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Atstract
.M’+ﬂ§”;rocess of acquirian knowlecie from texts is  considerec
frem  two perap=echives:r the learning of the incivicdual facts in
the text, anc the intearation of the facts into a coherent
rejresaestation reflecting relations asonn the facts. The former
trocess is presumecd to depencd on the linguistie content of the
text, while the 1latter jrocess depends rimarily on the text
structurs, or the manner in whieh the content is organized. The

acquisition of information from 4 text can be influencec by

it

alterations to either process. Raieating structure across
successively presentec¢ texts facilitates wepory foﬁ the later
rassages. This suggests that knowlecage of text structure is used
to guicde encocing of .specific facts. On the other hang,
repeating some text conteht in passages with ¢ifferent structures
rroduces interference in learning of the nngcontent in later
rassages. The implications of these results ;g??the selection of

instructional strategies are cdiscussec.
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The acquisition of Kknowlecae through reacing text 1is3 A
compon  scurce  of  learnine in  an instructional setting. In a
tyrical learning environment, a student nmust stucy texts
containing information on rélatec topiecs and situations and
integrate that information into a coherent tnowledgpe
representation. As any ecucator'knows, the knowlecpge actually
acquirec ty a stucent in this situation i5 .only a small subset
of all to-be~learnec¢ information. The research reportec in this
raper investisates the influence of the structure of presentec
textual information on the learning of relatec information. 1In
essence, the following question 1is addressed: then sets nf

torically relatec material containing sharec knowlecge are to be

“learnecd, how are they test ypresentec¢ to the learner? The

motivation for thiis research has been to cdiscover those

techniques for organizing information that optimize learning.

OQur apﬂroach to this instruction protlem has been
to manipulate experimenfally what knowledge is availabtle to a
learner (the TRAINING material) an¢ how well it is learned, anc
then observe how that knowlecdge influences the acquisition of new
information (the TARGET material) that is related to the training

material. This general method¢ has a long history in experimental

1sychology, especially in pairec-associate stucies, anc issy

referred to as the proaction paracigm. In the research reportec
here, we have tried to use as experimental stimuli meaningful
texts - in an attempt to aprroximate normal learning environments.

This has necessitatec the cefinition of more complex

n
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relationships between training ase tareet mpaterials and  a more
complax coharacturisation of  what a4 subjeect has learnec Ehan 1in

custonary in tracitional vertal learning expericgents,

For exampls, I have previously cistinguished two tyres of
knowlscie in  texts econtaining event sequences:  gontent and

(Thoracyke, 1977). MHarrative structure can

‘b2 thought of as a sSyntactie struecture for deseriting well=formec

atories. Tt exIresseas text-lavel Knowlacie atout the

orasanization of events .in  the rassage: the setting of the
rassaze, the aoal of the wain  character .in the rpassase, the
events comjprising attempts of the rain character to achiave the
noal, anc the resolutios of the initial probtlem. The rales for

the orzanization of esvents into a problem-~solting sequence can be

expressed incerendcdently of the prarticular selection of
characters, a0als, or rarticular actions, That 1is, the

situation~event'contingéncies that characterize the organization
of events into episoces anc episoces into' tlots fprovice a
jrammatical cescription of stories, just as a linguistic cdceep~
structure representation chiaracterizes intra~gsentential
relationships. A story encocdec¢ accorcing to this structural

analysis is representec¢ as a hierarchy with intermeciate noces

corresponcing to atstract structural elements of the rlot
organization andg terminal noces corresponcding to actual

rropositions from the story. Text content, on the other handg,
j .
exiresses Kknowlecdge at the level of incivicdual sentences. The

content of a sentence 1is representec¢ by toth a gyntactic
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structurs ane 2  agemantic structurg. The senrantiec otruature
conaists of a relation, or Lpredicate, anc its arguments, or

cetails. This cdistinetion tetween text structure anc content has
beeﬁ‘ﬁﬁted elsewhere in cdiscussions of text "macro~structure and
'micro~structure' (van Dijk ancé Kintseh, 1977). Research in
cognitive rsychioloay has recently investigatec the memory
representation ,of both text structure (Rumelhart, - 1975;
Thorncyke, 1977; "Mandler and Johnson, 1977) anc¢ text content
(Kintseh, 1974; Heyer, 19755 Freceriksen, 1975) . These
cistinctions will bte useful telow in characterizing the kind of

information a learner acquires from a text.

i

from it inclucdes not only utne incividual facts, but the
reiationships among the facts. This latter knowledge permits him
to integrate all thev information from the text 1into a
representation in memory that is not merely a concatenation of
sentences. Rather, the memory representation will reflect the
organizaticn of sets of sentences into higher~orcer functional
elements that compose well-formec texts. Thus learning from text
is assumei to require the apduisition of individual facts and_the
combination anc¢ integration of these facts into higher-~order text
structures. If this is true one ought to be able to imprbve
learning of a text either by facilitating the learning of
indivicual facts or by simplifying the the_ integration process.
Methocds for accomplishing btoth goals are proposed and examined
telow. The latter Lééhnique is consicerec¢ first.
7
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CIn one experiment (Thornuyke, 1977), subjecets ware tregaeptec
for 90 secondés a narrative passage of apiroxinately 200 wWorgg to
stucy anc¢ learn. The text was a4 narrabive accowlt op 3

hytothetical islané on which the inhabitants triec to Win sepale

" aptroval for the construction of a eanal. Following thi3  story,

sub jects were presentec a4 seconc story .of the sane leunth to pread
ancé remember. After a short celay, sutjects were askecd ta recall
the entire seconc story. The secondé story bore one Of typee
relationships to the first «cctory. In  the REPFATED STRUCTYRE

conéition, the seconc story hac a narrative structure 1dentical

‘to the first story btut entirely cifferent content. In  this

concition, the secondé story was atout a farmer whose animals. yere

trying t@ convince him to builc a new tarn. The rolé of the
events of the <ctory in the gprotlem—~solving framewOrk yere
icentical to those of the first story, tut the toriec, ch@racters,
and¢ particular actions ’Qere 'completely unrelatec 17 the two
stories. Thus a single represesntation of a narrative Structupe,
formulatec according to a grammar of plot oregalizations
('hofndykey 1977), was usedé to procduce two stories with Ynrejatec
cetails. In the REPEATED CONTENT condition, the 5e¢Ond story
repeated sonme of the semantic contént of the first story in a pew
narrative framework. That is, the seconc story wa3 About the
farmers anc senators of the islanc¢ engagec in a new, Unrelated
series of episoces. In this condition, then, the regpreS€ntatjons

of nerrative structure were c¢ifferent for the two stoPi&s, but
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the characters in the stories ware hhe dame, In the UNRELATED
crondition, the second story sharag neither content nor narrative
Jtructure with the first story. Henece, this story aserved as A
control concéition against whiech to wmeagure the trangfer effeéts

of structure anc content,

Across all sutjeets, the nmean free recall for the facts of
the UNRSLATED sgecond story wad 51%. However, in the REPEATED
3TRUCTURE concdition subtjects’” recall improved by 22% over the
control <conaition. On the other hand, recall of the REPEATE
CONTEWNT story was cecreasec by 28% relative to" the control story.
These results were interpretec as evidence for the use gy
subjects of organizing frameworks for integrating the facts of a
text. In the REPEATED STRUCTURE concition, subjects learned
cduring 3tory 1 presentation a structure for encoding the story
events into & well~formecd¢ narrative cdescription. This structure
consistec of a hierarchy of atstract conceptual .relationships
among characters, goalé, ancé event sequences for attaining these
goals. When the secondé story was presented, sutjects could use
tire same framework encodec¢ for Story 1 to encode at the terminal
noces of the hierarchy the new characters and events of Story 2.
Hence the task of learning the new facts was simplifiec by the

rrior learaning of the integrating structure.
]

Other experiments (Thorndayke, 1977; Experiments 1 anc 11)
have confirmec¢ that learning an organizing framework affécts the

atility to l.arn individual facts in a text. When the same text

W R
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content was pregentece  in o variety  of  aeaningful  structural
forma, comprehenaitility  ane asubsequent reaall of the text wore
founa to be a montonieally inereasing fanction of the ostructural
agimilarity tetween the toxt ane 1 o well-~formed goalecirectac
narrative (as cefines bty the arasmar), That i3, the ease of
learning a4 faet appears to e cepencent on  the context or
structure in whieh that fact is presentec, as well a3 how well

that structure i3 previously learnec.

Nowevar, in the REPIATE)D CINTENT condition ‘the transferred
information eomirisec jarticular (recicates of the setting;
narely, loecation asc character information. But in 3tory 2 the
characters jreviously 1learnec were assianed to cifferent roles
andé relationships than in 3tcry 1. So the tenefits for learning
3tory 2 of transferring some cdatailec information (the character
names anc location of the events) were outweighaec &by the
incerféring effects of having integratéd those facts in a way
inappropriate for learning 3Story 2. Thus net interference was
otservec for~ S3tory 2 learning in the REPEATED CONTENT concdition

relative to the UNRELATED concition.

It i3 often the case that a stucdent must learn several facts
withi the same general form. In this case it may te desiratle to
facilitate learning of the indivicdual facts that share the common

form. The constraints on the learning of several facts with

10
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aimilar eontant ware exarinag in anether %eries  of  exjearinents,
in  whieh tranafer affacts of structure werg teasted at the level
of inaiviaual faecta within a teoxt. 1p thla gtudy a4 oubject was
requirea to loarn facts that shareq common predicates and toples
but differec in cetailec knowladee, n sibtuation commonly faced by
A learner. For exanmple, one mnight want to teach the following
information atout Mount Rushmore:

'lount Rushmore has four figures pepresented on ib.
jeorge Washington wa3 the first President and lived at
flount Vernon. Thomas Jefferson wad the third President
anc livec¢ at tNon.icello, Ate Lincoln was the 16th
Presicent anc¢ lived in a log catin.  Theocdore Roosevelt
was the 26th Presicent and lived at 3Sagamore Hill.!

One way to conceptualize the knowledge contained in this
description 1is to note that "Person i was the nth Presicent and
livea at location 1" is a rpredicate refreate¢c four times with
cifferent aetails -each time. The repetition of predicate forms
across the four sentences might be expectec to facilitate

learning of the presentec information, since the knowleage of the

rredicates couléd be used to encode new details in already

existing predicate structures. As fredicate structures are
repeated, their strengh in memory should increase. Thus as
learning progresses, acquisition of new facts should be

facilitatecd by increasing memory strength of the semantic

prreagicate.

In accition, however, changing sone details across
occurrences of the rprecdicates shoul¢ trocuce competition for

associations between the changec cetails ancdé the predicates. As

11
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pneh naw faet 1a learneae the nunter of aetalla asacelatec with  a
precicate inareaans, thuo procucing intarferance anong the ant of
Inarnng aotails.,  dueh intarforiag offeecta shoula have A nagative
affeet on  laarning,  Tharafors, ac the nuntor of repatitions of
the oharae  atructure i3 inersasea, toere  shoulc be  initial
farilitation of learnine (cue to precieate repetition) followea
bty interferance in iearning (ene to conpntition for assoeciations)

(Jd)ﬁstOth, 1977‘}0

In  an  experigent  acesignea to tant thane hyjpotheses
(Thorancyke, 19767, gubt-jeats  were  presantes n o passaes in
succession (n=1,2,3,4, ar 8) that were different axamplas of the

Siane ganerdl concett (e.q., rassiages  abtout n different

“eonstellations), followece ty a target passage for study anc

recall. CFach senteance in the tardet passanes hac a corresponcing
sentence at the same gserial josition in all n training rpassages
thhat tore a particular relationship to it. For example, suppose
sentence 5 of the target rpassase wad 'This constellation was
originally chartec at Palonar Dbservatory”. Then sentence 5 of
all prececing constellation passages was one of three tyres. In
t.e REPEATED condition, the entire gentence (precicate anc
cetail) was repeate¢ intact: (i.e., "This constellation was
originally chartec at Palomar hservatory ). In the CHANGED
condition, the precicate was icentical btut the cdetail was changed
for each of the n jassages (e.g.,"This constellation was
orizinally chartec at !lount Vilson Otservatory" might te one of

the n  asuch prior sentences). In the UNRELATED concition, there

12
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was no similarity tetween the target sentence anc the
corresponcding training sentences (e.z., "This constellation is

rart of a gaseous nekulat might te one such sentence.)

The relationship of interest was how recall of a fact, both
precicate ancé cdetail, woulc be influencec bty the type of
information transferrec among passases about that fact anc, the

number of prior exposures to the information. The results are

shown in Figure 1. The "C! point on the abtscissa is the mean of
all ‘target sentences in the UNRELATED cohcition. Hote that for

the REPEATED sentences, recall of btoth fprecicates anc <cetails
increasqd' with number of presentations, cemonstrating the well-
known effect of repetitions on learning. Similarly, recall of
the: constant precicate in the CHANGED concition (i.e., "This
constellation was originally chartec somewhere) increasec over
numter of presentations, even though the cetail asscciatec with
the precicate variec across rassages. Thus the practice effect
ottainec for the. REPEATED sentences was also obtainec for the
repeatec vportion of the CHANGED sentences. Such selective
~facilitation of precicate learning has also been cemonstratec in

a retroaction paracdigm (Bower, 1974).

On the other hanc¢, recall of the CHANGED cetail, that panrt—
of the sentence that variec ac¢ross texts, was initially
facilitateda then interferec¢ with, anc finally reachec asymptote.

-Thus .prior training on the CHANGED predicates strengthened their
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Fig. 1 —Free recall of facts from a text as a function of type and
frequency of prior knowledge presented about the facts
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memory representation and facilitated learning of the associated
details wuntil the interfering effects of competing associations
— pfoducec cecrements in recall of the cetails. This invertec U~
shapac function cemonstrating the combinec effects of
facilitation and interference c¢uring learning has been
demonstra;ec with other tyres of experimental materiéls as well

(Hayes~Roth, 1977a).

In another experimental condition, it was found that
celaying the presentation of the target passage for 24 hours
after the training sequence procduced no cdifferences in recall of
CHANGED details across numter of prior proactive rassages. That
is, when training materials precedec the taraqet materials'.by a

long time interval, the cdegree of learning was incdepencdent of the

numter of prior presentations of the sharéed precicate. = This
result is shown by the dashed lines in Fipgure 1. Furthermore,
for a given number of prior presentations of a predicate, less

interference was produced by a 24~hour interval between training
anc¢ target ypresentations than by immediately following the
'training matérial with the target materiél. The supériority of -
recall in the delay condition suggests that interference due to
competing associations among related items can be eliminated

completely bty recducing the confusability btetween the training

materials and the relatec to-~be~recallec target material.

15
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The results presentec here on the influential nature of
structural contexts on the Jlearning of facts contained in the
contexts may have important implications for the cesign of
instructional texts andé techniques. Séme of these impliecations
are describec helow in the context of the experimental results

reportec here.

(1) Knowledge of the structure of material can facilitate

learning of the material. That 1is, knowing 1in acvance the

context in which a fact will occur anc the relevanee of the fact

will facilitate learning the fact. This suggests that effective
1ﬁeaching métériélj ‘m;ﬁﬁmv bgaééégéégw—.mightW‘ emphasi;e Ehe
organizational and structural characteristics of the to~be~"
learned material. One might, for example, teach a subject comain
in a top~down hierarchical fashion, by making explicit curing
initial exposures the general form or structural charactéristics
of the material to be presented, anc:gracually increasing the
cegree of detail and specificity. Thus initial learning woulc
consist of acquisition of the appropriate general structure,
while subsequent learning woulé require the acquisition of
detailed facts to fill out the overall organizational framework.
This presentation .strategy has been termed ‘'web teaching"
(Norman, 1973). "This instructional strategy might be
implementec as both organizational and spatial chenomena:
materiai organize¢ in a structure-sensitive manner might be
.presented witﬁ visual cues such as spatial organization and

segméntatioﬁ. “Such a method woulc exploit the power of mental

16




Q

rRic

Aruitoxt provided by Eic:

- 13—.

imagery as a storage anc retrieval aid as well as utilizing
optimal oraeanizational cﬁaracteristics. The use of structural
information as an acvanced organiier has been proposed elsewhere
(Ausubel, 1963; iMayer and Greeno, 1972) anc has been occasionally

implementec with some success (Warc anc Davis, 1939).

(2) Making availatle to a learner facts that can tUte

substituted for a to-te~learne¢ fact interferes with learning.

‘Such sutstitutions can consist of either new relationships among

treviously learnec¢ concepts or cdetails that share the .same

'semantic precicate. Converseiy, however, this interference can

te minimizec by instructional techniques that highlight the
differences between the (potentially confused facts. Such
techniques night include a) spracing the learning of the relatec
facts over time, or L) changing the surface features of the

reiated information by embedcding it in varying syntactic forwms

(Haye§~Roth, 1977b). Both techniques appear to rpermit sharec
structires to bte learnecd¢ anc 'transferred to new contexts

advantageously while particular contexts remain differentiatec.
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