, it would

appear.verbateid in a text or in °memory. Although the -subjeCt

verbalizes Several facts from the text, these facts are selected ncit

because they might be useful in proving the validity of OW tesf
inference, but rather because the subject simplly happened to encounter

them while searching for the literal inference.

Faulti Reasoning. .True .and false judgments were classified as

faulty reasoning if there was a logical error in the subject's

jastification of a judgment of a test inference, as illustrated in the

following protocol:
,

A

I

True Liference: Albert Profiro hated King Egbert.

Fact l: Albert Profiro hated all dictators.

Fact 2: King Egbert was a dictator.

Protocol:

OK. In the'vecond sheet, the Curfew Episode, they mention

the name Aibert Profiro ind he, um, he wanted to ... uh

he wanted to talk to the people to tell them, um, to

return.to their homes'because of the Curfew law. Um,

since Egbert ':was the ruler, yeah, was the ruler of

Morinthia, umi,Jhe was really strict like I said before;

,
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.that is, 'something small, 1. .sMall .crime'or sémething

happens, then they get punished -severely; So,. um, the

soldiers mistook Albert of starting a ript instead.of

telling the people to go horde because it's a curfew and sii)

he was thrown into prison. Therefore, think Albert

hated King Eghert because oUthe misunderstanding and hOw

bad he had to suffer 'for,it.

Implicit Unsupported Premise:: Albert Profiro would- hold

King. Eg-aert responsible for the misunderstanding And hate

him for it,

. .'1,4%.

We anallied subjects' response protocols tO determine how often

each of,the six decision processes occurred. EaCh.judgment of a,S.est

inference was categorized as exemplifying

processes according to the rules deperibed

judges were in complete .agreement regarding

subjects.' judgments. Table 5.3 summarizes the

analyses. Each entry in Table 5.3 ,gives

responses to each item type that .exemplified

one of the .decision

above: Two independent

the categorization of

results of the protocol

the mean proportion of

each of the decision

processes. Thus, each column in the table sums to 1.0. .

Table 53 IS

'PROPORTIONS OF JUDGMENTS BASED ON EACH TYPE OF DECISION PROCESS

.Condition
MEMORY

Validity_ of Test Inference

TEXT .

Decision Process - True False True False

Automatic:ret-r4eval-of_

both critical facts
.70 .11

Search followed by
automatic retrieval

.05 .28

Successful,fact search .00 .09

Fact search failure .05 .46 .04 .25

Inference search failure .12 .33 .30 .55

Faulty reasoning .09 .21 .19 .20

124
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In the MEMORY condition, 70 perceAt of all judgments of true

-inferences. joie correctly justified,true judgments based on aUtbmatic

A

retrieval of both critical facts. The ..remaining judrients of true.

inferentes were fairly evenLY 1. distributed among,the remaining .

categories of 'decision proceSses. ,Correct jOgments of false

inferences were, primarily based on ,t faq. 'search ailure 1.46).
However, there wered.lso large nuMbers of. judgkents based on both

.

,'inference search failure and'faUlty reasoning:.

In the TEXT condition, most judgmenebf trUe inferences were

either "true" judgments basefl on eearch followed by dutomatic

retrieval (.28) or "false judgments' based on inferenee search fdilure.
.(.30). The remaining judgments of true inferences were fairly evenly

distributed among the remaining, categories of decisiod proceSses.
.Correct judgments of false inferences were primarily based on

inference 'search failure' (.55J. However, there were also large.

numbers-of judgments based on both fact search failure dnd faulty

reasoning.

The overall pattern of resulte>shown in Table 5. is consistent

with Che proposed account of performance of the inference verification

task. In the MEMbRY condition, eubjects performed well on the true ,

inferences because ,they had . good memory for the critical' facts

underlying the Inferences. In the TEXT condition, subjects performed
.

poorly, on the true'inferences because they had poor memory 'forthe
,

critical facts. In neither condition did subjects perform well on `.
. .true inferences by applying effective search 'procedures.. Similarly,

subjects performed 'reasonably well owfalse inferences only.because

the ineffective search-procedures they applied in both eonditions

happened to lead to the correct judgment (false). These conclusions .

are supported by the following separate analyses of decision processed

underlying correctly justified true judgments and those underlying

false judgments and incorrectly justified true, judgments.

Decision Processes . Underlying Correctly Justified True

Judgments. 1?Aible-5.4 shows the conditional propOrtions of correctly

justified true judgments based on each of the three decision processes

195
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that produced them. In the MEMORY condition, 93 percerit of, ail.

correctly justified true,jadgments wOre based on .autoatic retrieval

of both critical facts underlying'the inferences. In fact, for six of

the eight subjects, all correct'justifications,of true.inferences vere

based on this decision process. -Only two of the eight subjects

*engaged in any search.activity at'all during correct justifications of

1.rue inferences in the MEMORY. condition. An additional,-7 percent of

correetly justified true judgments in the MEMORY con4ition were based

on .searai'followed by autiomatic .retrieval. Summing .the two, all.

correctly justified true 'infere4tes in-the MEMORY condition can be

attribdted to Configuial memory.mechanisms. In the TEXT 'condition,

only, 28 percent of all c. orrectly justified true judgments were based

on automatic- retrieval of both critical facts. However, an additional

58 percent were based on search followed by. automatic.' retrieval.

-Summing the two, 86 percent of all correctly justified true.inferences

in the. LEXT condition can. be atiributed .to configural memory

mechanisms. Only three of the eight subjects performed any successful,

searches at all. The difference.between the proportions of correctly

justified true judgments attributable to configural iemory mechanisms

in the two Conditions is natAignificant, t(7)=1.82, p > .1. .

ee"..

Table 5.4

PROPORTIONS OF CORRECTLY JUSTIFIED TRUE
JUDGMENTS BASED ON EACH TYPE OF DECISION PROCgSS

Decision Process

Automatic retrieval of
both critical facts

Search followed by
automatic retrieval

Successful fact search

Condition

MEMORY .. TEXT.

.93 ,28

.07 ..58

.00

*.
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These results SUpport our claim that subjects'. correctly

jusilfied true judgments 'derive froM eutomatioally cued memory for the

critical farts underlying the test inferences, rather than from'search

procedures that detect.the critical facts. Cocrectly jusiified true

judgments in both conditions were produced almost- exclusivelY by 4 .

decision p-rocesUes based on configural memory mechanisms. Thus, as.we

have suggbsted, subjects' extellent performance4 in, the MEMORY

condition reflected their havint learned the critical fadltS underlying

teseinferences.and, consequently, their ability to exploit tanfigural

memoTy mechanisms. In the TEXt condition, on the other hand, sdhjects

made no effort to learn the'information in the 'texts they studied;

Therefore, their knowledge of the critical facts underlying test

inferences and their ability to exploit.configurel memory -mechanisms
, -

were critically dependent upon incidental learning. Interestingly,

virtually all (86 percentj.of the correctly justified tr,lie 'judgments

in the TEXT condition were based on' incidental learning of.the

critical fatts. Apparently; incidental learning was reasOnably .high

as a-consequence of subjetts having searched each pair of source texts

eight. times (fourtimes for true test inferences and four times for

false test inferences).

Analysis of the temporaL intervals separating particular'

verbalizations during inference verification provides additional'2

.support for this position. The propbsed model assumes'that automatic

retri..eyal of both critital facts involves no .search activity.

Retrieval of the tWo critical facts presumably occurs simultaneously.%

on presentation the test 'inference. Therefore, the temporal

intervals preceding verbalizations of the two critical facts should

not include any Search time. That is, the temporal interVal

separating "offset" of the test inference from "onset" of

verbalization cf the first critical fact and the temporal interval

separating offset of verbalization of the first critical fact from

onset of verbalization of tire second critical fact should not include

any search' time.

The model does not predict that these "verbalization times"

shpuld be zero, because fattors other than search activitl influence

.;
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verbalization.times. For eXample, determination thit the information

retrieved constitutes justification of the test inference,. formulation

of a verbal description, and initlation.of verbaliation should take a

certain imOunt of time. -Even a-binary OLD/NEW recognitiorOudgmentiof

simple sentences can take.on the order of a.s seconds (cf.-Anderson4

1974). Inference verification judgments are considerably more Complex
,

than recognition'judgments. In addition, verbal justifications are

considerably more complex than the simple button-pressing response

typically required in 'recognition paradigms. Therefore,' we would

expect inference verification tp take condiderably longer than the 1.5

seconds required for sentence recognition.

Another factor influencing verbalization 'times is . time ,

constraints. Obviously, verbalization times would be shorter if

subjects were.constrained to respond as quickly as possible. Subjects
. ,

were under no time constraints in the present experiment. Quite the

contrary, they were being rewarded for accuracy only. They were free

to pace themselves.however they liked, and'they apparently took 'their

time. The mean response, time (interval between offset 'of the

inference and verbalization of the judgment "true") for correctly

justified true judgments was 28.8 seconds in the MEMORY condition and

-42.3 seconds in the TEXT condition.

, For the above reasons, we arbitiarily set a'criterion time at 5

seconds. Verbalization times under 5 seconds were tiaken to indicate

.automatic retrieval; those over 5 secondaNyere taken to indicate. the

occurrence of search activity. This criterion seemed to be reSsonably
4

. conservative and ws decided upon before any times were measured..

Table 5.5 lists the proOrtions of correctly justified true
.

Sudgments for which verbalization times for both critical facts, only

the second critical fact, or neither critical fact were less than 5

seconds. Note that the proportions in Table 5.5 correspond directly

to those.in. Table 5.4. True judgMents for which -verbalization times

for both critical facts were less than 5 seconds correspond to

automatic retrieval of both criticil facts. Those for which:only

verbalization times..for the second critical fact were less than 5

v.

t'.42
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seconds correspond to. search Collowed-4y automatic .-ret.rieval. Those

for Which neither verbalizAtion time .was ,less than -5- .secondi .

.e.
correspond to successful search.. .

al

. Table 5.5 .

PROPORTIONS OF'VERBALIZATION TIMES LESS THAg FIVE SECONDS
DURING CORRECT JUSTIFICATION OF TRUE INFERENCES'

*Conditicin

4 '
criiical Fact MEMORY . TEXT

Both ceitical fpcts .v.73 . .20s

Fact 2 onlk
. .16 .51

r Neither critical fact .11 ,.. .29

According to the 5-second criterion, 73 percent of all correctly

justified true judgments in ihe MEMORY-condition involved automatic

retrieval of both critical facts. An Additional 16 percent involved

search followed by automatic retrieval. Summing ple two, 89 percent

of all correctly justified true judgments in the MEMORY"conditipn can

be attributed to. configural memory mechanisms. In the TUT condition,

only 20 percent of all correctly justified true judgments involved

automatit retrieval of both critical facts. However, an additional 51

percent involved.search followed by automatic'retrieval. *Summing the

two, 71 percent of .all correctly justified true judgments in the *TEXT

condition can Ce attributed to Configural memory mechanisms. The

difference lbetween the proportions. of .currectly justified true

judgment.s. attributable to configural memory mechanisms in the two
-

conditions is not significant, t(7)=1.48, p > .1.

These results provide additional support for the claim that

Aubjects"correctly justifie ? true judgmehts derive from automatically

cued memory for the critical facts underlying the test inferences,

rather than from search procedures that detect the critical facts. As

suggested by .the protocol analyses described above, the majority of

correctly justified true judgments in both conditions were produced by

%decision processes based on configuralImemory mechanisms. Note that

*Um proportions of judgments attributable to configural memory

1 99
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Mechanisms Ow(n in Tab1e`5.5 are somewhat.lower than4those in Table

5.4: Howkfer, the pattern of estiptes is the same:' In the MEMORY ',.'

.`.

120
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. most correctly fustifted'true judgments involved automatic

retrieval.of both critical Iacts, while a -smaller; number involved

sgarch followed by automatic retrieval. In the TEXT condition, most'

corre'ctly justified true judgments 4nk7olved search followed by

automatic retrieval, while a smaller 'numller Involved automatic

retrieval of both critical facts. In both tables, the total

proportion of jUdgments attributable to configural memory mechanisms

was slightly and non-significantly higher in.the MEMORY condition than

in the TEXT condition. The only notewOrthy 'difference .between oe. -

results shown in,Table 5.4 and those in Table 5.5 is the suggestion in -

Table 5.5 that a fair number of correctly justified true judgments in

both conditions may have involved successfui search. However, this

may be a.tonsequence:of our having .set the 5-second criterion too low,

undereftimating the ime spent formUlatinv- and initiating a

verbalization in the absence of Apeed stress.
-

Decision Processes Underrying False and. Incorrettly' Justified

True Judgments. Table 5.6 shows the conditional probabilities that

false judgments and incorrectly justified true judgments 'were based on

each of the th.ree Ocision processes that. produte these judgments. In

the MEMORV condition, 39 percent of these judgments were based on fact

search failuee, 36,percent were based-on inference search failure, and

25 percent were based on-faulty reasoning. .In the TEXT condition, 18

percent of these judgMents were\ based on fact search failure, 57

percent on inference.search failure, and. 25 percent on faulty rea-

soning. The difference between the proportions of judgments

attributable to fact search failure versus 'nference search failure in

#331

Table 5.6

PROPORTIONS OF FALSE AND INCORRECTLY JUSTIFIED TRUE
JUD6MENTS BASED ON EACH TYPE OF DECISION PROCESS

0

Decision Process MEMORY TEXT

Condition
, *

Fact search failure .39 .18

Inference search failure ,36 .57

Faulty reasoning .25 .25

13 9
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the two conditions is not significant, t(7)=1.23, p > .2. 'Obvibusly,

faulty reasoning also occurss;comearably often in the two conditions.

'These'results.support our claim that subjects' false judgments

-.and. *incorrectly justified true judgmenta de:Tivd primarily from
.

ineffective'search.procedures and.logical errors, rather.. than from
. /

errork during execution of an effective search.algorithm. It should .

also be pointed out Oat our classification .criterion for inference
1 . 4

search failure . was conkervative. A falSe judgment.was clas\sified'as

--4n4erence seaLch &allure only if two judgis 1nd4endently agreea -61.at

the subject liad given explicit indication that the false.judgment was
based.on failure to fipd.!the test inference explicitly in the texts or

memory for the teictst Thus,' the proportions for inference search'

failure given in Table".5.6 ire probably underestimated, while.0e
. ,

proportions for fact search failure are probably overestimated. -In

addition, the decision process identified as fact search failure does

not reflect a particularly .effective systematic search procedure.

This decision procitss'was operationalized simply as considr:ration of
more than one tact trqm the texts prior to making a juSgment of

"false." No protocol provided any' evidence of a subject's having made

a systematic search of the.'available facts; such as that performed by

'the hypothetical computer program,' before rendering a judgment of

"false." Thus, thesi results indicate that subjects did not use an,

effective search algorithm in searching either the available texts or

memory of the texts for facts relevant to verifying test inferences.

Comparison Rf Judgment Times in-MEMORk and TEXT Conditions

Table 5.7 shows mean judgment times (interval between offset of

\the inference and verbalization of the judgment) for correctly

justified true and correct false judgments in the MEMORY and TEXT

Conditions. These times presumably include component times

representing decision processes, (search for and retrieval and

evabuation of memory representations) and verbaliZation processes

(determiviation, formulation and initiation , of appropriate

verbalizations regarding the decision processes). Because many of

these components differ for true and false judgments, it is not useful

to compare response times fdr different judgments. However,°it is

131
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Table, 5,7

MEAN JUDGMENT TIMESTOR CORRECT JUDGMENTS
(sec) 4

. . oo.

.Condition

Judgment MEMORY TEXT '

True .28.8 42.3
Faise 1 20.3 42.1.

interesting to c pare. response timts for each

aCross the two co itions.

these judgments

, AS might be expected, based on the component, tiMes discussed

above, corPectly ju tified true judgment% weremade faster in the

MEMORY condition-than n ale TEXT-eondition, t(7)=2.79, p < .05, This

difference can be attributed to differences.in the decision processes
0

underlying, correct justifications of true: inferences in the two
.

con itions. Subjects completed their correct justifications of true

erences faster in the MEMORY condition because those justificationse
weft more frequently' based On anlibmatic retrieval of. both critical

faets and rarely involved any search activity at ,all. In the TEXT
t

condition, on the other hand,-even tilouigh most correct justifications
7'

of true inferences.terminated with automatic retrieval of integrated

memory representations, they frequehly began 'with. some kind of search

activity. Thus, correctly justified true judgments took more time in

the TEXT condition than in the MEMORY condition because more search

activity was necessary.

Correct ,false judgments were also faster in the MEMORY condition

than- in the TEXT condition, t(7)=5.34, p <..002. The most reasonable

explanation for this difference is that the 'decision processes

underlying false judgments are fastef in the MEMORY condition than in

the TEXT condition. Subjects apparently searCh memory faster than

they search a reference text.

Memory for Source Information

In addition to facilitatidg inference verification', another

potential advantage of the MEMORY condition is memory for the

. 13z
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information in the.texts. Of '"eou-rse, subjects were encouraged t

learn the information,jn. the MEMORY condition, but not in the TE

condition. However., they -spent ls considerable amount' of 'time

eiamining the texts, even in the TEXT condition. This might be

expected ,to produce some memory for the information, and our

observation that most of the correctly justified true judgments in th4 s'

TEXT condition were attributable to conftv-ral_._..meinorunechinisms

sUggests thatNthere was incidental, learning in the TEXT condition.
x

. Subject .memory for

-44

e Information in the-texts was analyzed as

follows., T )texts.were bro en into Propositional units (Thorndyke,

_ 1977), th n11 ject.P' recall performanCe'iMs scored for recall of the.
I

gist of each position in .the -appropriate _texts..., Thus, it. waS .

..possible to determine the Proportion of propositions recalled.by each .
r..

subject in eachicondition. The data are given in Table 5.8. (Since- ,s,

..

one subject did not have time to perform thelrétall task in theTEXT

condition, thes ta are based on responses from seven subjectk.),
...--v4

-The'first row in Table 5.8 shows recall'proportions.for the. two
s.

conditions. Recall is considerably better in the MEM6RY condition

(.61) than in the TEXT condition (.30), t(6)=4.68, p 4( .01. Thus,

even thoUgh 'sub.jects inspected the texts thoroughlY .in the TEXT

,or condition, they 1learned considerably. less than in the MEMORY

condition, where learning was.intentional. g,

The second roW in Table 5.8 shows the recall proportions for

propositions that subjects used 6 correctly justify true inferences

Table 5.8

RECALL'Ot SOURCE TEXTS

Condition
MEMORY TEXT

All propositions , .61 .30

Target propositions , .00 .76

Non-target propositions . .58 .27

1 /

1 33

;
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in the two oonditions. The third row shows the recall. proportions.for.

propositions that,subjects did not use to correctly .justify 'true

inferences, These proportions :approximate the following breakdown.

Propositions used to justify true inferences represent those that
;

subjects identified as."iargets". in fhe text or in memory and used in

correct justifications of test inferences. Propositions not used to

justify true inferences represent those that wereilimply scanned (in
;.

fhp TUT l'inrotrieved (ill the _MEMORY .cdition) during
2

, the inference test. The breakdown .is approximate because other

praposttions must have-been identified a$ targets for use in incorrect

justifications of true 4nd false inferences. . Because of . the. logical. .!

erroxs involved in these ,justificetions, the identities of target

privositiong were frequently ambiguous. Therefore, we did not attempt

to include propositions from these justifications in.the target group

but simplk., classified all propositions not uSed in correct

justifications of true inferences as non-targets. .As a result, the
/.

observed differences between- recall of target and non-target

propositions.discussed below, is probably smaller than the actual

diAference.

in both conditibns, subjects learned target propositions. Recalls

of target propositions was high, on the order of 80 percent, in both
.

.

conditions, t(6)= .32. This suggests that identifying a proposition

as the target of a search (either in memory or a text)-and 'using it in
. . ..

a.correct justification is a powerful learning egperience. This

finding is consistent with other studies.(cf. Anderson .S.i. Biddle, 197;
1

Frase, 1975; Frase & Schwartz, 1975), indicating that subjects retain
, .

_

information that *s directly relevant to post-test questions better
,

than they retain other information from studied texts.

Subjects also learned many non-target propositions in the MEMORY

condition, but not in the TEXT conditi)wo Recal of non-t-arget

(-propositions was 58 percent in the MEMORY ondition, ' ompared to 27 i

percent in the TEXT
/
condition, t(6)=4.26, .p < .01. These data suggest

that subjects who inspect a text.with the intention of learning the

information it contains retain a considerable amount of that
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information even after a.relatively Lang retention .interval (30 to 90 .

minutes) filled with highly interfering memory and inference tests.

By conirast, subjects who thoroughly and repeatedly search teicts for

information relevant to particular inferences learn very little of the

information scanned.

It might be argued that target propositions were recalled better.

than non-target .propositions simply because they were verbalized tiy

the iaject durfhg the inference test. However, in the TEXT
condition, virtually all propositions occurred .at least once and most

occurred several times in subjects' protocols, yet xecall of target

propositdons was substantially higher than recall of non-target

propositions. Thus, it is not simply the .verbalization of a

proposition that establishes it in memory, but rather its

identification' as a target .of the current search.effort and its

ultimate usein a correct justification.

Thus, the 'higher overall recall probability in the MEMORY
condifdoh, a..! compared to the TEXT Condition (first row in Table 5.8),

is attributable to two, factors. First, subjects in the MEMORY

condition identify more target propositions during the inference!,test
j

and therefore learn more of them very well. 'This is a relatively.

minor . factor, however, because of the relativeli'small nUmber of

identifi.ibtle target propo-sitions (approximately 12 percent of all

propositions in the texts). The major factor is the superior learning

of .non-target propositions induced by studYing the texts prior to the

infelence Lust, compared to the minimal incidental learning of

non-target propositions induced by searching the texts repeatedly

durini the inference test.

Individual Differences

The proposed model assumes that level of performance on the

infer6nce test is determined primarily ,by memory for the facts

necessary to verify test inferences. It assumes that effective search

procedures play a minor role in 'determining level of performance.

This model accounts well for the group data discussed above. In this

135
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section, we examine the perfvoilance levels of individusl subjects.

There was considerable Variability ini the abselute levels of

perfoimance oUserved for individual subjects. If the proposed model

is correct, it should be able tx) aCcount for variation in performance

level among individuals as well as variation_ in performance level

.between MEMORY and TEXT conditions. Indivi,duals with good memories

should perform better.on the inference testathan individuald'with poon

memories. The quality of indiViduals' search procedures should have

little effect on performance on the inferefice test.'

Table 5.9 presents summary data regarding the performance levels,

and memory and search processes of individual subjects. .The first roi;

in Table 5.9 records.proportioA of correctly justified TRUE jadgments

for each subject pooled'over MEMORY and TEXT conditions. 'Subjects axe .

ordered from left to riglit in table. 5.9, accoxding. to level of

performance. Thus, Annie produced the highest proportion of correctly

justified true
!

judgments (.84), while PatriFk and Donna produced the

lowest proportioas (.44).

Table 5.9

SEARCH, MEMORY, AND PERFORMANCE PROFILES FOR INDIVIDUALUBJECTS

f

Subject

Measure Annie Paul Brian Eva Betty Tina Donnayitrick .

Correctly justified .84 .. .72 .69 .64 .60 4. .59 .44 .44

true judgments in
N

MEMORY and TEXT
conditions

Recall of non-target .78 .83 .65 .70 .69 .47 . ,38 ' ,28

propositions in
.

A

MEMORY conditidh ., .

Successful search .50 .40 .00,.. .00 .33. a00 .00 .00

efforts in search .

condition

13A;

S.

;
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The second row in Table 5.9 provides a measure of the quality, of

indixidual subjects' memories. This variable is operationalized as

the proportion Of non-target facts'recalled from the texts in the

MEMORY condition. The measurement is restricted to nOn-target facti

because, as.discussed above, memory for target facts is better than

for' non-targets. Since subjects identified different numbers of

tartet facts during the inference test, including these facts in the

peasurement would bias the Analysis. 'The measurement is restricted to

the 'MEMORY c ondition because one subject was unable to p.Jrform the

recall test in the, TEXT condition, due to lack of time. The

proportion of' non-target propositions recalled provides a direct

measure of the quality of subjects' memories. Subjects who recalled

higher proportions of non-target propositions have better memories

than those who recalled lower proportions of those propositions.

The third row in Table.5.9 provides a measure of the quality of

the search procedures employed by each subject. This variable is

operationalized as the proportion of true test inferences (excluding

those.correct* justified on the basis of automatic memory mechaniims)

that the subject correctly :justified on the basis of successful

search. Proportion of successful search efforts was computed Only on

data from the TEXT condition, to provide a direct theasure,of the

quality of subjects' search proeedures in the absenee of any memolr
effects. Subjects who had higher propOrtions ofisuccessful search

efforts have better search procedures than those who had lower

proportions.

Table 5.9 indicates marked individual differences in the levels

of performance and the qualities of the memory and search mechanisms

.of individual subjects. The individual differences appear fo be--
orderly and consistent with the theoretical framework developed above.

First, performance on the inference test appears to be influenced

strongly by the quality of a subject's memory. There is a positive

correlation between proportion recall of non-target propositions and

proportion of correctly justified true judgments, r = .89, p < .01.

Second, performagce on the inference test appears to be only minimally
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dependent upon the quality of a subject's search procedures. Most

subjects had'no successful search effortsand the correlation. between

proportion of successful search efforts and proportion of correctly

justified true judgments is not 'significant, r = .69, p < .10. Thus,

as predicted by the proposed model, a subject's performance on the

inference test was determined by ability ta remember information from

the stories, not by ability to search effectively for particular

informatipn.

It is interesting to note that the two best subjects, Annie and

Paul, had the best search procedures as t,ell as the best memories.

There is a significant positive correlation'between proportion recall

; of non-target propositions and proportion of successful search

efforts, r = .72, p < .05. These results indicate that subjects who

have good memories also tend to have relatively good .search

procedures. Note, however, that 'even subjects with good search

procedures were heavily dependent upon automatic memory mechanisms in

their efforts tp verify test inferences. Thus, the highest observed

proportion of successful search efforts was only 50 percent. Further,

all three of the subjects who exhibited good search procedures based

the majority of their correct justifications of true test inferences

(78 to 90 percent) on automatic memory mechanisms.

PRTICAL IMPLICATIONS

PeoplesV ability to detect and iuse logical configurations of

related facts apparently derives from 'highly developed memory .

mechanisms. It is extremely difficult to detect configural

ififorklation 'in an external information source, such as a text. It is

much easier for people to detect configural information if the source

information has been committed to memory. The model proposed.to

account for these e"Phets assumes that (1) subjects use search

procedures that are inadequate to detect configural idformation, and

(2) automatic memory mechanisms organize acquired facts in memory

structures that make configural information salient and highly

accessible. In addition to predicting the details of group
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performance in the MEMORY and TEXT conditions, the proposed model
. ,

accounts well for individual differencis.
. ,

These results have obvious practical implications for anyone who

deals with information and wants to perform more sophisticated

info&ation processing than simple fact retrieval: People should not ,

rely upon the ability to search available informntion sources for

relevant information as it is needed. Most people employ search

procedures that are inadequate for that task.
. Instead, they should

'attempt to.commi.. as much important information as postible.to memor?",-

.Once information hat been memorized, it is availabl.e not onlylor

simple fact retrieval, ! but for more s histicated infoliation1
processing, suck' as deductive reasoni

(
g, as well. These

considerations are particniarly relevant in education.

The value of "memorization" in education is widely disputed.
6

'Those who doubt the value of memorization usually opibase that inion on

a preference for more ambitious educational goals. Arguments in this

category usually run as follows. Students stould understand, rather
9

than memorize, the information they encounter. Students are delnged

with facts that are related in various ways. These facts arrive at

different times and in differentecontexts. Students should not simply

learn the individual facts they encounter-t-they should integrate them.

That is, students should construct a meaningful conceptual structure

in which individual facts can be embedded.' This is what is meant by

understanding. 1 It ls. . the basis 'for the ability to perform

higiher-order information processing, such as comparison,

characterization, and inferential reasoning. Students should learn to

use facts in these important ways, rather than simply to reproduce

them. Therefore, it is less important ior students to memorize facts

than it is to know where to find information and how to use it when it

is needed.

j5tudents frequently offer a similar argument when requesting

open-book examinations. The claim is that traditional closed-book

examinations emphasize the "wrong" thing, namely, memory for specific
,

facts. In addition, closed-book exaMinations encourage."undesirable"

139
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study'habits. Students are preoccupied with fact memorizationosat the

expense of efforts to integrate and -understand -the material.

Open-book examinations, on the other hand, deemphasize memory for

specific facts, since the facts are readily available in the text

during the examination. Students 'are freed of the need to spend

valuable study time memoriz4ng facts and can, instead, devote that
,

time to developing a better understanding of the material. The

opdh-book examination presumably. provides a good opportunity for

students to demonstrate this understanding.

Let us examine these arguments in light of the present research.

The inferenge verification task .used in our experiment'reqUikd

subjects to understand. and integrate related facts in meutingful

conceptual structures, to find informatiOn when it was needed, and to

use lacts in, a sophisticated way. Thus, ability to perform the task

exemplifies the 'kind of educatiohal gaal advocated in the arguments

above. The results of the experiment show that subjects were unable

to perform the/inference verification task when the necessary facts

resided only in external texts (open-book test). That is, they were

unablrko integrate facts and understand the relationships amOng them.

They were unable to find facts that were relevant to test inferences
.

and therefore unable to use the facts to.verify test inferences. On

the other hand, subjects performed the infeience verification task

rather well when the necessary facts had been learned cclosed-book

test). k, They were able to integrate.learned facts and understand-the

relationships among them. They were able to reirieve faits that weii
h,

relevant to test inferences and therefore able to use learned facts t6=

verify test inferences. Further, integration of related iacts and .

retriev,1 of relevant facts during inference verification appeared tto

be automatic iemory functions, requiring little conscious effort by

the subject.

These results indicate that students are poor processors of

inl6mation that resides in an external text but Teasonably effective

processors of information that they have learned. Consequently,

attempting to perform sophisticated information processing insteid

of learning specific facts, as advocated in the arguments above, may

li 9

-
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be self-defeating. Apparently, learning'the individual facts that are

involved in a complex knowledge structure is an important, and perhaps
1

necessary, precursor to a thorough understanding of.the relationships

among those, facts. These results also. suggest that open-book

examinations may not produce their intended effects. The danger_is'

that, students will rely too heavily upon the availability of the text

(and f 1' to exploit the powerful organizational properties of human

memory. Thus, students zhould not iorgo efforts to learn tourse
4

.

material in favor of efforts to uideistand and integrate it. They

should work to learn course material, as well as to understand and

integrate it.

Insummary, the present research suggests that memorizing new

information is a critical step in.the learning process. We do.not

mean -to detract from the importence attributed tO understanding and

sophisticated information processing Qiimial goals. On the

contrary, we agree that siniple fact acquisition is an impoverished

'educational goal. Good understanding of acquired information and,

perhaps more importantly, the ability to apply acquired: information

should. be the ulamate goals. However, the'present results suggest

that these goals are best achieved when they. Are predicated on a

strong f.mndation of initial learning.

r-
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VI. TEXT ANNOTATIW: A TECHNIQUE FOR FACILI,TATI4G

KNOWIEDGE,INTEGRATION

a

Chapters IV and7V 'focused on the process of integration .of

information in a text. This chapter investigates a technique for

improving subjects' integration of. knowledge. Earlier 'studies of

integration typically required subjects to study a text tontaining one

or more rairs of facts from which particular inferences could be,

deduced (e.g., Bransford & Fanks, 1971; '.Frase, 1969, 1973, 1975;

Haviland '& Clark, 1974; HayeA-Rothf 1977). Subjects were ihen tested

on theirilinnwledge of these inferences. For instance, Frase (1969)

presente subjects with brief stories like the following:
,

The Fundalas.are outcasts from othet tribes lip Central

Ugala. It is the custom in this part of the country to get

rid of certain types of'people. The hill people of' CentrAl

Ugaja are farmers.. The upper hhhlands provide excellent

soil for cultivation. The farmers of this country ire peace
,...

loving, which is reflected in their artwork. The outcasts

of Central Ugala are all hill people. There are about

fifteen different tribes in this area, (p. 2)

Later, subjects were tested for their,knowledge of inferences such as

(1) The .Fundalas are hill people

which follows from'

(2) The Fundalas are out asts from other tribes in Central Ugala

and

(3) The outcasts of Central Ugala are all hill people,.
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Working in A similar paradigm, in Experiment 7, (Chap. IV) we

presented pairs: I related stories,, such as those on p. 89, to

subjects, wbo wer then tested for their knowledge of the inference
P.

(4) Albert Profiro hated King Egbert

'which is based on the facts

and

(5)- King Egbert was a diCtator (from the first ktory4(7

(6) 'Albert Profiro hated all dictatolyr(froT the seconcrstory):
. I

011.

In both of these studies, successful integration -of -related lrcts

permitted subjects to deduce information that was neither required for

nor suggested by simple comprehension of the texts.

Despitethe importance of information integratiot, pNopIe are not .

very good at it. Frase (1969),found thai 'free recall of his ' stdries

included relatively few inferences, exert when .subjects.were told

expLicitly to include as many inferences as possible in their recall.

A' related result depends on the number of inferences to which a

subject is exposed. If an inference chain is represented by the'

linear order A -> B -> C, a subject verifing the inference "A -> C"

during acquisition would be exposed to only that one inference.

Subjects verifing the more complex'inference "A -> E," represented by

the chain A -> B -> C -> D -> E, should be exposed to the intermediate
4

inferences of A -> C, B -> D, C -> E, A -> D,-and A -> E, as well as

the explicit inference A -> E. One mighe expect the latter condition

to produce more inferences on a subsequent.recail test. This did not

occur..

Unpublished research from our laboratory 'indicates similar

difficulties in information integration. Subjects (UCLA

undergraduates enrolled in an introductory psychology course) read

113
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four pairs,of related Itories (the.materials illuarated.in Chap. IV).

Four pairs.of related facts occurred in each pair of stories, with one

fact from each pair occurring in each story. Each pair.Of facts could

be, used to deduce an inference, as illustrated in (4) to (6) above.

After studying all four pairs af stories, subjects reCeived a

verification test on the sixteen true ialferences and sixteen

distractors. Eight of the sixteen subje.cts performed.lt or below

chance on this verification test. (as determined by a high-threshold_ _

correction for guessiug, Green .and,Swets, 1966). Providing three

repetitions of each story did little to improve performance: Seven .of

the sixteen subjects still performed no better- than' chance.
\

Performance on inferences was conditionalized.on correct performance

on a subsequent syllogism test. That is, inferences were included in

the analysis only if subjects responded tO:them correctly when they

were preceded by the appropriate facts .(premises). Thus, poor

performance on the inference test was not.due to subjects' inability

to perform 'thea necessary reasoning, but rather to their failure to

integrate the related facts from which the. inferences .could be 4

deduced.

As these studies illustrate, facilitating subjects' integration

of related facts and .deduction of the inferences they entail is an

important educational goal. The present research investigated the
0

facilitative effects of text annotation. Subjects studied the stories

described above and attempted to deduce as many inferences from them

as they could. Then they were tested on their ability to verify

valid inference) deduced from the pairs of related facts that had

appeared in the4tories.

-Two types of text annotation were evaluated. In a FACT

annotation condition, facts from the first story in a Pair were

repeated in footnotes to related facts in the 'sem!) story. Thus,

this condition focused the,, subjects' attention on pairs of related

facts. In a FACT-A$D-INFERENCE annotation condition, facts from the

first story were again repeated in footnotes to related facts in the

second story. However, in this condition, the repeated facts were
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accompanied by the inferences that -could be deduced from the fact

pairs. Thus,-this condition focused subjects' attention on pairs of

related facts and informed.them of.the,.appropriate-infexences as well.

In a CONTROL condition, text's were not annotated.%

Although- both annotation conditions should produce better

performance than the CONTROL condition, it is not.clear which of them

should produce the best performance. Because the FACT-AND-INFERENCE

condition provides subjects with the test inferences, they cannot fail

to deduce any of them, nor can they.incorrectly deduce unwarranted

inferences.- The F T condition, by contrast, requires- subjects to

deduce inferenc9 or themselves. Thus, subjects may faia to deduce

Lhe inferences or ma incorrectly deguce unwarranted inferencea. On

the other hand, the kind of processing activity revired by the FACT

condition might provide another kind of advantage. Actively deducing

an inferenCe from two premises is a "deeper" kind of processing (Craik

& Lockhard, 1972) .than simply studying inferences that have already

been 'deduced. This kind of activity might increase long-term

retention:;(Hyde & Jenkins,.449). These considerations lead to the

following predictions. If. subjects in°the FACT condition deduce "mofit-

of the inferences correctly, they should perforM at ?east aa well 6

the inference test as subjects in the FACT-AND-INFERENCE condition.

if subjects in the FACT condition do not deduce most of the inferences

correctly, subjects in the FACT-AND-INFERENCE condition should perform..

better.

EXPERIMENT 9

Method 4

Subjects. Thirty-six UCLA undergraduates participated in the

two-hour experiment. Subjects were either paid $6.00 or given course

credit for their participation.

Materials. The Ybur pairs of meaningful stories about the

mythical country of Morinthia used in Experiment 7 were used again in

this experiment.
.

Each pair of stories included four pairs of related facts', such

as (5) and (6) on p.133. Each pair of related facts contained
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sufficient informatiOn to deduce a particular inference not explicitly

stated in either story (such as fact (4) above).

Descigw. All subjects received all four pairs.of stories *in 'an

order counterbalanced acrots subjects. To ipaure high retention,

subjects received three copies of each stOry, .alternating between

Story 1 and Story 2 of that pair. Subjects were randomly assigned to

one äf the followingexperimental conditions.

CONTROL Condition. CONTROL subjects were told (via printed

instructions in their tesl. booklets) that the experiment concerg

their ability to read,- widget nd, and remember prose; that they would /

read a number of stories about an imaginary country; and that they

would later be asked questi s about the stories. The subjects were
lo ,

fArther instructed to try tolcomb?.ne facts from the stories and to

deduce inferences from combinations of facts. They were told to write

down any inferences they deduced ile.a space prqvided below the

stories. An example (unrelated tO any of the experimental stories)

was presented, showing two -stories with information suitable for

deducing inferences. Subjects were told that deducing inferences

,would maximize their performance on the tests to come.

. FACT Condition. FACT subjects received tbe same instructions

and test materials as the controt subjects, with the foll,owing
%

additions. The second story of each pair was modified by placing a

numefical footnote after each fact in the story that was involved i

2obe of the.. experimental inferences. This footnote referred t h

subject to a "hint"t at the bottom of the page, which contained the
Oa

related fact from the first story in the pair. Each of these pairs of

facts ftovided the basis for deducing an inference. For example, the

fact "King Egbert was a dictator," which,occurred in the first story,

was repeated as a footnote to the fact "Albert hated all dictators" in

the second story. Subjects were told to.use these hints to deduce

inferences. They were also told tgat other inferences might be

possible, so they should not, dstrict their efforts to facts

associated with hints. .Again, subjects were told to write down all

inferences they deduced in a space"provided on the page.
1 .

1 6
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FACT-AND7INFERENCE Condition. FACT-AND-INFERENCE. subjects re-

ceived the same materials as FACT subjects:* with the following

modifications. The second senttiab.i.f. each Pair was agiin marked with

a footdote, but the hint indicated by.the footnote was the related

fact.froi the first story in the pair and the inference that could

be generated from the pair of related facts. For example, the

footnote to "Albert hated all dictators" was "King Egbert .was a

dictator" and "Therefore, Albert hated King Egbert." Subjects were

told that these hints would show them examples of inferences deducible

-fray the two stories and that they should learn these. They were also

told to deduce as man§ other inferences as possible and write. them

down in the space provided.
4

Procedure. Subjects were tested in groups. lach subject was

given a. booklet containing the- experimental stories and tests.

Subjects' ,progress through the booklets was self-paced. In'tetional

learning instructions were, given, including the warning that an

inference--test would be given. Subjects recorded the times at which

they began and finished reading each pair of stories.

After subjects had read all four pairs of, ptories, they were

ven combined recognition-verification tests. Three kinds of items

were tested: .OLD sentences, which had previodsly appeared in the

stories; NEW sentences, which were made up of invalid combinations of

facts from the 'Stories; and the INFERENCES described above. .Subjects

tAtere instructed to use a response line below each sintence to answer

two questions: (1).Did this exact sentence appear in a story you

have read (OLD or NEW)? and (2) If not, is the sentence logically true

with respect to the facts presented'in the stories (true or false)?

Subjects were given both OLD and NEW-TRUE response options to avoid

confusion over whether they were being tested for recognition or

verification. The two kinds of responset were treated identically in

4p-the analysis.

There were twelve test items (four of each of the three types of

items) for each set of stories. The test items were blocked by story

pair, and these blocks were presented in the same order as the story
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pairs to control Or any short-term retention of the' stories.

.Subjects were not .allowed to look back at the stories at any time

during the testing.

Following the recognition-verification test, subjects' verifigd\L

the sixteen true and false inferences in syllogism form. That is,

each inference was preceded by the two facts from the stories that

presumably supported it. Subjects simply indicated whether each

inference followed logically from the associated premise.sentences.

Results and Discussion

Inference Deduction. The inferences deduced during learning in

the CONTROL and FACT. conditions were examined 'for the sixteen

inferences around whkch the stories were designed. .(These will be

referred to as the critical inferences of the experiment.) FACT

subjects deduced more of these critical inferences than d.id-CONTROL

subjects (probability of generation: CONTROL = .40; FACT = %84; t(22)

= 5.14, p .01), although both groups missed a significant number of

critical . inferences (.84 1.0, t(11) = 3.73, p < .001). Thus, while

CONTAOL subjects deduceesome of the inferences on their own, FACT %

subjects, aided by footnotes referring to previously read related

facts, deduced many more of the inferences.

Recognition-Verification Test. The variable cd interest is the

probability of a correct response to each of the three kinds of test

Items. For NEW items, the correct response was NEW-FALSE. For OLD and

INFERENCE items, the correct response was "true" (either OLD or

NEW-TRUE). While there are many interesting questions concerning

subjects' abilities to discriminate sentences they have actually seen

before from valid new sentences (Bransford & Franks, 1971), our
0

concern here is with whether or not subjects.think a sentence is true,

regardless of their reasons.

Failure to judge an INFERENCE to be "true" could be due to either

of two causes. First, subjects may have failed to integrate the

related facts underlying the inference. Alternatively, they may have

integratpd the facts but decided that the inference did not follow

118
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from them. Since we are primarily cOncerned with subjects' ability Lo

--integrate facts and . not their ability to reason, performance on the

syllogism task was used to:control performance on the inference task:

Any inference whose corresp(onding syllogism was incorrect was excluded

from the 'ana Thus, the results below reflect performance on

only those inferen s that the subject believed to be logically valid

when.all the necessary information was readily available. Subjectsin

the .three groups, .performed comparably well, on the sy llogism s

(p(correCt true . syllogism): CONTROL = .92, FACT =

FACT-AND-fNFERENCE = .96; F(2,33) = 1.27, MSe = .006; p(correct false

syllogism): CONTROL.= .80, FACT = .77, FACT-AND-INFERENCE = .68;.

'F(2,33) = .82, MSe = .060,so this conditionalizing did not lead to

any item selection effects.

The results are shown in Table 6.1. The probability of a correct

response was tested in a. group (CONTROL/FACT/FACT-AND-INFERENCE) by

item (OLD/NEW/INEKRENCE) analysis of variance. The main effects of

group (F(2,33) :1 8.87, .p < .001) and iem (F(2,66) = 240.69, p < .001)

were significant. In addition, the interaction between group*and item

was significant, F(4,66) 5.05, p < .001. All three experimental

groups called *OLD items "true". equally often (F(2,33) < 1.0).

However, Newman-Keuls tests (Winer, 1962) found that subjects in the

FACT and FACT-AND-INFERENCE conaitions verified inferencec correctly

more often than did CONTROL subjects (p < .01). In addition, FACT

Table 6.1

PROBABILITY CORREtT FOR OLD, NEW, AND INFERENCC ITEMS I'

FACT and
CONTROL FACT INFERENCE

p (OLD or TRUE:OLD) .96 .96 .96

p(old or TRUEIINFERENCE) .80 .96 .97

p(NEW and FALSE:NEW) .40 .63 .54

119
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subjects correctly classified NEW sentenees more 'often thaa did
. .

CONTROL or FACT4ND-INFERENCE subjects (p < .05).

These results indizate that the PACT condition produced better-,

overall performanre than either;the,CONTROL or the FACT.,AND-INFERENCE*

condition. Subjects in the FACT condition verified OLD. seneentes as'

accurately as subjects ln either of the other two conditions: They

verified true inferences more accurately than subjecti in,the 6NTROL

conditiOny and they v erified false NEW sentences more accurately than .

_

subjects in eieher of the'other two eonditions. -.

The finding that.subjects in the FACT condition performed as well'.

Nas subAects in the FACT-AND-INFERENCE conditiod on the true inferences%

is'a little surpfising in light of the prediction's above, We

.predicted that performance would be better in the YAC-AA-INFERENCE

condition unless subjectS in the FACT condition orrectly deduced .most

of the test inferences.during study. As noted ato jeCts in the .

FACT condition correctly deduced 84 percent of the test inferentes

during study. Apparently, the act ime processing required to 'deduce

I. .

4
.11

inferentes in the FACT condition. prOVided a 'relat,ively lerge , y

advadtage. This advantage was sufficie t 6 offset subjects' -fa,ilure

to deduce a ll of the inferences, permitting them to verify inferences',
a I

as accurately as subjects in the FACT-AND-INFERENCE condition.

,-The importance of deducing inferences during study gin,be seen "by

conditionalizing the:probability of-j;Idging an inierence.to be true oe

whether of not that inference was deduced during Study .(see Tabte

6.2). For both the CONtROL and FACT conditionS, the'probability of

judging a previously dechiced inference.true was'close .to-, 1.0, while

the probability of judging -4her inferences tnue .WaS around..70

(F(1,17) = 19.99; p <, .001). Neither the group effect nor the-
,

group-by-deduction interaction was 1ignificint (both .F's
.

Thus, the'difference betWeen the overall performance .by CONTROL and
k .

FACT subjects is due tOthe fiilure.of CONtROL subjects to deduce as

many inferences during study. CONTROL and FACT subjects' performance.

on previously. deducxd iinferences did not difiter from

FACT-AND-INFERENCE subjects' averall performance (F(2,28) ( ,. 1.0),

15,1
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indicating that subjects' mepory for deduced inferences was at least

as good as that for explicitly read inferences.

Table 6.2'

PROBABILITY CORRECT FOR INFERENCES
CONDITIONALIZED ON PRIOR DEDUCTION

FACT and
CONTROL FAdT INFERENCE

Produced .96 .98 .97
Not produced .66 .75 '

We must consider an ilternative hypothesis for C0610L subjects'

relatively poor performance on true inferences. Subjects.in the

CONTROL condition were given 410 inrdiition at all sbout which

inferenceswould be tested. Subjects in the FACT-AND?NFERENCE

condition read the test inferences, and subjects in the FACT-condition

had their attention focused on facts underlying the test-inferences.

Perhaps subjects in the CONTROL condition actually deduced as many

correct Inferences as subjedts in the other conditions but did not

happen to deduce those subsequently tested. Thus, subjects in the

CONTROL condition may not have been given an opportunity to display

their knowledge.

In oldef to test this alternative hypothesis, we scored subjects'

performance for the number of non-critical inferences deduced during

study. The number of non-critical inferences deduced decreased.as the

amount of information given in footnotes increased (number of

non-critical inferences deduced: CONTROL = 15.75, FACT = 13.00,

FACT-AND-INFERENCE = 10.42), but this effect was not significant

(F(2,33) = 1.09, MSe = 78.10). Thus, we cannot explain subjects' poor

periormance in the CONTROL condition" as a consequence of their having-

generated the "wrong" inferences.'

151
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Reading Times: The time to read and process .pairs of stories

'averaged 1.9 minutes in the CONTROL condition, 2.1 miriUtes iu 1..he FACT

condition, and, 2.4 minutes in the FACT-AND-INFERENCE condition. The

effect of condition taas significant (F(2,34) = 3.21, p < .05),

indicating that subjects in the.two annotation conditions spedt more

time processing the stories than did those in the CONTROL condition.

This is -not surprising, given the- different aCtivities performed in

the three conditions: Subjects in the CONTROL condition read only the

two stories and deduced an average of 22.2 inferences (critical and

non-critical). Subjects in the FACT condition read the two stories

plus four facts repeated iP footnotes.and deduced an average of, 25.8

inferences. Sublects in the'FACT-AND-INFERENCE condition read the two

stories plus four repeated facts and associated inferences in

footnotes and deduced an average of 10.4 additional inferences.

GENERAL DISCUSSION

These results suggest that active efforts to integrate siudied

liaterial and deduce valid inferences are valdakle study behaviors.

Our subjects' knowledge of previously deduced inferences was nearly

perfect, while their knowledge of other inferences was only.slightly

above chance.

Simply instructini subjects to. attempt to integrate related

information from studied texts and illustrating how to deduce

inferenct:s apparently can improve performance. Our control subjects

suctessfully deduced 40 percent of the criiical inferences without any

hints at all and, as a c'onsequence, verified 80 percent of the test

irlTerences correctly. Thfg represented a substantial improvement over

the performance observed in previous studies in 'which subjects were

given more general lear ing instructions. -

The simp an ation techniques illustrated in the present_

experiment apparently can further improve subjects' integration of

related information and deduction of valid inferences. While subjects

take more time to study annotated stories, we cannot expect to improve

periormance'at no cost. The relatively small investment of another 20

1
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or 30 seconds subjects made in the annotation conditions paid off in

substantially improved performance..

Apparently, the major impediment .to successful performance is

failure to detect the relationships among separately encountered

facts, rather than the inability to reason correctly. Thus; it.

appears that simply pointlng out the relationships:among separately

encountered facts (the FACT condition) is as effective as deducing the

inferences for the subjects'(the FACT-AND-INFERENCE condition). The%

finding that subjects correctly rejected NEW sentences More often in

the.former condition.than in the latter suggests that the .simpler

technique may actually produce the best overall performance.

153
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VII. CONCLUSIONS

The studies described in this report explgred a broad range of

issues in .human processing of knowledge from. text. These issues

include the following:

I. Which inforniation people acquire during incidental and

intentional learning and .k5w they atquire it.

' 2. Transfer effects in learning from related texts.

Conditions under which acquired information can be recog-

nized pr retrieved.' .

4. Integration of related facts encountered in the same or

'different texts.

5. Inferencing baSed on related.: facts en'countered in

different texts.

6. Searching an external text or memory of a text:for infor-
, 0

nation relevant to a hypothetical inference..

7: Annotation techhiques for facilitating inferedtial rea-

soning and retention of inferences from information in

studied texts.

Throughout this report, we have assumed a single, unifying

theoretical framework. We used this theory to motivate the particular

experiments we conducted and to account fot tle'results we obtained.

TNis theory embodied principles goVerning acquisition, tiansfer,

recognition, and retrieval of Information from text, as well .as

'specifying the details. of the memory representations on which these

processes operate. Based on our experimental results, we may Aw
summarize the theoretical Assumptions that have gained empirical

support.

A knowledge structure that represents information from one

context can be used to represent the same information occurring ,in

151
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different contexts. The information rihared across contexts is .

retpresented as a con iguration of general, or variable, ,concepts 4nd.

their relation& .(a schem4).. The.details that specify. or "instantiate"

the variable concepts in each individual context are.associated with

their respective concepts by context-preserving relationi. -When a

detail is associated. with a well-leapied schemai the schema must be

retrieved in order to retrieve the detail that instantiates it.

The.use of a sChema for encoding or retrieving. information -.

depends on.its accessibility in memory; that.is, the probability that
- it can be activated, either for use in storage of incominig inforTation

or for retrieval of previously stored information. Accessibility

depends upon the.strength of the stored information, thextent of the

overlap or match between.input and sch,ema, and the recency of previous

activations. Each time a schema is activated for use, it becomes more

accessible for successive activations.

When multiple details instantiate a variable concept in a schema,

they compete with one another for associations with the Nariable
concept. As the :number of competing.details increases, a person's .

ability to discriminate (and thus recall correctly) the context in

which each detail occurred decreases. Thus, when a schema is used to
t

encode multiple complementary facts (as in Chap. IV), inemory is.
4

enhanced. HOwever, when a schema is used to encode multiple competing

facts (as in Chap. II), memory can be interfered with.

Schemata may also be yiewed as more.global knowledge structures ,

at 'encode entire texts. At this level of analysis, a schema

provides a framdiork for sequencing and organizing the events ia a

narratiVe discourse.

The main purpose of the studies described in this report was to

discover techniques for improving the amount of information people can

assimilate from texts and their ability to use that information when
to.

necessary. Based on these studies, a set of principles for improving

human learning and pWormance with texts has emerged. These

principles are fisted below, accompanied by brief descriptions of

supporting data from the particular experiments from which the

155 .
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principles were derived. We believe that these principles could serve

as useful guidelines in designing information systedirbf the future.

1. Presentation of new information in well-learned structural

organizations can facilitate learning of that.informatioh.

It is frequently necessary to present. texts 'containing related

facts--that is,' facts having the sameogenera1 form, but diffeient

details. For example, one might be required to learn a series of

profiles of Adividuals in which the fact "He was born in the year

..." was common to each profile, but the actual year of birth was

different for each person. In Experiment 1 (Chap..II), subjects'

memory for'both the general form of a fact (e.g., someone was born in

some
I
year) and the details (e.g., the actual year of ,pirth) improved

by up to 100 percent when the text in which the fact appeared 4as

preceded by one, two, or three different texts containing related'

facts. :Thus, presenting a.. seiies of 'related facts in well-learned

structures is desirable because it facilitates.memory for the related

facts.

2. Blocking pres'entation of large .numbers (on the order of

five or more) of texts ,containing related facts interferes with

learning.

Experiment 1 also showa that immedfately preceding A text by

five or move texts containing related facts further improved memory

for the general forms of .related facts.' However, memory for. the

details pf .related facti deteriorated by up to.50 percent. This

occurred because subjects had difficulty 'remembering_ which detail

(e.g., year of),birt0 went '-with which text. Thus', blocking

presentation of large numbers of texts containing reiated faces should

be avoided because 'it interferes with memory for the details of

related facti.

3.s Temporal separation in presentation of related texts can

preserve facilitating effecils and eliMinate interfering effects..

Whenever related texts must be read, there is a good chance that

memory for the information.in the texts will suffer interference. For

example, Experiment 1 showed that interference would occur if

1 56
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. presentations of large numbers of texts containing relaed facts were

. blocked., However, in Experiment 2, it was also found that

. interference effects could be eliminated and memory 'for details

specific to individual texts could be iMproved by up.to 150 percent-by

inserting a reasonable temporal interval, such as 24 hours, between

presentations of related texts. Thus, presentation 'of potentially

interfering related texts should be tereporally Separated to preclude

interference effects and tO facilitate memory for .the details of

studied texts.

4. Elimination of redundancy and.-irrelevant commentary from

newspaper Aories facilitates 'assimilation and, retention of

important facts.

Newspaper stories are written in accordance with stylistic

conventjons of journalism. The, most timely, important, or

eye-catcing inforMation is placed in the opening sentences of a

story, and the details ahd backgrOund information are elaborated in

subsequent paragraphs. This organization results in distortions of

the true narrative sequence of events, redundant repetition of facts,

and commentary that is tangential to ind less important:than the

'newsworthy events. In Experiments 3 and 4 (Chap. III), newspaper

stories were reStructured bY grouping related-information together

either in a sequential narrative or by 'primary topic, and by.

eliminating redundant or unimportant ihformation. ,.Retention of

important infbrmation was facilitated by all reorganization's of news

story facts that deleted the irrelevant information. In addition, the

redundant and unimpertant information was rarely recalled from the

news stories. This indicates that when redundant and irrelevant

information is present in stories; it is rarely learned by reaters and
. .

df it inhibits acquisition of more salient facts.

5. Text organizations tOtplace complementary facts in close

proximity improve integration of those facts. '

Frequently, texts contain complementary information. The

complementarity between separately occurring facts permits them to be

integraped into a single, composite fact, For example, one fact might
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specify that George Washington was the first President of the United

States and another might specify that he lived at Mount Vernon. It is

.important for the reader to integrate these facts in order to.realize

that the first President of the United States lived at Mount Vernon.

In Experiments 5 and 6 (Chap. IV), ptesenting complementary facts in

, succession within a text, rather than 'separating them with other

.facts, improved periormance by up to. 100 percenti) Thus, text

organizations that-maximize the proximity of complementary facts are

desirable because they facilitate integration of those facts.

6_ Wording complementary texts as similarly as possible'

improves integration oC complementary facts that occur in separate

texts.

*It is faluently impo sible to organize texts so .that

complementary facts occur togtrr or even in the ,same text. A-text

may contain information that complements information from a prior

text. For example,. the fact that George Washington was the first

President of the United States might occur in an American History

text, while the fact that he lived at Mount Vernon might occur in a

biogiaphical text. It is.important for the reader to*, be able_ to

integrate complementary facts even though they occur in separate

texts. Experiments 5 and 6 showed that wording complementary facts

that occur in separate texts aS similarly as possible improved

integration of the facts by up to 100 percent. Thus, it is desirable

to word complementary texts as similarly as possible..

7. Wording related texts as similarly as possible improves

inferential reasoning basea on facts withid the texts.

Sometimes, the information in a text is tangentially related to
,

information that occurred in a previously learned text. While the.

relationship may not lead to simple integratiok of related facts into

a composite fact, it may provide a basi for inferential reasoning.

For example, a text covering Early.Ameri q History might specify that

George Washington was the first President of the United States.

Another text covering Modern American History might specify that

Franklin Delano.Roosevelt Was the first U.Sf- President to serve more

4.
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than tiOo terms* ot offie. Using these two facts, the reader could

infer that George Washington served no more than.two terms of. office.*
.

Experiment 7 .(Chap. rv) showed that similar wording of tangentially

related texts occurring *in separate texts improved inferential

reasoning based on those facts by up to 50 percent. Thus, eelated

texts should be worded as similarly as possible to facilitate

qferential reasoning based on the infotiation in.the texts.

8. Reasoning from memory of carefully studied texts is &ore

accurate.tham reasoning based on inspection of less familiar texts.

People frequently have at their dispoSai a numicer of documents

that provide the information on which decisions are to be based. A

standard procedure is to use such documents as reference sources,

searching them for particular facts or categories of information as

they are needed.* Experiment 8 (Chap. V) indicates that this is an

effective strategy only if the infordation needed is present in

literal form in 'the available documents. It is an ineffective

,strategy if the information needed is available only as an inference

based on a configuration of 'facts that occur separately in the

documents. In the latter case, people perfprm poorly at obtaining

necessary information. However, their peeformance can be improved by

at least 50 percent if they study to learn the reference document's

before attemptitig- to use theli. Thus, haliing the reader study

reference texts'is desirable because it fac,ilitates the ability to

detect important relationships among se0arately occurring facts.

9. Studying to learn texts improves knowledge of the

information the texts contain over using the texts to perform
S.

inferencing.

As discussed above, people frequently fail to detect important

relationships among facts if they have not first studied the documents

in which the facts occur. In addition, Experiment 8 showed that

people learn very little about information contained in a text uniess

they consciously try to learn. For example, although people spend a

considerable amount of time inspecting available texts in .their

(usually unsuccessful) attempts to retrieve related facts, they learn

1 59
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almost nothing. In contrast, people learn a great deal if they spend

a comparable amount of time studying the available texts with the

intention of learning the4tnfotiation they contain. Thing, the reader

ought to stvdy reference textstot only to fac34l1bate,detection of

configurations of related facts, but also, to facilitate future

retrieval af individual facts. u

_

10. Annotating texts with references- to related facts that

have occurred in previous texts facilitates general .inferential
.,

reasoning from the texts.
.

.,
k

.

i

Experiments\ to 7, discussed. above, indicated that ipeople ha've

w \ i

r
difficulty intigrating complementary facts and drawing inferences from

related facts in separate texts. However,,It is 'not alwqks possible

' to organize texts so that .complementary And related facts, occur

together. In Experiment 9, a relatively simple annotation method was

.ftkund to improve inferential reasoning based on facts occurring in

separate, ,texts by up to 100 percent. This annotation method involved
. o

repeating previously read, related facts as footnotes to' the

appropriate facts _in a text. It was neither necessary nor desitable

to generate the appropriate inference for the reader and'include it in
,

the footnote. This-annotation method did not improve performance. on

inferences drawn from the annotated facts. Ho4ever, it'appeared ta

. generation of other inferences, in addition to those based on

the annotated facts. Thus, texts should be annotated with references

to prior, related facts in order to facilitate reasoning from the

texts.
CO

S



q.

151

REFERENCES

Anderson, J. R. MemoTy for information about individuals. Memory and
Cognition) 1977, 5, 430-442.

1

Anderson, J. R. Language, memory and thought. Hillsdale, N.J.:
Erlbaum Assoc., 1976.

Anderson, . J. R. and Bower, G. H. Human
. Washington, D.C.: V.H. Winston, 1973.

Andersoh, J. R., and Hastie, R. Individuation and reference in memory:
Proper names and definite descriptions. Cognitive Psychology, 1974,
6, 495-514.

associative meiory.

Andeeson, R. C.
enterprise. In R. C
Schooling and the
Erlbaum, 1977.

The notion of schemata and the educational
. Anderson, R. J. Spiro a W. E.-Montague (eds.),
ac uisition of knowled N.J.:

Anderson, R. C., and Biddle, W. B. On askin people questions about r
what-they are reading. In G. H. Bower (ed.), sychology of learning
and motivation (Vol. 9). 'New York: Academic Press, 1975,

Anderson, R. C., and Myrow, D. L. Retroictive inhibition'of meaningful
discourse. Journal of Educational PacholOgy,.1971, 62,.81-94.

Anderson, R. C., et al. Frameworks for comprehending. discourse.
Technical Report 12, Laboratory for Cognitive Studies in Education,
University ot Illinccisi 1976.

ItAnderson, R: C., Spiro, R. J., and .Anderson, K. C. Schemata' as
scaffolding for the- representation 'of information in connected
discourse. Technical Report 24, Center for the 'Study of Reading,
University ot Illinois, 1977.

Bcaori=ej.4.choTkol

712=silion in, remembering sentences.

Bartlett, F. Remembering. Cambriage: Cambridge Press, 1932.

Bobrow, D. G., and Norman, D. A. Some principles of memory schemata.
In D. G. Bobrow and A. Collins (eds.), Representation and understand-
ing. New York: Academic Press, 1975.

Bower, G. H. Selective facilitation and interference in retention of
prose. Journal of Educational Psychology, 1974, 66, 1-8.

Bransford, J., Barclay, ,J., and Franks, J. Sentence memory: A
constructive versus interpretive approach. Cognitive Psychology,
1972, 3, 192-209.

161



ID

152

Bransford, J. and.Franks, J. The abstraction of linguistic ideas.

Cognitive Psycholop, 1971, 2, 331-350.,

.Clark, H. and,Haviland,.S. Comprehension and the given-new contract.

In R. Freedle (id.), , Discourse production and comprehension.
Norwood, N.J.: Ablex, 1977.

Craik, F.I.M., and Lockhart, R. S. Levels of processing: A frame rk

for memory 'research. Journal of Verbal Learning and Verb
Behavior, 1972, 11, 671-684.

Crouse, J. H. Retroactive interferenCi in reading prose materials.
Journal of Educationol Psychology,'4971, 62, 39-44.

van Dijk, T., and Kintsch, W. Cognitive psychology and discoursel
Recalling and summarizing stories. In W. Pressler (ed.), Trends in
text-linguistics. New York: deGruyter, 1977. .

Dooling, D. J.,. Christiaansen, R. E., and Keenan, T. F. Levels of
encoding and 'the forgetting of prose. Paper presented at the meeting. .

of the Psychonomic Society, Denver, November, 1975.

.Fillenbaum, S. Memory for gist: Some relevant variables. .Language'
and_Speechi 1966, 9, 217-227.

Foos, P. W., Smith, .1(4. Sabol, M. A., and Mynatt, B. T.

Constructive processes in simple, linear-order problems. Journal of

Experimental Psychology: Leamini and Memory, 1976, 2, 759-76.

Frase, L. T. Prose processing. In G. H. Bowel-4 (ed.), Psychology
learning and motivation (Vol. 9). New York: Academic Press, 4975.

Frase, L. Integration of written text. Journal of Educational
Psychology, 1973, 65, 52-261.

Frase, L. 1% Stru ural analysis of the knowledge that results from
thinking ab ut text. Journal of Educational Psychology Monograph,
1969, 60. (a)

Frase, L. Paragraph organization of written materials: The influence
of conceptual clustering upon level of organization. Journal of
Educational Psychology, 1969, 60, 394-401. (b)

Frase, L. T., and Schwartz, B. J. Effect of question production and
answering on prose recall. Journal of Educational Psychology, 1975,
67, 628-635.

Frederiksen, C. Effects of context-induced processing operations on

semantic information acquired from discourse. Cognitive Psychology,

1975, 7, 139-166. (a)

Frederiksen, C. Representing logical and semantic structure of

knowledge acquired from discourse. Cognitive Psychology,. 1975, 7,

371-458. (b)

lc )



153

Friedman; M. and Greitzer, F. Organization and study time.in learning
from reading. journal of Educational Psychology, 1972, 63, 609-616..

Gagne, E. and Rothkopf, E. Text organization and learning goals.

Journal of Educational Psychology, 1975, 67, 445-450.

Garrod, S. and Sanford,
integration of semantic in
Learning and Verbal Behaviori

Interpreting. anaphoric relat4ons: The
while sing. Journal of Verbal

1977, 90.

Garrod, S,, and S9nford, A. Anaphora: A prObtem in text comprehension.
Proceedings of the Psychology of Language Conference Stirling,
Scotland, 1976.

GaLd, S. and Sanford, A. Anaphora: A problem in text

comprehension. To appear in Proceedings of the Psychology of Language
Conference,. St.irling, Scotland, 1976.

.Green, D. M, and Swets r i. A. Signal detection theory_. and

psychophysics. Huntington, ew York: Kriege'r Publshing -Co., 1966.

Haviland, S. and Clark, H. What's new? Acquiring new informatiOn .as
_

a process in comprehension. Journal-of Verbal Le4rning and Velhal_ _ _ . . . . . . _ _ . . _ _ . _ ._ _ _ _ . ._
Behavior, 1974, 13, 512-521.

t

'Hayes-Roth, B. _Eyolution of cognitive structures ahd proctssesr5
Psychological Review, 1977, 84, 260-278.

Hayes-Roth, B. and Hayes-Roth, F. The prominence of lexical
information in memory-representations of meaning: Journal of Verbal
Learninl and Verbal Behaviori 1977, 16, 119-136.

Hayes-Roth, B. and Hayes-Roth, F. Plasticity ,in memorial networks.

Journal of Verbal Learning_ and Verbal Behdvior 1975, 14, 506-522._
-%

Head. H.
1420.

Studies in neurolggy. New York: Oxford University Pr(tss,_

Hebb, D. O. Organization of behavior. New York: John Wiley & Sons

Inc., 1949.

Hupet, M. and LeBouedec, B. The given-new contract and the

constructive aspect of memory for ideas. Journal of Verbal 'Learning
_ _

and Verbal Behavior, 1977, 16 69-75.

Hyde, T. S., and Jenkins, J. J. Differential effects of incidental

tasks on the organiiation of recall of a list of highly associated

words. Journal of Experimenta.l Psychologyi 1969, 82, 472-481.

James, C. T., Hillinger, M. L., and Murphy, B. J. The effects of

complexity on confidence ratings in linguistic integration. Memory &

Cognition*, 1977, 5. 55-361.

1q3
9



154,

ratz, S., Ateson, B:, and Lee, J. The Bransford-Franks linear effect:
Integration or artifact? Memory &.Cognition 1974, 2, 709-713:

Katz, S. and Griiene wald, P. TWOubstraction of linguistic ideas in
"meaninglesr sentences. Memory &.COgnitron 19744 2, 737-741.

Kintsch, W. Mewary for prdse. In C. N. Cofer (ed.), The structure o
human memory. S4d Francisco% Freeman,.1975.

Kintsch, W. The e reientation of meaning Tn.meinory. Hillsda e .

Lawrencejr aum Assoc., 1974.,
8i-

Kintsch, W.;.Mandel, T. and Kozminsky, E. Summariz,ing scrambled
stories. Memory and Canition1 1977, 5, 547-552.

Kozminsky, E. ,Altering comprehension: The effect Of biasing titles on
tekt,scomprehension. Memory:and Cognitioni 1977, 5, 482-490.

Kuhara, K. Relatedness and retention of prose. .Japanese
psychological Research 1976, 18, 191-195.

.Kuipers, B. d..-A frame for frames: Representing knowledge for
recognition. 'In D. G. Bobrow & A. Collins. (eds.), Representation and-
understanding. New York: Academic Press,- 1975.

.

Kulhavy, W., Schmid,'R. F,, and Walker, C. H. Temporal organizAion
prose.. American Edncational Research Journal, 1977, 14, 115-123.

Mandler,- J. and Johnson; N. Remembrance of things parsed: 4i.ory '
. structure.and recall. Cognitive Psychologyt 1977, 9, 111-151. ,

Meyer, B. The organization of _prose 'and its effect ..on memory.
Amster&im: North-HollandPublishing Co., 1975.

Miller, G. A. The magiCal-nUmber seven, plus or minus two: Some limits
on our capacity for processing. Psychological Review., J956, 63,
81-96.

Minsky, !1. A framework fdr ale represenfrAion of knowledge. In F. H. -

Winston (ed.), psychólogy of ccompuler vision.. New York:
McGraw-Hill, 1975.

Moore, J.. and Newell, A. How can MERLIN understand? In L. W. Gregg
(ed.), Knowledge and cognition. Potomac, Maryland: Lawrence Erlbaum
Assoc., 1974.

Myers, "j., Pezdek, K., .and Coufson, D. Effects 'of prose organization
upon recall. Journal of"NAucational Psychology, 1973, 65, 313T0.

Norman, D., and Bobrow, D. On the role of active memory processes in
. perception anA. cognition. In C. Cofer (ed.), The strature of human.
memory. San Francisco: Freeman, 1975.

90.

;z,



155

Palmer, S. E. Visual perception and world knowledge: Notes on a model
of sensory-cognitive interaction. In D. A. Norman, D. E. Rume1hP
and the LNR Research Group, Explorations in cognition. San Ftanc4
Freeman, 1975.'.

Park, D.C. and-hhitten, W.B. Abstraction of linguistic, imaginal, and
piotorial ideas. Journal of Experimental Psychology, 1977, 3,
525-538.

Perlmutter, J., and Royer,. J. M. Organization of prose thaterials:
Stimulus, storage, and retrieval. Canadian Journal of Psychology,
1973, 27, 200-209.

Peterson, R. G. and McIntyre, C. W. The influence of semantic
"relatedness" on linguistic integration and retention. American
Journal of Psychology, 1973, 86, 697-706.

Pichert, J. W. and Anderson, R. C. Taking different perspectives on at
st6ry. 'Journal of Educational Psychology, 1977, 69, 309-315.

Potts, G. R. Integrating new and old information. Journal of Verbal
Learning.and_Verbal_Behavior 1977, 16, 305-320.

Potts, G. R. Information processing strategies used in 'the encoding
of linear orderings. Journal of Verbal Learning and Verbal
Behaviori 1972, 11,.727-740.

Royer, J. M., and Cable, G. W. Facilitated learning in connecfed
diskourse. Journal.of EduCkt.4onal Psychology, 1975, 67, 116-123.

,

Royer, J. M., and Cable, G. W. Illustrations, analogies, and
facilitative transfer in prose learning. Journal of Educational
P.sychology 1976, 68, 205-209.

Rumelhart, D. Notes on a schema for stories. In D. Bobrow and
A. Collins (eds.), Representation and understanding: studies in
cognitive science. New York: Academic Press, 1975.

.

Rumelhart, D. E., Lindsay, P. H., Norman, D. A. .A process model for
long-term memory. Organizat_ion_of memoryl. New York:, Academic Press,
1972.

Rumelhart, D. K. and Ortony, A.
memory. In R. C. Anderson, R.

Schooling and _t_hs_ a.r.qujsi.tion
.

Erlbaum, 197i.

J. Spiro, and W. E. Montague (eds.),

Sachs, J. S. Memory in reading and listening to discourse. Memory
and.Cognit_iun, 1974, 2, 95-100.

psson, R. Semantic organizations and memory for related sentences.
The American Journal of Psychology, 1971, 84, 253-267.

1 5

.e



156

Schank, R. The role of memory ih language processing. In C. Cofer
(ed.), The structure of human memory. San Francisco: Freeman, 1976.

Schank, R. C. The structUre.of episodes in memory. In D. G. Bobrow
A. Collins (eds.), Representation and understanding. New York:
Academic Press, 1975.

Schank, R., and Abelson, R. Scriptsi plans, goals and understanding.
Hillsdale, N.J.: Lawrence Erlbaum Assoc., 1977.

Schank, R., and Abelson,y!,R. Scripts, plan's and knowledge. Proceedings
'of the Fourth Intirnational Joint Conference on Attificial
Intelrigr_fice Tbilisi, USSR, 1975, 151-157.

Schultz, C. and DiVesta, F. Effects of passage organization and note
taking ofi the selection of clustering strategies and on recall of
textual materials. Journal of Educational Psyrhology, 1972, 63,
244-252.

Thorndykel, P. W. Pattern-directed processing of knowledge from texts.
In D. A. Waterman and F.. Hayes-Roth (eds.). Pattern-Directed Inference
Syt.ems.... New York: Academic Press, 1978.

Thorndyke, 'P. W. Cognitive structures in comprehenglon and memory of
narrative discourse. Cognitive Psychology, 1977, 9, 77-110.

Thorndyke, P. W. The role of inference's' in discourse comprehension.
Journal of Verbalmtearning and Verbal Behavior, 1976, 15, 437-446.

Underwood, B. J. The effect of succesSive interpolations on
retroactive and proactive inhibition. Psychological Monographs,
1945, 59.

Winer, B. J. Statistical _principles experimental design. New
York: McGraw-Hill, 1962.

Winograd, T. Frame representations and the declarative-procedural
controversy. i D. G. Bobrow and A. Collins (eds.), Representation and
understandin8 New York: Academic Press, 1975.

Winograd, T. A framework for understanding discourse. In P: Carpenter
and M. Just (eds.), Cognitive processes in comprehension. Hillsdale,
N.J.: Lawrence Erlbaum Assoc., 19747.

Woodworth, R. S. Experimental psychology. New York: Holt and
Company, 1938.

Yekovich, P.R. and Valker, C.H. Identifying and using referents in

sentence comprehension. Journal of Verbal Learning and Verbal
Behaviort (in press).


