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PREFACE. ,

Two fundamental components of the decisionmaking. process are
the apquisition of new knowledge and the retrieval of knowledge from

‘memory. The knowledge available to a - decitionmaker is ‘frequently

expressed in textuai udocuments that are voluminous and poorly

organized. Decisivnmakers in command and control situations, both

“Tureeqtly and in the future, yill become increasingly dependent on

»

e

«

textual knowledge bases that are resident in computefs. The quality
‘of d°c1sxons will undoubtedly depend on the quality of the
1nformatxon available to the dec1s1onmaker Thus it is important to
optimize both. the amount of 1nformat1on he can 8381m11ate from\a text
and’ hls ab1l1t:\t

“his. ab;lxty to retain and use acqulred knowledge, it*is necessary to
understand the relationship tetween the 1nformat;on presented in

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

' be possible to adapt the .format of the presentec text to facilitate

-the reader s assxmllat1on and utilization of the information. This
m1ght be accompllshed by f11ter1ng and reorganizipg the. to-be-learned
mater1al Developxng technologles ln}'electronlc data bases -and
com?uter-con;rolled communicatioas 'make this filtering process a real

possibility for decisionmakers who routinely receive information

[ . . !

.on~line., . ~\

L4

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

in ‘November 1977, sypported by the Cybernetics Technology 0ff1ce
(CTO) of the defense Advanced Research Beojects Agency (ARPA). The
findings, which were -provided to ARPA -at that tiﬁe in informal
'documentation, have Been prepared here in 'report;nfoE@,_‘using‘ Rgnd
Corporation funds, for distribution to a wider audience.

The objective of the research was to develop models of how

humans store, organize, and retrieve in memory.information obtained

from reading texts: ™ Thesé ‘models, derived empirically from a ' series

of psychological experiments, might'eerve as the basis- for the design

A

o retrieve that information when needed. To 1mprovew

?»

&~
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of computer systems capahlé of strpcturihg and presenting texts in ,
optimaluformats."_A Eystem incorporating sueh. ps .aciples of human'
“earnxng into its text-handling faciligies would prove to be a useful
Jémmry aid for m111tary commanders, 1ntelllgence analysts, or other

h1gh level. decxsxonmakers who depend on large compute: data’ bases of

knowledge." The research reported here has been directed toward the '

‘development of human 1nformat10n processing Jmodels rather than a
'ded‘hatrable domputer system However, the results of this study may
‘Jave direct applrcabxlxty to tHe cpnstruction of a system

._incérporating teshﬁfques _ for formatfing texts into optimal

organizations.

L

Ji
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A This report documents. a series of studies of how people learn
N = “«rom and reason w1th information contalned 1n~texts. * The ex eriments

reportea here are based on (lie premlse that readers typlcalty derive
their, knowledge -from several source texts. The teader s problem,
then, is, not only to acqu;re individual facts but to organize .?elated
facts obtained from diverse sourcee. )

¢

The research has been motivated by Ffour goals: (1).to 'elucidate_
" the _proceSS :by .which knowledge is acquiyéd’ffom a textual document ; .
C (2) to specify how the acquired knowledge is represented in memory,
T (3) to identify how and when related infofhation is integrated in
. . memary{ and (4) to discovec"techniques. for the facilitation of

leatning and reasoning with textual information. JTwo task domains . ;

. ~ 1 .
were chosen in which to study the stiuctures and processes underlying
hyman performante- with texts. Phg ¥irst - task domaln was sim
. ACQbISITION in which the reader attempted to learn and reta1n $ .much °

knowledge from the text as p0551b1e. ‘ The second tagk -domain was - ;/;/{_
- oo 1NFERENTIAL REASONING, in wh1ch the readexr had to ganizeva set of .

* facts fromnthe text in order to generate. or. r1fy 3 concLu51on /////i// / .
follow1ng from the facts. ‘For bo(h domains, t
' .model the repceeentatjon hf knowle 'in memory-and the Cesses
| fequired:to perform the task, and: en ta de31gn te{t/cﬁ;efjgtation
h
. into these mz#cry structures and the ‘performance of inﬁerential

t - L ’

_the transfer of wledge from texts

+, formats that facilitated

.
LY
.~

reasoning taskKs. i _ .
Five sets of studies evaluated particniar-processing models and \

optimization techniques. In Study 1, the acquisition of new knowledge

LY

that conformed to..a previously 1earned structure, or schema, thas - |

- 1nvest1gated Memory for te#kt information was generally facllxtatcd .o

by prior trannlng with thé structure in wh}ch the” text was embedded,

.~ particularly when there was no confusion. among . facts ‘from different
texts sharlng a common organization. o0 ' ; R
. ’ v c. - L
<
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In Study.2,\information from newspaper stories yasﬁ'restructured
- K into different {ormats in an 'attempt~ to improve memory for the
| ' stories. #These formats included a condensed version of the news story
(with all redundant and superfluous 1nformat1op/deleted), a narrative
structire based on the temporal order of evéhts, a top1cal\structure
” organized according to-the prlmary conéepts of the -passage, and an
outline ructure that reduced ‘the.” text to key phrases spatially '. fd
arranged on the page 1n outline form. - All' forms of restructuring .
produced significant " improvements in recall of the. information
ﬁ contained in the passage | | -~ '
. . ' Study;% 1nvestlgated ‘the integration of ‘related but .sepkrately //,///

scqulred facts xn memory either for apprehenS1on of a complex idea o

for performlng 1nferent1a1 reasoning. Integration of separate

into a unified memory structure was more likely to occur

Z= 2
facts occurred in close tempural proximity and ;i%;?g,ﬁaCfs cued each _~#

other with «similar wordings, rather than wit raphrased wordings? .

. The 1ntegratlon of facts s1gn1f1cant1y 1mproVEE/the ab111ty to»/recall
related information and perform syllogls}1c reasonlng .
e ' Techntques' for impreving a learner's ab111ty 'to organ1ze diverse .
- jnfornation for inferencing were 1nvestlgated in Studies 4 and 5. In E
. Study 4,.SubJ8CC8 verified 1nferences based on 1nformat1on from two
distinct texts. Performance was better when subjects had attempted to ' ,
. commit . the texts to memo y than when they were allowed to inspect - the
' s texts freely durlng the reasoning test. In Study; 5, methods - of I
annotating texts to facilitate integration ‘and inferencing - were )}
"investigated v | - - ; (
The results froT these stud1es are presented in (the context of # .
set of modéls for . knowledge representat1on and processing. Based on’ L
these models and the obtained experimental results, a set of |
principles for improving human learning from “texts emerged. To the
extent that our snbject and materials samples were representative of
the population of readers and potential texts, these principles are
descriptive of human text-process1ng characteristics..' They may be -

summarized as follows. : . - -

"l N, / . X ' . °
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.organizations caq fac111tate 1earn1ng of the new 1nformat1on._

4 o
: facts (i.e., five or more) - shar1ng a common structural {

'reasoning from the texts. - T ' . \

Presentation of new information in well- ltérned structural
Presentation in closé temporal proximity of large numbers of 4

framework interferes with learning.

Tempora] separation in presentatlon of 1nterfer1ng facts can,

limit interfering effects. '
Elimination of " rédundanty and irrelevant commentary from n
" newspaper .stories' facilitates assimilation agd.retention of * (f

important facts. : N ' oL

Text organizations that place complementary facts in close .

prox1m1ty improve 1ntegrat1qn of those facts. s . o .
. . ' \

Wording complementary texts as similarly as possible improves
_ .

* .,
¢

integration of pdmplemictary facts that occur’ in 'separate
fa . . M

texts. . . © .. .

K3

. .Wording related texts as similarly as possible improves

‘inferential reasonlng based on faets wathln the tex\> . ' '
s more

. ¢

Reasoning from memory/about carefully studied text

accurate than reasonlng based on inspection of less famllrar .

¥ ]

LEXtSo T 4 - N ‘ . . A ‘e

-
P -
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Knowledge of the information contained in texts is improved

by studying to learn the texts rather than using the texts to ’
perform 1nferenc1ng oo s T ; \

Annotat1ng texts with reéErences %o related facts that have

occurred 1in previous texts facilitates general 1nferentlal

@
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‘o S . : ~I.. INTRODUCTION
o ~+ - An 1nformat10n glut confronts most decisionmakers.  The

. information they must ass1m11ate from textual documents is typ1ca113
' voluminous,  poorly organized and prgsented, and informationally
' sparse..‘ It is often necessary to make rapid décisions based on an
overload of available information, and the dec1Q1onmaker can rarely
invest the time necessary to rehearse tne new. matef1al 1ntégrate the

v knew facts with existing knowledge, or otherW1se improve his memory for
the 1nformat1on. Presumably, the qua11ty,of dec181ons dependa on the

- . quality of the information that is’ utilized in arriving at those

decisions. Therefore; optimizing a decisionmaker's ébility to-acquire .

{ and use 4nformation swould have ' beneficial " tonsequences for  ther

. X decis: onmaklng process. ) ’

"The obJectlve of the gesearch reported here was to deve lop models -

[ 3

[}
. obtained from - reading texts. Throughout .the. course of the research,

.of how people store, orgéhize,. and retrieve in memory information:

it waé‘assumed that to impyove the decisionmaker's acquisition and use
B . of information it is necessary to understénd the teIationship ~-between.
. the information presénted in texts and thé representation of knowledge
in huban memory. Informafion is most readily assimilated when it is
struétured in a format that matches human cognitive structures and
presented in a way that strength: as and maintain;- its memory
repreéé/Zation. If a detetmination of human wmemory structures .and
processing strateg;es Gan be made, then it should be possible to adapt
- the "format of presented texts to match these structures and hence
facilitate the reader's assimilation and .utilizationj of ' the
.information. In a real-worid situation, this text formatting might be
aécomplishéd by filtering and reorganizihg the tq-be—%earned'maierial
before it is;g;esented to the decisionmaker, or by reqursting fthe
deciSionmakeﬁ to process the information in the text in particular

ways. - . "

»

a
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' - Thls report documen&s the results of a

" tdé elucidate the parameters of human learglng from text. All

-

series of studies designed

the

studies reported here ronslsted of controlled gxperiments in which

subjects were presented with textdal information, ,manlpulated in a

Variety'of ways. Subjects' performance on a number' of tasks requ1r1ng

the use 09 the. textual information was measured.

€
These experiments served several useful purposes.' First,

) - e .
environments influence - the acquxsxt10n and effective use

they

provxded data on how various parameters of texts and learning

of

- ) N / . A&
\< . information from the texts., This permitted the 9dentification of text

.Y . . characteristics and learning situations 'that when manipulated

appropr1ate1y, can produce large ﬁluctuatlons in a person s abxllty to"

. learn and reason. ' . Co ;

ILO

~A second purpose of these‘experiments was to provide inferences

about -the knowledge struCtures people use to represent information

irom texts.. The experiments supported the"development af models

.3

alternative models. The development of the models

of

the underly{ng memory" structures and processes .requlr ed for task
performance and allowed the evaluatLon of proppsedxszzdels against
motivated by

three specitic goals' (l) ‘to elucxdate the proceSS/by which knowledge

is acquired from a fexthal document ,- (ZL,tﬁ/spec1fy how the acquired
L

. -know%edge is represented in _memoty, and (3) th identtfy how and when

determination of*

related -xnformat;pn'\ls '1ntegrated in  memory. " The theoretical
ese under1y1ng structures and processes was centrat

to the reseﬁr , becabge of the aforementlonQd working assumption that

1earn1ng may ‘be optimally fac111tated by matching the structure of the

input intormation to th preferred intecrnal memory structures.

Finally, the results of these experiments’ were useful
L]

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 the

’ informatjon is retained, and inferential ability.

+

"Two broad task ‘domains were chosen in which to study

. structures and processes underlying human performance with texts.

‘

" ’ ’7

t h.e
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first task'domain was simple ACQUISITION, in which the reader attempts

to learn, and retain as much knowledge from the text as possible. The

second task domaln was INFERENTIAL REASONING in which the reader must -

‘organize a set of facts from the text in order to generate or verify a

conclusxon\followlng from the facts. For totf tssk domaing, the

approach taken/was to model the representat1op of knowledge in memory

design text presentat1on formats that facilitated both the transfer of

knowledge from texts 1nto these memory structures and the performance
.f‘ -
ot 1nferent1a1 ‘reasoning. : .
. Five sets of stud1es evaluated particular models -and opt1m1zat10n

techn1ques Each study. consisted of one or more experlments designed

_ to - determine the nature . of the structures and processes unde:ilying

" and the associated processes requ1red to perform the task, and then to* ~ . B -

text 1earn1ng and/or to evaluate the efficacy of wvarious techniques *

for facilitating performance; The methodology, results, conclusions,
(4

and evaluatlon of proposed models” of each ‘of these studies is
presented in deta1l in “he\iollow1ng chapters. A-brief.description:of
each of these studies is given below. i "

-\ i . ’ v .
In Study 1, a model of "schematlc" learnfﬁg\\gas developed that

provides an account . of how knowledge in memory is\uséd to guide the
. . -

acquisition’ and organization of new,"incoming 1nformat1on. The .
advantages of and constraints on“the acquisition of new knowledge that .
conformed to a previously "learned structure,; or schema, were

investigated experimentally." Subjects received various amounts of

training on a set of structures by-reading texts that utilized 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 thh the text organizations, particularly when there was no
confusion among "the -facts: from different texts thet shared a common
organization. N S '
In Study 2, informatron from newspaper stories was restructured
into different_formats in"ap'attempt to affect memory for the stories.
These formats included a condensed versién of the news story (with all
redundant‘land superfluous‘information deleted),.a narrative structure

\( '

-

..
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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 spatially arranged on
the page in ou?line form. .All forms of- réstructurﬁhg produced

significant improvements in recall of the information contained in the

S
-

LY
. passage.

.“Study 3 investigated the integration of related but sebarately

-for performing inferential reasoningf Integration of separate facts

into a unified memory structure was more likely'to occur if related
facts occurred in close temporal proximity and if the facts cued  each
3 .- »/ t

other with similar ’wbrdings, rather than with péraphraséd wordings.
The integration of facts significantly imprdved the ability to recall

related information and perform 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 organize diverse

information for inferencing were ihvestigaﬁed 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 the
texts freely du;ing the reasoning tost. This result .seems to indicate
that meﬁbry‘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
broposiﬁ to gccouht for these surprising results}_

InXStudy 5, mﬁthodu of annotating texts to facilitate integration
and inférencing were investigated. Subjects read texts containing
pairs of facts tha; could be integrated to support inferences. The
second féct.iﬁ 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 information. Cn a later test of reasoning, subjects who

had received only the fact (but not the "~ infereice) annotation

performed best.

‘acquired facts in memory either for apprehension of a complex idea or
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‘The results of each study, are pre/ehted in the context of a set

-

of models for knowledge representat1on’and process1ng. Each s;udy may
- staad’ alone\ in addressing /i’ particular iksue - in knowledge

representatxon The underlylng theoretical © assumptions and

conclusions follow1ng from each study are discussed separately in ‘each

chapter .However, taken together, these studies provide a unified

corpus of research on related/1ssue8 in learning and ’ reaaon1ng The
models, while addressing d1fferent task domalns, share a common set of
underlying assumptions about the structure of human memory. The
individual studies are presented in detail in Chaps 11 through VI.
Based on these models and the obtained exper1mental results, a set of
pr1nc1ples for. 1mprov1ng human learning and performance with texts has
emerged. These principles are presented in Chap VII, accompan1ed by
.brief descriptions . of supporting data and references to the chapters

in which particular results are dfscussed in detail.
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"11. THE USE OF SCHEMATA 'IN'THE ACQUISITION AND TRANSFER OF KNOWLENGE

\ : é;?'.‘ .
¢ SN ‘
i .,‘ . A\ ) . . v . V
; | .

Recent theoretical reseﬁrch on human memory has been stimulated'

. by .the red1scove*y of, the concept of the "memory schema.? The notion -

of a sChema way fxrst«lntroduceo by Head (1920), 8| c1a1med “that

anythxng that enters consc1ou§ness 1s "charged with 1ts relation to

somqthrng that has gone before." WOodworth (1938), in his olasslc

: textbook on experimental psychology, extens1ve1y utlllzed the concept

of a schema to describe various perceptual and memory phenomena: ' A

- memory schema, - as it is typlcally conceptuallzed today, -ts.a cluster .

“of knowledge (a set’of concepts and associations among "the ooncepts)

that defines a -more complex and frequently" encountered concept A

sthema may represent anything from the componential features pf a face

- (cf. Palmer, 1975) to the prototyp1ca1 behaviors one engages in when.

going to a restaurant for _a _meal _(Schank & ‘Abelson, 1975) The

concepts that constltute a schema may be perceptual ﬁeatures, semantlc
prxm1t1ves, events or s1tuat10ns in the world, or, recurs1ve1y,r other
schemata.' Thus, schgmata of varylng.levels of coqplex1ty coexist in
memory . '

The revival of interest in ~memory schemata as a- theoretical

construct = is pr1nc1pally attributable to two 11nes of research. The

fxrst, conducted in the domain of artificia¥ 1ntelllgence research,
has soughb to define new data structures ‘for _encoding comp}ex
descrxptxons of .the world. The result has been aiproliferatioh of
knowledge - representations that utillze some -form of 'knowlédge
clustering such as. "franes" (Minsky, 1975; Wiqggrad,'1975; Kuipers,
1975), "scripts". (Schank & Abelson, 1975, 1977), or ' other forms of
schquta (Schmidt, 1§76; Moore '& Newell, l914). A second area in
which schemata have received extensive treatment has been that of
memory for connected discourse. Bartlett's (1932) seminal studies of

prose memory led h1m to conclude that memory for a story consisted of

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

[ Y
Oy
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' passage. Extending Bartlett's early ideas, séveral researchers ' have-

recently begun.'to Use )schemata to model -the ‘underlying ‘memory.

structures that encode prose information'(Rumelhart 1975-'$chank

1975; Thorndyke, 1976, 1977, 1978; Kintsch, 1975; yan Pijk & K1ntsch,
1977; Winograd,' 1977; Dooling & Chrlstlaansen, 1977; chhert &°
Anderson, 1977 Qnderson, Spiro, & Anderson, 1977; Bnderson, ReyngTﬁs,
Schallert, & Goetz, 49'76) LT, . !
Witk thiﬁ resurgence of incerest in memory. schemata, ‘a rew

researchegs have attempted to formulate general &et'compfehensive; "
' memory models organ1zed around t}e concept of lknowledge ' schemata

v .

(e.g., Normaa & Bobrow, 1975; " Bobrow & Norman, 1975 Rumelhart &

_Ortony,_h977, R.- C. Anderson, 19l7). Wh1le each formulat19n,of memqry

e . : . ' ‘-
schemata has its umique characteristics, there seem to be a few
1 . v ) -

.

propertres common to each var1ant

,

“~1. A sthema represents a prototyplcal abstract1on of the complex

concept it represents. This abstract1on contains a description of the

i [}

&
compositlon and~propert1es of the concept. For example, 4 "face"

schema might specify that a typlcal face possesses ‘two eyes, a nose, a

- mouth, and two ears, even though a particular ‘face missing’ one or more .,

of these features is sg1ll a face,*- ' -~ . . - ~

2. Schemata aré induced from' past experience ,with .numerous
p ., . ) .

’ . . - . -
exemplars of the wcomplex concepts they.repreSﬁnt. Qresumably, we'

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

A schema can.guide the organization of incoming information ,

into- clusters 'of knowledge that are "instantiations" of the schema,
This~represents.a goal-directed Eocus1ng. of ‘processang by active
memory scnemata. Thus, when we catch/a gl1mpse of a head, we act1vate
our face schema and use the properties assumed by it to gu1de,our,

for features on the face we are viewing.

eh one of the constltuent concepts of a schema is missing
t

in the inpwt, its features can be inferred from "default values in
the schema. If the face is in shadow and we -cannot see the mouth, we
may still reasonably infer that it has two lips.. ' ’

Previous attempts to formulate general "schema" theories of

memory have had two principal shortcomings. 'First, the .theories have

\
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+sDeen so vaguely spec1f1ed o gen!;nl that they are able to - explaln
" post hoc 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- xnconsxstent with them. Second the theories proposed " thus

far have been useg only descrapt1ve1y to account foy ». ex1st1ng data.
“They - have Qot. been suff1c1eut1y well- spec1f1ed to be rused
‘predlctxvery For e?ampleg it ;Efﬁot clear what a schema theory would’

. pred1ct about memory for an " anomalous dagum, b e., a: constltuent

detaxl Lnua set’ of 1nformat1qn that d1d not fit the schema 1nvoked to -

»
-comprehend that 1nformat1on Would it be ‘well 1earned as a surpr1s1ng
: stlmulus ¢i.€. »_a von Restorf ‘effect for schemata), or- cwduld it be

;poorlé learned becauSe 1t did not conform to the prototyp1ca1 encodlng
(e . a. . e ]

structure? . ©  _ - . L o "\‘. o 4?

/- The purpose of th1s chapter is to- operationalize 'some i the

Vh\uheoretlcal Constructs thét underlie schema theory in a model of -

learnlng from s1mp1e texts. The model represents ‘a marriage between‘

previous work on the acquis1t1on and sharing of memory schemata -

(Thorndyke, 1977) and ‘the dynamxcs of 1earn1ng and transfer of shared
" Knowledge (Hayes-Roth, 1977‘ Many: assumptions ‘of the model draw upon

. Classical research in 1earn1ng Some -details- of potential mechanisms -

for learnxng 1nformat1on 1n terms of schemaﬂr will be presented The

novel predlctfons of th1s learning model were tested in two prose '

ﬂearning'experiments,'the results are discussed later in this chapter-
- In the.rema1nden of this chapter, the term "schema" will be uisd

to refer to 'a conf1gurat1on of concepts and associations among the

concepts that are repeatedly ‘invoked to encode unigue stlmulus events.

.The concepts in the schema: represent abstractlons or genera11zat10ns

' sthe or1glna11y presented concepts that invoke the schema. This "

configuration of concepts may represent knowledge exogenous to the

syntactic and semantic relat1onsh1ps ip the original inputs, as in the

. . » \ ’ -
+ case pf narrative schemata imposed by a reader on the events of a

. story to fac111tate comprehen51on (Rumelhart 1975; Thorndyke,- 1977;
Mandler & Johnson, /977') In this case, the schema represents

higher~order 1mp11c1t ‘relationships -among concepts that would

; 3%
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enbellish a coaventional propositional 'reptesentation of the
linguistic~input. However, this study.is concerned with a simpler
form of schema, vne in which the configuratlon of concepts represents

a simple’ sharing of frequently repeated 1nformat10n. Tha is, the

. schema 1is éb abstractron of--a set of toncepts and “elatlonsh1ps that

.

exp11c1t1y occur 1n a number of unique: coutexts. Betause the schema

© is -an abstract1on of explicit knoﬁTed;e, 1ﬁ has a‘ structural 1ntegr1ty

-that 1s 1ndependent of any part1cu1ar occurrence of the concepts that v
' utlllze it for the;r representat1on,. . o

rovided L
. P ovr’e in a se&ugnce of slmple texts as follows:

. . . ; P - .
B s . . . e .

As an example, suppose one were to learn some., 1nrormat1o
the figures regresentbd on Mount Rushmore. This 1nformat10n

\?ext 1: George Wash1ngton was the f1rst Pre51dent of the

United States.‘ He %}ved 1n Mount Vernon.
':‘;'Text 2: .Thomas Jeffersén was the third President-of the, =
' United Btates. . He lived in - Monticello.. AG- L
. . T L . ;o ‘
Teft’ 3: Abraham -Lincoln was the 16th President 'of the
'z United States. _He liyed in a log cabin. . '
Text 4: Theodore Roosevelt was the 26th President of the
" United States. He lived in Sagamore Hill.
> N
A sgnplified representation of a portlon oT‘th1s 1nformat1on in a
LA™
conventjonal memory model is given in Fig. 231, The * occurrence of

l
each, text constitutes a new pontext, and none . of the presented

information stored in,K memory is shared between contexts. - (Most

propositional models would assume indirect associative connectlohs

between’ repeated -occurrences of a concept such as "Presldent" and

"11ved," med1ated b d1rect'assoc1at1ons throygh a common type: node
' y 8 yp

However, only the 1nd1v1dua1 occurrences, or '"tokens," deplcted

-
LY BN <

here, for simplicity.) .

Much of ‘the information.in.Texts 1 through 4 is identical. The

predicates or ‘relations in the texts are repeated, but the arguments
. * [} o

‘to the predicates are different in;each of the texts. __That is,: thée

knowledge in these texts might be conceptualized ‘ﬁ_"Text i states
that person i was the 'girth President of the United States and
v L9

]
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y\Fig. 2.1--A hypothetical repre'sentation of the information.in .

' Texts 1-3 id a conventional prépositional
“ memory model ' y '
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~

were learned together, their respectivef'rep;eséqﬁations might be
integrated ' by theﬂshariﬁé of ‘a common subrepresentation encoding tﬁe
repeafed information (see Chap. IV)! ' This shared knowledge ‘would
constitute a schema in which the repeated concepts served as var%fﬁ%éé
that - could takqtqn-d{gferent vafnes for each new occurrence. Figuré
2.2 shoﬁs the resultant integratéd,strhcture and shared schema. The
conéepts labeled N, , _Persoh‘it_ and Li représenﬁ\ placehqlders, or.
slots, that are associated with (i.e., bind) different values for each
‘new usage of. the schema. In essence, these concepts are type nodes
Q}thin the schéma that subsume the tokens, or detailed‘ values; thaff
occurred in the various conﬁéxts. The context in wh}ch each detéiled
value occurred is preserved by means of a label’on the 1link beéetween

the value and the abstracted concept that subsumes it. In Fig. 2.2,

3
[

-

/1

.( . . . \' . ) . L '-.. . .
lived in location L,. All texts share t“ﬁ}:ommon info;hqpton-;but_

cation. 1If these textéﬂ' .
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s thesé\links are labeled with the numbers of the texts in thcﬁ the
, detaifs occurred (1‘ through 4). These links may be thought of ‘as |,
y context labels or -time tags for the presented détails, "similar to - .
those ﬁostulaﬁed in other. propositional models (e.g., Anderson & «
. Bower, 1 973) ' ' P o : - | =
3{ . o We assume that knowledge 1n memory is. frequently organlzed owith_
\Efe‘ u§e of ,such’ schemata, In‘partlcular,.we believe that a knowledge

e ' ’ structure formed in the representatxon of information from one, context

"can be used to-represeqt the same information occurrlng 1n different _
, ‘contexts (Hayes-Roth, 1977; Thorndyke, 1977). The use of a schema for ‘
v . - encoding 1nformat10n depends, of course, on the successful act1vat10n | .
) _ “of the. reﬁev"ht . schema in" memory at- comprehens1on time.. Such
I . actlvatlon is p obab1llst1c -and- depends upon -such factors _ the
Ny e oo - 'strength of t?ﬁjstored 1nfprmat1on, the extenk of the overlap or match'
' bétween :input - and schgma} and the.amount of time since the prev1qqs .

. . .o . . .
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activatidn These issues are-. treated elsewhere iHayes-koth, i9]7,
Chap. IV) and will hot be addressed here Rather, the concern here is
to specify how the existence of such schemata influentes the iearﬁing

and retention of information that is'represented with the’use of. the

schemata. For*-example; given our assumptlon that.- the 1nformat10n in

Texts 1 ‘phrough 4 “is represented ac 'shown in Fig. 2. 2 we w1sh toy

model ‘how the. acqu1S1t10n of Text 4 will be, 1nf1uenced by the prlor

t .
. - . .

acqu1s1t1on of Texts 1 through 3

" -

We assume that the use of a sqhema “for encoding or refrieving

intormation depends on it acce331b111ty in'_memory (Tulbing &

\Pearlstone. 1966*.Hayes Roth 1977) The accessibiiity of«a-schena Ps

" the prbbab111ty that 1t ‘can be act1vated e1ther for use in storage of

1ncom1ng 1nformat10n or for retrievalf of previously . stored

1hformat1on Accessxbllity of a schema\pepends upon such factors as_

',_the strength of the stored 1nformation the extent of the overlhp or

match between 1nput and schema, and the recency and frequency of
previous activations. Each t1me a schgah is activated for use, it
becomes more accessible for successive activations. The 1ncrementa}
eftect of an actlvatlon on the accessibility of a schema is presupably
a decreasing function of its prior strength, That is, a weak schema
benefits more from an activation than a';trong cne. The assumptiﬁn

that accessibility of information increases ‘with- the frequency of

activation and strength in memory has been proposed previously and has

received ° considerable empirical support (Underwbod Runqu1st &
Schulz, 1959; Jung, 1963; Hayes-Roth & Hayes-Roth 1975; Perlmntter,
Sorce, & Myers, 1976; Hayes-Roth & Thorndyke, 1978). |

» When mu1t1p1e details instantiate a variabie concept in a schema,

s

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

“the variable concept. As the number of competing dEtaiLs increases, a

person's ability to discriminate (and thus recall" %orrectly) the

context in which each detail occurred decreases. The discriminability

among details associated with a\single variable concept is assumed to

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

temporal proximity of their occurrences. The postulated effects of

t .

I;{
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hee}eaéiné' discriminability. with -ipcreasing numbers of cohpeting
details are ,deri&ed from "previous * work on interference  in’
o paired-assqpfate transfer. In 'patficular, these ideas resemble the
.- o . notions of reepdnse-eompetition 'QMcGeggh, 1942; Osgood, 1942) and
+  list-differentiation difficulty (Undgrwood, 1945; Underwood &

?Z' . Ekstrand, 1967; Ahderson & Bower, 1972) in recall of paired
‘ associates. More. recent studies have demonstrated thab learning
- multlple pr0p031t10ns sbout a coacept 1nterferes with ver1fy1ng any

. " one of them (Thorndyke & Bower, 1974; Andersbn 1974, Hayes-Roth &
HayesJkoth 1975).% ™~ ., . .o

X Note that we postulate both benefxtp and costs assoc1ated with’
< the _use of schemata in 1earn1ng The- benef1ts der1ve from the
avaxlablllty of previously learned representat1ons of knowledge for

use in' the encod1ng of novel 1nformat10n The strength of thevpfior

‘.':

‘.informat;on,.the schema, 1ncremented;by the new éctivation required
for the representation of the novel information should be g;eatér-than
the strengti ot the reﬁreeentat;dh'ef that'infqrmat?on in a completely

A “ngpel structute. On the other hand, the additfion of'novel information " *

: to the -shaved echema.entefﬁs)competitiod for asqpcietions among all

the conceﬁts‘hecé%safily sharing the same schefa. Such “_competition

i should 'inhibit the acqu151t10n process and prodbce 1nterference in

. ~ recall of the detailed concgpts at retrieval time. \

EXPERIMENT 1 ° - T -
. These assumptions were ‘tested in an experiment utilizing a
transfer _ paradigm. SubJects 1earned a variable number of. texts (the
R training texts) about.a conceptual category, such as constellations.
The. topic of each text in the set was a different instance insthat
. category, e;g., the constellations Pisces, Aries;J Scorpio, etc.’
“ Subjects then learned and were tested on a transfer text -(the target -
text) describing a new tnstance in the same category. Each sentence -
.. in the tdrget passage had a c?rresponding sentence in all of €he
trainiug. passages that bore a particular relatjonship to it. For

example, suppose the “térget passage contained t&e sentence '"This

t




) above, -we may now predict performance on these tasks a

would appear

were given ‘the

14 : C e

constellation was or1g1na11y charted at Ealomar Observatory. The
correspondlng senténcé in’ all "previous training stories could then be
one of three types: In the REPEATED Condition, thé entire séntence

was repeated intact in.all training stories (i.e., "Th1s constellation

was oriéinallx'charteq at Palomar Observatory"). In the CHANGED

conditfon, the predicate was identical but a detailed case or argument
to the predicate was changed in each of the training passages. For
example, '"This constellatlon was originally charted at ‘Moiint Wilson
Observatory mlght be one’ such prior sentence, These CHANGED

sentences represented the same transfer 31tuatlon as is shown in Fig.

» 2.2, In the UNRELATED condltlon, there was no similarity between the

target sentence and any precedlng tralnlng sentences. Thus..in  this
condition, no sentences concernlng the chartlng of the constellatlons

any training story ) '. v . )

SubJects ere tested for retentlon of the target story by- either

as free recall ‘cued recall test. On_the. cued recall test, subJecES
edicate (e.g., "This constellatlon was charted at"

and asked ‘to ecall the target detail. Using3the'a:;ypptions given

the number of tralnrng stor1es preceding the target stoxy i

. ‘ Flgnre 2.3a shows the qua}1tat1Ve effects on " learning and
retention of information from the target passage plotted' against the
number of tra1n1ng _passages. ' The ordinate values above the origin
indicate lncrea51ng p051t1ve effects on 1earn1ng, the values below the

orlgxn 1nd1cate increasing negatlve effects on ‘learning. During

'acquisition of the training passaged, the repetition of substructures

of the passages producis‘a representation ip memor§ that is shared by

-~ - .
all occurrences of that Ssubstructure. Repeated activatior of the

schema'strenéthens its representation, even when the details that *~

A}

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 monotonﬁtally increasing function of the number of

traihing passages. Because the benefit of an additional activation is

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

]

function of

1
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.accessibility function reaches its asymptote. . ‘

’ ' ' : - . o !
T ’ ’ b i . : ' !\‘
negatx ely accelerated. That.is, the slope of the function -is steep

in the early stages of learning and eventually reaéhes an asymptote

vwhen the -schema . .becomes very well learned, as shown in Fxg 2.3a.

On the ggher hand, when detaxls are' changed 1in the successive’

_occurrences of the schema (as in thef'CHANGED sedtences), the

discriminability of the contekt labels assoc1ated w1th the changed

details produces a monotonlcally decreas1ng, or negat1Ve, effect on

4

establi

'learni‘:é? Thls negative effect appears at some point following the

schema must be established before it can be shared. ,Thus the positive .
effects of accessibiiity are initially stronger than - the negatibe.

‘effects of decreased discriminability. The discriminability function

presumably reaches asymptote at some point during traiﬁing after the
) \

The qualltatlve effects functions shown in Fié 2.3a may be
operatlonalxzed as puobabxllstlc behaviors defined over tﬁe range
[0,1]. For example, the accessibility of the schepa on . the free
recall task can be directly measured as the probability qf.reca}l.of

the sentence schema, or predicate. This probability mdy be designated

ent oﬁ the sbarable schema representaion;f that is, the-

as P(Predicate). Since the number of training passages 1ncreases from r"

.zero, this function begins at some, value greater than zero and

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

The detail discriminability function.may be ~operationalized as the

conditional probability of recalling the sentence detail, given recall,

of the predicate, or P(Detail/Predigate). -This'probability measures

recall of the sentence detail, given that the predicate was

'successfully retrieved from memory. Differences_in this probability

across varying numbers of tralnlng passages "are " presumed to reflect

*

only differences in a person s abxllty to retrieve the appropriate

detaxl after the predlcate was successfully retrieved. As the number -

of training passages 1ncreases, »the function descrlblngk this

probability Y« assumed to start at a value less than or equal to one °

and decrease to 4an asymptote greater than zero. Both functions are

assumed to have non-degligfble ranges. . That is, there is measurable "’

¢

.
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| variagion in .-both probabilities across ' training Acodditioﬁs. In
addition, it is'assqmed that the domain over which the two functions
vary is similar; that is, the variation between the times when the two
functions reach their agyﬁpt@tes is ndt vast. ! '

When openat}onéliiédlinﬁ this mannér, these functi§:s may be

.

combined to predict ‘subjects' performance on the re

and detail from the sentence. Thus the probability of sentence recall
may be designated as P(Predicate and Detail’). This probability may be
expressed as the product' of the two other’pfobabilitiés: -

. t

P(Predicate and Dgteil) =4P(Predicate) X P(Detail/Predicate).
3 o

That is, the predicted function for -CHANGED ‘seatence recall is the

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

assumptions listed abbve, the shape of this recall function should be

that depicted by the lower line in Fig. 2.3b. As the number of
v ! ) .

training passages increases, recall of the CHANGED 'target' sentences

should initially increase, * then decrease, eventually reaching

asymptote. This resdlt should reflect the increasing accessibility of 4

the s&hema, coupled with increasyng interference in recall of details:.’
S{nce no assumptions were made gbout the starting or asymptotic values
of the component probability ?ﬁqftions, the dﬁ;blute magnitudeé of the
component functﬁbﬂs and the resultiﬁk free recall funcﬁfon cannot be

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

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

effects. functions. exhibit the depicted shape d satisfy the:
assumptiéns listed above, the qualitative shape of the free recall
functisn may be predicted.

Similarly, we may prediét the free recall function for the detail
portion of the CHANGED sentences. This probability," desigpated as

P(Detail), may be derived from the equaﬁion

A3

-y

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

11 tasks.

Correct free recall” of a sentence requires reca‘l of bbth predicate

A}

S
S
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The factor P(Predicate/Detail) is the probability of "récall of the.
sentence predicate,- given recall of the ‘séntence detail. It is

assumed that a subject rarely, 'if eVeY, recdlls' 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’ tra1n1ng passages~ If this is tie

case, then the probébillty of reca111ng a CHANGED sentence ‘detail,
P(Detail), . should -be approximately equal to the probability of
recalling the entire sentence, P(Predicate. and Detail). Thus.the
functinns des%ribidg these probabilities abroés Qvarying . numbers of
t;aining passages should be néhrly identical. .
For REPEATED 1tems, the entire sgntence was repeated zfntact 'in
each of gbe training passages and the’ targeg passage.b
Discriminability of contexts would not be a ﬁfbblem " in this case,
since, the 1nformat10n was identical in all contexts.: Thereforé,
predigted free recall for REPEATED sentences should ;eflect a simple
repetﬁaion efgect--a monotonic increase with increasing qumbers.of

training passages as predicted by the accessibility function alone.

For UNRELATED items, no related seatences occurred in any'of the

traininé'passages. Therefore, recall of these sentences should be
lower than recall of CHANGED or REPEATED sentences and should not vary
across increasing numbers of tra1n1ng passages.

On the cued recall' test, subjects were given the sentence
) . .

predicates ‘as_cues to recall the detailed case fillers. Each cue was

the portion of the stored schema relevant for recall. of the tested ..
sentenre. 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 the&!ccesgibility of
ihe cued schema might exi;t when small numbers of training passages

had been- presented, reflecting a weakly established memory

. [] .
_represeatation: ) ~This 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 - CHANCED sentences . is 1ust

P(Detail/Predicate), or the same as the d1scr1m1nab111ty function.

*

r
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Th1s predicted function ‘is 'shéwn as the bottom line in Fig. 2.3b.
Cued recall of CHANGED sentences should be a monotonlc non-increa31ng
‘function of the number of training passages. The cued recall funct1on

should 1n1t1a11y be flat or sllghtly.decreaslng at a value“greater

than the peak of the free recall,functidn; "Then this fuﬁction-,shbuldr'

DL SN

exhibit a signfficant decrq.se, eventually. énding at asymptote.

’ LI

Method '1 ’ I )

. s

Mater1a1s Five to-be-recalled stories (hereafter referred to

as "target" stories) were used. Each of these stor1es was unrelated

- to the others in topic and content. The titles of the five " stories -

1wgre \yThe Silicosis Disease," "The Apus Constellation," "The Circle

;Fsland’Story," "The John Payton Biography," and "The Filicules Plant."
Each passage tonta1ned 12 sentences For each target. story, eight
"tra1n1ng passages * were constructed. that were different
instantiations of the same general top1c as the target passage. ,For

example, the trainihg passages for the Apus constellation story were

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

constellation, and so on. .
Each of the 12 serntences ifi a traininé’ passage cbrresponded to
the sentence in the same serial position in its target story. The

correspondence;couldfbe.of one of three typesf REPEATED, CHANGED, or

UNRELATED.  Each passage contained four sentences of each type. All-

.sentences were approximately equivalent’ in- semantic and syntactic

complexity. For REPEATED -sentehces, the same fact was repeated

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

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

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 instantiated with a differegt detail. So if sentence
7 in the target passage was in the CHANGED <condition, one
correspcnding sentence in a training passage might be "It was

originally charted at Mount Wilson Observatory." Thus in each of the

c e

”,";‘l‘;,

5

]
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elght training passages, the pred1cate "It was or1g1na11y charted at
bl . wastxnstantmted with a unique deta11 For UNRELATED sem:ences,

theke _was no syntact1c or semant1c relat1onsh1p among correspondlng

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

"

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

- gas'" -and "It is approx1mate1y 400 light years fron earth e

For each subJect” a.new set of e1ght tra1n1ng passages for -each

¢

target story was generated F1rst the assignment of sentences in the

target -story to tra1n4ng cond1t1on (REPEATED CHANGED or UNRELATED)
was randomized. Then, fbr each training passage to Dbe constructed
the 'CHANGED and UNRELATED sentences were selected wi thout replacement'
from the poal of '8 poss1ble sentences in the designated serial
positién (1 through 12) and Sentence condition (CHANGED or UNRELATED)
Thus for each subJect, the generation of new haterial prOV1ded a
randomized'assignment of items to condition and a random;zed selection
of training materials. . | , '
Subjects. One hundred UCLA undergraduates participated in the
experxment, erther for pay, or to satisfy a course requ1rement._'

Desxgn. A 5x3x2x 2 factorial design was used. Sentence

type (REPEATED, CHANGED T_or UNRELATED) and the number*of training

'passages preceding a target passage were~~w1th1n-sub3ect variables.

Each of the five target stories was preceded by e1ther 1, 2, 3, 4, or
8 training passages. The assignment of target story to training

cond1t1on ~ (1 through 8) was counterbalanced across subjects. Since

' each target story qonta1ned four sentences of each type, there were .20

of eath sentence type per subject. One between-subject variable was/
the ~retention “interval for the target passages (either 10 minutgs or
24 hours). The other between-subject variable was test type (either
free or cued recalT). Different subjects performed tnese.two tasks tP
insure against an artifactual effect of one task on perfuormance of the

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

AR Y

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

training and target passages, O0-hour retention interval) -and the 0/24

group (O-hour training-to-target interval, 24-hour target retenation

9’
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vinterval). Each &f the 100 subjccts was randomly"assigned to one.of

the four groups so that there vere 25 subjects in each group., )
..Prooedure.

The

- provided to

SubJQCtS weré tested 1n groups of from one to eight

were

persons. in’ three-part

. - booklets

experimental materials in¢luded

subjects, who worked at. their- own h pace.

SubJects were t%ld to

\\.

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

: Intenti%pal learning instructions were given.

.

K Sybjects then proceeded to Part ‘I of the booklets, whlch conta1ned the

The stories were printed one per ~page. SubJects
: . . were ‘allowed to read. through the '‘passages  at the1r own pace but vere
The *

a buffer story, unrelated to all-others in the experiwent

not allowed to turn back to prev1ous stories at any t1me. _f1rst

story: was -
. and identical for all subjects.
_ Their
“order was randomized, with the constra1nt that one story of each type
The

all others in the set and

8) were the training passages'for the. ffve térget stories;

" must occur in, the last five ser1al positions. in

the

- final passage

tra1n1ng sequence, was unrelated to

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

memory..

‘minimize

this

any

subjects .
10"

Following final passage,

7¢' ‘multiplication} problems

. ' complete P
.- In Part 11,
Then the

. order for

that took approximately minutes

.

to

E]

the intentional learning instructions were repeated.
‘five target storié% were presented, one per page, in random
stories were

I.

each
buffer
identical to that in Part I. SN

subject. The. target surrounded by

unrelated stories*.-as in Part The study procedure was

The 0/0 subjebts_then proceeded directly to ParghIII, the recall
The 0/24 subjects were dismissed until

* The

test for ‘the target stories.

tte next day, when they reconvened for the recall test. target

- stories were tested in the same order as they had been presented in
Part IT. Subjects receiving the ,free 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

it

-anything that they

remembered they were unsure of exact word?ngs.or sentence order.

The next 18.passages.(1 +2+3+ 4+

worked on.

-I
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SubJECtS- receiviné the cued recall test performed "a.. sentence
completxon task for egch targét passage. The stor1es vere presented
as 1n Part 11, wvth the detail 1nstant1at1ng each predicate omitte%

-

T

for'.each seutence. SubJects were 1nstructed to fill in the mlsS1ng.

remember; " Writing time for both free "and” cued recall tasks was

unlimited. = ' . T i " O

.
N .
3 * I

~

Resugts : 3 _ : - N

k4

The results from the free and cued ‘recall tests 'were analyéed

. port1on with as close 10 the exact_ word or words as they could.

separately All data were initially analyzed using an analysis of

var1ance that treated sentence type, numbet <of training stor1es, ,and

‘retention interval as- factors. Aqﬁslne transformations on proportions

o

were ysed for the analyS1s to 1nsure homogene1ty of cell variances.

For free recall, prbtocols were scored for gist 'recall aof the

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

. sentence, it. was determlned whether the predlcate had been recalled

| cortectly, whether the -detailed case  filler had been ° recalled

o 3]

S

(orrectly,_and ‘whether the entire sentence (pred1cate plus deta11) had

.been _recalled oorrectly. In scoring recall’ of details, a paraphrased

recall was coupted correct only if it unambiguously specified' the

target deta11 and none of " the correspondlng training details. 1In .

cases 1n wh1qh 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 tbe four groups (both free and cued recall -in the O/O

~

{and 0/24 conditions), the mean'nuqber of UNRELATED items correctly

“recalled did not vary as -a function of the number of prior traininé

stories, as. predicted. by the thebry-above. As a result, for each
subject, the mean number of UNRELATED i‘kms correctly recalled was
averaged 'across the five trainﬁng conditions (1, 2, 3, 4, 8) and was
treated as a control or "O" training condition. That is, this wvalue

was used as’ an estimate of recall of a target item\when'no related

‘ ) .- * . . -~
sentences had preceded it durfﬁgytrotzipg. p

W
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Fig. 2.A. Overall hubJects recallq ?hore ,on’ the 1m¢_d_iate test' .

, « (0/0 group) than on -the delayed test (0/24 group), F(l “726)' 12,37 ‘ "'-. ;wﬁ
57' : P < .001. ' The effect of number of ttainlng stories was 51gn1f1cant, L p
‘ F(4, 720) = 14.78, p' <_.oq1, as was' the type of sentence, - F(2 202) = ' ~%%;
5 '249.06, p < .001, '.Fbr REPEATED sentences, recall increased. with ' -
%., ' . -« lincreasing number of traln1ng stories f?r both ‘the 0/0 and 0/24. 'Y’
o *.RLOUPS . predxcted‘ tﬂh recali of CHANGED sentences in the l
- . 1mmedlate test. condltlon initially increases from the zero po1nt then s
. - o . P! .
’ ¢ hd 'n;g'
S I . ,0/0
. iy
3 :
e [ S v
5 : L=
e c . . .
e . .Repeated, 0/24
S 40 . ) : %
‘. 3
a O -
e' o ‘o
8 =
e &
L
c
. §, 20 e - !
n‘.‘ v
g “s--__,___:__————-OChanged 0/0
) ~_‘QCht:lnged 0/0
‘L (predicted)
Changed, 0/24
0 | ] 1 - J -/
o .1 2 3 4 8
. . Number of training 'passages -

Fig 2., 4--Free recall of, entire REPEATED and CHANGED sentences .”
- in Experiment 1
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then‘reaches asymptote.

| ~decreases, Since no quantitative pred1ct19ns .
‘ were made regard1ng the exaet Iocat1on of the peak or the location’ of. Lo
Ty . the ‘asymptote relative to the zero point, there is no stralghtforward e

statxsgxcal test to evaluete the fit of the data to the ‘pred1cted

function.

Several potential configurations of recall data would have fJ -

been co&grstent with the pred1ct10n of an

increase,

folLowed by a e

. decxease,

followed by

an asymptote.

Therefore, the follow1ng Monte

Larlo method was psed. to evaluate the re11ab111ty of this result.

the mean récall scotes of CHANGED sentenceq in

For each subject,

siX training

conditions were

randomized and reaSS1gned to the

< the

Th1s was done for all 25 subJects, and the mean s1mu1ated~ '

con@itidns
Th1s
simulated

random1zat1on was -
The

and the 100 randomizations'were then

recall curve was computed and plotted.

performed 100 times tJ‘produée 100 graphs of ‘recall.
of the |
rank-ordered for‘their fit to
both

predictions but had not seen the obtained data.

s graphs .obtained data

the predictions, by ‘two -independent : 2

Sf whoﬁ were thoroughly familiar W1th the theory and
,.The rgnk order of the

real data then constituted the probab111ty.that a fit'to tﬁe.brediqted'

judges,
7 -

P

both ‘raters,
of CHANGED

inverted U-shaped function, after.a

function by the'ggta could be obtained by chance. For'

this probability was p = .05. While the immediate regall

sentences showed the predicted

- retention interval of 24 hours the differences were ;eliminated and
| recall was very'poqr. . | " ' .

These .results for free recall o% sentences are broke_;rb downl into
For REPEATED

‘virtually

separate recall of predicates and details in Fig. 2.5.

sentences, immediate recéll of predicates and details was

identicatl. In ‘addition, free recall of predicétee from CHANGED sen- \
t(4) = 1.82,
of predicates

but  still

tences was as accurate as recall 6f REPEATED predica;es!
After & 24-hour .
significantly
the increasing
This is |
predicates in the 0/24 condition in Fig. 2.5,
While reca,,L‘I({)"f predicates for the CHANGED-
of ; in both }pmediate and delay

retention recall
across all

effect

n.s. interval,

dropped conditions

reflected

training -

on recall of number of training

of the -CHANGED

stories. shown by the 1line for recall

sentences increased - \

~

with  number training stories

b

34
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conditions, * immedigte’ recall"of ‘GHANGED details' increased‘ then _

, ‘decreased to dSymptote Thus the sentence free recall functxon . in

-' /
AR Fig.* 2.4 for CHANGEDu,1tems refiected fluct:st1ons in recall of - .
R ' deta11a,.not predicates. The fxf of the_recall nqtlon for CHANGED.. o
details in“'Fig 2'5 .to the-pred1cted funct1on was tested us1ng the W
v " .. % same randomlzat1on method for details as .was described above for .
, sentence recall The atta1ned signyf1cance levels for the recall. data a
T ' Nhus obtained from the two independent raters were p = 04 and p =
The intrusions of CHANGED deta1Ts \from training stor1es into ' -
recall of CHANGED tatget passages are also shown in Fig. 2.5.. While
L4 . °
. M - R E ' V' L
. N
- - Repeated: Predicates, 0/0 -
"R’EP’G&TW'"D’QETTS, 0/0° I
60 I /OChanged: Predicates, 0/0
/ | .
40 Changed: Predicates, 0/24

»
Percent free recall

4

' Changed Intruslons , 0 /0

N
O,

Changed: Détails, 0/0

' \JS\
Y

. 4 . / Changed: Detcils, 0/24
o A A 1 1 \ : J ‘

Number of training passages -

Fig. 2.5--Free recall of sentence constituents (pr&ticates and
- . ' details) in Experiment13
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correct recall of deta11s 1ncreased intruSidns ~did not vary.ifrom
.thexr base. or zero, level. (The zero. p01nt ig the pFgbability of .
intruding an UNRELATED qentence from a tra1ning passage into recall of
the target passage.) +When ccrrect recall of details decreased,
intrusions, 1ncreesed reliahly;. F(5, 346) = 2.31, p < .05. Com-

"‘b1n1ng these two functions prOV1des a measure of the probability of

a schema:relevant résponse for CHANGED ‘'sentences as a function of the
number of préceding training passages., Tuat. is, by addlng the
intrusion and correct recqll probébilicies for deﬁails, we obtain the
probability of ;recalling any detail that was assgciated‘ with a’
" variable concept during traln}ng. Th1s ‘function - fﬁcreases reliably-
‘frof 24 peffcnt to 45 percent, F(5, 144) = 2, 46, B < .05. - - -
R The*resd%ts for cued recall are summarized 1n F1g - 2.6. As “in
frep recall perfqrmance is better on the 1mmed1aterthan on the
delayed test, i(l 7é0) = 12’67’,2‘<'°001? Reliable.differences. were
obtained due to both sentence type, F(2, 720) = 214.76, g.< .001,
“and training copdition, E(Alf720) = PO.SS, p < .001. As ﬁre-
dicted, the cued recalI of CHANGED details in the -immediate test
'condltxon is initially flat and then _uecreases as the number of.
training stories 1ncreases, fhls decrease in cued recall is reliable .
F(5, 144) = 2.61, p < ;b%. " By comparlné Figs. 2.5 and 2.6, the rel:\\4\<3
ative levels of free 'and cued .recell of CHANGED details .may be
noted. As predicted, the initial flat portion of the cued recall
curve (40 percent) is hxgher than the highest p01nt on the free recall.
curve (30;percent). For delayed cued recall, “"as for free recall,
performance dn CHANGED details was poor and did not vary across
training conditions. ‘

As shown in Fig.: 2:6,f intrugions in cued recall of CHANGED
details increaseJ ﬁonotonically with'number of prior training stories.
While this result was in the expected direction, it failed to achieve
significance~ As for'free recall, the probability of generating a
schema-relevant response to CHANGED predicate cues was computed by
adding the correct'}ecall probability and intrusion probability in

each iraining condition. There was no difference in the resulting
. X
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Fig. 2.6--Cued recall of details flor REPEATEﬂ’aqg CHANGED
iment 1 ) L

?; response probability as a function of number of training stories; the .
N probabilities for the five ' training conditions were all within the o
range of 50 to 56 percent. :
- - N Dlsgggglgg T . . . :
- These results confirm the predictions discussed above. ' Dur1ng ’

™ [

e

representing common 1nfocmat10n

}

the acquisition phase of the experiment, subjects constructed wchemata

in related passages.

- With each new o
. Q

. training passage, the schema representlng the shared 1nformatton would

L 3 '

as



" be .acrtivated and strengthened. . For REPEATED ' sentences, . this =~ = | .

-activation -produced ‘a strengthen1ng of the ‘entire repesenta§1on of

.predicates)’. . e ot

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

" o7 P r cELT Te L e e B VUL R LR T S R AR
. . - . . . . ol

28 . : . .

+

that sentence, as would bé predicted by many learnmg theones F:}Q . . c
CHANGED sentences, the common pted1tate would be strengxhened but the ‘ ‘

.—.’

detail instantiating the pred1pate would compete for assocxat1on with’ L
that predicate with other details from d1fferent contexts. "The L
acce851b111ty of the shared 1nformat1on was meds‘}ed d1rect1y from

free recall of the repeated information. As expected, access1b111ty

~ .increased monotonically with" increased reﬁetitions of the shared

schema. The incremental accessib111ty of repea;ed information“'was ' 3 '

'xndependent ‘of whether that 1nformat1on ‘had multlple associates

(CHANGED - predicates) or a s1ngle repeated assoc1abe! (REPEATED -
Immedxate free recall of entire CHANGED seni\gnces . and CHANGED - - o
etails confirmed the novel - pred1cted _inverted U-shaped functlon. '

-

Thas . functxon der1ved from the comb1ned effecte of 1ncreased

‘ace ssibiligy of the shared information and decreased d1scr1m1nab1l1ty

of the deta1ls as, ‘the number of tra;nlng passéges increased. ' The y L
Cladm’ that this function represents the product of ‘the access1b11xty
and dxscr1m1nab111t} functions may be evaluaLed by comb1n1ng the data”
from the’ two  functions. The accessibility function was
opératidnalized é; frée recall of CHANGED sentence pked1cates As

- .

expected, recall increased/monqﬁon1cally v1th xncreased repet1t1ons of

.the shated schema. The ' incremental acce591b111ty ,pf' repeated

»

information was 1ndependent of whether that information had»mult1pf\

associates (CHANGED pred;cates) or a single repeated ’ associate
(REPEATED predicates?. T ‘.

The diacfiminibility effect function can be estimated from the .
cued recall data. Since providing the cue.at test time equalized or
nearly equalized accessibility to the schema for the i;zious training

conditions, recall of QﬁANGED details would presumably reflect only

operationalization. of the discriminability-effect function shown/in

- Fig. 2.3a. This fungt1on predicts little change in d15c:1m1nab111ty
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as  the shared schema becomes .established in memory, follored by
_'stbad1ly decreas1n3 d&scr1m1nab1l1;y among the deta1ls as more and

. more of theu becoue assqciated with the shared predicates. As shown

4.

in Fig. 2.6,~-the cued recall of CHANGED ~deta1ls shows this exact’

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

pred1cates and cued recall of CHANGED deta1ls, :ere obtalned from

different - qubJecc— samples. ~ The _product of these {wo funct1ons

B . . \.
~estimates the predicted function for free recail o ‘CHANGED sentences.

This function_ is shown by the dashed lines in Fig:: 2 4. The function

is nearly identical to the obtained free recall fumctlon and did not
d1fter rel1ably from it, t(8) = .58, n. s. ' L _ ' .
" The’intrusion data in freg recall ‘may also;ﬁéu.used to estimate

the d1scrrm1nabrirty"effett function. Presumably,.an 1ntru51on occurs

when the subject suc¢cessfully adtivates ‘the 'schema_for recall but’

cannot discriminate the taggct detail from others he bhas studied,

thereby ; rftrieving an incorrect detail. . Accord1ng ‘to the

.ptedicced-rthCL function in F1g "2 3a, the d1ff1cult1es in

discriminability should, be negligible for small numbers of training

passaées and then steadily increase with greater numbers of training

paésages. . That is, as the number of training passages incréases;

intrusions should initially stay the same, theyy—Increase. This

'pfecise result was obtained in free recall, as shown in Fig. 2.5.

According to the model of schemata proposed above, . the

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

sinve its previous activation. Therefore, in general, the longer the

retention interval, the - lcwer the accessibility of the schema in

memofy. In'addition, the longer the retention interval, the more

pronounced should be the negative effect of discriminability of

details shaMwmg the cchqma. As the retention interval of shared
knowledge increases, then, the sum of these two effects functions
should 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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If the sharing of detéils from different contexts by' a schema

exerts 4 negative effect on learning and’ reteptlou, then 1ncreaSLng

. the discriminabil. Ly between the Large&.and training contexts should

tmprove performance on're(alloot the target {gcts.' One technlque for

improving thls dxscrxmxnahxllty would be to decrease the temporal

'proxlmlty ot the trannlng and target passages. If.during learning.of

the CHANGED sentences there were no negagive eftfects of, decreased

K]

discriminability with xncreaslng numbers of tr&ining passages, then no-

interference in  learning of - CHANGED details should be obtalned by

“increasing the number of training passages. This hypoth951s was

tested in Experiment 2. ) '

‘.-
L

EXPERINENT 2 ' T ' X

. . ]

The mxlvtnalb and methodology of Experiment z were identical to

those ot LXpe iment 1, _with one 1mpurtant OX(PPLIUH After
\' tédining . materials, .suhw(ls wiaited 24 . ours
betore rm‘vxvi.ng the target p.a.sjs.ages__. “llS 24=hour delay pw.sum.xhl\'
would 1herease the discrimnability between the training and | target
detarls | ot Cll:\N%‘-l-’.l),sf-ntvm es shariug single predicates in the schema,
relative to the case in whieh tdrget presentation il;rnlt’liitil(’ly fol towed
tratnng, Ut - course, c'vv({' the (lisvrimiu.ll;i/
Ja-hour llllt‘l'\i:\l would tade’ over a long retention intefval. On an
i rate fitest however, the  theory, would predict that the

dincrmmunabibity=ettect tunction  in Fig. 2.3 should be tlal at zZero
k3

4y toss the various teaning conditions.,

We now constder the 'pt'm(’u ted=accessibil ily(.« tunction o this

stluation. At the time of target passage prvsvut.nﬁnn, 24 hours would
o .

have  clapsed  since the previens activation ol the experimental

s bremata, [he shape ot the accessibility tunvtion atter 24 hoors may

be estimated trom the graph ot RF.[‘l"'.r\'l'H) sentenge vecall  an the 0724

condition ot Experiment 1 (Fige  J04 il the graph ot the CHANGED

presdivate vecall  an the 0724 condition (Fig.  2.05)0 Atter  thas”
retent ton perviod, thee  accessabibity, function st ancrea: od

7/ .
monotonteably with  ancreasing  trarning  piassapes, even though  the
- .

. 4
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strengths ot the schemata had faded over the retentior period,

Presentation of thie target. passages would activate and thus strengthen

the schemata.. . However, the increment in acqessibili;y- would be a

t

decreasing f@uction of prior strength. Therefore, the accessibility

function; while“remaining monotonically increasing across training
conditions, should be flattened considerably. §
Free rbcall of entire CHANGED sentences 'and CHANGED details

should be the product of the accessfhiLity- and discriminability-

effects 4unctions. In particular,” as the number of training

.pJSSdgﬂﬁ ingreases, free recall of CHANGED sentences and details

should * intrease munotonicall§ and should be proportional to recall
ot CHANGED predicates. Since the CHANGED pr'edica'.tes \«;uuld have been
mcesented ntimes dn9 the té}gqt CHANGED.déLails would have  been
. ‘ . . .
and theretore a higher ovevall probability ot being recalled. How-
ever, over thereasing ndmhvrs ot Lraining passages, recall of CHANGED
detarls  stould ilu;\f‘v.sm-; at  the s.umi_‘,l‘,alv A8 _r(-(*all of  CHANGED
pl‘t:‘dik'.tlt'h. ' . ) - .
In cued tecald, - the eftect ot the cue should be to provie
accessihilaty  to the stored schvha. . Any dittvrvylial ;fivclh ot
dccessthilaty tlu-v to training conditions shonuld be removed, Jdnd  thus
.« ued  revall ot CHANGED details shou ] retlect only the
i .\(- rimnabilbity=eltect tunction. This ettect s~ predicted to be
negligibhle aorogs tran i.ng candilions,  so ‘ cued. recall ot CHANGED
detarls honlbdy net vary., Another estimat® of the discriminability

tunet ron uul_\‘ he obtained trom the intrusion errors tor  CHANGED itews

BN L .
an bo'th tree and  cued  Feoal l, For ecach ot these measures, there
“hould be uo ditterences due to training condition. - L'_“' q??
\]u[lnu] . g >

Mt errals, The  materials ere identical  to those  used -an
Exper tment . Fach ot the tive target  passages  contained 12

nenttencen, « each that  were  REPEATED,  CHANGED, or UNRELATED  with

respect Lo the training p.is:s.igvs. that preceded them.

11

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




§gpjeet . -One hundred UCLA undergraduates pértigipaied in the
exberimept, either for pay or to satisfy 3 course.requirement. .
.Desidn. The same .design as in Experiment I' was -used.  The

dependent vgfiables were percent free recall and pércent cued recall

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

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

type (REPEATED, CHANGED, or UNRELATED) wete within-subject variables..

: Test type (free or cued recall) and re}entlpn interval for the target

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

groups defined by the two retention intervals will be referred to as
the 24/0 group (24 hours between presentation of the: training and
target passages, O-hour reLent1on 1nterva1) and the 24/24 group
(24-hour training-to-target 1nterval 24~ hour _targef " retention
interval). | Each of the 100 subJects was randomly aésigned to one of
the four groups so that there were 25 subjects in each group. )
Procedure. The study and nest procedure was ,the same as in
Experiment 1. .After studying to learn the training s;ofies presented
in booklets (Part I), subjects.were disﬁissed and asked to return at

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

—

intentional learnxng xnstructxons were repeated. Then subjects read,

the target stories as in Experiment - 1. The- 2470 subjects then

Y

proceeded directly to Part 11!, the recall test for the target

stories, The 24/24 subjects were dismissed Gntil the next.day, when

they reconvened for the recall test. The target stories were tested
in the same manner as in Experimeni l.
Rgsults and Discussion -

. The cued and tree rvcafl results were initial y analyzed
separately using an analysls ot variance. Free recall é cols were
scored as in Experimeat 1. In each of the-four groups (i «th free and
gued recall in the 24/0 and 24/24 cenditions), the mean number of
UNRELATED iivms correctly recalled did not vary as a function of the
uumber  of  prior training stories;/ Therefore, for each subject, mean

performance on UNRELATED predicates/ and details in both - retention

N
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conditiovans ‘waémaveragod across the five traiding cqgditions (1, 2, 3
4, 8) and treated as a zero .training condition, as in Experxuent 1.

The results for free recall of entire lenteucel are lnlnlrited in

 Fig. 2.7, SubJects recalled mare on the immediate test (24/0 ‘group)
than on the delayed test (24/24 group) F(1,' 720) = 10, 12, p <‘iOOI
Tpe effect of number of training stories was also significant,

F(4, 720)° = 11.43, p < .001, as was the type of sentence, F(2, 720) =
18758, p < .001. Recall of REPEATED sentences increased with

“increasing numbers of training stories "on both immodiate and
"delayed tests. As predicted, immediate tecall"bf CHANGED " sentences

(the 24/0 condition) also iné¢reased monotonically with increased
number of training. siorieé. . Although this function was in the
predicted - dire;tion, a planned compar1son failed to confirm a linear
trend in the data, F(1, 144) = 1.99, n.s. Recall of CHANGED
sentences on the delayed test 02%/24 cond,§1on) was depressed and
coqstant across training condltlons '

_ One method for assessing the effect of the delay between training
and target passage presentation on improving discriminability .is8 to
~ompare the CHANGED recall results from Experiments 1 and 2.=,0veral\,

free recall of CHANGED sentences in the 54/0 condition was superior to

recall in the *‘0/0 , condition (no tra1n1ng- o-target delay), t(s) =
.72, p < .01, Moreover, this superlorlty in recall was maintained
atter a  24-Hour retention interval That is, recall of CHANGED
sentences dn “the 24/24 condition was reliably better than in the 0/24
vondition, t(4) = 2.39, p < .05.

To determine the effects on learning and recall of the " CHANGED
sentences  an the 24/0 ‘condition of Experiment 2, these recall data
were broKen dé&u into predicate and detail " recall graphs. These
tesults  are showns in Fig., 2.8, CHANGED predicates were recalled
reliably better than details, 5(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. Thjis increase was
¢
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reliable, F(T,288) = 4.00, p < .05. ' Furthermore, the interaction
) be;&een iteilxyge (predicate or de;eif) and. training condition weg'ndi-
significant; £(5, 288) = 1.26, n.s.. This - failure to'f;nd a sig-.

Al

5

L
)
LY
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] o o nificant interagtion is an important result for two reasons. .
i . First, it indicates that the ligﬁiffcent incresie in recall across .
%;. : " training conditions '1i attributable to increases in deteil'recnll 48 '

i . well as predicate recall. Second, this result implies: thet detail .
g', : recall is proportionel to predicete recall, as predicted. Thus the
: 1ncreese in detail recall can be attributed to the: Jncrease in schema . '}
accessibility and ‘the abeence,of negative effects of discriminability. '

- Additional support for this latter conclusion may be adduced from -t

K K :+ . the intrusion data for CHANGED sentences. It m;y be noted in Fig. 2.8 . o E
f , - that subJects virtually never intruded a detail’ learned during ",%
: training into recall of target CHANGED sentenpee. Furthernore, there : "Jg
| - was no increase in the intrusion rate -as the. number of training : *

-{{ passages increased. Thus the 24-nour; delay een training and . . é
target presentations guaranéeed.:fﬁeeéffniﬁif;i:t:£ discriminability S fi%

. difficulties. . - ' L - o é

S

‘The cued recall results for -Experiment. 2 are shown in . Fig. 2.9.

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

delayed test, F(1,-720) = 14.13] p < .001. Cued récall of details
- from REPEATED-sentenCes increased with increasing repetitions provided -

By the training passages. This result was obtained in both the
. immediate'(zklo) and delayed (24/24) test conditions. As predicted, .
| cued recall of pCHANGED details in the immediate test condition did not ~
. .vary 'signific:s!(y across training conditions. Cued‘recall level was .
"constant for 0 tol4 training stories. Performance i reased for the 8
condition, but b post-hoc Newman-Keuls test declared \this difference
to be unreliable (p > .10). To reject the hypothesis that the
' 24=hour treining-to-target intervel did not = \alter deta;l
discriminability, the cued recall results for CHANGED sentences in the
0/0 and 2470 _conditione were compared. Overall, cued recall was

better in the 24/0 than in the 0/0 condition, F(1, 47) = 5.30, p <.05.
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In - additxou, the decr’eu'e in cued recall .éc'r-oli .  training’ con-
dnions in the 0/0 condition produced‘ a signiﬁcant’I interaction,
F(4, 188) ='2. .50, p < .05, o : T SRR
Intrusions of training details in..cued recall of CHANGED.
sentences on-- the imediate test d‘id not vary significantly ‘across

. training conditions. ' This result was as predicted and ptqvides -
: ) additional evidence for the assumption that the training~-to-target ,
L o delay improved the discriminability betWeen the. training’' and . target S
S . details. - ¥ | L o
) Repeated, 24/0 j
. 80} ' F
. = —4& Repected, 2424 °
S 60 '
. ] Chonged, 24/0
- § —
a - A ‘ _.
A
+
_’U
20
| N —2 Changed, 24/24
. ' ' Chonged: Intrusions, ~
: o 0 L 1 1 | ] 4 2400
-t o 1 . 2 3 4 _ 8 -
. " Number of training pasiages '
‘V . . - . . 9 P , ' ‘:")
. "Fig. 2.9--Cued recall of details for REPEATED and CHANGED sentences : '
. in Experiment 2 . )
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GENERAL DISCUSSION e . k

These results provide COns1stent suppoﬂt for the” proposed model - . é
of nenory.schenata. That gpdel presupes thot knowledge subattuctutes ' ' :"@

-are shared in memory to . encode information 'acquired in different
contexts. The 'nodel rebts' on some basic A6 assuymptions about the
. structure of these 'schemata in.memory, ‘and ‘the processes that operate o
"on them. The major = assumptions and the results that bear on those ey

~

assumptions are bripfly summarized below.

1. The ugse of a schema or shared substructure i . number of

unique contexts strengthens the represenat' n of the shared

| DS . information and'.lncreases its accessibil1ty in  memory.  This CoL
- ) predictidn is common _to miany preV1qﬁ; theories AF learning (e.g., .- L

u ‘ Hebb, 1949; Anderson & Bover, 1973).. For both REPEATED and CHANGED - .

;q .. v . sentences and in all retentién condltlonq (o070, 0/24 24/0 24/24), : . :

free tecall -of the shared information (the sentente predicates)

R S
-
-

increased wlth’ increasing numbérs of training passages. These ' S
traininé,passages constituted repetitions of common information in new
contexts with either-e single or varied,aseociates.

5; . 2. When information from diffe}ent contexts shares the :sqme
schema in- memory, there is interference in learning anﬂ'retentionugf
the'subset of the information that is unique to each'of the different
contexts. This interference increases with increasing,numbefs of -
competing associates to the schema. This prediétion was confirmed: by’ .
. the data -in :the 0/0 condition for intrusions in both free .and cned

\ recall of CHANGED details and by the data for correct cued recall of
CHANGED ddtails. The probability of corrz

. decreased with'increasing numbers of other details competing for

ct cued reoall of details

associations with the same schema. Intrusions of those competitors,

on the other hand, inoreased across tra1ﬁdig cond1t1ons. _

: 3. The facilitative and inhibitory *e££ects of the use of
schemata ‘for learning combine to predict acquisition and retent1ont

. As a shared schema is strengthened through its use in multiple unique ..

contexts, acqu1s1t10n of information sharing that schema is 1n1t1a11y

facilitated, then 1nh1b1ted and . finally  unaffected as \thi\_‘////

i
.
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componentiai. effects reach their nakiﬁal valuen. Inifree recall of
CHANGED sentences and CHANGED details in the 0/0 condit1on, this’

. pred;ction (shown 1n Fig. 2.3) was confirnqﬁ As the number of prior -

tralnxhg passages 1ncreased recall of CHANGED. items flrst increased,
then decreased to asymptote. -. « ’ ,
4. The interference among competing associates to a schema can

be reduced or eliminated by increasing the discriminability among the

. various contexts of occurreﬁce of the competing information. When the

presentation of the target passages followed the tralnlng passages by
24 hours, 1Tmed1ate recall ¢6f CHANGED sentences and details (the 24/0
condition) was improved relangve to the no-delay condltion (0/0). In

'\add1t1on, the reduction of* d1scr1m1nab111ty difficulties did not come
at the expense of the facilitative effect of schema ‘repetition:,.

-

Recall of CHANGED items 1ncreased with 1ncre381ng numbers of training

passages. | ) _
Our characterization of memory seQemata'addresses but a single

level of _coﬁplexity in what is shared and transferred. A schema in

this study was operationalized as a semantic predicate or {elation and

{’the associated case frames,that instantiated,the predicate., ° The use

of " a schema in.muitiple contexts consisted of the repetition of sets
of these predicatés in different passages with either the same
(REPEATED) or different. (CHANGED) case fillers. Other reseerchers
have studied the acquisition and transfer- of both more and less
complex schemata. | . |
Hayes-Roth (1977) predlcted and obtalned the combined _ttepsfer'

function in F1g. 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 recognltlon confldence on A-C pairs as a functlon of A-B

learning. At low levels of\é-B learning, establlshment of the A-C
representatlon benefited from the aCCESSIblllty of A, in memory.
However, with increased strength of the A-B assoc1at10n, activatioq of
A for use in A-C learning entaiied the simultaneous activation of B,

thus 7interfering with establishment of the A-C representation. .In

4 L 4
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| that'study, the shared infornation was simply the'noun A,'bot transfer

effects similar to the present ones were obtained. ,
" Thorndyke (1977) investigated the transfer of a much more

abstract learning sd;u;a in a study of text memory. Subjects were'

presented a narrative text\ to learn - for }h\later recall test.
According to a proposed theory ‘of text learn1ng, the comprehens1on .and
assxmxlatlon of the text into ‘memory requlred the use of a schema for
story .structures - that facilitated the organ1zat1on ~of simple
propos1t1ons from the story into h1gher-order functional units. These
units rqflected the integration of the story information ipto a

coherent knowledge represgntation of the plot and episode §tructure of

the. narrative sequente as well as.the semant1c content of individual

propositions.’ The to-be-learned storfy was preceded either by a story

with unrelated content but an identical narrative schemthfor by a

story unrelated in structure and content. It was postulated that in .

the repeated structure condition,.' the story schema encoded during

first-story_ learning could be successfully utilized for represent1ng

the to-he-learned  story. In fact, this repet1t1on produced a-

significant 22 percent' improvement s in 1earn1ng, compared to the

control condition. Thus, with one prior learning tr¥al on a story

o

. schema, positive transfer of. the schema to a new context was obta1ned

Similar effects  of proactlve facilitation have béen found us1ng

expository educational materials (Royer & Cable, 1975, 1976). o

‘The observation that multiple associations té6 a knowledge unit

produce,-interference.‘is, of course, a well-estab11shed result. The
hypothesis that multiple assoc1ates to a knowledge unit produce
interference because of discriminability, difficulties was first
proposed by Underyood (1945). Recently, numerous researchers (Crouse,
1971; Anderson & Myrow, 1971; Bower, 1974; Kuhara, 1976) have found

retroactive interference in the recall of, detailed facts from prose

| passages when the intetpolated passages contain the -same facts with

new. details (as 1in the CHANGED sentences used here). In addition,

Bower (1974) found retroactive facilitation in recall of information
~

repeated in the ihterpolated passages either with the same or with new

L]
.
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associates (as in the REPEATED and CHANGED predicates used here). E -
However, none of these researchers "predicted - thei combined - i
R facilitation-interférence function for performance that was obtained éﬁf’
;.. : here for CHANGED sentences. ' .
i | ;- One potentially important factor that was not manipulated in the

- .

e R T

L ' présent experiment is degree of learnlng of each 1nd1v1dual CHANGED'

. sentence. Hayes-Roth (1977) has argued that the qual1tative nature of"

_ transfer efféects (positive, negative, or null) is largely ~determined

8 by the degree of 1earning of the training material. /n particular,

she demonstrated that (1) m1nima11y learned tra1n1ng material produces

primarily positive transfer effects; (2) moderately well-learned

training material produces primarily negative transfer effects; and

(3) overlearned training material producds no transfer effects. These, . : :
' B .. effects presumabl;_'reflect changes in the availability of memory. '
- substructures for use in encoding new information. In the present _
.. ' experiments, all CHANGED tra1n1ng sentences were presented only once 'k\_J/—\\\—/),
o and were thus min1mally learned. If the training - storles had been _ e
‘ better learned, the observed transfer effects. might have

qualitatively different. Whether or not an interaction would occur

{itf present paradigm.remains an empirjcal quesﬁion. .
Most of the attemots made to date to develoﬁ schema theofy as-
viable psychological theory have ‘focused on the representation o
well-learned schemata in memory V(Runelhart 1975; Schank, 1975
’Thorndyke. 1977, 1978 Rumelhart & Ortony, 1977) or the processes that
S.operate in conJunct1on with schemata during .comprehension or memory
search (Norman & Bobrow, 1975; Bobrow & Norman, 1975; Rumelhart &
Ortony, 1977). To date, schema theorists have saidflittle about che .
. dynamics of anda constraints 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
/ existing schema in memory and "1nterpret1ng" the new informaclon in
terms - of the schema by 1nstanh1at1ng 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 yet empirically untes%go.

) !
O . |
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In contrast Experiments 1 and 2 focused prlmatlly on those _
aspects of schemata that are relevant for the learning process. In ) K
essence, we have proposed .a learnzug theory that co&b1nes the new ' :
g‘, | notions of memoty sclHemata with some. traditional psychologlcal . &

assumptions about 1earn1ng Our theory of schemata as shared -
’knowledge structures is 81m11ar to other formulations of schema

theory, however, 1t goes beyond them as a péychological ‘theory by .
deta111ng the costs and benef1ts aSSOC1ated with the use of schemata . e .
‘ ' " in learnlng. S Lo - .
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1I11. KNOWQ?DGE'ACQUISITION FROM' NEWSPAPER STORIES i

o

v

Chapter. Il inQestigated the effects on leifﬁing of .repeéting

\
shared knoﬁuedge substructures. . This chapter investigates the
relative efflcacy of particular text organizations fur Iearning <The

influence of text organizations on' the aAcquisition of infotmatlon has
=il : .

- received . extensive treatmdnt by edudational and ° cognitive.
. pgychélogists. In ‘some studies, the investigators identify the P

learning 'opjectives for subjeété--that is, " the: subset of text.

information to be sought and learned'(e.g., Gagne & Rothkopf, 19}5).
More typically, however,. a reader attempts to "learn all® the
information in the passage, s1nce he does not know what particular
facts will be of use later. In such cases, the stru&ture of the
material is a critical determinant of what will be learned from the

passage. - In general, familiarity with the structure of ;he material,

indépendent of its semantic content, can facilitate learning. of the

material (Thorndyke, 1977). r

‘* Several studies “have investigated the fjefficacy of various

information organizations for text learning.” In a series of related-

studies (Frase, 1969b, 1973; Friedman & Greitzer, 1972; Myers, Pezdek
-& Coulson, 1973; Perlmutter & Royer, 1973; Schultz & DiVesta,- .1972),
text passages were constructed from matrlces of name-attribute-value
triples. That is, a set 6f concepts in a sémantic category were

described uS1ng a fixed set of attr1butes, and each concept in the

category had different values of the, attr1butes In general, these

studies demonstrated that' any coherent organization of the information
(i.e., either by names or by attributes) produced better learning than

a random organization, and that the two organizations produced equal

o

learning. - : ' >
L4 N

The texts used in these studies described a small, fixed set of
exemplars from a single concéptual category, with each exemplar

possessing different values for a particular set of, attributez. More

o

.
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- typically, a text that someone has -to learn contains information about

%, L multiple topicsi..has‘ a wide variety ef pcedications about those

;' . )' : topics, anu contains events or actions uith a temporal scructure. .

: . . Traditional classification systems segregate prose passages into four -

; ‘basic genresi«’”ﬂgsc;;:t::u, exposition, narrative, and persuasion .

(Brobks & .Warren, 1972). Depending on the author's intention and
poxnt of view, texts of the first three types are frequently organazed
either Lopxcally,.wlth information organlﬁed af%und conceptual themes,
L - Tor temporally, with information presented in a narrative sequence
// " . } These two organizations mxght have very different consequences for how
well . a passage can be learned, particularly- if one of the
organizations. is preferred by.readers. v
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
the Sasson studv, however, the texts‘were 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 vconclusions from this study regarding no}mal processing modesy must
be regarded as tenuous In the Kulhavy et al. study, only recall of a-
few target words was measured, so it is difficult to assess 4he effect

of the organization manipulation on overall learning of a coherent

prose passage. ' : e

In attempts to precisely model the organization of textual

} information .in. memcry, “several Pesearchers have proposed detailed
representations for the structure in a prose passage (Kintsch, 1974; ' /

Meyer, 1975;' Rumelhart, 1975; Frederiksen, 1975;'Thorndyke, 1977;
ﬂandler & Johnscn, 1977). Various'prediccions from these models for
the influence of structure on acquisition,and retention of information
have been tested empirically. A typical finding is that the
"centrality" or "importance'" of a profosition to the '"theme'" of the
‘passage predicts the recall probability of the proposition (Kintsch,
1974; Meyer, 1975; Thorndyke, 1977). From'these.and‘othér studies, a
general theory of "schemata"_has emerged (Anderson, 1977; Rumelhart &

!
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Ortony," 1977; Thorndyke, 1978). 'This theory assumes that a person has

in memory a set of prototypical.struct

1
.

“
.

* .

!

ures for use in comprehendxng

and encoding . prose infoimation ‘particularly goal ‘directed narrat1ve

sequences. For 'narratxve stor:es,

these structutes

organize

a

temporal . sequence of actxons inte a- hierarchically arranged set of
—— * '

>

episodes that reflect their causes and consequences (gﬁﬁelhart,¢ 19752

Mandler & Johnson, .197f;'_Thotndyke

- 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, the better
his comprehension and ' memory for the text will be.

While . this

\assumption has received some empirical support (Thorndyke, 1977; Stein’

& Nezworskl, 1978), the text doma1ns to which theé schemata apply have

been relatively narrow. _Thus the genera11ty of partxcular

has not been determined. It is

particular structure or schema is optimal for learning all narrative ’

texts, or whether numerous schemat

unclear, for example, whether a .

schemata

a could be equally effective,

depending on subtle attributes of the to-ﬁe-learned texts.

in the name-attt1bute-va1ue stud1es
whether partxcular schemata can be ide
is still unresolved.

The present study attempted to

various J4information organizations o

Thus,

as

discussed above, the‘questxon of

ntified as’ opt1ma1 for

assess the

overall

leatn1ng

effect of

n the learning of meaningful,

naturalistic texts, and to determine if an,optimal organization .could

be identified.
that { highlights the temppﬁel‘ and
should produce optimal learning.:

The source of materdals for

[ 4
Experiment 3 was .newspaper stories.

[f readers strongly prefer to use a single narrative

sch@w? to encode narrative passages,; then a text presentation format

causal dependéncies among events

»

the experimental

Several

stimuli . ine

-

()

current events and

£eature stories were seiected from the New York Times and the

D . )
Angeles Times to serve as fact-bases t

newspapet was used as a text source be
naturallstle processing * environment.

newspapers as<an information source.
. -

o be learned by subjects.

cause news'

stories

provide

os,

- The

a

People frequently read and use

‘\

Furthermore; news st%:1es appear

. "

@

>

o
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already'organ;zed in a standard, familiar format, so the utility of

that format for learning can be contrasted with other experimentally

imposed organizations. ~The standard structure of news stories--the

presentation ;5/’"important" qr'."timely" “information inm the. first
pardgraph and the elaboration of details and background in subsequent.

T . Qﬁaragraphs--is“ based on conventions of journalistic style.. Impof%ant

; S " information is presented f1rst so _that it will catch the reader's eye
o P T'  and-—- g@“~§SSLELla¥Cd" “at  a qu1ck glance. Information is presented in
. generally decreasing order of importance so that_1f'the story needs to

be cut to fit a particular space on the page, the material that is cut
o Qill be less important than what is ‘left in. 'Thus, the

rganization of'_the news story is dictated by  ‘the particular
f'" , : requirements of. that medium. . However, this structure may not be
‘optxmal for the learner attemptlng\to acquire all the facts in the

passage. News stories present events out of their normal time

. ' sequence and utilize repetition and —fédundancy in order to establish
o ) .'" " referential connections among. fac;s that are related but are Qidely
_ﬁ;';" . separated in the stéry. %hus, while certain éoals of the newspaper
editor are met, they might decrease rhe overall learnability of the

¢ . material, . : v _ b
.7 . In this chapter, the efficacy of‘alternative}presentation formats
for'learning is assessed. In Experiment 3 subjects read__andf then
- recalled stories presented'either in new;'format, standard narrative
orgqnlzapxon, or a toplcal organlzatlon Measures of readlng tlme for
each passage were taken in each organ1zatlon51 format to prov1de some
indication of the readab111ty of- each organization. If subjects
preter to use a narrative-schema to cdmprehend and learn stories, ‘then

the narrative text organizations should produce faster ‘reading times

and higher recall scores than the other familiar organizations.

EXPERIMENT 3 . | \

Method ' S .

ﬂﬁgeriilé. Four newspaper articles from the Los Angeles

Times “and the New York Times were selected for use as materials.

(N




Each'article described a set of events that ociurred over a periéd of
The text ‘of
such story is provided below as an illustration of the NEWS

time and background information relevant to thosc &vents.

one

46~ - . ' "

organizatien.

L]

Iraq: News Story

Despite having the second largest oil reserves in the Middle
"East, Iraq today finds itself short of cash.

Civilization was cradled between its Tigris and Euphrates
rivers, and the site of ancient Babylon's splendor lies 50
miles south of Bagdad.

Vet the majority of Iraq s people were illiterate as late as
1973. -~

il revenues have increased massively in recent years, but
only a small minority have benefited, in contrast to other
petrcleum-producing Arab lands where spread- -the-wealth has

v. been a byword.

L

" *"Qur problem is management ... management from top to
bottom," said Dr. Hashim Jawad, a top plann1ng advisor to

Iraq's Revolutionary Command Counc11
Irag once was a sleepy, British-oriented monarchy.

Red double-decker buses still churd 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 unkmown soldier, and a still-unfinished

— luxury ‘hotel.

.

Many projééts such as this have been halted in midstream and
others postponed because 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
natipnalized last spring, the former parent companies halted
their  purchase of oil.

&
<




elaborations of information presented earller‘

47

. Gradually they have beeq coming back, with Shell and the ~
French Petroleum Co. the first to resume.

Last April, .Ifaq.suddenly cut ' off all oil shipments to
" Mediterranean ports via'a trans-Syrian pipeline. ;

Early this yeax, another pipeline to the Mediterranean,
which bypasses Syria and ends up in Turkey, is scheduled to
become operational.

ThlS sho)ld fully make up for the capﬁtlty lost by shutting
down the trans- Syriap pipeline. .

The present set of rulers here is the third since "the 1958.
revolution which ended the monarchy.

Th;:‘}evolutxon set the country off on a new course, vaguely
‘socialistic and_strongly Arab nationalist.

The Sov1et Unlon is now Iraq's maJor frlend, and Zionism is
the é€nemy. . o A

A lack of manpower and skilled technelogy is the major
problem. ' '

o N

This story concerns the ‘declining oil revenues of Iraq, the

causes for the .decline, and the prospects for the future. However,

man&_of the sentences in the story are either tangentihl or irfelevaqt

, e

Al

econd version of this NEWS organ1zat1on, called the CONDENSED

organjzation, was constructed. The CONDENSED 0rganlzat10n of each of

the four newspaper stories was derived from the NEWS passages by
deleting ce;tain -information from them. Deleted information was of
one . f three types: (1) repetition or elaboration of previously
preeented information; (2) background information that was irrelevart
or tangential to the main point of the story; or (3) extraneous

commentary’ on the events of the story either by the reporter or by

-~ A
- another observer. Background information was considered to Dbe

\
tangential if it was neither referred to nor presupposed by subsequent

statements. Thus the important information from the story was

preserved, while the unimportant information was eliminated. TQF

°

. to this theme. In addition, some of the sentences are repetltlons or .




~~ The CONDENSED version
of the other ofganizations_used in‘Experiments 3 and 4. One of these,
the‘NARRATIVE version, was

the CONDENSED organization into Ehchroqplogical sequence. Thus

story is presented below.

“«. . 48
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°

serial pos1txon of. the rema{v}ng sentences in the. story was
altered. A portion of the CONDENSED versiofi of the Iraq story is

given below. . )

- .‘ S

Iraq .CONDENSED Version

Despxte having the second largest oil reserves in the Middle
East, Iraq today f1nds itself short °§ cash.,

+

Iraq once was a sleepy, British-orjented monarchy.

- - . . .
Ira gs_an estimated shortage of $600 million _in oil
révehueésthis year, out ofia total expected income of around
$8 billion.
" When the Basrah Petroleum Co., the last remaining oil firm
which still had foreign participation, was ' fully
nationglized last spring,-the former parent companies halted
their purchase of oil. ..
Gtadually they have been eeming béck with Shell and the
Frénch Petroleum Co. the first .to resume.

///' ﬁpSt ‘April, Iraq sud enly cut off all oil sh1pments to
diverranean ports /'via a trans-Syrian pipeline..

-

Iraq: NARRATIVE Version

Iraq once was a sleepy, British-oriented monarchy.

[0

*

not

of each newys article was used teo create all

constrpdteg‘by rearranging the sentencés in

this

passage preserved a temporal continuity in the preseh;ation of the

* story's events. A portion of the,NARRKTiVE version of the Iraq - news

-
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The preaent set of rulers here is.the third cince the 1958
revolution whi7‘ ended the nonnrchy. . ’

;. ~ ‘That revolution set the country off on a new course, vaguely
a socialistic and strongly Aub nationalist. . ' .

The Soviet Union is now Iraq s major foreign friend, and’ W
Zionism the enemy. _ o i

- : . .
. .
& - Iraq has the second largest oil rﬁ_ﬂ.ﬂ!&! in the Middle East.
Last Spring, the Basrah Petroleum Co., * the last remaining :
. , Iraqi o0il firm which Stlll had foreign part1c1pat10n, was . ) ~‘\\
’ : fully nationalized. . _ . 8

. As a result, the former. parent compan1e¢ halted the1r T .
: ‘purchase of 011 : .

Gyadually, they have been com1ng back, with Shell and the
French Petroleum Co. the first to resume. .

¢

Then last April, Iraq-suddenly cut off all oil shlpments to ;
Mediterranean ports via a trans-Syrlan pipeline.. | ' _ ‘.

$ v
Finally, a TOPICAL version of each story was censtructed by
.organizing ‘the sentences from the ‘CONDENSED version under topical
) subheadings. A portion of the TOPLCAL passage is presented belo?ﬁL

Iraq: TOPICAL Version . : :
| J
0il Economy K
- Despite having the second largest oil reserves in the Middle
East, Iraq today finds itself short 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.. '

“

History ' . _
Iraq was once a sleepy, Brixish-oriegged monarchy.

When the Basrah Petroleum Co.; the last remaining oid firm
which still had foreign participation, was fully
nationalized last spring, the former parent companies halted
their purchase of oil. .

3} :
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Politics ' :
‘Last April, Iraq suddenly cut off all oil shipments to:
Hediterranean ports via a trans-Syrian*pipeline.

o

This action served as an Itaif-;rotest of 39/’\3 g*}itery -0
intervention in.the Lebanese civil watx

M e i - RPN *‘

Sublects. The subjects were 60 .UCLA und%rg;aduates, They

part1c1pa£ed in the 90-minute experiment, either to satisfy a course
. _ g N _ _

.requirement or for $5.0Q pay.

. -

' Design. A Latin-square design with repeated measures was used.

There were four conditions of story organization--NEWS, CONDENSED,

NARRATIVE, and TOPICAL. Subjects were randomly assigned to one of

 four ngﬁps, with 15 subjects in each gréup. - 'Each subject received”

-one passage in each of the-fou: organizations.- The four topic stories

were entiﬁled Iraq (the stbry presented above), The ' Release of

Carrillo (concernlng the prlson release of the Spanish Communist Party

-leader), Wernher Von Braun (concernlng Lhe career of the rocket

scientist), and Burundi (coacérning 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.  Subjects ““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
prevnous 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.

Immediately after reading the story, subJects were 1nstructed to write
it down exactly as it appeaned in wording and sentence order.
However, they were told not to omit anything that they remembered:
éimply because they could not recall ~its exact wording or serial
position in the passage. Recalls were written on a blank sheet of
paper, and unlimited recaly time was provided. This read-recall

procedure was repeated for each of the four stories.
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Results and Discussion g \

In order to analyze the reading times and the recall protocols,

each Appssggg,-wai segmented into ptopbs§;ionl, A ptopotition was

defined as‘q clause or sentence which contained an action 6r stative
verb. Recall protocols 'wgre scored"fog gih;';gproduction of the
propositions. A proposition was scored as having baen correctly
}éd _if the relation orIaction in the'ptopéﬁit;?n was recalled or
paraphrased correctly. . . _
The data were analyzed using a _three-way analysis of variance
that treated . text  structure, - materi¥ls (story iopic), and subject

group as main factors. Since there was no significant interaction

‘between structure and materials for either reading time or recall, the

.data were collapsed across the different story topics within each

structure condition.

Reading Time. The mean read1ng t1mes for each of the structure

condxtxons are shown in the first ,row of Table 3.1. Mean reading ‘'time

for. the original news stories was the 10ngest.(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,

p < .01. Newman-Keuls cests were used to perform pa1tw1se.

comparisons " between the means Read1ng time was s1gn1f1cant1y faster

for the three other organizations than for the NEWS organization

(p < .01 for NARRATIVE and CONDENSED; p < .05 for TOPICAL). No other
pairwise differences were significant. That the feadinériime for the
NEWS passages was the longeét was not surprising, since these passgages
conta1ned more propqsitions “than did those in the other conditions.

To correct the reading times for the d1fferences 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 fastests in the NEWS condition, followed by the NARRATIV%?
CONDENSED and TOPICAL dynd;t1ons This result was significant,
F(3, 168)
nificantly faster than the TOPICAL read%ng time ( ?wman-Keu1s3

H

3.78, p < .05. The NEWS reading time was sig-

6 .

e e e



e " TEXT ORGANIZATIONS IN¢(EXPERIMENT 1

-

. Table 3.1 '
READING TIMES AND RECALL PERCENTAGES FOR iys\\s -

'Structhtenype

\
4 ..

. CONDENSED

. Faotor NEWS NEWS  NARRATIVE  -TOPICAL
Reading time (sec) 157.6 114.3  108.9 .+ 122.1
‘Reading time per . _ ‘

proposition (sec) 2.10 2.21 2.12 2.41

Free recall (%) 18.8 25.5 24.17 24.9

p < .05). Again, however, the mean reading tige for the CONDENSED
condition did not differ from tgpt for the structural transformations
on the CONDENSED condition (NARRATIVE and TOPICAL).

Free Recall. The results for .the free' Iechll 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 NEWS organization and higher and approximatély equal

for the other three organizations. The data were analyzed using the

arcsine transformations of each subject's recall proportions. . The.

effect of organizétion on recall was significant, F(3, 168) =
3.13, p < .05. Newman-Keuls tests showed the mean for
. the NEWS condition to be significantiy lower 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 fthat while these. three
organizations all contained -identical passage .content, the NEWS
passages contained additional propositions not included in the other
organizations. Therefore, not only were the NEWS texts longer, but

.the tOfbe-recalled information in them was not identical to that in

« ' g

o

s .
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"the other three conditions. Conééquently, the analysis of the recali

data was recomputed usin§ for the NEWS condition only those

propositions that occurred in the other organization conditions. When

only ‘this 'subset of the NEWS 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 ?omparison reveéled that the mean or the NEWS condition was
reliably lower ﬁhan the combined mean for the other conditions,
t(168) = 1.74, p < .05. . g | ' B
The fact that recall of the NEWS pdhsageé was lower when the
extraneous NEWS propositions were scored than when they were not
suggests that these propositions wére not well recalled. A separate

: analysis was performed to compare mean percentage free recall within

the NEWS organization for those propositions that occurred'only.iﬁ the -

NEWS passages (i.e., the propositions that were deleted to. create the

CONDENSED organization) versus those propositions that occurred in all

organizations. Overall, mean recall of the former propositions was

12.0 percent, while recall of the latter was 22.0 percent. .This
dif ference was significant, t(59) ='5.42, p < .001.

The finding that recall of the extraneous NEWS propositions was

poorer than recall of the propositions used in the CONDENSED condition,

Dl ]

is consistent with the hypothesis that these extraneous propositions
were not central to the theme of the passage. when reading the . NEWS
passages, .subjects presumably evaluated .the "importance" or

"centrality" of each propositibn.with_tespect to the main theme of the

g

story. Thosefthat were tangential or unimportant were not processed

as deeply or as carefully as the more important.propositions and hence
were not learned as well. This effect of propositional iﬁbortance on
recall has been obtained on a variety"of prése ‘materials (Kintsch,
1974; Meyer, 1975; Thorndyke, 1977).

This. analysis may also be . used to explain the ' obtaihed
reading-time results. While recall was.worst fér the NEWS condition,
the reading time per proposition for thig condition was the fastest.

It is ganticulatly surprising’ that the mean propositional reading time

$p)
QL
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for the NEWS com@ition (2.10 geconds) was faster than that for the
\ J . .

CONDENSED condition (2.21 secondg), since these conditfons were

identical except for the extraneous NEWS propositions that were

deleted in the: CONDE&SED céhdg&;on A poss1b1e eXplanat1on for this
d1fference "in reading g}me is that the extraneoud prop051tions in the

' NEWS condition were scanned faster than those propositions that were

commori to ‘the two conditions.. Since subgeg}s were read;ng to learn
the' passages, scanning time 1nc1udes reading t1me, comprehens1on time,
and time for elaborative p ocessing for, encod1ng ‘in memory. If
subjects'identified the - extraneous nropos1txons as irrélevant or
tangential. to the theme of the passage, 'they.could process them more
superficially and hence faster than the more 1mportant ones. Ift the
.proposxtxons ~common  to the NEWS and CONDENSED cond1t1ons were

processed at the same rate in the- two cond1t10ns, whlle the eitranqous

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. o v - . P

BN

While all structural transformations on thé NEWS passages led ‘ to

' AY
improved recall - performance, neithes. the NARRATIVE nor . the TOPICAL
passages were read faster or recalleo better than .the. CONDENSED

passages. This result suggests that neither organization provided a

preferred, familiar schema’ that could be used to guide comprehension

and enceding of the facts embedded in those sﬁruptures. Experiment 4

investigated whether this result could be répliéated with another
\
performance ' measure, question-answering, and with another.

~organizational format. A TOPICAL organization was added to further

highlight the narrative organization of the péssages.

EXPERIMENT 4

The design of Experiment 4 was similar to that of Experiment 3
except that the NEWS and TOPICAL organizations were deleted and an
OUTLINE organization was added. The OUTLINE organization was -creaped
by reorgamizing the material in th CONDENSED organization into an

outline format, where events were chunked into episodes according to

N
s,
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temporal and causal associations among —them. An episode thus
consisted of a set of events and their consequences that were causally
and ‘topically related and that’ occﬁ;red together in time. The
episodes were ordered?chronologicqlly.«”This organization i;'s;milaé
'ﬁp that found in seve£a1° psychological  models of narfgtive story
memory. (Rumelhart, 197S;H‘Thorndyke, 1957; Méndler & Johnson, 1977).
In the present expériment, .however, this orgagization was made
‘explicit by presenting the information in the physical layogt of an

.outline. Information was spatially arranged on ‘the pag‘hkusing

indentations to .accentuate the hierarchical nature of the

organization, explicit labels (e.g., Backéround,.Episode,l, 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. Tﬁis alteration of the text itseif“?equired a
‘certain amount. of syntactic reduction of sentences, but no semantic
‘alterations. to the informétion.were made. A portion.“of the OUTLINE
organization for the Iraq text is-presented below.

. . (
Iraq: OUTLINE Orgghization

s

BAQKGROUND ‘
Irag Was a sleepy, British-oriented monarchy

CHRONOLOGY .
Episode 1: 1958 : _
\. Event: Revolution ended the monarchy
N\Result: Country set off on a new ‘course,
vaguely sociaglist
.and strongly Arab nationalist....

»

Episode 2: Last spring . '
) Event: The Basrah Petroleum Co., '
e the last remaining Iraqi oil firm
which still had foreign participation,
was fully nationalized.
Result: Former parent companies halted purchase of
oil....

Fpisode 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....

. '
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Subjects. The -subjects uere 45 - undergtaduates at UCLA who
part1C1pated 1n the experiment to satisfy a ceurse requ1tement. -

Design.. : A" Latin-square des1gn WIth repeated measures was, used.
‘There Were three condi tions - of passage otgan1zat1on--CONDENSED,

: OUTLINE and  NARRATIVE--and three of " the }opic passaées frem

Experlment 3 were used as materials (Iragq, Burund1, and The Release of
Carr1llo). Eath passage had three - versions, one for each ‘of the
different organization conditions.: Each subject received for study

and test a passage in each of the three organizations. The assignment

rf,’of story topic to organjzation was counterbalanced across- subject

izgroups, - as* was the serial position of presentation of each’

e

There were two dependent varigbles. The first was free recall of
A _

the entire passage,.as in Experiment 3, and the second was ’

question-answering perforhance For each . passage a set of 12
questions were constructed whose answers depended upon retrieving a
"particular detall from the passage, Answerlng the quest1ons correctly
requxred pnly retrieval of exp11c1t1y presented fac;s, ‘no. inferential
processes were required., For example, one such questioa for the Iraq
passages was "What is Iraq's- major natioal problem?"
Procedure. SubJects were tested,é(ﬁgly or in small groups
They were instructed to atteid carefully .to the Passages because they
would be required to recall them later.. They were petm1tted to - read
each passage only once and could not 1q~y back to prev;ous passag\e
After readxng all three passages, subjects perfocrmed the free recall
task. Recall instructions -identical to those in Experiment 3 were
éiven. Order of Yecall of the’ p1§sages was the same-as the
presentation order.
The questlon-answerlng test xﬁmedlate‘y followed the free recall
test. SubJecLs weYe 1nstructed. to answer the questidons as well -as

_they could, using the iﬁformagion they could récall from the story.

Twelve quest{ons or sentence completions were pfesentqg for each:

-

story. Questions from each story were listed on separate pages, and

-
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e : test order for the passages was the same as.presentatlon order.
' " Un11m1ted time for answering questlons was prov1ded

v . | o _ /

Results and Discussion

The same procedure as that described in Experiment 4 was uséd to
score the recall brotbcols The mean petcentage free recall and \
questions correctly answered. were computed for ‘each story in each of
the three organlzatlons. These data were analyzed separately using a.

N three—way repeated measures analysis of variance ‘that treated stories,
structure condltxons, and subject group as main effects. The results r
are shown in Table 3.2. ) /r

. .
Table 3.2 .

FREE RECALL AND QUESTION XNSWERING PERCENTAGES FOR THE
TEXT ORGANIZATIONS ANB 'STORIES IN EXPERIMENT 2 °

) _ - -
. ) 4 . ’ ‘ C A ’ .
.“\5\\\ _ Structure Type o
' CONDENSED : T | .
' NEWS - NARRATIVE OUTLINE _ )
Free Question- Free - Question- Free Question- ‘
’ ' Story Recall  Answering Recall * Answering 'Recall Answerlng .
Iragq 23 36 T\ 33 52 % 42 .
Burundi C17 28 26 34 - 23 44 - ' T
"Carrillo 27 40 - 19 24 19 33 ' R
| Mean 22.3 34.7 26.0 36.7 22.0 39.7 ool
{. * . :/
v , The pattern of ‘results |was similar for : free . recall and . L
queétion-answering. Across \subjects, there was a 'significant ‘
correlation between recall of a passage and the percent of questioas
correctly answered, r= .62, 5(155) = 9.11, p < .001, For free re-
call, mean performanéé was 22.3 percent for the CONDENSED condition, .
L 26.0 percent for the NARRATIVE condition, and 22.0 percent for the )
; ’ .
1 ‘l DA
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OUTLINE condition. These dxfferences were not s1gn1f1caﬂt. However,

there': waﬁ‘. .a -6xgnif1cant story-b$ structure - interaction,’

L 4

F(2, 8&) 3 70, k3 < '.05. For ‘the question-answering task, mean
percent correct was 34, 7 for the CONDENSED condition, 36.7 for the

NARRATIVE cqndltxon, and 39: 7 for the OUTLINE condxtxon. Again,. the

resu{ts by orgzzfzatlbn wexe not reltable, but the story-

As-in Exper1ment 3, none of the organizations was 'consistently
superior for learning of the text information across stories. In
fact, the 1nteract1on obtained ‘here for both free recall and
quéstion-answering suggests that dxffgrent organxzataons were opt1ma1

for different stories. An examination of the news stories used as

. materials in Experiment & revealed an obvious distinction among them.

Both the Iraq and Burundi stories were essentially background or

teature articles. They'-both contained a narrative chronology that’

prov1ded a hxstorxcal perspectxve for. viewing the present socia  and
pol1t1cal sxtuatxon gn the ‘countries. Neither article contaj .d any
current, newsworthy.edén}s; rather, they focused.-on a broad history of
events. For thgse ‘gtories,’ then, comprekension of. the narrative
sequencé ‘of -events wasjcritfcal to the theme of the passages. Ii'is
thus reasonable to presume that a. presentation structure organized
around khe fnarrative.chronology would.facilifate-learning of the text.

The Carrillo giory,~on the othe: hand, was a more typiqai cufrent
events s&nry. It centered around a single .event, the release of

Carrillo from prison, and the multiple consequences of that event,

There was much leSS'narrative history in  this story than in _the:

others. Rather, thé emphasis was on the implications in the present

and in the fufufé of the single, important action. For this story,

then, a structure. that _emphasized the main event and its. direct .

consequences. and deemphasized the background narrative night be
preferable for learning. ' ;
The ability .of thesé& hypotheses to explain -the 'gbtained

interaction between Structure and story was tested by computing

Newman-Keuls post hoc.linear conigasté op the means in Table 3.2. 1f.

\J . R \

raction was significant, F(2, 84) 4.35, P < .05~
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a narrative structure was optimal for learning of the Iraq and Burundi
stories, then free recall and question-answering pe ormange for the
NARRATIVE and OUTLINE conditions should be bet*:. than for _the
CONDENSED condition. For the Burundi story, the ~rombined mean of the

'NARRATIVE and OUTLINE conditions was reliably. greater than for the

CONDENSED conaition-fof both free recall and question-aaswering (p <
.05 for both). For the Iraq story, the combined NARRATIVE and OUTLINE
mean 'fér question-ansQering was greater than that for the CONDENSED
condition " (p < .05). The comparison of free recall performance
demonstrated the same trend but failed to achieve significance (p <
.10). - | | ‘

For the Carrillg~sfory, the hypotheses given above make the
opposfte predictioﬁ; That 1is, the CONDENSED structur;, with fis
emphasis on the current event and situations of the story, should be
superior to -the NARRATIVE and OUTLINE conditions for learning. The
same comparisons pofformed: for the- other . stories confirmed this
hypothesis. Vor both free recall and question-answering, performance
for the CONDENSED condition was better than for the combined NARRATIVE
and QUTLINE conditions (p < .05 for both).

GENERAL DISCLSSION | -

The results obtained here indicate that newspaper stories contain
a considerable amount of information that is of little relevant» to
the reader or to the main theme of the story. A significant portion

of this extraneous information is repetition of ' previously stated

. L] ~
information that 1is 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 treais, much repetition of
intormation is required to idemtify the changing contexts and identify
the referents for the new information to come. Other extraneous

intormation in news stories includes incidental background information

N
-
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and coumentary~}hat is only tangentially related to the”main.potﬁt of

the story. The recall data frbm‘Experiment 3 indicate that none of

. this extraneous information is well learned relative to the more

theme-relevant information in the story. The reading-time data also
suggest the possibility that this information is not processed as
carefully as the more theme-relevant information. These results are
consistent with ihe'general finding in prose studies that people are
more likely to learn and remember the important ideas (those central
to the theme of the passdges than the uﬁimportant ideas (Meyer, 1975;
Thorndyke, 1977; Pichert & Anderson, 1977). ' .
The recall data in the two'experiment§1§resented here complemen£
previous work on the effects of various organizations on learning of
textual material. In previdus ;iudieéﬁ using texts desbribing the
values of wvarious attributes gqr a set of Eoncepts, no clear
organization emerged as optimaiu¥é§ lea}ping. In the present study,
texts wi}h more substantial wvariation in content were used as
materials. The to-be-learned inforﬁation contained varying amounts of
narrative history supported by background information and discussion
of the cohsequences of the historical events. While all the passages
used in this study shared this general narrative. form, no .single
organization was found to be obtimal for 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
1terpreted to be an abstract framework or description of how
narrative information can be combined to produce’ meaningful stories.
A narrative schema, then, provides a set of constraints on how events
and their comsequences 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 schemata 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

L]
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is presumably wsed to guide the comprehensionlbf the story}by‘imposing

the constraints. of] the schema on. the interpretétion'of the incoming

informatidp. When a xtory fits the stored schemé, comprehension’ and
retention ° ave facilitated by the organizational and 'integrativé
benefits provided by the schema. _

In the present study, hoyever, no  single organization. of
information _was | Bptimal for - all stories. In facé, different
organizations were most effettive with differeng stories. When the
story contained a narrative chronology, .the o}ganizations that

emphasized the causal and temporal associations among events produced

. the best learning. These organizations were suggested by earlier work

on schemata for narrative stories (Rumelhart, 1975; Thofndyke, 1977;

Mandler & Johnson, 1977).* However, when the to-be-learned story-

-

focused on a single event and its consequences, the newspapsr format

was superior to the narrative format as a text organization. The

inability to find a'consistently supegior organizational form suggests

one "of twu conclusions. Either there are no real schemata that can
characterize the organization of text information, or therve must be

_ . . .
several (or many) schemata that a person can effectively use,

depending on‘ the nature of the to-be-learned information. The first

conclusion seems unwarranted in 1light of numegoﬁs studies that
indicate people have no difficulty.diétinguishing'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, Krutsch, Mandel, & Kozminsky, 1977). Whileothese results do not

prove the existence of schemata, theories based on such structures

currently Brovide 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 negitive results from a
single studya. |

o ) $
The more rcasonable 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

A3
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point ‘or conclusion, then a narrative schema, in which the evenfs are

: assumed to lead up ‘to and support the: conclusigg,;’ﬁhy not be

f appropriaté for encoding the storyf The main point, or focus, of the :
story would thus be central in dgte}mining the appropriate schema - for : C~

;encodxng' the story information. In current events news stories, the

" main point is identified by its placement in Ehe flrst sentence or ™

paragraph of the story. On the other hand, the focus in many stories
depends on the perspective of the reader. Given different

per§§ectives on a story, different information might emerge as being
central or importan;'in development of the theme. Other researchers

have begun tbknbte circumstances in which alternative schemata may be

\ applied to the cpﬁprehension of a story, depending on the perspective
taken by the reader (Pichert & Anderson, 1977; Kozminsky, 1977). In
these-studies, the information rebained from a passage by a reader

could be influenced by biases "in’ perspective - intreduced by-the
experimenter.~“These studies give credence to the notion that multiple
‘schemata are available for usg_+n encoding story information. For the
multxpLg-schema theory to be useful and v1ab1e, it must Dbe
demonstrated théﬁ ‘there. are  many fewer schemata than there are
possible stories. That is, while there may be multiple schemiata that

can be wused to encode story infoxmatioﬁ, each one of them 1ust be

+ - capable of representing numeroﬁs ﬁexts of its type. I1f 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 is 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 éuccéssfully applied to the analysis of numerous
texts. It is not unreasonable to suppose that other general schemata

for text organization could be identified and tested in a'similar

manner.

¥
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Chapters Il and III ~ considered factors determining the
acquisitidq -of individual facts from a text. However, knowiedge

integration is also a fundamental component of the 4cqui§ition
process. People do not simply acguire.sets‘of unrelated facts. They

integrate the facts they learn in meaﬁingfhl conceptual structures. .
As a consequence, people can put separately acquired rfacts together to '
form new ideas. For example a student might encounter the following K_f

two sentences at various points "in a textbook éhapter

" In 1850, the Calediahs rebelled because the klng 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 then hear on the evening news:

' o
Sam Smith has been named Special Assistant to Mary Jones.

' By integrating these two news items, the person could infer: .
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:; Sam Smith has beén named SpeciallAssistént to the 'iﬁ
Secretary of St?te. ' ' Eg

% Reseapchers have-,btudied knowledge intégthtion ~in  several f

- paradigms.  Bransford and Franks (1971)  provided -the first i

experimental demonstration of khowledge integration.

They showed that -

subjects could integrate the information in several related

simple

sentences

form a

demonstrated similar effects -
(Hupet & LeBoudec, 1977;
Whitten, 1977; Peterson & McIntyre, 1973).

have

relations to

to single,

James,

complex idea. Other researchers have

f integration of constituent ideas
Hillinger, & Murphy, 1977; Park &

Similarly, many studies

showd that

subjects

can integrate several individual pairwise

form a single

linear or* partial ordering of all

cons tituent elements (Barclay, 1973; Foos,

Smith,

Sabol,

& Mynatt,

191@ Hayes-Roth & Hayes-Roth 1975; Potts, 1972, 1977).

.Arthifd area

of

research has

focused on the

integration of

information

in

’ . L 4

(faviland & Clark,

successive sentences based on common referents
— . ’
1974;

Clark & Haviiand, 1977; Garrod & Sanford, 1975, 1977; Hupet &

LeBoudec, 1977; Yekovich & Walker, in press).

Finaliy,

a number

of -

L d

. investigators have proposed theories to account for the representation
in 'long-term memdry (Anderson, 1976;
Anderson & Bower, 1973; Kintsch, 1974; Rumelhart, L1ndsay,' & Norman,

and integration of knowledge

1972; Schank, 1976). These theories assume that the memory concepts
. and relations in acquired facts are represented "as nodes and
' 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 storage. . Successively

phenomenon that occurs during

acquired facts. are presumably appended to related existing kqowledge

representations.

However, questions regarding when and how knowledge

inte

ation occurs have not been addressed.

[

This chapter investigates the cunditions under which

integration

occurs.

We

with a model of knowledée integration, based on a

begin

few assumptions about memory structures and processes.

Many of

these
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. 'assumptions . appear 'in the previous research dlscussed above “and all

have received preﬂbbus empirical . support - (Hayes=Roth, 19775
Hayes-Roth & Hayes-Roth, 1977). The model provides a framework for
predicting the conditlons under which a given pair of facts will be
integrated. ‘ : - '

We ademe that the basic units for rebreeenting facts in. memory
are lexical. The meanlngs of - lexical units derive gtbm thelr
associative connections to other lexical units. Semantically related
lexical units .are presumably more closely associated than unrelated
lexical units. These assumptions imply that memory representations of
facts that include identical wordings can include identical.
subrepresentations. Memory representations ¢6f facts ¢ that include

paraphrased wordings can not contain identical subrepresentétions but

may coritain associatively connected subrepresentations. Of course,

memory representations .of facts that express unrelated information
will have neither identical subrepresentatlons nor close associative,
connectlous. . , . . :

Meﬁory representations can be "activated" in two ways. They - can
be activated directly, by appFEhension of the information they
represent in an exterhal stlmulus, or assoc1at1ve1y 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 ‘representation. A memory representation is more difficult to
activate if (a) it had not been activated recently; (b) rt_contains a
subrepresentation of information that s synonymous with information
in an external stimulus; er (c) it contains a subrepresentation that
is associatively connected ‘to one in  an activated (aemory
r:presentation. Of course, a memory representation is least likely to
be activated if the information it represents 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

aétiye and COntaln 1dentica1 or assoc1ative1y connected
’ subrepresiﬁtatxops&\ the two :gg;esentations are integrated into. a
' single higher-order representation. In the case of identical
: . subrepresentations, integration effectively- !'superimposes' the two
representations upon .one another so that they share a single
“Thus, ccgfasieam—ellmlnatgg, representat1ona1

subrepresentation.”

redundancy in memory for related facts. However, - the integrated
repre%entation .also preserves the idéntities. of the original
congtitueﬁi representations. ‘In the case of ‘associatively connected
subrepresentations, integration establishes a direct connection
"between the subrepresentations reflecting the semantic relationship
+ jbetween them but preserving their 1nd1v1dua1 identities.
Consider an example. Suppose a student studled.a text describing
the poiitical organization of a particular country and .encountered the

following two facts:

>

(1) The Domestic Welfare Agencx/&dtﬁtffghtes information

/
about professionai options.
(2) Information about professional oﬁtions is distributed

by means of computer terminals..‘

f

/. Facts (1) and (2) share a common topic (the distribution of

s

.§nformation about professional optibns) and they present complementary
t : 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 Dome%tic Welfare Agency distributes information
Ve 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

Rl

7{)'
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integration requires ‘the simultaneous activation of ' their
represeniations This activation could occuf directly because the two
facts contain 1dent1cal wordings oil'rommon information, i.e.,
"distributed informatxon about professional options." let _ys consider
. the memory representations that would result from either Ythe success
or failure of the integration process.

If the (1) and (2) representations were not simultaneously

—activated;—they—would - have independent representations, as shown in

 —— e

Fig. 4.1. For purposes of illustration, we have made a few arbitrary
' assumptions regarding the structural details of the individual fact .
representations. Figure 4.1 illhstrates'tﬁo important gbinti‘ First, ;::)
the reprgsentatxons preserve the lexical constituents of .the input
facts. Second, the two fact representations. remain unintegrated; that
is, they ) share no common subreprésentatibns, and no direct
assocjations connect them. (In a complete | memory,. ihdirect,
assotiations would connect these gact representat1ons vid other
repfesentat1ons defining their 1ex1ca{\fonst1tuents. We have omlifbdkk
thelse from Fig. 4.1 for simplicity.) .
N " If the (1) and (2) tepresentatlons were simultaneously activated f
_ they would be integrated in a single hlgher-order representatlon, as
S illustrated in Fig. 4. 2. Th;“ two fact‘(represertat1ons have;
upon one another, so that they share a common subrepréSéntation of the
shared information, "distributes information about professional
options." Note, however, that the higher-order representation does
not simply incorporate the constituent representat1ons, obscuring the
distinction between (1) and (2). Instead, the hlgher-order i
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.
*{Etegration of (2) with the previously learned (1') would depend upon .

simultaneous activation of the two representations. Because the two
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Fig. 4.1--Non-integrated assemblies representing complementary
facts (1) and (2)
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facts. contaxn paraphrases of - common . 'information ("distribgtes

1nformat10n about ptofessxonal .options" versus '"provides career

co&nselingﬁ) this activation could occur only associatively.” In other

words, activation of (}') during input of . (2) would require

. associative "chaining" based on the semantic relationship between the

two paraphrases.

It the (1') and (2) représentations were  activated,

simultaneously, they would be integrated in a single higher-order

*d
~

—Fepﬁes bon, as illustrated in Fig 4.3. Because the common
informatigw’ is paraphrased in the two féfzgjmfhe two ¢ represéntattons——~—~ _—
have no sharable subrepresentations and cannot be superimposed upgn ’
' . . 4
one another. Instead, integration is accomplished by encoding the
semantic equivalence of the .common information as an eduivalence
" rel¥tion between the two synonymous subrepresentanlons
As discussed in these examples, 1ntegrat10n of (1) ’(or 1') and
(2) presumably- occurs only if the two fact representatlons are *
DOMESTIC WELFARE. ' )
AGECY — L ozmmos- INSTRUMENT NP
) /’ = === TN 7~ COMPUTER >
TN DEI_'}'TEUTES N === TERMINALS ./
) v S ——
Py / ! OBJECT |
/ R N \
/ " (ONFORMATION ) |
| | Tm—— .
] = | |
| CCOUNSELING :-* ------ - iQUA‘-”Y !
| - e
| Jousury] | <omons; | e
/ " 1
/ 1 QUALITY | \ '
\\‘ | ____!_._~\ I }
= \ ({PROFESSIONAL) /
Fig. 4. 3—-Integrated assembly representing differently
worded complementary facts (1') and (2)
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activated simultaneously. Two factors influence whether or not

The first factor is
As the time since the most
recent activation of (1) increases, the probability of its..
when (2) :is Therefore, the probability that

xntegrat1on will occur  decreases. The second fact

simultaneous activation occurs.

the recency of
activation of “the (1)~

répresentation.
\ activation
encountered decreases.
factor is  the

‘ .
occur .decreases. The second

correspondence between 1nformation in the two facts. Representations
of facts couta1n1ng 1dent1ca1 wordings of ‘common 1nformat1on, such as
(1) "and (2),
faccs conta1n1ng paraphrases of commen 1nformat1on, such as

(2), ‘must’ activate-one—aaothen.aihgc1at1vely

can actiyate one another directly. Representations of

(l') and

act1vat1on and

case than in the latter. ) .

. [ 4

The follbwing experiments' investiéated " these

these exper1ments, the two' factors of interest were operat;onallzed as,
binary variables. Thus, related facts occurred e1ther consecutlvely in

a S1ngle story or in two different stories. Similarly, common

information in related facts was either worded identically or

paraphrased. Of eouree:'if one could quantify the.ﬁfpximigy'between

related facts or' the similarity of their wordings, one  could

presumably predict the magn1tude§ of ‘the effects. Howevqf, ng effort

to quantify -these var1ab1es, and therefore;?only }he

qualitative nature of their effects will be evaluated. -«

L}
.

EXPERIMENT 5 : . e

Experiment 5\‘tested these predictions in a task requiring
subjects to integrate two facts in memory. The facts provided

"~ .
P

information necessary to fill different slots in a single case frame, ™

as illustrated by (1) o. (1') and (2) above. Subjects were presented
. P .

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

Q

l"

Therefore, s1multaneou&"

predictioné. In

5

+.
-

snccessful 1ntegrat1on are more 11ke1y'IE_fHE‘f“fmer——~“—~-~—e__e
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case-frame cues (information coqmonf to the related facts). For

example, subjects were tested on théir‘abilify to 'identify "Domestxo

’

welfare Agency" and "computer termlnals" as the agent and -instrument
from a single case frame. The case frame 1tse1f ("dxgtrlbutes
information about professional optlons") was not given on the test

In pqrtormxng the matching task, subjects presumably ‘could use a
given ‘case filler to'actiQate the memory representation in wh1ch}it
occurred.- If that representation were part of an intggrated

representation of all facts involving the case frame, its activation
* L4 L ? . ] N

would provide access'to all other associated vase .fillers, that is,.

those that were appropfiate matches. If the activated representation
¢ L8

were not part of an iptegrated representation, the subject would have

“---to-—use.__the _activated case- frame subrepresentation as a cue to

associatively activate a second “knowledge" representatlon 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.oﬁ the matching test should be
worse. - :

On another task, subjects were cued with case frames théy had

seen previously (i.e., information common,to the related facts) and

were then asked to identify the pairs of case fillers occurring in
that casé frame from a long 'list of alternatives. in performing this’
multiplé~choice task, subjects presumably used the case-frame cue to ‘_J/
activate reprgsentations in which it occurred. If the case-frame cue

occurred in an integrated representation, activating it would also

activate alp of the associated case Tillers. Subjects could then use
this information to select'the appropriate responses to the case frame
cue from the list of alternatixes. 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 latter case,

L

activation ot all case fillers should be less likely and performance.

on the multiple choice test should be worde than when the fillers were

stored in a single integrated representation.

————
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. Two independent variaples. were manipulated :to ,influence th
probability that ' related facts would -be imntegrated. ‘Related,fact

pairs such as (1) and® (2) occurred either' COqsécutivqu within a

* single  story: or{ in two different' stories.. Accordlqg to the

agqumntxona uutllned above consecutive' occurtence of the two facts in

> .

\ 4
a single story shouLd tac¥litate 1ntegratlou. Thus, performance. on

the matching and cued recail tasks should be betlter in the one-story

.condition than in the two-story Eunﬂitiod. Pairt of related tacts

also varied in the wordings of common Lnformatlon (ommon information

was either worded identically or paxaphrased; as 111ustrated by the

.

peiring of either (1) or {}3) with (2) above. Accordxng to .the

. ‘ . 3 . ) . . ' N
assumptions  outlined - above, identical wording of, the common

information should facilitate iutegration. Thus, ‘performance on the,

[ 4

_matéhidg " and - cued-vecall Jasks - ,should ', be better in the

LI

|dvgt1cal-word1ng condition than in the paraphrase condition.
’ 11¥¢3§sumptions also predict an_intefaction between the effects
of  number ot é}ories and wording of the common information. 1In the
one=-story conditiun; consecutive present4ticu of related facts should
tavilitate t%th dxxect and associative act1vat10n This facilitation
may be strong $nough Lhat'ldentlcal wordings of common ' information
pro#ide no. additional advantage. Therefore, the wording manipulation
“should have a ?elatlvely small effvct in the one-story condition. I[n
the fwo-story cond1t1on, on the other hand, both direct and

uasocxatLVe matches are less 11ke1y to occur. In this condition,

t, xdentlcal wordings of common 1nformatﬁon should facilitate dnrect

.

activation and, hg;ce, integration. Thus, while the effect of the
wordlng manlpulatlon should be -relatively small in the one-story

Londxtlon, it should be relatively large in the two-story condition.

Method

Materials. Three sets of meaningful stories iwere 'c0fsttucted.
Each set " consisted of. three stories about a different 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’

?

<
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. ~
unrelated filler facts were equally aistributed among the three
. stories in each set. FEach pair of related facts contained information
necessary to fill different slots in a single case frame, ‘as
illustratdd _in (1) ang (2) above. Four versions of these ﬁateria]s
were used’ i ,Experimenﬁ 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 -
parr u}curred in different stories within a set. Two of the related
pairs had constituents in Stories 1 and 2 iun the set, two " had
constifuents in Stories 1 and 3,. and two had constitvents in Stories 2
ana 3. _ | -

In both the one- and two-story conditions, each pair of related
tacts had either thE"identical wording or a paraphrase of common
information, as shown above by the alternative pairings of (1) or (1')
with (20 As a0 illustvation of these materials, one se! of stories
exempl ity iy inPu'ldﬁut;CJ}"WdeiUES two-story condil, .u 1s presented

below.

Brownland 1

In Brownland, the work of the government is di-
vided  among several different bureaucratic agencies.
Some of the agencies and their responsibilities are given
below.  The . National Intelligence Group collerts data
regarding the international superpowers. The Navy attacks’
enemies of Brownland. The Board of Banking studies supply
anc  demand fluctuations in order to prevent tiscal
itrises. The Royal Knowledge Society monitors scientific
lnvestigations in universities. The Internal Guard uses
negotigtions to deal with civil riots. The Domestic
Weltare Agency distributes information about professional
options to all c¢itizens.

Prowniand 2

Goverument actevities in Bruwnlana aire - uadertaken with
particular puerposes ia mind. A represcngggive sample ot

A

Ve
(P
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t
activities and purvoses is given below. The movement of
citizens within Brownland is reported to the
Statistics Department in - order to minimize census taking
difficulties. Spying operations are undertaien primarily to

evaluate the likelihood that Brownland will be
invaded.  The . gove'rnment collects data regarding the
internationa' superpowers ia an effort -to  anticipate
major discuptions. Scieutific invest gations in

universities are mrnitored so that important findings can be
made available tc¢ the government. The state keeps track
ot the wealth of individual <c¢itizens - in  order to
tacilitate ec. nomic planning, County agedts maintain
permaneat  files of all violations of the law so that
repeat ottenders can be punisned.

Brownland 3

The Brownland government makes use of various kinds
of equipment and  personnel in carrying out its
tunctions. Some of these uwre described tlelow. Social
workers are used to insutre that chiidren are given
adequate home  environments it order to promote an
egalitarian society The vice squad - uses ~lectronic

surveillance equipment to detect crime the streets at
night. Long range missiles are used to attack enemies.
Spving operations utilize paratroopers. Information

about protessional options is distributed by means of
. tomputer terminals. The state keeps trackh of the wealth of
tndividual citizens by means of 1D cards.
,

“Subjects.  Sixty-four UCLA undergraduates participated in the
one=hour experiment. Subjects wero.oither paid $§2.50 nr givea course
cvedit for participation.,

Design. A 2 % 2 hetween-subjects factorial design was used.
The tocation .of pair constituents (one-story _versus twc-story
conditions) was, crossed with wording of the constituents (identical
versus  paraphrase) to produce four experimentsl conditions. Subjects
were assigned randomly td,one of the four grougs.

Procedure. Subjects were tested in groups. Each subject was
given a bLooklet containing the experimental stories and tests.
Subjects' progress through the booklets was sel f-paced.

Subjects studied and were tested on each set of three stories as

follows. They read the first story cérefully; then they performed a

(D
[PVR
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cued recall test for-facts from the story; then they 1looked back at
the -story io' check their answers and study qﬁy facts they missed.
This read-recall-check procedure was repeated for each of the three
e © stories in the set. ' ‘

Qpen-subjects were given a maiching'.test. " Two lists were
presented, each of which contsined the case fillers from all of the
tacts in the stories. Eor example, the lists for hrownlahd included
the following two items: "Domestic Welfare Aéency" and "computer ~
terminals."” One of the lists had a blank space preceding each item;
the other had the items numbered The subject's task was .to 1nd1cate .
which items occurred in the same case frame by writing the uumbers of
items from the numbered list in the blanks preceding the corresponding
constituent fillers in the other list. . - | : //

After completion of the matching task, subjécts were given a
multiple-choice task. Subjects wére' cued with the subséets of
infaormation common to facts in a related pair (e.g. ."distributés‘J
information .:buut  professidnal options™). Only cne of - the two
wordings was used as'a cue. The subject's task was to select from the
list of all case fillers that had 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
nESULLS : : -

The probabilities of correct responses on the .natching and
muitiple-choice tests are shown in Table 4.1. Since errors on the

tests could be produced either by wemory failure for 'individual facts

R

or by failure to integrate related facts, test performance was
considerably lower than 100 percent. i

The results of the matching test are shown in the upper part of
Tuble 4.1. The eatries give the probabilities of a correct match
between case fillers associated with the same case frame for the four
. experimental conditions. Perfbrmance was better when in the one-story

,,* 7
condition than in the two-story condition, F(1,60) = 8.32, p < .01.
[}
v

?
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. Srable 4.1 -

PERFORMANCE ON THE MATCHING AND MULTIPLE-CHOICE TESTS

Wording of Common Information in Related Facts

: Identical Paraphrase. Idéntical Paraphrase
Location of 4 Correct Choices of
Related Facts ° Correct Matches (%) Pairs of Items (%)
One story .45 .40 © .57 .52

Two stories .35. 39 A . .25

'n  addition, performance was Lbetter 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 condition (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
identification of both case fillers associated with the cése-frame cue
for the four experimental conditipns. These 4ata ar2 compacable to
the results 'of the matching test. Performance was bette; in the
one-story condition than in the two-story condition, F(1,60) =
14.20, p < .01;  and it was better in the identical-wording éondition
than in the paraphrase condition, F(1,60) = 5.05, p < .05. -Again,
this differende' was significant only in the one-story condition (for
the one-story condition, t(30) = .62; for the two-story condition,
t(30) = 2.78, p < .01).

Multiple-choice data from the paraphrase conditicn (see Table

~

" 4.2) wers adalyzed further. In the wultiple-choice task, half of the
N , 4

case fillers in the paraphrase condition had been presented originally
with the case-frame cue given in the test, and half had been presented
with a paraphrase of this cvue. Table 4.2 shows that, .overall,

individual case fillers were more likely to be identified if they had

—
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been presented originally with the test cue (.69) than if they had
been presented originally with a paraphrase of the test cue (. 52),
F(1,30) = 24.66, p < .001. Thxs .effect ' was, greater in the two-
story condition than’ in the one-story ~condition, 2(1,30) = 4.01,
p < .05.

1

Table 4.2
PERCENT CORRECT CHOICES OF INDIVIDUAL ITEMS

Wording of Cue
tocarzen of

Kelated Facts " Identical Paraphrase
One :tory .72 " .66
Two stories - 59 .45

Discussion N

These results are consonant with the pfedictions discussed above.
When reldted tacts, such as (1) and (2), occur consecutively in a
- story, intvgfgf?nn of the two representations is highly probable. As
predicted, the wording manipulétion had only a small ‘effect when
related f;¥ts occurred together. Subjects petformed well on both
tests,, regardless of whether common infermation in related facts had
identice' wr  paraphrase wordingst This is consistent with our
assumpt ion that associative activation, as well as dlrect activation
of the (1) and (2) representationg, is facilitated by recent _prleE
activation Af (1). Additional evidence that this integration occurred
was obtained trom the analysis of matching test performance within the
paraphrase condition. IJf the related facts were' mtegrated7 subJects
should, have been able to 1dent1fy case f111ers originally presented
.with  the test cues and fillers orlglnally presented with' paraphrases

of the cues. In fact, performance was quite good on b&th kinds of

-~ \
case t1llers, and the difference between them was small.
-‘/
”
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When related facts occur in two different stories, the (1)

represer’ ~ is weaker during input of (2) than it is when the facts
occur e Thug, integration . of the two facts is less likely
than in .. one-stpr§ condition. This was reflected in the

observation that subjects performed substantially worse in the

two-story condition than in the one-story condition on -both the
matching - and multiple-choice tests.” As predicted, the wordinyg

manipulation produced a large effect in this condition. Subjects

performed better on both tests when common informaticu had identical

wordings in the'twq facts than when it was paraphrased. This is

consistent with our <assumption that associative activation is less

Jlikely to succeed than direct activation. Additional evidence on“this

. A
point derives from the analysis of matching test performance within

the paraphrase condition. If related facts are not integrated,
'subJeats should be more llkely to identify case fillers presented

orxglnally thh the test cues than f111ers presented orlg1na11y with
paraphrases of- the cues. Performance was worse on both klnds of items
than in the same-story condition (where many pairs of related facts in
the 'paraphraSe,J condition were |, presumably integrated). flore
importantly, case fillers presented or1g1nally with the test cues were
more likely to be identified correctly than fillers presented
or;ginally with paraphrases of the cues.

The observed interaction between story and wording conditions is

particularly noteworthy. Many resedrchers have supposed that both/’/’”

lexical and more abstract semantic codes exist in memory, but that the
formen/éade rapidly, while the latter persist (DooIlNpng, Christiaansen,
& Keenan, 1975; Fillenbaum, 1966; Sachs, 1°74). This\ view predicts
that the effect of the wording manipulation should decrease a% the
tempéral interval between presentation of related facts increase:.

However, exactly the opposite result was obtained here.

EXPERIMENT 6

‘Some researchers have assumed that the integration of related

fa-ts into a unified memory representation obscures memory of the

(,

H
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unigque occurrences of the facts. For example, Bransford and - Franks

‘(197L) observed that subjects could not discriminate OLD sentences

from NEW sentences that were consistent with the information in .the

OLD sentence. They cohcluﬂgd: "Individual senténceslxlost thei.

avor of a more holistic representation of

unique ‘status in memory t
semantic memory" “ 348). However, subsequent research (Katz,
Ateson} &,ﬂjnﬂf, 1974; Katz & Gruenewald 1974) suggested alternative
1nterpret§tions of these data. In partlcular, the work of Bransford,
Barclay, & Franks (1972) and Jame§: Hxllxnger, & Hurphy (1977)

indicated-that people retaln knowledge of originally presented faccs

even when those facts are integrated with others in memory.

As dxscussed above, we agree w1th_ the latter assumption that
itegration of .relateg factg does not Ucompletelyr abscure their
separéte . identities. Whed related facts having paraphrased wordiﬁgs
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 shdaring of common Jrepresentations,

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 fatts) by assuming

that the distyfictive traces or tags encoding separately-recorded facts

might occasiogally deteriorate, while the rest of the information

persisted. Thusi\the theory predicts that there should he fewer false
recognitions of "integrated" facts than correct recognitions of facts
that were actually presented. This discrim1nab&lity should hold
regardless of wﬂether the common information in the related facts has
identical or paraphrase werdings.

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; TNFERENCES, which integrated the information in, two
separately presented but, re]ated facts; and NEW items, which contained

concepts and relations from presented facts but combined them

inappropriately. For each test sentence, subject: judged whether 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 singlelpentence)'ot 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 itém. An OLD or TRUE response to an INFERENCE
implies that the subject has integrated the facts neceésary to derive
the INFERENCE.

We assume that an OLD response to a test. item implies " that in

addition to having learned the information in the item, the subject
perceived an é(fectively perfect match between the test item and its
memory representation. . Thus, an. OLD response to an OLD item implies
that its memory represéntation hac remained relatively intact. An OLD
.response  to an INFERENCE impl}es that any trace encoding the
individual idcntities.of the constituent facts has deteriorated, while
the memory representation of the remainder ‘of the information has
persisted. - ‘ . i

The prediction can b: restated in terms of OLD versus TRUE
response probabilities for OLuD items and INFERENCES. If constituent
facf§ retain representat{qnal integrity even when integrated, spbjec%f
should be-able to di'scriminate presented facts from INFERENCES in -all
~conditions. - That is, relatively few OLD responses should occur for
INFERENCES, and the probability of _an OLD resgonse should be
substantiélly lower for °~ INFERENCSS than for OLD ‘test items.
Integrated knowliedge of related facts should, instead, be exhibited as
high rates of NEW-TRUE reponses to INFERENCES. 1It, on the other hand,
constituent facts lose their idéntities in integrated memory
rep.esentations, subjects should produce many OLD responses ﬁo
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.

< > ._&&m«* hnd
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: Method -
g‘f ' Materials. The materials were the simé sets of stories used in
‘ ‘Experiment S5, with the modification.th$t new filler sentences were
constructed that specified two filled cases in the sentence case
frame, rather than one filled case,.aé in thes constituent facts of
related pairé. These filler sentences occupied their- same serial
 positions iu .the passages as in Experiment 5, so that each passage
V_contained_some sentences yith one case specified and some. sentences

with two cases specified.

Three types of items were constructed for the

KR

recognition-verification test. The OLD items for each set™of 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. §~zor
example, one such jitem constructed from the materials wused in
Experiment 5 was "The Domestic We@fare.kgency distributes information
about prdfessionél options using computer terminals." These sentegces
could be correctly classified a§‘!NEw' and TRUE. Six false NEW

sentences were constructed by y integrating the

information from two separately presented sentendes. 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 of stories.. |
Suhjects. Sixty-four UCLA undergraduates participated in the

experiment, either for payment of $2.50 or .to fulfill a.course

v

/o

o 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). ‘Subjecis
+ - were randomly assigned to one of the four conditions. 1In each
I condition, there were three types of. test items: OLDs, NEWs, and
INFERENCES . ' \
' cach subject worked igdividually with a booklet containing the
.stories. Subjects studied each éet of three stories, using the

study-recall-check procedure described for Experiment 5. Then']they
{ ) '
’ S/
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were given a combined recognitipn-verificatioh test. The 18 test

.items were pfesented in random order. Subjects indicated whether each

test item was OLD (had occurred =xactly as stated in the studied
stories) or NEW. If an item was judged td be NEW, the subjéct also
indicated whether ¥t was TRUE or FALSE. A TRUE response megg:. the

: . Yo u . . .
subject believed the fact gave true information from the storieés, even

though the sentence had not been presented explicitly.

.

Results
esults .

For each subject iﬁ each condition, the probability of responding
OLD snd~the probability-of responding OLD or NEW-TRUE 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 coriected for guessing, ,
using a variation of the rhigp-threshold correction. The following

’

corrections were used: :

Corrected P(OLD|OLD) =

L4 L3

{P(OLD{OLD) - P(OLD!NEW)}/{1 - P(OLD|NEW)} ' fgf"

Corrected P(OLD|INFERENCE) =
{B(OLD} INFERENCE) - P(OLD{NEW) }/{1 - P(OLD | NEW) } qéEQEK '

Corrected P(OLD or TRUE|OLD) =
{P(OLD or TRUE{OLD) - P(OLD or TRUE!NEW)}/
{1 - P(OLD or TRUE}NEW)}
}
Cogrected P(OLD or TRUE|INFERENCE) =
{P(OLD or TRUE|INFERENCE) - P(OLD br TRUE!NEW)}/
{1 - P(OLD or TRUENEW)}

The data for OLD résponses and NEW-TRUE vesponses 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.

L]
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The results are given in Thble 4.3. The top half . of the table
presents the proportions of OLD responseé given to OLD and INFERENCE-
test items in each of the four conditions (identical versus paraphrase
wording crossed with one versus two stories).’ Iﬁ all four conditions,
* subjects made fewer OLD responses to INFERENCES 'than* to' OLD items.
The main effect of items was significant, F(1,36) = 85.61, p <
.001.-fae‘probability of aﬁ OLP response was .greater in the one-§tory
(.57) than in the iwo-story condition (.42). Thfs main effect of
number of stories was also significant, F(1,36) = 19.21, p <’.001.

The bottom half of Table 4.3 presents the prbportiﬁns.of OLD or
NEW-TRUE résponses given to OLD items and INFERENCﬁér in each
condition. Subjects made mofe.OtD or NEW-TRUE responses tu both OLb
items and INFERENCES in the one-story condition than in the two-story
condition. There:was a main effect of number of stories; F(1,36). =
10.97, p < .01, but no main effect of item type (OLD versus INFERENCE
F(1, 36) = 0.584.  However, there was a significant item-
© type - by - wording (identical -versus paraphrase) interaction,
F(1,36) = 5.66, p < .05.° That is, while 'there-yaf no difference
between OLD or NEW-TRUE response probabilities to OLD vegsué INFEREBCE
items in the idedtic§1 wording conditiod% these probabilitieiﬁ£::e
higher for‘PLD items than for INFERENCES in the paraphrase wording
condition. B . »

Table 4.3 ' .

RESPONSE PROBABILITIES ON RECOGNITIOﬁ TEST

Same Story Different Stories
g Wording of Common Information in Related Facts
Item Type ' Same Paraphrase Same Paraphrase
™ .
P(OLD) . '
OLD 7 .84 .58 : 60 ~
INFERENCE .28 .38 .28 L. 22
P(OLD or TRUE)
OLD .87 .86 .64 JaA20
INFERENCE .89 .79 .73 .58
/ S?k?
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Discussion

ror rv————— "y~ b

The absence’ of any main effect of -item type on probg%111ty of an
OLD or NEW-TRUE response indicates that, in- general, subjects
: s

successfully integrated related facts as often as they learned OLD

items. Thus, if intégration obscures the identities of constituent
facts, subjects should kave responded OLD to INFER@NCE§\3S 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. 4

It might be argued that in some conditions (for- example, the
paraghrase wording condition), subigcts ‘did'-nét ihtegraté related
.facts as often as thsy learned OLD items. ' This would also produce the
observed effect. However, in the age-story, identical-wording
condition there was clearly no difference in the probability of
1ntegra%1ng related facts and the probability of learaing OLD items
(i.e., no dlfference between probabilities of OLD or NEghTRUE
responsgs to OLD items and INFERENCES). Yet it was in this condition
that the largest difference between probabilities of OLD responses to
OLD items vprsus INFERENCES was observed. | |

y The r ults of Experiment 6 provide additional sdpport for some
of the edictions supported in Experiment 5. The OLD or NEW«TRUE

responses to INFERENCES indicated that subjects were more likely to

'1ntegrate related facts that octurred in one stogy than those that

occurred in two dlfferent stories. They also indicated that subjects
were / more 11ke1y to 1ntegrate related facts if the common information
in those faccs had identical wording 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 cuncatenation of two knowledge

structures.

‘0
Mo,
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People also integrate facts haviang other kinds. of relationships

to enable more sophisticated inferential processes. Consider, for

example, the fol  lag two facts: .

- (4) Albert Profiro hated all dictatoré.f ' )

‘

(5) 'King Egbert was a dictator.

—e

Integration of these ::Eb fadts would provide a valid basis for

<

inferring: . ° . -

. : / v .
(6) Albert Profiro hated King Egbert.

e
(0]

This experiment investigated integration of facts such as (4) and

(5) above and the 1nf1uence of 1ntegra£10n on subjects' performance of

deductive reasonxng, Pslng the facts as premises, Subjects stuiied .

several pairs of sto%ﬁes containing pairs of related facts. Each pair
of . related cht$' ould be used to support an inference. After
studying each pair of stories, subjects verified a set of true and
false inferences. | - . g .

Consider what éhe subject mlght be d01ng in order to verify an

inference such as (ﬁ) above. Correct verlflcatlon of a true inference

requires s1mu1tane?us consideration of two studied facts. (for exampie,
facts (4) and (%)). Presumably, subjects would attempt to use the
information in a tist 1tem to cue retrieval of facts from memory to
support . it. Fori example, the subject could use the information
"Albert Profiro hated" to cue retrieval of (4) and use the information
"King Egbert" to cue retrieval of (5). Given successful retrieval of
(4) and (5), tde subjegt must reason across the two premises to
validate (6). (fﬁ the case of a false test item, the subject will
presumably fail {fb retrieve any pair of facts that can function:'as
premises in the vélidétion of the test item and will thus respond
FALSE.) |

Figures 4.4 and 4.5 illustrgte non-integrated and integrated

N

representations pf (4) and (5).° Again, the details of individual fact
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Fig. 4.4--Non-integrated assemblies representing related
facts (4) and (5)
- . (, .\
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.”"-—_-‘ A //’ \\ ]
-( KING EGBERT )-- DICTATORY )) .
B . 7 ’ ’ ) -
,\\\\, Fig. 4. 5--Integrated assembly representing related
< . facts (4) and (5) .
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v representations are  arbifrary " and should be disregarded. The
Y ~‘important aspects of Pigs, 4.4 and 4.5 are the structural . AN .
o o relationdhips'_ betveen the two fact representations. . The. b S

* -

non-lntegrated represenf:;;pnb in Eig. 4.4-have no shared structlral
components The 1ntegrated reprqaentap;ons ip Fig. 4.5 share a common N

subrepresentatnon of "dictator." . _ ' . N
' '1' _ If the ' facts necessary to validate a test ‘item have
. non-lntegrated memory_ representations, the.subject must Letrleve each Ao
C 2ot the facts 1ndependently. That is, the subJect JMust use . the A{
Ca T ' 1nfarmation "Albert .hates sdémeone" ‘to, retrieve (A) and - then,
| ,.1ndependent1y, use the information "Klng Egbert" to rejrieve - «(5). If, '
pn - the other hand Ve - two ‘facts ‘have integrated memoty
representations, actlvatxon of either one of them entalls actlvat1ng ’
'_- _ . the other? That is, the subJect can use Gﬁe fnformatlon "Albert hates }Q-%
s tsomeone to retrieve (4) and (5). Alternatxvely, the subject can use. by
the information‘ "King Egberf" to ;étrleve (4) and (5). T&us, ' ', '
xntegpated memory representatlons of related facts such as (4) and (5)
. can. facilitate Lnferenc1ng based.onﬁthose facts in two wggs:.Flrst,
less pPOteSSLDg is required to activate one 1ntegrated represéntatibn
- (than .LFO',apt{vate two 1ndependent 'representatlons. .jSeconq: two
' L indepeanng cues are available . to activate .the . integrated
' _ rppqesentafion,h!cdmpared ton-the single ' pair of cues available to
;ctrvate the two independent représggptations. -,/ | ‘
Two 1ndependent variables were manlpulated in" this experiment.
¢ . Common information in the pairs of 'storles subJect° studied, apd
particularly iﬁ .the pairs of facts necessary to verify tesp .
interences, had either identical. or pa;aphqpse wordings. "Pairs. of
tacts in the ident{cal-wo;ding condition-are illustrated by (4) and
(5) ab;ve. 'Paini of facts in the paraphrase c%ndipbdi are illustrated

by (4) and (5'): S .

.r ‘ ' (5') King Eghbert was an autocrat. . ' o T

-

*According to the assumptions ottlined above, integration of the two : R

N facts can‘ occur in either condltlon. (Integration of (4) and (5')

. ’ -

L]
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would -sequire encoding of the equivalence relation between "dictator"
and "autocrat," as 111ustrated‘ in Fig. 4.3 for the equivalence
. relataon between . provides career éounseling" . and  "distributes

fhformatlon about profess1onal optiops/"). However, 1dent1cal word1ngs

of the common 1nformat10n should fac111tate- 1ntegratxon. ‘Therefore,

subJects should - periorm berter on the 1nference .test in the

‘ xdentlcal-wqrdxng cond1L10n than 1n the paraphrase cond1t10n.
The second 1ndependent var1ab1e was ‘retention intérval. Subjects
‘performed the 1nference test after elther 0 or 30 minutes. ‘ If the

wording manipulation - produces the: assimed effect on memory

»
- At bned

representations, relative performance in the identical-wording versus
. . ' N\ B
4 paraphrase  conditiods should be ' comparable for both - rifention
%

intervals. N . ) -
o A - . -
Method ‘ . .

o e —————— N Rl »

- Materxals Four pgirs of mean1ngful §tories, were constructed.

All of the StOtles were about the .mythical country Mor1n€hla. Each

individual story was ‘about a dlfferent toplc but the steries w1th1n a,

pair were about’ related topics. The four pa1rs of topics were (1) Thé
Exrst M?jxnth1an.Revqut1on and® The Imprlsonment of Albert Profiro;
(2) Relxglous Customs and _Beliefs in Morinthia, and (Religious
Overgones -Durxng) the Fever Epidemic; (3) The ﬁarriage of Princess
.Isaer;,'Successor to the Thrpneiof:ﬂoriﬁthia,'add %he Romance ﬁshwsen
*  Princess Mathilde and Basil; and- (4) The ProvinciaI. Lifestyle -id

Morinthia, and The Home of the Caled1an Ambassador. ‘
Each paxr-of stories incluyde ur pairs of rglated facts, such
(4) and (5) or (5%) above.lg'gz|°

tMe sinformation necessary to support a..particular inference not

ch pa1r of related facts conta1ned

explicitly stated in either story (such as (6) above). - Related

U S .
stories and, in particular, the related facts within the stories had

either. the identical or paraphrase wordings of common, information, as®

illustrated_above by the alternative paxrlngs of (&) with ,(5). ef (5").
‘As an illustpation of these mater1a1s, one- set of stories exempllfylng

the 16;nt1c l1-wordings condition<is. presented below. S

L4 .

<
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. The First Hofinthlap RevJ&utionh. '
The .Spr1ng prsbde was the first revolut18h . inv
Mortnthia. ‘The outbreak ocourred shortly before dawn on

April 13, 1843. The revolution was undoubtedly caused by

the . tyranny 1mgpsed upon the Morinthian people by King.

Egbert, the dictator. -For-months, - Egbert had extracted
half of all the eérn1n§s of the people. However, the
immediate cause of the outbreak appeared to be a minor
crime commltted several days - earliery A -peasant ‘had

. poached several "chickens from the royal henhouse to serve at,

his daughter's wedding. It seemed a minor offense to the
people, but , in Moriathia, everyone who disobeyed .the law
was. punlshed\severely The'peasant was branded one of the
king's énemies 'and thrown _into pr1son « The Morinthian

. prisoh was populated exclusively by the k1ng s enemies. The

towdspeople were thrown into a frenzy at the severity of the
sentence. Even those who . swore . loyailty to EKgbert  joined
the crowds demandlng freedom for the peasant. The
ctowds stormed the palace. An:- erffigy .of the king was

. burned.~ Egbert commarded them to respect his authority

and.disperse- at_once. In the end, Egbert called out Hkis
guards and martiad/]law was imposed. So ended . the first
Morinthian rvvo]utxon, alL of which were doomad to failure.

e

.
. '

The Imprisonﬁent of ALbert'Profiro.

The Curfew Episode was the second. revolution in

Morinthia,, It proyvided, the setting for several important:

events in the life of Albert Profiro, a young . Morinthian
tradesmant. . The outbreak qgccurred on March 22, 1844, the
day after®a group, of youths were discovered to have
disobéyéd ' the curfew - law. .The law had been a source of
friction between the townspeople and ° thé government for

some time. The people welcomed the opportunity to flood”

the streets, throwing stones and damaging | property.
-“Albert  took it upon himself to try to calm the people.
Although - Albert hated all. ' dictators’ and théir

'governments,;fxpgm hated anarchy in the streets even more.

v

So he positioned 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, -. thpey -only sat a young man shouting to the crowd
and assumed he was responsible for the ~riot. Albert  was
arrested and throw} into prison. Although Albert spent.

three bitter years in prison, his  experience brought seme .

good Wwith it as well. It was in prison that Albert met
Anastacia DeVille, whom he subséquently-magried. '
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‘ v Subjects. Twenty*s;x-uCLA undergraduates; part1Cipated in the
" S - two=hour experiment. ﬁubjecﬁp were, either paid $2 50 or given courae
2t d credit tor their participation.  « .. .- ; A |

~common information 1n the two, 'stories (identical or paraphrase) was
"tondibions.-_ The word;_g_.manipulation was ‘a w{\hin-subJect factor.
f{ . ‘!F' The retention 1uterva1 manipulatlon was "4 between-subJects factor,
with 11 subJacts in the O-m mite retention-interval condition and 15
. suh;ects in the 30-m1nute retentiou-interyal condltion..
) : ProcedurP Subjects 'wer: tested inzgroups: Each subject w;s
) | given a booklet containing the eiperimental stories\ and tests.
o ' Subjects'\ progress through the booklets was self-paced Intentional
' learning instructions were given, inckuding the warning that an
inference test would be giVen?.“ . o : .

' Subjects studied and were tested on each of the three stories as
f follows. They read a pair of related stories carefully, attempting to
] learn as much as p0551ble. Then they were given a 'verification test.
On this test, TRUE 1tems were defined as those that could be proved
.true, given Che information if the stories. FALSE items'were defined
as those that coyld not be proved true, given the information in the
stories. Fhere were four TRUE .and four FALSE items, ordered randomly,
on the test following each pair of stories. This study-test 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 final test of the inferences in syllogism form.? On this

T"»’ test, each, inference was immediately preceded by the two facts that
' presumably determined its validity. . Subjects Simply indicated whether
ar not ‘ach inference followed logicang(:froh"the two facts that
) preceded it. . ' |
— : . -
- Results and piacusqjon 4 | e

-

.

Design.” A 2 x 2 factoyial design was used. The wording ofp the’

crossed with ratention inte val (0 or 30. mlnutes) to produce four

The, analygis of performatce on the verification taskj included’

only those items to which the 'subject had responded "correctly" on the

v e »
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finai syliogiém' test. That is, inferences for which a ..bject could
not perform the necessary reason1ng co!rectly, given the prem1ses,‘ or
for which the subJect dlsagreed with the exper1menters reasoning were.
‘excluded from the -analysis. *.Thus,.the data refleq; only the subject's . T
L ‘ - ability to retrieve the fatts necéssary' to verify a particuiar
, . inference, not his or her ability to perform the recessary reasoning
™ © on thqse facts., . C o . S ' : | B
N | Table 4.4 shéws the corrected pérc;ﬁp-correct responaes in each '
'of . the four expa/¢mental conditions (1dent1ca1 vérsus paraphrase
wordings crossed with ©- versus 30-minute retention interval). At ’
, . both retedtion 1ntervals, subJects'Qerified inferences more accuratély-
in the \rdentlcal—wprd1ng condition than in the paraphrase condltlon, _
. F(1, 24) = 5.72, p <-.025. These results seppory the predictions" o
'?' : outlined above. Presﬁmably, _'1dent1cal,,wordings increased rhe
probability that the two facts underlying an inference wodid. be ‘Hf;
- integrated in m[mory [ntegratl?n in turn, enabled nxther of the two - .
éuéﬁ' implztit in the Lnference (e.g., "Albert Profiro hated someone"
and "King Egbert" in the.1n£erence "Albert Profiro hated King Egbert") e
: | T to cue retr1eva1 of both facts. When the facts underlying an -
| inference were. unxntagrated each'.of rhe facts had-to be retrieved

independently, given a single cue. - Retrieval of. a° pair of

[ J
unintegrated facts recuired more processing and was less likely to - !
“ . . ~N . :
' succeed than retrieval of an integrated representation of a pair of .
- .7 facts. - Thus, integration of related facts facilitated performance on - |
the inference test by facilitating retr1eva1 of the facts nec;ssary to ’ !
. verify inferences. o ) .
£ ) ’ '
. Table 4.4
ce .
CORRECT INFERENCE VERTFICATIONS .
. Wording of COmpon Information in Related Facts = -
! Retention ' —\whm{“‘ . . .
) . ' Interval .Identical - Paraphrase . ' ‘ .
0 minut¢; - .78 ! ©.57
3U minutes .18 T .65 S
\ - . 3.' PY i N
N o . ) . 1 O_l ® ¢
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. The. present ngsearch complemente prcvxous research. on- knowledge R

integratnon in two ways: .Flrst it replxcates ‘the basic integration

phenomenon under preV1ously untested conditions. Subjects encountered'

telated facts in the context of gelathely long, mean1ngfu1 texts. In
add1t1dn, rekited facts occurned e1ther in a single text or ‘in two
separaté Itextsﬁ ‘ The results reported indicate that 1ntegrat1on can
occur in \bogh, cases. Second the research identified - fq,tors
influencihg%'whethér or not subjects. successfully 1ntegrate a given

pair of related facts. : Thegresults ‘indicated ‘that temporal proxlmlty

and .s?ﬁilarity -of wordlng fac?}1taté irtegration.y These effects'

follow,directly from the féw simp i!assumptlons regard1ng basic’ memory
structurea *and processes out11ned above. : . ' .
3 It is appropr1ate, at. thls/ poant to introduce plaus1b1e

alternative accounts of integration. lee prev1ous researchers, we

have assumed that integratioq is a structural phenomenon that occurs:

~ during storage of related Yacts."Lei'us consider the' alternative view

o

that individually presented facts always generate indeﬁendeni.memory
4 - .

representations and that integration is a retfievex - phenomenon. In

bther words, assume that_subjects exhibit knowledge of higher-ofder
ideas or inferences by retrieving and -appropriately. comb1n1ng the
"

necessary 1ndependent1y stored constxtuents at test time, *

»adopting some of the same assumptions as in the structural

' mode% the ret(1eval model can  account for mLst of the results

. 1
reported. Assume again that memory representatxons preserve lexical

1nformatxdﬂ aqd . that direct act1vat1qn is more reliable than

-

assocxatxve activatboq' The retr1eva1 hypothes1s s1mply assumes that

’ 'sxmultaneous activation «f related facts must occur it test time,

rather than at storage time. - The dynamics Qf this simultaneous

activation remain the same. The retrieval model accounts for the

observed effects' of the wordlngn manlpulat1on by assuming that

)

ipengical werdings of Zelabqp facts permxt them to cue ongranother
directly., Paraphrase woYdings requigre 5/ggg1at1ve act}é72;
. *

tlon via
wiptive sciffion
“semantic mediators. Therefore, integration is more llkefy -0 succeed

in the former case than in the latter. et

- \.'.
. ‘. .
. -
) -1{)#3 ¢ {




‘observed i Experiment 7. However, it can be 6riticizeg on "common

~ The retrigval model accounts for the, effect of presentlng related
tacts consecutlvely in one ,story by assumlng that fakts prssented in
clese té#boral proxlmxty have prox1mate memory locations. Retrieva.
of a related pa1r of facts can be accompllshed e1ther by retrieving
the two facts dlrectly or by retr1ev1ng one and searchlng for the
second, If the second fact-is’ stored near the first,. it is mor®

likely to be retrieved than if it is stored further away. Therefore, -
integration is more likely to sucteed if related facts have occurred

. consecutively than if they have occurred in two dlfferegt 'stories,

The retrleval model .can also account for the interaction between
wordlng aad temporal prox1m1ty of related facts. It 1ncorporates a
sxmple variant® of the structural modelas assumptlon. Proximate memory

locations for related facts facilitate associative as well as direct

- " .-

actlvatlon P

The only result that challenges the retr1eva1 model occhrred in

.
e 28 .

Experiment . SubJecgs ‘responded "OLD" to substant1a1 numbers g¢g£ NEW

test items that 1ntegrate OLD test 1tems. The model has no “dBhvious

- mechinism tor handling .this Fesult, Because the result has been

¢

repllcated man3 txmes by many different inbestlgatogs, it is a .

serious problem for the reﬂrleval model .
We must . consider Ya second, alternative explanation for the
. \ . . “‘ < . .
results of Experiment 7. Subjects might actually draw and store the

infprences themselves while studying the source texts. These, rather

than -integrated representations of the underlying facts, might be the

basis {cr vorrect inference verification on the subsequent test,

Again, by adopting assumptions similar to those of the structural
\

model, the literal inference model can account for thé€ wording effects

sense" gf%unds. 'Béc?use subjects did not know in advance whigh
infarences would.be tested, they would have'to have stored all of the
many possible ihferences' based on facts in the two stories. It is,
unlxkely that subJects could have done so or that people .generalIy
draw and store all . possible xnﬁerences from the information they

-

acquire. - : .




7 While both of the alternative models deSCEibed .above.‘have
problems, they can accoynt for many of -the »results' reported. Of
5\ ."“ cout;é; we cannot atttlbute the same signlflcance to these post hoc
' expladations that we attrlbute to Lhe structural model's predlctlon of
-. ' . the resylts. By the same/teken,lhowever, 2; cannot rule them out. .It
would be too extreme to ‘conclude -from ‘these obsewwations that

yd e integ}ation is iﬁzériably a strictlf‘structﬁral phehomeﬁbn. It seems
- obvious* that people sonetimes draw .two distinct memorles tdhether

\Spec1f1cally to’ evaluate a hypothetlcal 1nference. It also seems

obvious that bpeople sometj generate and gstore inferences from

Ce s . source mater}al thzy read. While structural integration probably
underlies many of the observed integration pheﬁoM)aa, 1t is likely
that’ both of- the alternatlve processes destribed abeve also occur

occasxonally . Additional research is needed - to elucidate the
. \

tondxtxons‘under wh1ch each 1ntegrat10n process occurs. .
v Regardless of which model one adopts, the present results jmply
. certaxu Qheoretlcal éonstraints.' In these experiments, ’9th w dlngs
_ and temporal proximity of related ﬁacts influenced. whether or not
j:) : subJects Lntegrated the facts Any viable model of 1ntegrat1on must

' 1nclude assumptions to atcount for these effects.

3 . . i

- ] \
] i k . - ~
.
’ ¢
»
- 4 < !
s ¢ . a
. . .. \
!
' \
. . . ) \
L
- “"‘ - * :
4
. ) *
-
/ ~
. - P
. _J .
o
. .
. - s
¢ ’ - -
L4
- 5
T
+ £
. - . /
- " J"‘ -\,.’/ ) -
‘.
. ~
1 n . \ ’
\ o
. -




. ¢ * / ' L e 0 C . P
, e . \

.8 ’

[ R . . .
~ . o . -

' s ‘o . . -

- Chapter. IV investigated two factors influencing the integration

\

of related factg into a single, coherent structure. Frequently, such

facts can serve as premisés from which logical' inferences can be made.

For example,foﬁsider the. following, two facts:

: " % . .'.' oy .

) (l} Alﬂqﬁt P{ofifo hated all dictators. .

’ (2). King Egbert was a dictator. ' ’
- ' : . _ >

t

. ~ : - \ T .
These.two facts can be configured logically as . _ : .
A : C " . -

. .t

(1-2) Albért_ProfirOJhdted all dictators, one of whom was King

. - Egbert. ‘ ' o .

S to provide a basis for the. inferénce:
. . . ’ ’
‘ - v ' ’

(3) Alvert Prof&ro hated King Egbert. s
\ Given (3) as 3 hygotheti.wi inference,.,an' effective ieasoner
should be able to reason backward to verify (?) on the basis of (1)
and (2). 'To do this, the reasoner wonld have to 1dent1fy (1) and (2)
s  being relevant to (3), configure them approprlately, and perform

Y 4

the deductibn\

order to support hypothesized inferences is extremely difficult unless

. the 'fafts have been committed to memory . Simply reading relevant

texts for. familiarization and then referring to them as needed

-, ‘provides an inadéquate bas s for deductive logic. Further,
apprehension of the logical configuration. of..premises. underlying a

~~. . . particular. infedence can be an essentially automatic process for the

reasoner who has structured the tfacts appropfxately in memory.

.H
D
-y

IR This chapter shows that idehfifying//ind cdnfiguring facts in-
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The research nepérted in this chaptef began . with an ﬁnexpehted
result, ‘obtained fromr’an.ﬁunpublished experiment condpcted in our

laeraLory SubJects*were g1ven texts containing pairs of facts such

a§ (1) and (2). They~wgre then askeq to verify inferences such’as .

(3). Distractors, whése truth values were ' indeterminate, were also
] g : . ’

included yiq,the inference test. In'a.TEXT,condition, subj%gts‘simply'

glanced over the texts in order to become familiar with the subject '

matter. During the inference' test, these subjects weré'permitted to

refer back to the texts. In a MEMORY copdition, subjects were

'.instructedt to study the. texts carefully, attempting to learn as much

of {he 1nformat10n they contalned as poss1b1e. During the inference
test, these subjects were not permitted to-refer back to the texts.
The most intuitively obvious pred1ct10n for the outcome of this
experxmqpt is that subjects should have performed better in the TEXT
condition than in the MEMORY condltlon. The texts were short. enough
(approximately 200 words). to be read in a few minutes. It would geem

. - D 4
that given freedom to refer back to the - texts. during the -inference

test, subjects in the TEXT condition should have been able to find the

facts necessary for inference'verification and'therefore should have
perfogméd very well. The texts were too long to have been committed
perfeétly to memo?y, so rsubjects in the MEMORY condition must have
forgotlen many of the facts necessary to verifytinferenceé beforg the
inference test was given. Thus, they copld not be expected to have
performed as well as subjects in the TEXT condition.

The results of the experiment were straigltforward: Subjects

performed comparably well 1in both Lond1t1ons. SubJeJ;s in the TEXT

condxtxgh responded correctly to 81 percent, of the true 1qferences;

compared to 85 percent for subjects in the MEMOBY‘conditioh. Subjects
in the TEXT condition responded correctly to 79 percent of the false
inferenceé,- compared to 85 °per2ent 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
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' gxéprnal o infoimation source, such as a text, for cbnflgural
.information. That 1s, they do not know hou to, search f or . loglqal~

confxguratxons of facts that support hypothe81zeq inferences. CZ)

Automatlc memory mechanlsmw frequently organize acqu1red 1nformat10n
‘

so that qonflgural information is dlrectly acce551b1e. That is,

related facts are frequently stored together in memory ‘in a meanlngfull

configuration éE:; are d1rect1y accessible as an integrated data
In

structure.

.and memdry mechanisms underlying inference verificationw

U .
»

-

MODELING INTEGRATIVE INFEkENTIAL REASONING , .- *

.

To verify an inference in the present exper1ments, a subJect must‘

perform a "backward" reasoning task " That is, he  must search . the

Ttexts or memory for two -critical facts which, simultaneously

c?nsxdered and aporopr1atc1y conf1gured permit logically' wvalid
déduction of ‘the tes\ inference. Consider the example introduced

abave:
§

- °* 2

~ ‘| . , . . - i
\§3l.AJbert*PEPfirq hated King Egbert.

. "\ . i ' .
° |

Any number of pa1r§ of poss1b1e facts mtght Just1fy (3), 'including,

for example the fallow1ng . ' /

k]

\
(1) Albert Profiro hated all dictators.
(2) King Egbert'was a dictator.

(Al_élbeft Profiro was a radical.
”(S) All radicals hated King Egbert.

(6) AlberL Profiro knew about Klng Egbert.
(7) Everyone who knew about K1ng Egbert hated him.

We refer to the pair of facts that jJustify an inference as 'critical

-facts." Thus, the subject begins the search for critical facts without

' ¢

N o

-\
N

e next "section, we elaborate this view -of the search’

IR 11
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subject has is that each fact must refer to at least one of the
concepts or actionf_ihvolved in the‘igference. (Note that this is not
always a simple matter of " keywordl ceferbncing.v The conceptual
relationships between critical fécﬁs‘énd the associated inference may
be Masked‘ by‘ synonym substitution, exteansive paraphrasing, or
. spécializaticn-generalizgtion relations. These complications did’not
occut in the present experiments.) Fufther, since the texts in. this
experiment are cohesive stories, the concepts and actiong.in the
idference'occur in many different facts. Thus, it is necessary for
the subject to search a relatively large set of facts, including many
"candidate" critical facté (those referring to critical -concepts or
actions); for an unkhown bﬁir of facts that could be configured in
some way tc 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-mihded ,computer program could perform it §§-obviQUST“”?irst;
the p;ograﬁ wouldAexamiue the texts systgfggiegrlymiar facts Feferring
to the criti?él concepts or éct#gggff"MThe set of can@igéte facts
idon}}fieﬂ must- contaiq/_any"/bair of «critical facts which, when
appropriately copf;géréa; constitute a valid proof. Next,\the prograin
would formglaté/évery possible pair of candidate facts, attempting to
cquﬁigufél each pair so as to jdstify the inference. In the course of
"this activity, it would either encounter a pair of critical facts that

t

logically justified the test ihference and respond "TRUE," or it would

. exhaust the set of pafrs and respond "FALSE." = ©.

The computer program.described above illystrates the kind of
search people '"ought" to perform. Potentijt\y relevant candidate
facts might have occurred anywhere in the source texts. ”éhi& a
systemat}c 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 candidate facts. ﬁimilarly, any two

- ' 175 ' .

. knowing exactly what those facts might be. The ounly guidance the
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f' candidate facts, ‘when properly configured, might support the test . '

inference. \Only systematxc formulation of all possible ' pairs of ©

candidate ﬁacts would guazantee detection of the pair of Crlthdl

N : tacts underlylng a true test inference, Systematlc formulatlon of all -
‘ ’ pairs of candidate tscts also necessa»y because of '°the -
characteristics of  hu "5 (o) y " Efforts to ~log1ca11v couflgure

Landxdate tacts presumably occur im "wofklng memory " Given the severe

-« limitations an human working memory capacxty (cf. Mxller, 1956), onlv

" a systemativ paxrwxse consideration: of candldate facts would guarantev'
slmultaneous residepce of the two cr1t1ca1 facts in worklng memory . ~

While El varlety of algorithms exist that cauld accomp11sh a systematlc

-

*e

T I search, it is obvious ‘that our subjects did not use any of them. If
Lhey had they, like ui#fe hypothetxcal computer program, would have -
perfcrmed perfectly on the inference test in the TEXT Condltlon

./ . ‘%’g ' ) [3 . v ) +
e Hypothetical MéoTy Mechanisms ' _
| . — e ETRE == ' _ : .
) . * Now let us consider-perfo?mﬁnee\qg the backward inference task in
the MEMORY comdition. Retlrn to the 'exéﬁﬁTe\\giiiifséd above. In
? order to verify the\i?ference _ . ~—
3 ! . , -

(3) Albert Profiro hated King Egbert.

.- ’ -

the subject must retrieve two éritiqal facts from ﬁemory:
(1) 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 1n the inference. Thus, the sutject
eventually must cue retrieval of the f1(st fact with the information
. : "Alb-rt Profiro hatéd ..." and cue retrieval of the second fact with
the concept "King Egbert." In addition, the subject presumably must
. - retrieve the two facts in closé‘temporal proximity so that they can

» reside simultaneously in working memory. How can this happen?

ERIC - - 123
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We assume that, once learned, pairs of critical facts sret likefy

~ o have been stored in . integrated memory fepresentations, " as

illustrated in Fig. 5.1: Each‘of the critical facts is reptesented as
a configuration of nodes representing concepts, properties, actions,
etc. The relations among the concepts; propert1es, and actiohs
expressed.in the fact arelrepresented as associative connections among
the nodes. The representdtion in Fig. 5.1 is integrated bepause the
two fact representations share a common subrepresentation ,8f the
commmon concept, "dictator." (See Hayes-Roth and Thorndyke (1977) for
a. discussion of some of the factors determining whether related facts
are stored io integrated or independent memofy representationsf)

Given an 1ntegrated memory pepresentation of the two critical

facts, the folloW1ng search processes are postulated Each of ‘the

‘concepts and act1ons in the test }nference automatically retrieves

memory representat1ons of all facts ﬁvat refer to it. Because the two - -

critical facts are integrated in memory, retrieving either one of them

‘entailsh associatiﬁely retrieving the other. -Thus, the integrated

memory representation can be retrieved by either of the two
independent  cues available in the. inferenée. (Hayes-Roth and
Thorndyke (1977) proposed this view of the structures and processes
'underly1ng. knowledge integration. Anderson and Bower (1973),
Hayes Roﬁh (1977), Hayes-Roth and Hayes- -Roth (1975), Rotts (1977), and
Rumelhavt Lindsay, and Norman (1972), among others, have advanced

similar views.)

. . o OBJECT '
' Co LT T T T A.‘/"—-’— —
' /\ KING EGBERT )“"‘ DICTATORS )). -
‘ X - ~

‘.—_——""— \\ .

Fig. 5.1--Integrated representations of facts (1) and (2)
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Becaase two independent cues co;lhborate" “to retr1eve the

Lntegrated memory representat1on, its retrleval is 'Ebre 11ke1y and
‘mere Yr3pid thaq retr1eya1 of any//other cued facts, That is, the
integrated representation of the” critical facts .is retrieved and
available for subsequent processing before any non-critical candidate
facts are retrleved Thus, other’ candidate féets are unlikely' to
distract the subJect from thé Fr1t1cal facts or to interfere with

their simultaneous residence in working memory. ,
Once retrieved, the'intégrated representation ‘provides a ready

hasis on which to perform the necessary inferential logic, As
111ustrated in F1g 5.1, the hypothetical inference (3) is implicit in

the stru;ture of the ‘integrated meﬁor§ representation. of - the two

cr;txcal facts .Thus, searching for relevant facts and reasoning

across separately acquired facts to ver1fy a test inference reduce to

essentially a recognition  process. Information in a true test ..

'nference automatically cues retrieval of an integrated memory i

.representatlon of the two cr1t1ca1 facts in which the Lnference 1tse1f

v

Py

is 1mp11C1t and apparent. T

In order tu test these assumpt1ons, we repllcated the- experiment
described above, with several modifications, The most important
modification was: the . requirement that subjects prdvide ~ verbal
protocols  of their  thoughts while attempting to ‘verify. test
inferenges. In particular, subjects were asked to indicate how they

N

knew that a test lnference was true or -false. This wrocedure
’ t

permitted prec1se detenmlnatlon of whether a ‘correct requpse followed .

from correct reasonlng 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 prdvided a basis for
modeling the observed dlfferencesr in .performance in-the TEXT and
MEMORY conditions. |

Y

¥ (n

EXPERIMENT 8 % e

Materials. Four pairs of texts concerﬁing the mythical country

Morinthia were used (See Chap. IV). Each individual text was about a _

e
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Jdifferent topic, but the texts .within a pair were about related

topics. The four pairs of topics were . (I') The First Morinthian
Revolutron; and The Imprlsonment of  Albert Profiro; (2) Religious
Customs and . B@lxefs in Mor1nth1a, and Retigious Overtones Dur1ngithe
Fevey Epidemic in Morinthiaj (3) The Marriage of Princess Isadora,

Successor to the Throne,of Hor1nth1a, and The Romapce Between Princess

“mgathilde and Ba511, and (4) The Provincial L1festy1e in Mor1nth1a, ‘and

Fhe Morlnthlan Home of the Caledian Ambassador
Each pair of texts 1nc1uded four pa1rs of critical facts, such as
(1) and (2) above. Each pair of critical facts contalned the

. ! L]
information necessary to support .a partlcular true 1nference not

expllcltly §tated 1n e1ther text (such as (3) above) One set of

"
Lexts.(abso used in Experlment 7) was shown earlier, on p- ..

S

Procedure SubJechs we "e tested individually. Each subject was

given a booklet containing the experimental texts and the inference

tests. Shbject;' progress throﬁghh the booklets was self—paceg.

- Subjects were informed of the'nAtu¥e—0£_theminferque test they would

be given. L ) ' ' . o
Subjects'studied each pair of. te;ts as follows. Those in the TEXT
condltlon simply scanned the two textS\ ‘Those in the MEMORY condition

read the two texts- carefully, attempting to learn as much aspossible.

After studylng each text, these subjects completed fill-in-the-blanks

tests of the information'they had read. Then Ehey referred back to

the texts and corrected any errors they had mide. The purpose of the

tests was S1mp1y to meglmlze the probability that subJects commltted

individual facts from ghe texts to memory. Therefore, the test items
tested memory;_for 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 subsequeot
inference test. ’
. After studying a pair of texts, subjects verified (judged’true or

false) true and false inferences -derived from the texts. True

inferences were 'defined a#s those that could be proved true, given the

information in the .texts, as illustrated by (3) above..\.False

“
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inferences were defined as those. that could not be proved true, given

the-information in the texts, as ilIustrated]py the following example.
(4) The Morinthian people were\ ghrown .in€;~ a frenzy by
. ~ ./Albert Profiro's imprisonmeht. ) ) e

. . S . . ~
b N L4 . .

- . '-. . . -

- p 4 . } ’
There ‘were four true and four false inferences, ordered randomly,/ on

the yest following each pain of texts. Subjects in the TEXT condition’
. were encouraged to consult the studied texts during the inference test

in order to determine the valodlty of'or verify thelr Judgmenls of

test inferences. SubJects in the MEMORY cond;tlon were not. perm1tted

to look back. at the texts.. ‘All subJects were urged to prod/ze a ,
codf?hugus verbal descriptiaon of their thoughts yh11e, performing the

.inference test. These protdcols were'tape-reéord'ﬁ and subsequently

transcribed. Th;s study-test procedure was repeated for each of the

Al

four pa1rs of topically related texts .

(R
- -

After subjects had stud1ed and been tcsted on all texts, they
were g1ven.a free:recall test for the first text in each of t?: pa{rs
of texts they had studied Subjectts were given the tifle-pf each text

and instructed to wr1te down everything they could remember from ‘the

L4
.

texts . ; ' R ' "

Finlly, sub3ee¢s were g1ven a test of the .1nferences in

syllogism form. On th1s test, each 1nference was 1ﬁmed1ate1y preceded

h; the two facts that presumably .determined its -validity. True.

inferences were preceded by the critical facts that supported them, s

illustrated by the sequenCe (1), (29,.(3).. False inferences were

preceded by facts taken from the texts that were related to. the -

1nterences_ but did not. validate them, as illustrated by the foll w1ng
sequence: ’ h. e RS

] . 1]

’

‘ The Morifthian people-were thrown into a frenzy by the .

j>|mprisonment of the peasant who poached the chickens.

~—

Albert Profiro was thrown into prison.

. | o 103 | B o
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e (é) The Hor;nthlan peoplé were thréwn into a frenzy by Albert
i} o ~ Profiro's imprisoriment. L .
“” L . ‘l ~ . L . . i

~
¢

Subjects éimply indicéred whether: or" not’ each inference follcwed

~ .
* 4 ~

+ logically, from the two facts that precedéa it. e e

;. ' . Qériable_'man1pu1§ted was study-test cond1t1on (TEXT versus HEHORY)
. = All subjects worked with all four pairs of ;exts described above.
s L JHalf the subJects worked ;Z/the TEXT condition fh{‘the f1r<t two pairs
3 . . and  in the MEMORY condit

half worked in the reverse order. In addltlon, w1th1n each " of these

n for the seeond two pairs, whlle the other

two . groups, each  pair of texts occurred in each ser1a1 pos1t\on for

A

Design. A within-subject des1gn was used, The one independédt

one of the subjeéts. Free recall of the first text in. each palrJ?

< occurred in-the order of orlg1na1 preﬁsptatlon of thié pairs of texts.-\

§H_Jects. Seven UCLA undergraduatés and one Santa Monica

College undergraduate served aé'subjects. Subjects weres pa1d .$6.00
for the -two-hour 'session In add1t1on, subJects were g1ven a 60.

bonus, for each correct answer above 50 percent B . .o

. . -
S M . . . \
. . .

& \
Results anﬁ Discussion~

»”~

Table 5.1 cho§§‘proportioﬁs'of 'cbrréct-'judgﬁeq;s of trde and
false test inferences in;tﬁe MEMORY and TEXT conditions. These daﬁé.
represent only those test inferences . to which subjects \ responded
chrcctly on the final sylfbgism test. That is, inferences for which

subject could not perform the necessary reasoning correctly or for

v /C;lch ‘the subJect d1sagreed with the experimenters' reasoning were .

. excluded from the analys1s. (Accuracy_on the sylloglsms was above .98

. and rﬁd1st1ngu1shable in the two: conditions. ) Thus, the observed

' . differences in -performance ip the two conditions reflect only

fferences in subjects' ability- to refrieve the critical facts

necessary to verify inferences, not. dlfferences in subJects ability
: ~

o to perform the necessary reasoning, on those facts.

-
1
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L W _ Table 5.1 - . : . . ‘

. . ®ACCURACY ON TKUE AND FALSE INFERENCES . IR

) Cundltion . ' : o 1.:{
- . ! * ] * ) ’ T
Measure - - . ; MEMORY* -  "EXT . ‘
2 . B ' - : . "./-:‘ .
e I ' - Qorfect responses K L y
' . : to true inferences '¢-.82 .62
~ e ~Correct responses. . ' ) : -
E . o " to false 1nferences .82 . .87 - :
Lo o Correct Just1f1cat1oné o , ' : o v
~ . . of true inferences .75 .48 N
: ‘ ' . . - - ' ' . : SR \ . ’. .
. " The first two rows in Table 5.1.give pr0port1ons correct for. true T :

and }alse inferences The third row gives proport1ons' of correctly
Justxfled true 1nferences. “These preportions are texplaxned. and o )
N discussed  below. ' “All” c'onf"'aence levels r'eport.ed in this apd ‘ .
subQQBuent sections - are based on two tnrled matched pa1rs t- tests. _ .
Ta 'Consxder1ng first the simple proportlons correct for true and
falee inferences, the results of the present experlment go beyond mere
replxcatxon of the results d1scussed above. Again, rno dlfference was _ |
ohserved'betweEn\}fpportlons correct on false inferences "in, the MEMOR\‘ . B
" and TEXT conditions (.82 versus 87), t(7)=.45" HoWever,”' ‘the . *
| > proportion correct on true 1nferences was s1gn1f1cant1y higher in the - .
MEMORY condition (.82) than ‘in the TEXT «condition (. 62), £(7)=2.43, .
'pgélos. Thus, the experiment repllcates’the observat1on,that the
.availability of reference, texts during gnference verification does not
. 1mpf6ve performance over the case 1n wh1ch the information in the text C
- must be referenced from memory. It also indicates that in some cases,
exactf§ *the opposite occlirs: Storlng and .referencing the information
from texts in memory can improve performance over that obtained when .
the texts themselves are avaxlable for refererce. . . '
The third. / in Table 5 1 gives the proportions of true '
inferences judged to be true and correctly juégified. Correct

justification was operationalized using both strict and. 1en1ent

R
4

criteria, as follows. Under the: strlct crlterlon, a true Judgment was

. . v
: .

L R .
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. ‘ .considered correétly ju§£ified only if both of the.cr1t1cal facts'“*?; )
;: ' . underlying the inference were explicitly stated in ‘the protocol  and N
ff. o ' mhigked toget)f with appropriate logic, as 11}ustr§ted in the - . ‘
' ' following exa ple:, N . s . S
' d“-’ﬂﬂf Inference: Anastacia DeVilTe was an edemy_ 9£%%hﬁ‘ﬁrﬁér . .
' Fact 1: It was in prlson tha;«AlBert Profiro )
.met Anastaeta DeV111e. ~ : \‘T\~.;  - ‘ | .;
. Fact 2: The Morinthian prisdn wag/papﬁlated -}'3 - ' b
. . , exg}usiveiy'by enemies of the kfng. u ,
o ) Protocol S B ) .
s Well that would _be true because I remember readlng 'in.

the other story that everybody that was in pr1son was an'

enemy of the klng, and®he ‘met her when he was in pr1son,

0 " so she was an enemy of the king. , Sc that s true. Y )
. o T S ~ ST
) :Undef the lenient ciiterion, a true judgment yas considered cbriectiy M
¢ justified ifl At least .onél of the critical facts was stated in the )
. protocol and the other was 1mp11ed in what appeared wo be a lqglcayly V‘7 '
' ‘ correct }Laount, a§_111ustratgi’1n thq-follow1ng‘tgamp1e. . ;
Inference: The Curfew Eplsode’yas a failure. . . v
' . Fact 1: The Curfew Episode waé a revolution. ' : v
. Fact 2: All Horlnthlgn revolutions were doomed
’ g ’ to failure. )
’ Protocol: ' .. _
: '”\yell, I would.séy. that's  true because I  remember
, reading at the end :f the flrst story that the Spring.
Ep1sode was a failure as. was [s1c] all  the other.
revolts. So that kind . of predestlned the fact that L
avery, ever'one'of those things would be a failure. | LT

Implicit Critical Fact: The Curfew Episodg%vas a revolution. -

¢ . w




Two\xndependent judges were in perfect agreement regard1ng 'the

correctness of Justxfﬁcat1ons accordxng 'to both cr&terla. The lenxent'

cr1terlon produced a slightly smaller dlYference between accuracy

rates in the MEMORY aiid TEXT" condltlons, but - the pattern "of* results

,was the same under both cr1ter1:- In addlrlon, both Judges felt that
o ' the lenxent criterion provided a more acéurate evaluatlon of subjects'
' Justlflcat*ons‘ 'Therefore, the, len;ent cr1ter1on ‘was arbitrarily -
adopted and the data rgﬁorted in Table 5.1 reflect measuUrements under

» that cr1terxon (Judg ents of false 1nferences were not evaluated for

correctness of“\)lusttflcat1on . because of.'.th dlffxculty of "

- ' operat10nal1zxng correct Justlflcatlon for them.) -~ & - ¢ : y

. ' The proportion of correctly JustlfiEd true‘ 1n£erences is a more

; proclse ‘measure of subJects.aknowledge than s1mp1e proportlon correct

‘ because it escludes ‘Both false alarms and .imperfectly reas%Ped

"\ responses. The proportion of correctly Just1f1ed true' inferences was.
significantly “higher in the MPMORY condltlon (. 75) than in the TEXT

. condition' (.48), (7) = 5.65," p < .01. ‘These data 1nd1cate t

. . suﬁjects' superior’ performance ‘in the MEﬁ\RY cond1t1on is a

' consequenqs of their superior ability to 1dent1fy th° cr;tlcal facts

underlvlng true inferences. - ' : . .

These data support our two basic assumptions. Subjects' ' use of

ineffective search procedures ‘presumably impedes detection of the
d critical facts underlying strue inferences. Lonfigural memory

4 . mechanisms organize many 1earned facts, pre§§§ably facilitating
detection af the crltlcal facts under1y1ng true test: 1nferencs§

Because subjects had to rely primarily on ineffective search

' procedures in the TEXT condition, they should 1ncorrectly Ju%&? many

true 1nferences to be false. In the MEMORY condition, on the other.

hand, suojects :should Benefit from configural memory mechanisms,

:correctly judging . most true inferences to be true. Perf- .ance on

.. - false inferences should not be:affected: The results desc?ioed. abowe
follow directly:. While subjects perforned comparably well on false

infere;isg i the two conditions, ' they performed better Sh true

infererices in the<sMEMORY condition than in the TEXT condition.

[ 4
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‘;Protocdl'Analyses -
\ As dxscussed abqve, subdects provrﬂed verbal protocols of the1r

d ’

| f. . - decision processes dur1ng infererfdce verification, We analyzed these

protocols in order to get a better understand1ng "of the dec1s1qp .

.processes and te prov1de more detalled support for the proposed search -

o

“and memgry mechan1sms. "This analys1s revealed six dlst1nct types of °

deeision processes. "Automatlc retrrlval of both cr1t1ca1 facts" and
"search foblowed by automat1c retr1eqal" were. based on the conflgural

. memory mechan1sms descr1bed above. ,"Successful fact search" and "fact

search failure" was based on, an 1neffect1ve search procedure. 9Fau1ty_ :

reasoning," as xts name suggests, reflected logical errors. Table 5.2

summar1zes the six dec1s1on processes and the Judgmenis they support.

, We characterige each dec1s1on process briefly below.
. . . L »

AY

. L] ’
.
LY

" Table 5.2 -

-, JUDGMENTS OF TRUE AND FALSE INFERENCES
PRODUCED BY SIX DECISION PROCESSES . .

ol S Validity of
. Test Inference

Ui
.j- L

~ Dec&siod Process . True False

Automatic retrieval of

both critical facts - TRUE : . X
) . Search followed by ]
’ . ot automatic retrieval TRUE
' Successful fact search TRUE .
Fact search failure" FALSE ~~ FALSE
‘ Inference search failure FALSE FALSE
. Faulty reasoning. TRUE/FALSE  TRUE/FALSE
o -

Automatic Retrieval of Both Critical Facts. True judgments were

meﬁor&r representation of the two critical facts underlying the test

. . . . .

. + \
. .
. . - N
‘ . .
Ad .
. v
.

4 search failure" were based on:ﬂfur1st1c search procedures. "Inference'

considefed to haye been based on automatic retrieval of an 'integrated .
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infereﬁik if the subjéct verbalized only tﬂose critical facts, as

illustrated in che following protccol: "

@

-

- True Inference:- Albert Profiro hated King Egbert.
: ' - <Fact’1: Albert Profiro hated all dictators.

Fact 2: King Eébert‘was a dictator,.

'3

Protocol: ’ , L e ;

' True! because - King Egbert 'was dlctator and

. /.

Profiro hated atlF d1ctators.- So it's:.true.

. .

~

. . o,
s . . . hd . : L4

< +  We assume %hat th1s decision process 1nvolves no conscious search for

L4

Albert

' .
)

v .

relevqnt faxts There is -no 1nd1cat10n that the subject con81dered

any other related facts in the attempt to verify the test 1nference.

K .Rather,' the subject appegrs to. have been ab1e<to retrieve the ‘two

critical facts automatically on presentation of-tgé test inference.

~  Search Follerd-by Automatic Retrieval. True + judgments were

considered t. have been based on a comblnatlon of search and aufbmatlc '

L~ .

retz1eva1 1t (a) the subject verballzed one or more facts that were

related to the test inference before verballzlng the first of ,the - «wo

critical ,tatts underlying the test inference, and (b) the subJect did

not verbarlize any other fafts between verbalizations

of the "two

criticaljfatﬁs. This decision process is illustrated in the ‘following

protocol: SR ' -~

» .

True- {uference: The Caledian Ambassador's house was sur-
7

" SR , rounded by lilies.
L4 . .
" Fact 1: The Caledian Ambassador's house was .
surrounded b tgose flowers that were N

prevalent 1n Morinthia.

Fact 2: A species of lily was the prevalent flower

, ‘ ) in Morinthia. . Y
- ' . . e ! (-\/\ . /
. . ° ’ P N ]
' Protocol;, T~ .
¢ ) . N \ . . .
* . OK, they said he had fences and ... um) ... in Morinthia
S
, , - 119 o
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they haJe fences and they put'p15nta~or flowers around, iﬁ y
their, no, wvines ... ‘and they're twined tbrough their
fences. Um, ...fhe' had - fences. OK, . the eottbge had
fences and lilies aren't vines so they can't intertwine‘,
through his fence. He had, I remember they said he "had
typical vegetatfon of Morinthia., And s1nce liljes. were
one of their best flowers, the ones they 11ked and he, had
typital vegetation, then I say the statement is true. He

e . ’ *

grew lilies. L . : '

«

We assume that this decifion process_inVOIVes an 1initial search of

either :the texts or memory for relevant information. In 'the protocol

above, the search ippears to have been for relevant facts, _although,

in. other .cases, it appears to have been for-the test 1nferenCe 1tse1f
In e1th”f oase, the 1n1t1a1 search leads.to detection of one of the
two .critical facts ‘necessary to verify the test 1nferehce. That fact

then _cues automatic retv1eva1 of the 1ntegrated memory representat10n~

of both critical facts, _ _ .

-

. Successful Fact Search. True judgments were considered to have
been based on successful f;ct search if the subject Qerbalized one or
more facts that were related’to the test inference before .Verbelizing
each of the two critical facts, as illustrated in th%‘following
protocol: ' . <:—_ -
True Inference: There were berries growing outside of the
Caledian Ambassador's cottage.

Fact 1: The native shrub of Morinthia
' “ hugged the walls of the Caled1an
Ambassador' s cottage.
Fact 2: There was also a native shrub, called ..f

the salsa shrub, that had broad leaves

and was covered with red berries.

Protocol:

OK, that's the second story. Be ,sﬁre to look there

I
.




e
~

because - there's hothing"in ‘the first story about the
Caledian Ambassaaug. So, um, [read1ng] it talks about -the
cottage first and, §u1 lush shrubs hug the walls of the
cottage. 0K, it %as brought out aoout f}oyers that were
prevalent in Morinthia.” OK, I don't know if those flowers
had berries or not. \I look at the f1rst story to see
that. It doesn't sa% anything about berr1es in the second

“story. OK, um, fzgst story ... They talk ‘about the
_speoples . They . don't &alk about Ambassadors, althoygh I'm

.not sure that Ambasﬂadors are really that much different
than‘peoole. OK, a sgecaes of 1lily. Uh, I don't see .
anything about 1111e§ in. the second story . I'm not sure
that's relevant. ' 0K, qhere s a native. shrub aiso qoite
popular, called the &alsa shrub. Its leaves'were broad
and it had berries." Um, if that's the same shrub as the

shrub 'n the second 5story, I would say that yes, there

o

were berries,

T L

" .

Successful fact search reflects act1ve search of either the texts or

memory for both critical facts under1y1ng a true test 1nference.
t ) ;

These searches indicate an awareness that two cr1t;ca1 facts are

needed and that they might occur in either of the two relevant texts.

b -
Thus, successful fact search reflects a heuristic, rather than dﬁi‘}

algorithmic, ‘search proée ure. In oddition, we assume that the
occurrence ufx 'successful fact search 1mpl1es that the-critical facts
underlying the Xtrue test” inference have not been stored in an
integrated-memoﬁy representation. Indeed, it is the only way subjects
can correctly yerify true inferences whose critical facts have not

. . " ‘ <
been integrated in memory.

P 111 - SEEE

»

Fact Search Failure. False judgments were considered to have

been bhased on fact search failure if the subject ve.balized a number

of alternative facts before concluding that the test inference was

"ifalse. A false judggent of a .true test inference based on fact search

failure is illustrated in the following protocol:

h.
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, ' TELe ‘lnferencé: The Caledian 'AmBass;d;r's' cottage was m: .
SR 4 ) surrounded by lilies. o - .. t ]
,< , Fact.il The CalediansAmbassador"s cottage was ﬁh; - .
: —- surrounded by those flowers that were : '. .
* {prevalent in Morinthia. Y .
' , Fact 2: The most prevalent flower in Morinthia .
. was a species of lily. ' . ' .
+ . Protocol: ° . _ .
4 - Uh, the second story. 1'll look again. Probably should R ‘
) ' remember--ihisi by now. Um, [reading] lush shrubs, again, a )
nothing abodt Iiiiés.~ He had. a 1low white .fenée and - : o
there's something. in the first story about fences having
_ ﬁshrubs over thgm.:_Uh,.lqoking at that now. OK, the ‘most '
¢ prevalent flower in Morinthia was a species of lily. 257 . o
um, | see’ nothing -abeut ... no necessary implicati.a - -
...... - between fences -.and gates which have vines on them and ’ f”
1ilie;, So I'd say that, uh, the Caledian ﬂAmbassador'é ‘

H

. .
cottage was surrounded by 1iries is false. P o

Fact—search\failure reflects agtive search of either the . texts or

memory for facts that ar;\Telated to a test inference. These sgarchesj
also indicate an awareness-that two critical.facts are needed,and that
“they 'might accur in either of the two relevant texts. Thus, fact '
search failure also reflects a heuristic seag¢h procedﬁre.

Inference Search Failure. False. judgments were considered to ’

have  been based on inference search failure if the subject
explicitly’ searched for the test'_infe;ence; itself. A false ‘
judgment of a false test inference based on iqferenge search fafkﬂ;e
is illustrated in the follbwiug protocol:

L} N N . s

False Inference: The people threw stones'dﬁring the first‘

Morinthian revolution.

ot

&
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Protocpl . .

I'm going back to the flrst one because I remember 1n the
- second one they -threw stgnes in the street, but I'm not
\ sure about:the first one. So; starting in the- miQﬂle of
the page, [reading): "It provided the. ... EQeryene whé
disobeyed the law was punished_sevefely} The.peasant was
branded.... The towpnspeople were thrown .inpo a fren:sy
.with the severity of the sentence. -The, crowd stormed the
palace." No, they didn't.throwlfocks? 'It:d{dn’t .say on

here. - ' . ' >
.Inference search failure is based ‘on an ineffective search procedure.
Tpe subject :assumee that 1f the test 1nferénce were true, 1t would
appear. verbatim in a text or in memory. Although the subJect

verbalizes. several facts from the text, these facts are selected not

because they might be useful in proving the validity of Qhe_ test *.

inference, but rather because the subject simply hebpened to encountér

[

them while searching for the literal inference.

Fault& Reasoning. True and false judgments were classified as

faulty reasoning if ‘there was a logical error in the subject's

Juetxilcat1on of a Judgment of a test 1nference, as illustrated in the

follow1ng protocol:

>
®

" True Iuference: Albert Profiro hated King Egbert.
_ Fact 1: Albert Profiro hated all dictators.
Fact 2: King Egbert was a dictator.

Protocol: ' - '
OK. In the 'recond sheet, the Curfew Episode, they mention
the name Aibert Profiro and he, um, he wanted to ... uh
he wanted to talk to the people to tell theﬁ; um, to
return-to their homes'pecause of the Curfew law. Um,
since Egberﬁ :was the ruler, yeah was the ruler of

Horlnthxa, umafﬁe waa really str1ct like I said® before;

N
AR



: : : . I U
.that is, ‘something small, .small .crﬁpg'o: something

happehs, then they get punished -severely: So,. um,  the
sSIdiets miitook. Albert of starting a riot instead of |
telling the péoﬁie to go home bééause_it's a cqrfeﬁ and so.
he was thrown into prison. ' Therefore, I think Albert

* hated ' King Eghert because of'the misunderstanding anq'hpw
bad he had to éuffgr'for it. |

I
<

' . . - \' - ’
* Implicit Unsupported Premise: ~Albert Profiro would - hold
+ King Eébert responsible for the misundqfst;nding ‘and hate

. him for it

>

We analyzed subjects' response protocols to deﬁe;mine how often

each of «the six decision_proéesses occurred. Each,jddgment of a_test
inference was ' categorized as exemplifying one of -the Ldeci§ion
processes according to the rules d;}ctibed above. Two-ihdependent
judges were in cobplete .aéreement regarding ‘the categorization of

subjects.' judgments. Table 5.3 summarizes the results of the protocol

analyses. Each entry in Table 5.3 .gives the mean proportion of.

‘responses to each item type that .eiemplified each of the decision

processes. Thus, each column in the table sums to 1.0.

Table 5.3

"PROPORTIONS OF JUDGMENTS BASED ON EACH TYPE OF DECISION PROCESS

. Condition
' MEMORY . - . - TEXT
<
Validity of Test Inference

Decision Process True - °  False True False

/

Automatic retrieval of = .70 ... .11

both critical facts . )

* Search followed by .05 ce .28

‘automatic retrieval ' : . :
Successful fact search .00 ce .09 ce
Fact search failure .05 - .46 - .04 .25
Inference search failure .12 .33 .30 .55
Faulty reasoning . .u9 . .21 - .19 .20

o
-
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In the HEHORY cond1t1on, 70 percent of 4dll .Judgments of true

‘1nferences ,ysle correctly justified true Judgments based on automat1c

retrxeval of both cr1t1cal facts. The remalnlng Judgments of true

inferences were fa1rly evenly d1str1buted among the remaining

categories of dec1s1on processes . Correct juggments of false

inferences were . primarily based on & fact search failure ( 46)

N
Howéver, there were ‘also large numbers of. Judgments based on’ both _

1nference search failure and faulty reason1ng

In the TEXT condition, most Judgmen€§ bf true 1nferences were

either "t rue" Judgments based ' on. search followed by automat1c .

retrieval (. 28) or "false! Judgments based on 1nferenee search fanlure
*(.30). The remaining judgments’ of true 1nﬁerences were fairly evenly

- distributed among the remaining. categories of decision processes.

Correct Judgments of false inferences were pr1mar11y based - on

_inference ‘search failure (.55). However, there were also largeL

numbers. of judgments based on both fact search failure and faulty

L4

" reasoning.

’ \ ’ '
The overall pattern of results)shown in Table 5.3 is consistent

with the proposed account of performance of the inference verification

" task. In the MEMORY condition, subjects 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 for-_the

critical facts. In neither condition d1d subjects perform well on

.true inferences by applying effective search 'proceduresv Similarly,

subjects performed ‘reasonably well on false inferences only because

the ineffective search'procedures they applied in both eonditions-

happened to lead to the correct judgment (false). These conclusions .
are supported b§ the folloming separate analyses of decision processes
underlying correctly justified. true Judgments and those under1y1ng
false judgments and incorrectly Just1f1ed true Judgments

Decision , Progesses . Underlying Correctly Justified True

Judgments. J&@le 5.4 shows the conditional proportions of correctly

justified true judgments based on each of the three decision processes

125
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g'. that produced them. In the MEMORY condition, 93 percent of all. -

corrécily justified true judgments wére based on .automatic ret;ieval
" of both critical facts underlying’ the inferences. In fact, for six of

the eight subjects, all correct'justifications -of trﬁe~inferénce§=were

based on this decision procéSs. ~Only two * of the eight subjects "

.engaged in any search activity at 'all during correct justifications of

true inferences in the MEMORY. condition. An additional-'7 percent of’
correctly justified true judgments in the MEMORY condition were based

on -sear¢h followed by ‘auudmati¢ retrieval 'Summing .the -two, all. .

correctly justified true " inferepces 'in the HEMORY condition can be
attributed to éonfigu%alrmemqry,mechanlsms. In the_ TEXT ° eond1t1on,

only 28 percent of all Eorrectly justified true judgments were based

on automatiC'retrieval of both critical facts. However, an additional.

[ 4 .
58 percent were based on search followed by. automatic‘ retrieval.
] .

Summxng the two, 86 percent of a11 correctly justified true 1nferencés

'in" the. .EXT condition can. be attributed to configural memory

~mechanisms. Only three pf the eight subjects performed any sﬁccessful,

v searches at all. The difference between the proportions of correcﬁly

.

Justxfxed true judgments attr1butable to conf1gura1 memory mechanisms

\

in the two conditions is not s1gn1f1cant t(7) 1.82, p > .l.j*

- ...\\\

' Table 5.4
) PROPORTIONS OF CORRECTLY JUSTIFIED TRUE |
JUDGMENTS BASED ON EACH TYPE OF DECISION.PROCESS_ .
Condition .
~ . ’
Decision Process : MEMORY .. TEXT.
Automatic retrieval of .93‘ .28 ",
both critical facts .
Search followed by .07 .58 -
-— : automatic retrieval '
Successful fact search .00 L 14,
v

YW
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decision- procesSes based on conf1gura1 memory mechanisms. Thus, as-we

inferences and the1r ~ability to explo1t configural memory mechan1sms

virtually all (86 percent) of the correctly justified tzue judgments

-~ eight. times '(four_’gimes for true test infetences and four times for

H [ \ R £
R ’ « SR ' v
a . N » *;.h" . 'flsl,
] . ,.,-ﬁ:‘
! . T, 1y RIS
0‘ “ . . '-“ . % ’. e S
. curoo e
. ¢ .4 - LI T .
These results support our clalm that subjects' corr%%tly

Just1f1ed true judgments detlve ftom automatlcally cued memory for the

critical facts under1y1ng the test 1nferences, rather than from’search
\:

procedures that detect Lhe critical facts. Cocrectly Just1f1ed true”

judgments 1n both cond1t1ons were ptoduced almost - exclus1ve1y by .

o+
o,

have suggésted subjects’ excellent- performance4 Ln " the MEMORY‘
cond1t1on reflected their having. learned the critical fadts under1y1ng
test°1nferences .and, consequently, the1r ab111ty to explox; conf1gura1
memory mechan1sms.. In the TEXT cond1t1on on the other hand, subJects
made no effort to learn the information in the 'texts they stud1ed

Therefore,. the{r' knowledge of thé cr1t1ca1 facts under1y1ng test

-

were critically dependent wupon incidental 1earn1ng Interest1ngly,

-

in the TgXT condition were based on incidental 1earn1ng of ,the o

_ _ . . a0 NE

critical facts. Apparently, incidental learning was reasonably ~high - LTy

" as a-consequence of subjetts having searched each péir of source texts ¥

false test inferences). *

= Analysis of the temporak\; intervals  separating ' pérticular“

verbalizations during inference verification provides additional':

‘support for thls position. The prqpbsed model assumes that automatic

retr1eva1 of both  critical fécts' involvés no search activity. =~ . }
Retrieval of the two cr1t1ca1 facts presumably occurs . s1multaneously o

on presentat1on "of - the test inference. Therefore, the temporal .
intervals preceding verba11zat1ons of the two «critical facts should L
not include any 'search time. That is, the temporal interval
separating "5ffset" of the test inference from "onseg" of
verbalization ¢f the first critical fact and the temﬁoral interval
separating of fset of vefbalization'of the first critical fact frpm

onset of verbaiization of the second critical fact should not include

any search time, . )

The model does not predict that these 'verbalization times"

shpuld be zero, because factors other than search activit& tnfluence
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-verbalization'tines;' For exanple, determination that the 1nformstion

retrieved constitutes Justification of the test inference, formulation ,

" of a verbal description, and initiation of verbalit’tion should take a
"certain amount of time. Even a binary OLD/NEW recognition‘Judgmentfof
simple sentences can take. on the order of 1.5 seconds (cf. Anderson,
19%4). Inference verification judgments are considerably more complex

than recognition Judgments. In addition, verbal Justifications are

@onsiderably more complex tnan the simple button-pressing response
typically required in"recognitiont psradigms. Therefore, we would
expect 1nference verification to take con81derab1y longer than the 1.5
seconds required for sentence recognition. : . -
Another factor 1nf1uenc1ng verbalization ‘times is.. time

' constraints - Obviously, verbal;zation times would be shorter if

L J

subjects were constrained to respond as quickly as poss1b1e. Subjects.

were .under no t1me constraints in the present experiment. Qu1te the
contrary, they wére be1ng rewarded for accuracy only. They were free
to pace themseIVES however they liked, and they apparently took their
time. . The mean response, time (1nterva1 between' offset of the
inference and verbalization of the judgment "true") for correctly
justified true Judgments was 28.8 seconds in the MEMORY conditlon and
“42.3 seconds in the TEXT condition. ' '

.

. For the above reasons, we arhitrarily set a criterion time at 5

.seconds. Verbalization times under 5 seconds were tEken to indicate

~automatic retrieval; those over 5 seconde\were taken to indicate  the-

occurrence of search act1v1ty This criterion seemed to be reasonably

.;J.conservative and wis decided upon before any times were measured..

\

judgments 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 averbalization times
for both cr1t1ca1 facts were less than 5 seconds correspond to
automatic retrieval of both critical facts. Those for which:'only

verbalization times ‘for ”the second critical fact were less ‘than 5

*. . Table 5.5 lists the proportions of correctly justified true”

o te
.
~

. .
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s secoﬂds‘oorreopood to. ségich'fbllowed«by automatio . retrieval. ~'Those

f““" "' for which neither vetbalizat1on time - was ';eos theﬁ "Sf‘gesondh . '_ e
: correspond to succelsful search.. B _ A T f%

. . ‘_ 1 . - . . .
* . ) o a3 .o . . . ) o ) * . ) . . ’

. - .'_ _ - Table 5.5 - . . - : ' ¢

L " PROPORTIONS OF” VERBALIZATION TIMES LESS THAN FIVE SECONDS v
. " . -~ TURING CORRECT JUSTIFICATION OF TRUE INFERENCES ° - . |

i
i . . y: . . A Y e . . e
% - : - R _ . -

e ... - Conditién - o T

. Critical Fact | | MEMORY . TEXT - .
‘Both critical facts =~ %73 . .20 . o
. Fact 2 only SR 16 51 .

r . Nezther critical fact .11 o +29 - : f -
: ) . . ¢ )

-

fw%' ' : According to the S~second criteriOn, 73 percent of all correctly .
' .. Just1f1ed .true Judgments in the MEMORY cond1t1on involved automatlc'
' retrieval of both critical facts._ An ddditional 16 percent involved

. search followed by automatic retrieval. Summing the two, 89 percent" - e

<

of all correctly qut1f1ed true judgments 1n “the MEHORY condition can
be attrxbuted to conf1gural memory mechan1sms. In the TEXT cond1t1on,
only 20 percent of all correctly justified true Judgments 1nvolved.
automat1c retr1eval of both critical facts. However, an add1t10nal 51
‘percent nvolved search followed by automat1c retrieval. " Summing the
two, 71 percent of -all correctly Just1f1ed true judgments in the  TEXT
condition can Le attr1buted . to conf1gural memory mechanisms. The ° . Cu
difference ,between the proport1ons' of .correctly justified ' true
* Jjudgments . attributeble' to configural memory mechanisms in.the‘two
' conditions is not.%igﬁifiqant, t(7)=1.48, p > .1.
| These results provide additional support for the claim that -
subjects'- correctly Just1f1e? true judgmehts derive from automat1cally .
cued memory for the critical facts underly1ng the test inferences,
rather than from search procedures that detect the critical facts. As
suggested by the protocol analyses descr1bed above, the majority of
correctly Just1f1ed true judgments in both conditions were produced by
‘.decision processes based on conflgural ‘memory mechanisms. Note that .
¢the proportions of judgments attribuytable .to configural memory .
.. . < { | | . )
o 4 . -1235; : - ..




7¢Lcand1tion, .most correctly fustified’true judgments involved autématic

. search folLode by automatic retrieval. In the TEXT cond1t10n mogt

E p;oporfion of . jﬁdgmepts.attributéble to confxgural memory mechanisms

‘Table 5.5 that a fair number of correctly justified true .judgments in’

C o ) 120 Lo . ‘
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ﬁechanismg sho¢; in Tab}e‘S.S afe somewhat  lower thaq4th0§e in Table
5.4. Howéver, the pattern of estimates is the same. _In the MEMORY -..' v

retr1eva1 of both critical facts, while 'fsmalier number involved

correctly Justlfled true Judgments ;1nvolved search followed Dby

-

: automatxc retrleval while a smiller nquer 1nvolved automatic .
: retrneval of both cypitical facts. | In both tables, the total o e

was slightly and non-significantly higher in, the MEMORY cqnditioh-than
in the TEXT cendition. The only noteworthy Yifference between the "
results shown i Table 5.4 and those in Table 5.5 is the suggestion in -

both conditions may have involVed successfuf search. Ho&ever, this . 5/;
may be a.consequence of our haV1ng set the 5- second cr1ter1on too low, / e
underest1mat1ng ghe time spent formulat1ng and. initiating a : ';;
verbalization in the absence of épéeq spres§f . ) l

Decision Processes Underlying False and. Incorreét}y’ Justified .

True. Judg_énts - Table 5.6 shows the conditional probébilities that

talse judgments and incorrectly Just1f1ed true Judgments‘Were based on,
each of the thmee d&cision processes tha; produce these Judgments. In
the MEMORY condition, 39 percent of these Judgments were based on fact
search faxlure 36 percent were based -on inference search failure, and
25 percent were based on- faulty reasoning. 'In the TEXT cond1t1on, 18
percent of these judgments were\ based on fact search fallure, 57
pé}cent on inference. search failure, and 25 percent on faulty rea-
soning. The difference bgtween the propoftions of judgmenté
attributable .to fact search fa;lure versusjnference search f‘ailure. in

¢ fo .

. ' Table 5.6 ~
<

PROPORTIONS OF FALSE AND INCORRECTLY JUSTIFIED TRUE , - :
JUDGMENTS BASED ON EACH TYPE OF DECISION PROCESS : T

Condition
o .. .
Decision Process - MEMORY TEXT
- LY
JFact search failure .39 .18 v
Inferénce search failure .36 .57
Faulty reasoning .25 ' .25

13y
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the two cond1t1ons is not s1gn1ficant, t(7)=1.23, p > .2. Obviously,

{aulty reasoning also occursscomparably often in the two cond1t10ns.
" These' results ,support our cla1m that subjects false Judgments
"and' ‘incorrectly justified true judgments detlvé pr1mar11y from
1neffect1ve search. procedures .and- logical -errorsg, rather than from

errors during execut1on of an effect1ve search algorxthm It should

also be p01nted out that our cla581ficat1on cr1ter10n for inference

search failure . was conservat1vea A false Judgment was class1f1ed as

- —1“;crence—search—fatture—outy"*f‘t““juages independently agreed that

the subject had g1ven explicit 1nd1cat1on that the false judgment was
based on fa1lure to fipd~the test inference explieitly in the texts or

memory. for the texts, Thus, the proportions for 1nference search‘
_faxlure g1ven in Table” 5 6 are probably underest1mated, wh1le the

proportlons for fact search failure are probably overestimated. -In

addition, the decision process 1dent1f1ed as fact search failure does
not reflect a particularly effect&ve systemat1t ‘search procedure.

This decision process was operationalized simply as considszration of

" more than one tact from the ‘texts prior'-to making a judgment 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- hypothetlcal Lomputer program,' before rendering a Judgment of

"false.'" Thus, thesé results indicate that subjects did not wuse an.

effective search algorithm in searching either the ava1lable texts or
memory of the texts for facts relevant to ver1fy1ng test 1nferences

2

- Comparison qf Judgment Times in MEMORY and TEXT Conditiong

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
éonditiops. These times presumably include component times
representing ~ decision processes, (search for and retrieval and
evaluation of memory representations) and verbalization processes
(determiﬁbtion, formulation, and initiation . of appropriate
verbalizations regarding the decision procésses) Because many of
these components differ for true and false Judgments, it is not useful
to compare response times for dlfferent Judgments However,* it is
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¢

MEAN JUDGHENT TIMES “FOR CORRECT JUDGHENTS
.-e' . * (sec) “

M

_ . e :
’ .o L _Condition
& o | | f .. Judgment . MEMORY  TEXT )
| | e . True . .28.8 ' 42.3 | )

N  False 7/ 20.3 42,1

interesting to cgMpare response times for each of thesé judgments
across the two comditions. o, -

g As m1ght be expected, based on the component t;mes discussed

above, correctly JU%&;fIEd true Judgmenfs were made faster 1n the

i < . MEMORY cond1t10n than the TEXT cond1t1on, t(7)=2. 79, p < 05 This
o difference can be attributed to d1fferences in the decis1on processes
' underlying. correct Just;§1cat10ns é% true 1nferences in the two
-_._ \\\:::B}tioqs. Subjects completed their correct_Justificat}ons'-cf true
) erences fasgser in the MEMORY condition because those justifications
were /n;ore frequently’ based on augomatic retrieval of bofh critical
facts and rarely 1nvolved any ‘search activity at ,all. In the TEXT
cond1t1on, , on the othen hand, even thoqgh most correct justifications
of true inferences terminated with automatic retrieval of integrated
ﬁemqry'representations,-they frequefitly began with some kind of search
. activity Thus, correctly justified true judgments took more time in
. the TEXT condition than in the MEMORY cond1t1on because more search
* activity was necessary i

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
underly1ng false judgments are faster in the MEMORY condition than in
the TEXT condition. SubJects apparently search memory faster than

they search a reference text. ’

Pl

Memory for Source Information

In addition to facilitatidg inference verification, another
potential advantage of the MEMORY condition is memory for the
y :

- ' .-133'.'~




R e G T T N
. e !

. R Ty ) M 123 . : ' '._ .' |

1nfornat1on in the texts. subjects were encouraged t

even

examining “the ftexts; in thé - TEXT _condi;ion.
the
. obse:vatlon that most of the correctly Justi£1ed true judgménts in thé
N TEXT

e . suggests’ that‘there was 1ncidental learning in the TEXT condition.

This might be

expected 'to produce some memory 5for information, -amd  our

condltxon were ‘attributable to

s.

follows._ jhe texts .were broRen into propositional units (Thorndyke,
. 1977), th

gist of eaéh

n subjects’

the textsu- Thus,

oo ' o '.poss1b1e to determ1ne the proport1on of propos1;10n§ recalled by each

rpposition ir ‘appropriate

'subJect in each cond1t1on. The data are given in Table 5.8.
' one
o cond1t1on, the' ta are based on responses from seven subJects ) -

" The first row in Table 5.8 shows recall 'proportions for the  two
conditions. Recall -is considerably better in the HEMﬁRY cond1t1on
(.61) than in the TEXT cond1t1on (. 30), t(6)= 4 68, p '« .01. Thus,
thoroughly -in the TEXT

the  MEMORY

even though - subJects 1nspected the texts.

than in '

¢

s condition, _they ,learned cons1derab1y 1ess

condition, where 1earn1ng was 1ntent10nal . °

the for

The second row in Table 5.8 shows recall proporgiohs

_ propositions that subjects used to correctly justify true inferencgs
. . ' ‘ ” ) . -
Table 5.8 R
. _ , . | _ o
yal RECALL OF SOURCE TEXTS ' . |
S Condition
) N : ~ . MEMORY TEXT @
All propositions . .61 .30
Target propositions . .80 .16
, Non-target propositions . .58 - .27

VS

Of course,
learn the information, jm. thé HEHORY condition, but not in the TE
condition.  However, they spent -a considerable amount - of time

confgspsal memory mechan1sms_m,w_lh
SubJect ' meaory for—ths information in the texts was analyZed as

recall performance was scored for recall of the .

it. was .

(Since-

subject did not have time to perform theirecall task in the: TEXP

-

:k-‘-’
,a



.uthe_IEXIncondltinn)"nr_unnetrleyed_Lln_the,eMEMQRX__chdltlnnl“_durlng

. the inference test. The bteakdown -is approx1mate "because other

neg *
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in the two eond1t1ons. The third row shows the reéall"proportions'for'

: prop051t10ns that:'subjects did not use to correctly Justlfy ttue

inferences., These propqrtxons approxlmate the followxng breakdown.

P¢opositions%uséd to justify true inferences represent those that

subjects identified as "targets" in the text or in'memory and used in

correct justifications of test inferencés. Propositions not used to

Justxfy true - inferences represent those that were ‘unply scanned (in

.t

propositions must have-been 1dent1f1ed as targets for use in incorrect

justifications of true-and false inferences.  Because of . the - logical <

_errors involved in these justifications, the identities of target

prepositions were frequently:émbiguohs. Therefore, we did not attempt
to include propositions from these justifications in-the target éroup
but simply‘= classified all propesitions not used in correct
Just1f1cat10ns of true 1n£erences as non-targets. ‘As a result, the
observed dxtfereﬁees between recall- of target and 'nen-target
propas1t1ons dxscussed below. is .probably’ smaller than the actual

dxeference , ” .

v

In both cond1t16ﬁ;: subjects learned target prop051t10ns. Recall"

of target‘proposxtxons was hxgh on’ the order of 80 percent, in both
cond1t10ns, t(6)=- .32. - This suggests that identifying a proposition
as the target of a search (either in memory or aitext)'and'using it in
a.correct justificatibn is a. powerful learning éiperience' " This
finding is consistent with other studies . (cf. Anderson & Bxddle, IQRi
Frase, 1975; ° Frase & Schwartz, 1975), 1nd1cat1ng that subJects retain
information that #s directly relevant to post- test questxons better
than they retain other information from studxed texts.
SubJects also learned many non- target prop031t10ns in the MEMORY
condition, but not in the TEXT conditio
ér/§1t10n,

percent in the TEXf,dondition, t(6)=4.26, p < .01. ese data suggest

ecal} of non-target
propositions was 58 percent in the MEMORY ‘Compared to 27
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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xnformatlon even after a. rélat1vely lang retention interval (30 to 90 .

"minutes) f111ed with highly interfering memory and irference tests.
. By contrast, subjects who thoroughly and repeatedly search texts for

information relevant to partlcular 1nferences learn very little of the
information scanned. .
It mxght be argued that target propos1t10ns were recalled better.

than non-target prop051t1ons simply ‘because they were verbalized by

>

.- the "subject durihg the infereﬂce . test., However, in the TEXT

condition, v1rtua11y all propositions occurred at least once and most
occurred several times in subjects' protocols, yet recall. of target

probosibions was subsﬁantiélly higher than recall of non-target

propositions. Thus, it is not simply the verbalization of a.

propesition that estap}ishes it  in memory, but rather its
identification” as a target of the currént search effort .and its
ultimate u§§ in a correct justification. _ .

) Thus, the higher overall }ecall probability in the HEMORY
condition, a: compared to the TEXT cond1t1on (first row in Table 5. 8)
is attributable to two, factors. First, subjects in the M@MORY
condition - 1den;1fy more target propositions during the 1nference’test
aud therefore learn more of them very well. ° This is a relatlvely

minor = factor, however, because of the relat1ve1y small number of

' identxflj\de rarget propos1t1ons (approximately 12 percent of all

prop051t10ns in the texts). The major factor is thé superior 1earn1ng
of .non- target propositions induced by studying the texts prior to the
inference test, Lompared’ to the minimal incidental learning of
non-target propositions induced by searchiné the texts repeatedly

during the inference test.

Individual Differences

The proposgd model assumes that leQel‘ of performance on the
inferénce test js determined primarily by memory for the facts
necessary to verlfy test inferences. It assumes that effective search
procedures play a minor role 1in ~determining level of performance.

This model accounts well for the group data discussed above. In this

A
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section, we examine the perfopdiance levels of individual subjects.

There was considerable variability in the abs€lute levéls of

pérformance observed for individual subjects. If the proposed modél

is correct, it should be able to account for variation in performance

level among individuals as well as’ variation. in petforménce level

-between MEMORY and TEXB conditions. Individuals with good memori;s

should perform better on the inference teststhan individuals’ with pooi

memories. The qﬁality af individuals' search procedures should have

little effect, on performance on the inference test.’

[ 4

Table 5.9 presents summary data regarding the performance levels

and memory and search processes of individual subjects. .The firét row

in Table 5.9 records proportion of correctly justified TRUE judgments

for each subject pooled over MEMORY and TEXT conditions. 'Subjeéts are .

ordered from left to right'.in Table. 5.9, according\ to level of
performance. Thus, Annie produced the highest proportion of correctly
Jjustified true Ejudgments (.84), while Patriék and Donna pquuéed the

lowest proportio@s (.44).

>

Table 5.9

SEARCH; MEMORY, AND PERFORMANCE PROFILES FOR INDIVIDUALJSUBJECTS
. . \ i
Subjeét .

Measure Annie Paul Brian Eva Betty Tina Donna.Pdtrick
Correctly justified 84 .72 .69 .64 .60 ® .59 Y a4
true judgments in N
MEMORY and TEXT ' ' '
conditions . |
Recall of non-target .78 .83 .65 ..70 . 69 47 0 ..38 © .28
propositions in , . : T
MEMORY conditidn , oA
Successful search .50 .40 .00, .00 .33+ .00 .00 .00
efforts in search - : C :
condition
'S »
/
! 4 ’ ®
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- The second row in Table 5. 9 provides a measure of. the quality. of
1nd1v}dual subjects' memories. ﬁfﬁ1s variable is operatlonallzed as
the proportion of non-target facts recalled from the texts in the
MEMORY cond1t1on. - The measurement is restricted tc non-target facts
because, as .discussed aboye,.memory for target facts ' is better thop
for' non-targets. Since subjects identified different numb;;; of
target facts duiing the inference test, including these facts in the
Mmeasurement would bias the analysis. The measurement is restricted to
the ' MEMORY condition because one subject was unable to purform the
recall test in the, TEXT condition, due to lack of time. The
proportion of’ non-taréet propositions recalled provides a direct
measure of the_quaifty of subjects' memories. Subjects who recalled
higher proportions of noﬁ-target 'propositions have better memories
than those who recalled lower proportions of those propositions.

*. The third row in Table. 5.9 pfovides a measure of the quality. of
the search procedures employed by each subject This variable is
operationalized as the proportion of true test 1nferences (excludlng
"those.correctly Just1f1ed on the basis of automatic memory mechan1sms)

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 measure.of the
quality of subjects' search procedures in the absence of any memo.y

effects. SubJects who had higher proportions of,successful search

efforts have better search procedures than those who had lower

proportions.

Y

Table 5.9 indicates marked‘individual diffcrences in the levels

of performance and the qualiﬁies'of the memory and search mechanisms

.of individual subjects. The individual differences appear to 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 inforence test appears to be only minimally

Ve
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depéndeng upon— the quality of a subject's search proceddres. Most
subjects had no successful search efforts,‘and the correlation between
proportion of successful search efforts and proportion of correctly
justified true judgments is not .significapt, r = .69, p < .10. Thus,
as predicted by.the proposed model, a subjec;'s performance on the
iufe;ence tes} was determined by ability ta remember information from
the stories, not by ability to search effectively for particular
'iﬁformatipn. | : _ / _ -

It is interesfing to note that the two best subjects, Annie and
Paul, had the best search procedures as Well as the best memories.
There is a significant positive correlation between proportioh recéll
of non-Lafget propositions and proportion of successful search
efforts, r = .72, p < .05. These results indicate that s;bjects who
have good memories also tend to have relatively good search
procedures. Note, however, that .even subjects with good 'se;rch
procedures were heavily dependent upon automatic memory mechanisms in
their efforts Lo‘vefify test inferences. Thus, the highest observed
proportion o{.succeséful search efforts was only 50 percent. Further,
all three .of the subjefts who exhibited good search procedures b;sed

the majority of their correct justifications of true test inferences

(78 to 90 percent) on automatic memory mechanisms.

PRACTICAL IMPLICATIONS .

Peoplest ability to detect and juse logical configurations of
related facts apparently derives' from highly devéloped memory
mechanisms. ' It is extremely difficult to detect configural
information in an external information source, such as a text. It is
much easier.fbr people to detect configural information if the source
iéformag}on has been committed to memory. The model proposed ‘to
account for these effects assumes that (1) subjects wuse search
procedures that "are inadequate to detect configural information, 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



.

performance in the MEMORY and TEXT cond1t1ons, the proposed model-

accounts well for individual differences. .

. These results have obvious practical 1mplications for anyone who
deals with 1nformat1on and wants to perform more soph1st1cated
1nfo>hatxon proceSS1ng than simple fact retrieval: People should not

rely upon the ability to search available information sources . for

relevant information as it is needed. Most people employ search

procedures that are 1nadequate for that task. Instead, they should

attempt to commi. as much important information as posslble to memory

Once information has been memor1zed it is avallable not only for

simple fact retrieval, : but for more histicated information
processing, such* as deductlve reasoniig, as well. - ngse
considerations are part1cular1y relevant in education. S

The value of "memorization" in education is w1de1y' disputed.
Those who doubt the value of memorization usually@ﬁase that obinion on
a preference for wore ambitious educatiopal.goels. Argumenté'in this
category usually ruh as follows. - Students should. understand, rather
than memorize, the information they enco;nter. Students are deluged
wifh facts that are related in various ways. These facts arrive at
different times and in differentscontexts. Students should not simply
learn the individual fadéts they encountera-they'should integrete them.

That is, students should construct a meaningful conceptual structure

. in which individual facts can be embedded. This is what is meant by

understanding. [ 1t is . the basis ‘for the ability to perform
hiéher-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'for students to memorize facts

than it is to know where to find information and how to use it when it

,./ Q is needed.

Students 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"
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study habits. Students are preoccupied with fact memorization,, at the
esoense 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 avaflable- in the text
during the examin;tio;. Students are freed of the need to spend
vsluable study time memorizing facts and can; instead, devote that)
time to developing a better understanding of the material. The
open-book examination presumably. provides a' good 'oago}tunitj for
students to demonstrate this understand1ng |
Let us examine these arguments in light of the present research,

The inference verification- task -used in our experxment ‘required

. subjects to dﬂherstand. and integrate related facts in me4n1ngfu1

conceptual structures, to find information when it was needed, and to
use facts infs sophisticated way. Thus, ability to perform the task

exemplifies the kind of educational goal advocated in the arguments

" above. The results of .the experiment show that subjects were unable

to perforo the/ inference verification task when the necessary facts
vesided only in external texts (open-book test) That is, they were
unabivjio integrate facts and understand the relationships améng 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 ﬁand subjects performed the inference verification task
rathgf_gell when the necessary facts had been learned (closed -book
test). \ They were able to integrate learned facts and understand ‘the
relationships among them. They were able to retrieve facts that weE?
relevant to test inferences and therefore able to use learned facts t?‘
verxfy test inferences. Further, 1ntegrat1on of related facts and .
retriev?l of televant facts duriné inference verification appeared :to
be automatic memory functions, requiring little conscious effort by
the subject. '

These results indicate that students are poor Qrocessors of
nﬁé’mation that resides in an external text but reasonably effective
processors of information that they have leirned. Consequently,
attempting to perform sophisticated information processing instead

of IeSrning specific facts, as advocated in the arguments above, may

Liq
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be self-defeating. Apparently, Iearning the individusl facts that are

involved in a. cohplex knowledge structure is an important, and perhaps
necessary, precursor to a thorough understanding of- the relationships

among those facts. These results also- suggest that open-book

RN A .r"‘.&gﬁ‘

examinations may not produce their intended effects. The danger is’

that, students will rely too heavily upoa the availability of the text

and f1ﬁl’—to exploit the powerful organizational properties of human

memory. Thus, students should not’ forgo efforts to learn ‘course
material- in favor of efforts to understand and integrate it. They

: should work to learn course material, as well as to understand and

1ntegrate it. . ‘ _
In: summary, 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 \5/’:duc:tional goals. On the
contrary, we agree that simple 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 ult!mate goals. . However, the’ present results suggest
that these goals are best achieved when they are predicated on a
strong fsundation of initial learning. ' ) . 8
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VI. TEXT momng}p A TEGHNIQUE FOR FACILITATI&G
' KNOWLEDGE INTEGRATION - 3.

.

L J . . "

Ch&bters iV and°V 'focused on the process of integfation .of

information in wa text. This chapter investigates a techniqué for

e

1ntegrat1on typ1cally requ1red subJects to study a text conta1n1ng one

deduced (e.g., Bransford & Fnanks, 1971;. ‘Frase,’ 1969, 1973, 1975;

, on.theirzﬁnowledge of these inferencés. For ‘instance, F;age (1969)
;?. ' presented\subjects with brief stories lik? the following:
The Fundalas are outcasts from -othet tribes .iy. Central
_Ugala. It is the custom in this part of the country to get
- . rid of certain types of people. . The hill people of~ Centr4l
L Ugala are farmers. The upper h¥ghlands provide excellent
soil for cultivation. The farmggg of this country are peace
lovihg,<dhich is reflected in their artwork. 'The outcasts.
of Central Ugala are all hill pe&ble. 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 ou§££:;s from other tribes in Central Ugala

. . - *
; and ' '

(3) The outcasts of Central Ugéla are a}l hill ggdplﬂ.

improving subject#' integration of - knowledge Earlier "studies of

or more jairs of facts from which partlcular inferences could be,

Haviland .'& Clark, 1974;. Hayes-Roth; 1977). Subjects were then tested

[ . .
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‘which is based on the facts
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presented pairg_-)\' related stories,. such as those on p. 89, to
subjects, who werd t

~

hen tested for their‘knpwledée‘of the inference
(4)"A1bert‘Profiro hated King Egbert

[}
. .
L] ) -

]
a
-

(5) " King Egbert was a dictator (from the first qpqry* .

(6) 'Aibert Profiro hated alL dictaggz’f(froT }he.secdndfstoiy);
In both of these studies, successful integration 'ef -related cts
permitted subjects to-deduce information that was neither required for
nor suggested by simple comprehens1on of the texts. -

Despite -the importance of information mt.egratiog, onpIe are not .
very good at it. Frase (1969), found that free recall of h1s' stories

included relatively few ihferences, even when ‘subjects ‘were told

'expL1c1t1y to include as many inferences as possible in their recall
A* related result depends on ‘the number of inferences to which a

. subject is exposea. 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

xnferences of A->C, B ->D, C -> E, A -> D, and B -> E as well as

‘the explicit 1nference A -> E. One might expect the latter cond1t1on

to produce more inferences on a subsequent recall 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

WQrking in a similar paradigm, in Experiment 7, (Chap. “Iv) 'we

A

.
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four pairs.of related Stories (the.materials illusgrated in Chap. IV).

Four bairs-of related facts occurred in eaqh pair of storiés, with one
fact from each pair occurring in each story. Each paig'df facts could
be. used to - deduce an inference, as illustrated in (4) to (6) above.
After studying .all' four pai;s of stories, subjecﬁs' received a

verification test on the sixteen true inferences and sixteen

distractors. Eight of the "sixteen subjects performed. gt or below

correction for guessiog, Green ‘and :Sweté, 1966) . 'Providing three

repetitions of each story did little to improve performance: Seven .of

she siXxteen 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 ;hey
were preceded by the appropriate facts (premises). Thus, poor
performance on the inference test was not-due';o subjects' inability
to perform " the - nécéss;ry. reasoning, but rather to their failure to
integrate the relatedk facts from which the- inferences - could be
deduced. ‘ | ' . Yo

As these studies illustrate, facilitating subjects' integration
of related facts and..déduction of the inferences they entail is an
important educational ‘goal. The"present. research investigated the
facilitative effects of text annotatioJ. Subjects studied the stories
described above and attempted to déduce as many inferences’from them
as they could. Then they were tested on their ability to verify
valid inferenceg déduced from the pairs of related facts that had
appeared in theAZtories. ' |

‘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 'secoeg story. Thus,
this cqnd{tion focused the subjects' attention on pairs of related
facts. In a FACT-AND-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

. ' J 11(1 ' .
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accompenied by the inferencés thwt could be deduced from the fact

" pairs. - Thus, ‘this condition focused subjects' attention on pairs of

'releted facts and informed.them of-the,appropr1§te-iqferences as well,

-4

In a CONTROL conditiog,.texte were not annotated.

Although - both annotation conditione shouid 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- ifcorrectly deduce unwarranted

inferences.. The FACT condition, by contrast, requires subjects to
deduce inferenc or themselves. Thus, subjects may fai] to deduce
the inferences or ma$ incorrectly deduce unwarranted 1nferences. On
the other hand, the kind of processing act1v1ty required by the FACT
condition m1ght prov1de another kind of advantage. Actively deducing
an inferenée‘from two premises is a "deeper" kind hf processing (Craik
& Lockhard, 1972) .than simply studying.inferences that have already
been ‘deduced. Th1s kind of activity might increase long-term
retention}t(ﬂyde & Jenklns,.}939) These considerations lead to the

followidg predictions. If subjects 1n°the-FACT_condition deduce ‘hogt

of the inferences_corfegtly, they should perform at Peast as well bn

"the inference test as subjects in the FACT-AND-INFERENCE condition.

I[f subjects in the FACT condition do not deduce most of the inferences

correctly, subjects in the FACT-AND-INFERENCE condition should perform

better.

L
a

EXPERIMENT 9 _ , .

Method 1

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 four pairs of meaningful stories about the
mythical country of Morinthia used in Experiment 7 were used again in
.
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).
. C o Degign. All subjects received all four pairs.of stories ‘in ‘an
. order countetbalanceq across subjects. To igsure high retention,
subjects received three copies of each story, alternating between
a Story 1 and'Sto;y 2 of that pair. Subjects were randomly assigned to’

-

one of the following experimental conditions.

CONTROL Condition. CONTROL subjects were told (via printed

.instructions in their tesg booklets) that the experiment concern “

their ab111ty to read,- unQﬁfst nd, and remember prose; that they would ;
read a number of stories about/an imaginary country; and that they
;- - would later be asked quest1 8 about the stories. The subjects were
| firther instructed to try to Eomb;ne facts from the stories and to
deduce inferences from combinations of facts. They were told to write
down any .inferences they deduced in~a space prqvided below the
stories. An pxaﬁple (unrelated to any of the experimental stories)
Qas - presented, showing two.«stori;s with' information suitable for
. deducing inferences. Subjec£s~_were told that deducing ihferences

~would maximize their pefformance on the tests tq come.

FACT Condition. FACT sgbjects'feceived the same instructions
and' test materials as the control. subjects, ‘with' the following
additions. The second story of each pair'wa§ modified by placihg a
numerical footnote after each fact in the story that was involved in .
one of the. experimégtal inferences. - This footnote referred tﬁz '
subject ‘to a "hint"s at the bottom of ihe page, whiéﬁ contained the
related fact from the first story in the pair. Each of these pairs of
facts provided the basis for deducing an 1nference. For example, the
fact "King Egbert was a dictator," wh1ch~occurred in the first story,
was repeated as a footnote to the fact "Albert hated all diétators" in
the second story. Subjecﬁs were told to.use these hints to deduce
inferences. They were also tbld that other inferences might be
possible, so they should not; réstr1ct their efforts to facts

associated with hints. -Again, subjects were told to write down all

inferences they deduced in a space prov1ded on the page.

t\
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\ FACT-AND- INFERENCE Condition.  FACT-AND-INFERENCE subjects re-

' i ceived the same materials as FACT subjects;' with ﬁhe foilowing

. | : modification;. The second sentéH?b\Qf each pair was agaxn uarked with
a fdotnote, but the hint indicated by the footnote was the related

fact from the first story in the pair and the inferemce that could
be generated from° the pair of related facts. For example, the
footnote to "Albert hated ali dictators" was "King Egbert was a
dictator" and "Thereforé, Albert hated King Egbert.” SubJects were
* told that these h1nts would show them examples of inferences deduc1b1e
-from the two stories and that they should learn these. They were also
told to deduce as man§ other infefences as possible and write them
~down in the space provided.
_ Proce&ure. Subjects were teste& in groups; ‘Each subject was
‘, given a_booklet conxainfng the - experimental stories and tests.
Subjects' ~pro§réss through the booklets was self-paced Intentional
learning instructions were given, including the warnxng that an
infe;encé-—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. sgtories, théy were

%ﬁven combined recognition-verification tests. Three kinds of items
were tested: OLD sentences, which had previously " appeared - in the
storieé; NEW sentences, which were made up of invalid.combinations'of
facts from the stories; and the INFERENCES described above. . Subjects
t—Jere instructed to use a response line below each ssntence 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 presenﬁeﬂ'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 responsed were treated identically in
o~ the analysis. -
There were twelve test items (four of each of the three types of
1tems) for each set of stories. The test items.were blocked by story

paxr, and these blocks were presented in the same order as the story
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'paifsf to control fef any short-term retention of the- st?riés}
Subjects were not allowed to 1look back at the sstories at any time
.during the testing. o '
FoIlqwing the recognition-verification test, subjects’ verifisa\;
the sixteen true and false inferences in syilogism 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 assotjated premiée~seﬁtences.-

L4

Sm

Results and Discussion

Inference Deduction. The inferences deduced during learning in

3

the CONTROL and FACT conditions were examineﬁ ~ for the sixteén

inferences around which the stories were des}ghed. (These will be -

- referred to as the critical inferences of the experiment.) FACT

subjects deduced more of these critical inferences than did CONTROL

subjects (probability of generation: CONTROL = .40, FACT = i84;.t(25)

= 5.14, p .01), although both groups misged a significant numBer of
critical . inferences (.84 1.0, t(11) = 3.73, p < .001). Thus, while

CONTROL subjects deduced”some of the inferences on their own, FACT

subjects, atded by footnotes referring to previously read related

facts, deduced many more of the inferences.

Recognition-Verification Test. The variable of interest is the

probability of a correct response to ‘each of the three kinds of test
ifems.' 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 interesﬁing questions concerning
subjects' abilitigs to discriminate sentences they have actually seen
before from valid new sentences (Bransford & Franks, 1971), our
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 undeflying the inference. Alterﬁétively, they may have

intégratﬁd the facts but decided that the inference did not follow

. .1.1;9
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“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 corresﬁSnd1ng syllogism was incorrect was excluded
from the ‘anglgsii;///;hus, the results below reflect performance on
only those inferenves that the'subject believed to be logically wvalid
when all the necessary infermation was readily available. Subjects, in

the .three ' groups performed comparably well on the s&llogishs

. (p(correé¢t true  syllogism): CONTROL = .92, FACT = .92,
FACT-AND-INFERENCE = .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 ;estfd in a  group (CONTROL/FACT/FACT~AND-INFERENCE) by
item (OLD/NEW/INFERENCE) analysis of variance. The main effects of
group (F(2,33) = 8.87, -p < .001) and item (F(2,66) = 240.69, p < .001)

-were significant. [n 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 oftenr (F(2,33) < 1.0).
However, Newman-Keuls -tests (Winer, 1962) found that subjects in the

‘FACT and FACT-AND-INFERENCE conditions verified 1nferencé;~ correctly

more often than did CONTROL subjects (p < .01). In addition, FAUT

* Table 6.1 e

PROBABILITY CORRECT FOR OLD, -NEW, AND INFERENCE 'ITEMS

, FACT and

CONTROL FACT INFERENCE
p (OLD or TRUE|OLD) .96 .96 . .96
p(old or TRUE]INFERENCE) .80 .96 .97
p(NEW and FALSENEW) A .63 .54

TNy
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?;, | SUbJeLtS ‘correctly ClaSSIfled NEW sentences more "often than did

; CONTROL or FACT- AND-INFERENCE subJects (p < 05) . Tt
DL : These results xndleabe that the FACT condition produced hetter-
5 - overall - performance than either, the, CONTROL or the FACT*AND - INFERENCE' .
: condition, SubJects in the FACT cond1t10n verified OLD - sententes as
accurately ‘as subJects in either of the other two conditions. They
verified true inferences more accurately than subjects in.the CONTROL_ e
Lond1t1on, and they ver1f1ed false NEW sentences more accurately than .
-subjects 1n exther of the ‘other two conditions. l_~u 23 ,
AN The finding that .subjects in the FACT condition performed as well '
~\\9s subjects in the FACT-AND-INFERENCE conditior on the true inferencesu '
ié‘@ little surpyising in 1light of the .predictions above,xf We
,predic;ed_ that performance would be better in the FACT-AND~INFERENCE
. condition unless subjects in the FACT condition orrectly deduced dost. '
-of the test.inference5'during study. As noted ;§;§e,_sab3ects in the :
FACT condition correzzi} deduced 84 percent of the test 1nferences
during study. Apparently, the active prote§S}ng .requ1red to deduce

advaritage. This advantage was sufficient to offset subjects’ faflure

inferences = in the FACT conditfon.xprOGided a relatjvely ldrgel
to deduce all of the inferences, perm1tt1ng them to Ver1fy 1nferences"
as accurately as subjects in the FACT-AND-INFERENCE condition. l °

-~ The importance of deducing 1nferences durxng study can be seen‘by
Lond1tlonalxz1ng the probab111ty of Judglng an inference 'to be true on”
whether or not that inference was deduced during study (see Table
6:2). For both the CONTROL and FACT conditions, the’ probability of
judging a previously deduced 'inference true yas‘close .to- 1.0, whide
the probability of judgidg -other inferences tpue was around-.70
(F(1,17) = 19.99% p <. .001). Neither the group effect nor the-
group-by-deduction interaction was Zignificént (both ~f"s <‘l.3).
Thus, the' difference between the overall performance .by' CONTROL 3nd
FACT subjects is due to"the failure. of CONTROL subjects to deduce as
many inferences during study. CONTROL and FACT.subjects' performancei
on“ previously  deduced _ipferences did - not differ from
FACT-AND- INFERENCE subjects' overall performance (F(2,28) < .1.0),
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indicating that subjects' memory for deduced inferences was at least

as good as that for explicitly read inferences. Sy .

Table 6.2

PROBABILITY CORRECT FOR INFERENCES
CONDITIONALIZED. ON PRIOR -DEDUCTION

_ FACT and
CONTROL FACT INFERENCE
Produced .96 .98 .97

Not produced .66 A5 °° ) ce

We must consider an alternative hypothesis for CORTROL subjects'
relatively. poor performance on true inferences. Subjects in the

CONTROL condition were given -no- imformation at all about which
inferences-—would be tested. Subjects in the FACT-AND-INFERENCE

““condition rcad 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  interences as subjects in the other conditions but did not
happen to deduce those subsequently tested. Thus, - subjects in the
CONTROUL  condition m@y not have been given an opportunity to display
their knowledge. -

In vider to test this alternative hypothesis, we scored subjécts'
gerto;haHCv 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
(F(2,33) = 1.09, MSe = 78.10). Thus, we cannot explain subjects' poor

t

10.42), but this effect was not significant

pertormance in the CONTROL conditiom as a consequence of their having

generated the "wrong'" inferences.

15§
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1

Reading Times. The time to read and process -pairs of stories

‘avéraged 1.9 minutes in the CONTROL condition, 2.3 minutes 1u lhe éACT
condition, and, 2.4 minutes in the FACT-AND-INFERENCE condition. The
effect of condition was significant (F(2,33) = 3.21, p < .05),
indicaring that subjects in the two annotation conditions spent mére
time proceséing the stories than did those in the CORTROL condition.
This is "not surprising, given the different activities performed in
the three Eonditions: Subjects in the CONTROL cond}‘ion read only the
two stories and deduced an averaée of 22.2 inferences (critical and
non-critical). Subjects in the FACT condition read the two storieé

plus four facts repeated in footnotes and deduced an average of , 25.8

inferences. Subjects in the 'FACT-AND-INFERENCE condition read the two .

LN . . .
stories plus four repeated facts and associated inferences 1in

footnotes and deduced an average of 10.4 additional inferences.

(3

'GENERAL DISCUSSION

These results suggest that active efforts to integrate studied

material and deduce valid inferences are valuable study behaviors.
Our subjects' knowledge of previously deduéed inferences was nearly
pertfect, while their knowledge of other inferences was only slightly
above chance. .
Simply instructing subjects tg. attempt to integrate related

information from studied texts and illustrating how to deduce

" inferences apparently can improve performance. Our control subjects

suctessfully deduced 40 percent of the critical %nferences without any
hints at all ana, as a consequence, verified 80 percent of the test
inferences correctly. This represented a substantial improvement over

the performance observed in previous studies in which subjects were

given more general learging 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 capnot expect to improve

pertformance "at no cost. The relatively small investment of another 20
/
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or 30 seconds subjects made in the annotation condit?ons paid off .in
. substantially improved performance.

‘Apparently, the major impediment to successfﬁl performance is
failure to detect the relationshiﬁs among separately encountered
facts, rather than the inability to reason correctly. Thus, it
appears that simply pointing out the relationships.hmong separately
encountered facts (the FACT condition) is as effective as deducing the
inferences for the subjectﬁ"(the FACT-AND-INFERENCE condition). The‘.“
finding that subjects correctly regected NEW sentences more often in
the former condition than in the latter suggests that the'jsimpler

technique may actually produce the best overall performance.
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: ' VIL._ CONCLUSIONS L

J S

The studies described in this report explqred a. broad range of -

issues in ' human processing of  knowledge from text. These issues
include the following: '
1. Which information people acquire during incidental and
intentional learning,and.ng they acquire it.
> 2. Transfer effects in learning from related texts.
T3 Conditjons under which acquired infbrmation can be recog-
nized or retrieved.’ o ' . '
4. Integration of related facts encountered in the same or
. different texts.
5. Inferencing based on related- facts encountered in
different texts.
6. Searching an exte}nal text or memoyy of a text for infor-
mat?on relevant to a hypothetical infe;encea f .
7." Annotation techhiques for facili;a}ing infereﬂtial rea-
soning and retention of inferences- from information in

studied texts.

-

Throughout ghis report, we have assumed a-.sinéle, unifying
theoretical framework. We used tliis théory to motivate the particular
experiments we conducted and to account for the results we obtained.
Thiis theory embodied principles governing acquisition, . transfer,

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 ‘expérimental results, we may ﬂbw
summarize the theoretical assumptions thgt have gained empirica%
support.

A knowledge structure that -represents information from one

context can be used to represent the same information occurring .in

154
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different  contexts. The information - shared across contexts is
rgpresented as a configuration of general, or variable, concepts %nd
their telatxons (a schema). The details that apecify or "1nstant1ate"
the variable concepts in each individual context are associated W1th
- their respective concepts by context-preserv1ng relations. ‘When a
detail is associated w1th a well- lea;ned schema, the schema must be
retrleved in order to retr1eve the deta11 that 1nstant1ates it.
The use of a schema for encod1ng or retr1ev1ng information
depends on.its access1b111ty in memory; that is, the probability that
~ it can be activated, either for use in storage of 1ncom1ng 1nformat1on
i or for retrieval of previously stored 1nformat1on. Access;b111ty
depends upon the strength of the stored 1oformat1on, the ‘extent of the
v . overlap or match between . 1nput and scq;ma, apd the recency of previous
. | . activations. Each time a schema is act1vated for use, it becomes more

'accessmle for SUCC&SSIVG aCth&thﬂS.

When multiple details instantiate a variable concept in a schema,

they compete with one another for associations with the .variable’

coneept. As the .‘number of competing details increases, a person's
ébility to discriminate (and thus recall corfectly) the context in

which each detail occurred decreases. Thus, when a schema is used to

. " encode multiple complementary facts (as 1n Chap. 1IV), ‘memory is

enhanced. However, when a schema is used to encode multiple competing
facts (as in Chap I1), memory can be interfered with.

Schemata may also be viewed as more. global knowledge structures
\\Qif ‘encode entire texts. At this level of analysis, a schema

provides a frame&ork for sequenc1ng and organizing the events in a

° narrative d1scourse.
The main purpose of the studies described in this reoort was to
S discover techniques for improving the amount of information people can
assimilate from texts and their ab111ty to use that 1nformat1on when
necessary. Based on these studies, a set of principles for 1mprov1ng
human 'learnxng and pegformance with texts has emerged. Tpese
principles are listed below, accompanied by brief descriptions of

supporting data from the particular experiments from which the
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'principles vere derivedt We believe that these principles could serve
as useful guidelines in designing information systeuifbf the future.';'
1. Presentation of new ‘information in well-learned structural

organizations can fhcilitate iénrningﬁpf that information.

It is frequently necessary to present texts containing related
facts--that is, facts having 'thg\-same,genergl form, but different
details. For example, one might Qe_required to learn a series’ of
profiles of fhdividuals in which the fact "He was born in the year

.. was comnon‘ﬁd_egch profile, but the actual year of birth was
different for each person. In Experiment 1 (Chap._II), subjects'
memoty for ‘both the general form of a fact (e.g., someone was born in
some’ year) and_theidetaiis fe.g., the actual year of pirih) improved

by up to 100 percent when the'texf_in which the fact appearéd was

preceded. by one, two, or three different texts containing related’

" facts, Thus, presenting a. series of “related ‘£acts in well-learned
structufes is desirable becaﬁse it facilitaxes.memory-for the related
facts. ' ' o

. 2. Blocking 'presintaﬁion of'large ,numberé (on tﬁe order of

five_ or mofe) of texts .contéinigg related facts-interferes with

learning.

Experiment 1 also showed that immediately preceding a text by

five or more texts coﬁggining_related facts further improved memory
for the general forms of - related facts. Hoﬁévei, memory for. the
details of f;elated facts ’deteriorated' by -up to 50 percent. This
occurred because subjécts had_ difficulty ‘remembering . which détagi
(e.g., year of)‘birthf went with which text. Thus', blocking

presentation of large numbers of texts containing related facts should

be avoided because ‘it interferes with memory for the details of
related facts. ., . e

f .
3.¢ Temporal separation in presentation of related texts can

preserve facilitatiﬁg effecﬂg and eliminate interfering effects..

* Whenever related texts must be read, there is a good chance that
[N .
memory for the information.in the texts will suffer interference. For

example, ‘ Experiment 1 showed that interference would occur if
®

[\
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. presentations of large numbers of texts containlﬁg relaced facts were R
blocked. - However, ' in Experiment 2, it was also found that

[ . 1nterference effects could" be eliminated and memory -for details « *~ ' R

| specif1c ;o 1nd1v1dua1 texts could be improved by up- to 150 percent. by ;

377

inserting a reasonable temporal interval, such as 24 hours, between o uf
: presentations of related texts. Thus, presentat1on of potentially :
Ve interfering related texts should be temporally separated to preclude

g o

1nterference effects and to fac111tate memory for the details of '

studied texts. ' - .

4. E11minat1on of redundancy and.- irrelevant commentary from :

newspaper  s®ories facilitates -assimilation’ and. retention of

important facts. o , _ L
'_ Newspaper stories are writtéen in accordance with stylistic ' A
conventions of journalism. The . most timely,- important, or A%
eye catcalng " information . is placed in the opening sentences of a
story, and the details and background information are elaborated in
subsequen& paragraphs.  This organlzar}on results in~disportions of
the true narrative sequence of events, redundant repetition of facts, ’
and commentary that is tangential to and less important’ than the ¢
: newsworthy e&enps. In Experiments 3 and 4 (Chap. I1I), newspaper '
stories were restructured by grouping related information rogether
either in a sequential narrative or by - primary 'topie,- and by.
eliminating redundant or unimportant ihformarion. , “Retention ef
important information was facilitated by all_reorganizatiqns of news
story facts tmat deleted the irrelevant information. In addition, the’

redundant and unimportant information was rarely recalled from the

-
b

¢ news stories. This indicates that when redundant and irrelevant ’
information is present in stoties; it is rarely learned by reatlers and
4 it inhibits acquisition of more salient facts.

' . 5. Text organizations tjft place 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

. integrated into a single, composite fact, For example, ope fact might

* *
ot
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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. 1V), presenting complementary facts in

succession within a text, rather than ‘separating them with other

related -facts,.improved performance by up to 100 percent® Thus, text

' organizations that maximize the proximity of complementary facts are

desirable because they facilitate integration of those facts.

6.. Wording complementa;yﬁ texts as similarly as possible’

improves integration of complementary facts that occur in separate
texts. | ' : o S o :

:It. is fréquently 1mpoii1:;: to organize- texts so .that
complementary facts occur toge r or even in the same text. A'text
may contain information that complements information from a prior
text. For example,. the fact tnat 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

biographical text. It is'imqutant 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.

1ntegrat10n 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 based on facts withid the texts.

Sometimes, the information in a text is tangentially related to

information that occurred in a prev1ously learned text. While the:

relationship may not lead to simple integratidh of related facts into
a composite fact, it may provide a basiyp for inferential reasoning.
For example, a text covering Early.Ameti 4n 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.Sr President to serve more
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~__}_nier that George Washington served no more than .two terms of - office.’
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than two terms of office. Using these two facts, the reader could

Exberiment 7  (Chap. IV) showed that similar wording of tangentially
related texts occurring in separate texts improved inferential
reasoning based on those facts by up to 50 percent. Thﬁs, related
texts should be worded as sihilarly' as possible to facilitate
ipferential reasoning based on the infordlation in the texts.‘

8. Reasoning from memory of carefully studied textsf is fthore

accurate than reasoning based on inspection of less familiar texts.
People frequently have at their disposal a number of documénts
that provide the information on which decisions are to be based. A
standard brocedure is to use such documents ‘as reference sources,
searching them for ‘particular facts or catqéoriessof"information.as
they are needed. Experiment 8 (Chap. V) indicates that this  is an
effective strategy only if the informtﬁion needeq is present in

literal form in "the available documents. It is an ineffective

. _
- istrategy 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 perform poorly at obtaining -

necessary information. However, their performance'can be improved by
at least 50 percent if they study to learn the reference documents
before attempting to use them. Thus, having the reader study
reterence texts'is desirabiq because it facilitates. the ability . to
detect important relationships among separately occurring facts.

9. Stﬁdging to learn texts improves knowledge of the

o
information the texts contdin over using the texts Yo perform

~

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, Experimént 8 showed that
people learn véry little about information contained in a text unless
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
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almost nothing. In contrast, people learn a great deai if they spend
a comparable ;mount of time stddying the available texts with the
inten;ion of léarning theuzpfotﬂation'they contain. Thus, the reader
ought to sdudy reference pexts‘ﬁot only to faci}ibqtgaﬁetgction of
coqfigurations' of related .fécts, but also, to faciliﬁaié fdture

/&

retrieval of individual facts. e «

10. Annotatgggrtexts with references to related‘?facts that

have occurréd in Apfévious texts facilitatds general. inferential
EY \ . . .
reasoning from the texts. | S e \ Coe
f ' e - i .
Experiments‘g to 7, discussed. above, indicated that ) people have

o

. ' 4 . v
difficulty integrating complementary facts and drawing inferencés from

‘related facts in separate texts. HOWevéf,.it is not always possible

- to drganize texts so that ‘complementary and related facts, occur .

together. in Experiment 9, a relatively éimple annotation method was

. found to improve inferential'reasoning based on facts occurring in

§epafate~,tex}s by up to 100.percen;. This annotgtio& method involvgd
repeating previously read, related facts as footnotes 'tdl‘ the
appropriate facts _in a text. It was neither nécqssary nor desivrable
to geHerate the appropriate inference for the reader-and“iqclgde it in
the fbotnote. ~ThiS'annota;ion method did notuiﬁprove pérfdgménceA on

inferences drawn from the annotated facts. However, it "appeared to.

f/)ﬂfwﬁnhibit generation of qther 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. - .
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