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Abstract

Four exparimznts ueTspacietmet O studﬁjkhe formation of amemory

srhagas far sentencas. Sentence frames composed of three

concepts vere created along with five instances f>r each sentence
frass. pacing training, varying numbers of instances >f eaczh
sentence frime Wwere prasent2d to subjects. In the&ltest list
ehizh followel, .aaif}/;ne instance of each frame was presenteijaﬂg-
/{;call of only éé;; test list was reguirei, The two transfer

“processes proposed by Thorndyke and Hayes-Both (1979} were in
svilsnce. Incrzasing the namber of instances of a sentence fraame
in the traininy list had two separable =ff=cts: {a) It increaszd
the probability that a schera was fsrmed in 3memory representing
the presented sertenc: frame. This schenz acted as a mediating
stricture to facilitate reqall& of +the s:hema~rglated sentence

) Pruct athann- wilsnnn: alley

presanted later ir the test 1list. {b) %ﬁnNincreased the
[\

likalihood that details of sentences creatiny the schema would
sttt 7 thod hana pracadid duneeg o oulReal ket
compete at rezall with tie sehemi~related-test-senrtense. This

[ SNV ¥ PR B
intsrferens: peSeess dininished recall of the specific sentence
presanted in the ¢test list. These two processes, one positive

and >ne n=23ative, combinel to determine r2call parformancs.

afes o ald
athaa—ft:tses—a&aé@uéﬁb&é—éa'Ihe experiments se4e the spacing and

variability >f sentencs-frame exemplars on thz traiming list angd
the . : 1 between the presentation of the traihilg
and test lists. A 1nathzmatical model I3 presented which
genarally fits the pattzrn >f the data collzcted in Fxperiments 3
and a.e_izgii proposals of Thorndyke and Hayes-Eoth regarding

schzsa fsrmationr are also discussed.
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Phe Foriation of Verbal Schemas: Mediatioc anl Interference

Processges

Io recent years investigators im thz areas of «cognitive
psy-hology, 2artificial intelligence, and ss>ial psychology have

=omz to belia=v2 that oryanized knowledge structares in memory

play as iamportant role in how people perceive, comprehend, and
remexber information (Bobrow & Norman, 1975; Srassser 5 Nakamura,

1982; Xinsky, 1975; 31melhart & Ortony, 1977; Schank & Abelson,
wiid) +o
1977; Taylor ¥ Crocker, 1981). These knowlalys structures see

nefarred ta. hade as memdry schemas. A memdry schema can be
thoaght of 15 a3 prototype for a «class of objects, persons,
sitiations, events, seguencas of events, actisns, or sequences of
actions. It seems that a naw schema can be zrsatzd in Bemory by

the rep2atzl occurrenze of experiences that are in some way

1{”wg%hw F O et alaeline . .
stib-lar tagashe-abhar. The invariant characteristics of these

expariences ar: abstractel and stored in semorCy by mechanisas

which are not yet w21l understosd by 1nemdry investigators.
fe ovdeaded ho Gl
Mem>ry schenas atdow. a person ;ﬁ/ per 1va, comprehernd, and

'L

zmerber nyvel experiences which thave ﬁeqes bzan previously

encounterel. Thd 4 ingc =ur schemas

ire availablas to s*ructure an experienced event, zven though some
yne AR \SQ
letails of that event a&e ny>vel.
Mewory schemas play anr important role in remenbering
g GanQrad 2.
infyreation. For wexsaple, if i:passage T O describiag

) LS
the actions associazted with e washing 7{ clothkes, subjects

realing thz passage ray rneither understand nor remember the
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infarmation presente¢; unless they are informed beforehand what
the passage is aboui: Unless the appropriate knowledge structuare
is first a~tivated, no referential situatior zarn be called up to
interprat the information presented {(Bransforl £ Johnson, 1972).
A s-hema proviiss an "ideational scaffolding™ (Ausubel, 1963;
andzrson, Spiro, & Anlerson, 1978} to which new information can
be associatel. Whan a set >f information is interpreted in terams
»f a particular schema, it "instantiates" ([instances} that schesa
{Anlarson, 1978). Furthermore, the person realiny or hearing the
information can use the activated schsea to make inferences.
Thus, when 3 passage 15 presented based on a rastaurant scrist
(Schank & Abalson, 1977y, experimental subjects will often assume
that the parson 3escribzd as eating in a restanrant losked at a
pen1, even though this was not mentioned in the passage. 3y
eaking inf2rences from the activated schema, 1zfanlt values can
be ;ﬁﬂﬁﬁf%ia for obj:cts, persons, ard actions not explicitly
described. #hz=n asked to indicate to whom th2 orier for a meal
was givesn, subjects nmray ipdicate that it was a waiter or
vaitress, sven ¥FY this information was not provided in the
passage.

Rnothear important -haracteristic of szhema-based remenbering
is that wmultiple events, each of which instantiates the saze
schzma, may navartheless hive their idissyncratic information
"tagged®™ s> that the avents are to some degree discriminable in
nei;ry (Bower, Black, 5 Turner, 1979; Graesser £ Nakamura, 1982;

Smith 35 Sraesser, 1981; Thorrndyke & Hayzs-Roth, 1979). Farly

forsulations o>f the rol: of schemas in r2msmbaring tended to
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sinizize the degree t> which this discrimination took place (sae

Alba & Hasher, 1983: for a review of this litzratuore). Yot <+ihe
Sy P‘ "
eg?=:iIgég;;ééf;:::ssxzzgkizgsggp_ to discriminate among stored

instances >f a schema is an important capability. Further
3ismussion of discrimination among =multipls instantiations is
given below.

Research on memOry sch@mas has increased dramatically in the
last few years (2lba & Hasher, 1983), but there are relatively
few studies exploring the formation of memory schemas. In these
stajies the developmsnt o5f schemas used in ~atagorizing randre
visual pattarns typically kas been monitorzl {Aniarson, Klipne, &
Beasley, 1379, 1980; Franks & Bransford, 1971:; Posner § Keele,
1968, 1970; R=221, 1972). 1I1 this research subjects were trained
to 2lassify 2 number >f visual stimuli intos a smaller nueber sf
catzgyories., The degrer—of development of a schema in BEeRmOLy vas
letzcminzd by how #ell subjects classified stimuli newar
presantel baforsa.

Research using categorization judgments >f verbal material
in the fore of sentenczs has also been stuiizi (Elio & Anderson,
1981) bat l=ss freqguently than visual material. Jur purpose here
is to ZEEE&EEE//;;:;;:;;;EQ the formation of verbal schemas. 1In
the s2xperiments to be prese;led hagg%_;;rbal naterial in the fora
>f sentamn>2s was us2] to investigate the development of BEROTY
schzaas. Mareover, the degree of schema formation was assessed
not by categorization of imnstances but by the rezall of presentad
instances o>f the schema (Bower, 1978; Hay>s-Roth & Thorndyks,

<
1979; Thorniyks & Hayes-Roth, 1979)§§?Th3tn5yke and Hayes-Roth

—
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{1979) reported an important set of experimesnts of this type.
They presanted subjects wityr a series of passages. Some of these

passiges wer2 related t> onz another, such as passages abont

- D
different constellations of starfl;:::::::(iiit_jiw,f> |

(EE;rndrke.and'ﬁayes-noth found that ln:z;;i;%tﬂg the degree

A .
>f similarity of the -ontent of passages affactal two pracesses

inialyad in recall. Pirst, recall vas enhanced through;
q) Ak - waomtes :
Fxperiente, bocause 23 myre instances of similar material vere
presented, a memory sch2ma was formed for this saterial. This
sch:ma acted as a mesory structure into which newv instances of
the schesa could be assimilated. Llater, rztrisval of the scheaa
A st necall ofF ‘
from meaory enabled th: information that recently ipstantiated it
o 'lma-(‘d- " m
Ao—be—reeatted. The sThema acted as a mediatas ~For information
that f£it it, Seconl, the ©process of sshema formation als>s
TPV
intacfersd with the rezall ofhspecific instances 52f the scheea.
As 3d4diti>aal instanzas o2f the same schawa wers presented, the
subjects founi it increasinyly difficult to 3iscriminate betwean
=% ¥ Ve : . cadaullo
the d4nformrtion pressated wost recently and the infesmsatieon
presented earlier in training when the schema was being formed.
Henze, presenting passages of the sam2 kind had two contracy
effaots on recall, one positive and one negative. The similarity
°of related information allowed the subjects t> abstract froa it
)
comasn concepts and form memory schemas. This provided a schema
in szmory t» mediate later learning. But at the same time this
training information interfared with the lsarming of new specific

instances of the schema. The problem of explaining both the

positive 11l nzgative 2ffezts of stimulas 5inilaritf >n learning
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yerkod '
iz 23>t a nev problem in pefabakogym(Osgoad, 1949). To get arounad

this thaoratical impasse, Thorndyke and Hayes-Roth assumed that
. Fry 8% é.h.u- t
schera developmant preczled in time the 1nterfe:mag
azcieunlated dJdetails. Frosm this assumption they expected that
recall of the most recsnt schema instance woull first increase as
a2 fonction of the nomber of previcus instanzes in traiping and
thean decreizs2. This dacrease was expected to occar because the
accisulating collection of details ip memd>ry asssciated with the
schana interfered with further learning meliated by the schema.
o Dad iy recall wew .
rhis'_ {tﬁe result thep obtalmed.
The goals of the present experiments wv2re to attempt to
replicate tia ra2sults sbtained by Thorndyke and Hayes-Roth (1979)
§an& to provile furthsr experimental sapport €or the schesa
‘ aechanismes they proposzi. The materials used were different froa
" thosa of Thorndyke anl Hayes-Roth and wara :reafei s> that
experimental manipulations involving re ?titlon and similarity .
Thiraadu it onde vosto BRI Ass ind pﬂgaw ‘Mnuwgmu-“-'-&
coull be easily perforazd. | Sentence frames, wWefe nade up by
A k\_._——-ﬂwq
relatiny thr2e randomly sampled categories ofﬁiEEEE)(see Appendix

A). To illsstrate, ons sentence frame was "The public official

engiged in 3 fipancial transaction invoiving a cosmercial
business on some plazst.” Thus, specific instanses »of theh
sent2nce frame above wver: "The mayor bought a store on Mars™,
"The senator solé a restanrant on Yenus", and "The Judge
purchasel a bank on Sercury". PFive sentence exemplars of this
LAYANAL, =

kinl werz cr=2at23 for eich »embense frame.

In the experiments, subjects vere i;esented with two lists

>f santences; the training list and thg\test list. Subjects were
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forz2d t> process the training sentences in suczh a manner to
ensure  thair comprzhension. Bat wher the test 1list was
presentel, subjects tried to> s=zemorize these sentences in
preparatis>a for a later series of recall tests. Only sentences
fros the test list werz to be recalled. ﬂﬁ:igﬁs expebted that as
the nuaber >f sentence exemplars from a santance frame increased
in the training list, the probability of foraing a meedry schesa
corresponding to that sontence frame wvould also increase.
Becanse th2 aesmdory sch2ma represents an abstraction from the
sentence axenplars, it vas assumed to be comprised of
assd>ciations amsng the ;ﬁgﬂ:;:; used to sraate thac;:::::;e frane
itself. The schema =zoull then become 2 mediating structure
availablz in wmemory for facilitating later schema~related

learning. Inzreasing the nusber of sentence-frame exeaplars in

the traising 1list should increase the probability that the

i3

srcaspianding test-list santence is procsssed in teras of the
Nemd>ry schanpa.
As proposel by Thorndyke and Hayes-Roth (1979), formation of
the mnmemdry schema si>nld have a positive, mediating effect on e
Sb:?%ecall >f ths schematic sentence presented on the test 1list,
Howaver, the presentation of multiple sentence 2xemplars in the
training list should, in adiition, interfer: with latar learning.
Retrieval of the schzma at the ¢time »of the recall test may
proluce many confusing iz;iils fro:Mh;iabd?entinges Agﬁ:sented,
earlier. This confusion : i Arecall of the
letails >f the test sentencs {a fora of proactive intarference).

In sumaary, repetitions of a sentence frams on the training list
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shoild resalt iam a poégive transfer at the levsl of concepts, but
in 1 negative transfer >f specific instanaees.
In their research Thorndyke and Hayes-Roth {(1979)

manipulatel two experimental factors. One vas the amount of

traiaing laterialﬁproviied for each sche-ag a the second was
the time interval betweea the ¢traininy material and the test
material. Lngkiké experisents - re these two
‘ o il oo s .
o ~—Er—addiiden, twd othex‘;\éa-e-boe-s WL
g VT Iy

adeor~tested. One was tie spacing > schesa instances in the

training list. Spacing =z>ould be varied easily,'hecause each

Lt
schesa instance was represented by a single sentence. H—uge=

h p)thesiﬁfi that increassd spacing of schama instances voﬁld

Soe Shmast d) A Ahinss 04 vedl og hotan,
uali',?é;iscriniﬁ'at“ion asong Wﬂ&w—.ﬂme
sy w y 1 Np»u*duaAhatumUh
aentanaas_augksr &;;fg:;:::g recalf}b1—asdacéng—éata=£a:an¢a—
A sa2conl, 33ditloanzl Ffactor was the variability of the
Do AL MM)
exesplars. Sometimes-only one sentence from a sentence frame was

ghan,
vep2atedly presented in the training 1list, whessas in .anothew

:oniitiaa :?;ur differant examples of thz sentance frame were
usei. Jur hypothesis wa# that presentation of only ones sentenze
woull +ahibik the formation o a memory schema., Fe—seoncdibid,
_?or abstraction and scizma formatisa > oJceur, a variety of
‘;nstances >f the same conceptual relations must sccur. With low
v#riabilitg in the training list it was expzct23 that test-list
recall #o0ald be 1less tham with high wvariability. W®ith low
variability the schematic structures need2l to support recall
wo Maa
wouldl nod—be-available.

Experimgnt 1
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Sethad

Batepials. One huzdred 2ad eleven categories of five words
each wers salacted. sowe of these cateyories were taken from
Battig and HMontague (1969), such as articles of furniture,
fruits, and types of wusic. Also, some of the Battig and
Kont ague categories wer2 divided into sabcategories, such as
prezious vérsns nonpr2cions wmetals, inlivilvals versus teaw
sports, anl sony birds versas predatory birds. Other categories
naot in ;hﬁf; nores wer: usel, such as royal personages, brands of
aut:lobiiea. and types >f soil. VWinety of-these catégasae;A were
asel to fors the 30 sentences in the main list, and 21 categories
weré nsel t> create filler sentences. The catagories are 1listed
in Appeniix A.

The ninsty categories were randomly grouped into thirty sets
>f thres categories each. Because each catagory contaiped five
instances, five similar sentences could be male by cggiséng one
instance from each zateg>ry and then adff:;:?Z;bs and othar

" oA, - O
necassary woris. The ;varbs used in the five sentences vere
different bat similar iz meaning. These five sentences defined a

L ATAAAS W -

sepbence frave and-its-—sobsoapendiny-sertenve—aahasar

forn
Tw> sets of five sentences createl Hem six

categories are shown in Table 1.

e A Y Sl i e

Insect Table 1 about her:=.

- —— — -

The procedarz used for czreating the sentences in the wmain 1list

¥as alsd used to create the seven sets of filler senfences. Each



Lists. A training list was made up! by—s2apling—to—wets of 9#“;
SN A A WMJ

r>a six of the frames

no sanéet:g-wa§ includa1 in the Fraining list; fram another six
Eranes three~$:é£2:g:;fmgnd fronzfirrl six frales,four seatenves,
1B'tagach 2f these fousﬂlsentences vas presented twvice 1in the
traininy list, L . and 2ich sentence vas pra;aptei‘before any were
repeated. *t&‘wttzuiéﬁ:Z: of re;::itians jidt;::;HJ:;ntenca
fraze in-tho-bpainrtpg-iist wvas either 0, 3, dr 8. Thorndyke and
Hayes-Roth {1973) also used a range of 0 to 8 repgtitions.

The sz2zond factor manipulated was the spacing of exemplars
in the traininy list. Bach sentence examplar vas separated fronm
the dther 2x2mplar sentsnces from the same frame by 0 or 3 other
sent2ncas. For those six sentence frames fros which no sentence
vas presented, two of the frames were arbitrarily designated as
reprazsentinyg a spaciny of zero, thrse, or eight intervening
sentences, This was danetge;?:;Z&estatisti:al design, although
the “"spacing™ of 2;:F presentations is undefins2d. The training
li;;::ontainad 1 total of 90 sertences. Sixty-six of these
reprasentel sentence Erines upon which the subjects were being
trained, apd 2% were filler sentences used to £i11 ’9£?"’;;ps
remaining in the 1;st causel by the spaciny manipulation.

The test listhwas cosposed of 2B sentsncas. The first five
sentences 131nd the last five sentences wer: Eilleg ¢
providing primacy and r2cency buffers. The middle 18 sentences

had not b22n presented in the training list, bot 12 of them vere

new instances o°f the 12 sentences frames presented 1in the
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training 1list, In aldition, six sentences were included that
represented those six frames never shown in the training 1list.
These six sentence frases fepresentei tke zero-repetitisn
zoniition,

A computer prograa was used to create thz 1ists and priat
thea for 2azh subject, The program was written to select

Lowmmdn, - p
ranlomly edmdewc® frazes for each condition and to select
caﬁdally individual s:2ntences from each of the frames chosen.
Alsd, the arrangement af ths spacing and repstition conlitions
was Jiffersnt in each form >f the list.
2zelars. Subjects were tested individnally usipg a memory

Irue which prasented the sentences one at a time. Twelve
.aifEerent training and test forms were created anpd tvo subjects
wer2 testel on each form. The sentences froa the fraining list
¥er2 presented for 10 saconis each, and tpe sub ezt hai t> rate
each sentence on a 5-point coaprahené%ea >a2lsz. A rating of 5
indizatel that the sentance was very easy t> coaprehend, and a
ratiag >f 1 indicatai tiat the sentence was very difficult.
Immziiately aftzar the training list was pressnted, the subject
vas 1nf3ruei that for the next list, the test list, conprehens%?alj
ratiags ro&%i nat h:ﬁtf::fle—1aﬂn. Rather, each sentence had to
be carefolly studied to prepare for a lateft?gzall test. Eazh
sentence in the test list wvas shown for 10 saconds. Following
the presentatison of the test list, sabjects wrote down in any
ordar as miny >f the tast s:ntences as they could 'tgagﬁgan. A
aecandjp\;:: folloved free recall in which zach sentence from the

test list #as presentel with only the thirl noun wmissing. The
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subject hal to write ir the missing noun. JLhie—wes—threCITI=IT "~

Scoring pracedures. In scoring free rezcall 3ll the fillsr
sentences wa2re ignored. Also, each test s=2ntanre was scorad with
regard to> only the thr2: nouns. The verbs anil other types »of
worls wars ignored. Wa also ignored the order of the nouns so
that active-to-passive shifts were considered as correct recalls.
dne potantial probler was that subjects wsight recall entire
sentences from the traiging list rather than from the test list.

o
If this ozzurred, ™he measure of recall weadd not represent how

> A
the traininy list influzncel the learning and rezall of the test
list, but rather would 1indicate that the subjects could not
1istingaish between ths two lists. To detaremine the degree to
. C.-_!\-‘\£~-‘-r’a.l.—&
whizh the training ard test lists were -cenfewdded in rzcall, each
sentznce rezalled in the frze-recall test was placed into one »Of
four «categoriss. A szntence could be a frigmant containing only
ane >r two nsuns insteial of three, a sentence could contain the
thrzz corrszt nourns from tae test list, a seaterce could contain
three ircorrect nouns but €from the correct categories, and,
finally, a sentence coald contain a mixturz of cosrrect nouns and
incorrect nouns from th2 correct categories. Table 2 shows the
vt el Bk Lok
propartiosn of senten:aﬁ”ﬁfgéeﬁfgaﬁﬁﬁé{ were recalled in each of

these categories.

- AR R

A — ——
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Almist n> sa2ntences werz recalled that did aot £it into one > f
thes2 f£3ar categories. That is, almost no sentances were
crecalled that represent2d combinations of tvo or more sentence
frames, Th2 number »>f sentence fragmsnts rscalle? was quite
small, as wis the recall of sentences containing all category
intrasioans. Por most of the sentences the nouns recalled vere
either al) zorrszct or wera a mixture sf =sorrect pouns aad
intrusions from thz czorrect categories. Tiis was also true Hf
the cuel-r22211 procedure used in Experiments 2, 3, and 4, zs
shown in th2 lower part of rable 2. Hence, it can be concluded
that subjects were recalliny sentesnces primarily from the test
list, althsigh errors wers occurring in thesz santences because
of intrusions of similar nouns fram the traininy 1list. Almost
31l cat2gory intrusisas were nouns prasented in the training
list.

In o>rder to use all th: data from Tabla 2, including data
from the sentesnce fragments and from szntzn-ass containing a
mixture >f zorrsct and incorrect nduns, ths aralyses reportal
hersz ars bas=4 on thekp:opo:tian of nouns correctly recallzi—frem
2ach experimental condition. Because the propartion of %:%;::%&;
recalled sentences was low, especially in the free-recall
zonlitisa, the proportion of nouns recallel proviied'nore useable
data than 3id A SentenZe racall. Table 3 shows the freguency sf

orract noians, -ateyory intrusions, and othzr

T — T e ——

T SR D e k=S e ——
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nouns re-alled in the free-recall and cued-rec-all coﬁiitians of
the four =2xperiments. A prepanderance >f recalled nouns were
corract noans, but with a significant propsrtion representing
catzgyory intrasions. Few other ¢types 2f aouns, such as
sxtracategary intrusions, vere recalled.

¥easucaes 2f recall. In Experiment f;%wo measuresiﬁgﬁi:£=3t4~
Wera aseér)'free recall followed by a f£ill-in test in which the
subject hal to £ill in the aour missing at tha enl of esach test
sentanca,. As argu2l by Thorrdyke and Hayes-Roth (1979),
successful fres recall >f a test sentence is dependent on both
retrieval of the schama representing the sentence frame and

=== ot ~wosk haewbs

saccessfal Jiscrimination a30Rg the veedons nouns associated with

the scheama. The fill-in test, hawever, seem;i bo-é? much less
Jepezndent on ths previsus formation of a schesa. The large
numder of razill =oy:s presentgd for sach test sentence in the
fill-in task meant that discrimination 4&4&q——p&%e&btt&n~voe&s Wsoethe
storedt in memdry was more important thap ratrieving an intacst
schemna.

b sz2conl aspect of the scoring procedure was that we scored
adt >nly whather the correct nouns were recalled but alsoc whether
the correzt noun cgtggory was recallel rzgardless of the
corcectness of fhe\ rd. For example, if tiz tzst sentence was

"Phs senztor sold a restaurant on  Venas," am@irthe subject

recilled Mars for Veauns, then this would be scored as rec

the correct category \for th2 third noun/ but nd>t the correct word

Thess2 -sv-c&%%ng intracatejory intrusions wzrz sxpectsd %5 occar

incrzasingly as the nunber >f sentences reprzsa2rting a sentencze
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frase 1increased in ths training list. A larjz namber of correct
category recalls indicates that a schema for the sentznce frate

has been srzat2d3. A large differeace between cor;ect‘recall and

et wopudd cobonamny

nSatzgory r2c=a1ll ssags tiat the subjact was : :
e

in memd>ry the nouns stor2d for the traininy sentences from—tie

reuxs for the tast sentznce.

Seatenze

il

YL
atings. Table 4 shows thz mean comprehensipm g
catings obtainsd at 2ach repetition of 3 s:ntsnce frame in the

training list.

. T M —— —

e A o -

The effect of repetitisns wis significart, F({7, 151) = 6.0%, MSe
= .110, p « .QO?. Howzver, this increase osscurrel only after the
foucth sentznce was prasentad, and the training sentaznces from
each frame began to be repeated. A trerd analysis on Repetitions
1 t> 4, on vhich the saatence exemplars were different, showed no
significant linzar treani.

Correct cecall. TIhe proportion of nouns correctly recalled
and the proportion of nouns recalled froa the correct category
are shown in Table 5 f£or each repetition condition.

. "

Inszct Table 5 about hers.
The =2ffects of traininy repstitions on the proportion of rnouns
recalled in free recill was marginally signifizant, F(2, 46) =

3.11, #S2 = .033, p = .05, but the linear zomporant of a tread
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h-—
analysis H;a#::;;lf1C1ﬂt, P(t, 46) = €.22, #Se = .033, p < .025.
The priportior dfﬁ:ouna correctly recalled in the fill-in

test was also affectzd by the number of repetitions of the

sentence frame in the training list, F (2, #5) 7.97, HNSe =

-.081,' B < .035. As can be sean in Table 5, the braportion >f
PIOn RS, e P cmaliinte s of He Pramee
gareeet-noans r2called iecrzased as the namber of

A T <
incrzasei.
Category ra2gall. When the proportion 5f words recalled from

the correct rcategory was used as a measare of free recall, the
affect of repetition was siynificant, F{(2, 4§) = 7.87, HSe =
.063, p < .005. F®hea recall of nouns from the correct category
vas usel as a mzasur2 for the Fill~-in task, recall performance

necceased as bheuiaaetion—ezrthe nuaber of repatltlons increased,

F{2, 86) = 13.31, MSe = .0&2, p < .00%. In the four analyses of

T

varianhce performed in Experiment 1’ spaziny wvas never a

51gna£}"ant faztor nor was the Spacing ¥ Ra2patition interactlon.
TRAAST ; wl Wt s o LR VW v v dad “‘“W‘a"“\f e ﬁ@”"w
_________ qm '\W

The rasults of Exparimsnt t provided some evidence for the
asediation and interfsarence processes proposed by Thorndyke &
Hay2s-RBoth. Thz2 notion that recall wvas facilitatsd by =mediating
schematicz strustures was supported by a number of rssults. As
the numbar of ra2petitisns of exemplar sentzoces increased in the

Ptals - wiloncs
training list, the propsrtisn of eecreet ndouns free recalled from
the test list also incrzasei. The formatior of a schsma for a
sentence frasme during training provided a meliating structure hy

whizh the appropriate sentsnce from the tast 1list could be

learned. £Zich newly fyrmed schema could be retrisved and used to
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recall its zorrespordiany test sentence daring the free-recall
task.

Recall >f category Aintrusions also provilszd evidence »f
schzaa Eorgation. Bota in the free-recall task and in the fill-

in task, coeahl of ;_catega:y éa%i&e%}&JJ increased with

cepatitions. This meant that subjects knew what category of word
naal Mtzu.t
t> -ecall even if they coull not call the gopgert  noun. Recall
>f =zategyory intrusions indicates that schoma abstraction hagd
takan place in the sens= that sets of catejyorizs aad become part
of the schewas corresponding to sentence frases. This occorred
A
2ves thoagh no c-atejory labsls were ever prasented.
The results of Exparimant 1 also provided evidence for the
. oy 3 _
intacferznze progess proposed by Thorndyke andl Hayes-Roth (1979).
Steud - wshenee,
:or:acarféspanses in th2 fill-in test declirel with repetitions
rather than increased 3s in the free-recall task. This result is
not surprisiny. Recall in the fill-in test was nat&d;%éndent an
) oanloddle,
a well-forwed schema being 5eﬁned in m2m0ry, because a strong
retrieval -1e was provijed. On the other hanl, the major task of
the subject in the fill-in task was to discriminate between the
noun present2l on the Atest list anrd thoss2 ptesentadn on  the
training list. However, resetitions of the sentence frame in the
traizing list strengyth2nel many sape-categdcy words in memory so 7wt
W, HfEEERRLT, Lrhoh ’
this discriminpation .
Soma rasualts of Experizment 1 offer no support for +the idsa
that a wmemdry schema da&s formed during training. comprehensigp %
ratings for the differant exemplars from eizh sentznzz frame 4did

not increase 1is additional exemplars were presented. If schema
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fForeation w2re taking place, we would exps2t =2ach additiomal

sentance instantiating the schema to be more easily comprehendel.
v led A Lonnsel

Second, nohﬂ-shapedﬁcurve was found relating Kcecall pecformance

to the nusber of trairing repetitiomns. Thorndyke and Hazgs-ﬂoth

thak
pro::SedAlnte:farence 2ffects follow in time the rffests »Hf

Fug UMY o saventad

schena,ﬁa;a;%ten to—produce -« U- shape curve

A surprising result from Experiment 1 was that the spacing
5f repetitions in tiz training 1list had no effect on either
:omprehensii-n%atings or on any of ¢the measures of recall
perfyrmance. Ve expected an effect because spacing of
repatitisns shoild mak: each sentence-framz instance temporally

ALl

distinct. Perhaps thz spacing values ©°f 0 25X 3 intervemiag

iters were not ii f‘e?ent aaauq?)ta affect performance.

xpeciment 2

-

9

amin Tl
Tbeﬂﬂ-shapad curvs r=lsting recall perforaance to number of
repetitisns ({Thorndyks & Hayes-Roth, 1378} was not found in
UM

Expariment 1. Experimsnt 2 rcepreserted 2 second attempt to
proiucea“’( J-shaped r:zecall cuiye:l Also, visual-imagery ratings
werz usel] rather tharn :Jmprahens;;?ﬁ?atings to try to letect any
increase in =2as2 of pracessing additional 2xemplars from the same
fram2. The namber of repetitions of sentence frames in the
traliaing 1lis was again 0, 3, or 8. But bacause spacing of
repztitisons wa fﬁé%;f’ ﬂxr—igf signifizant factor in
BExparciment 1, the variability of repetitions, rather than their
spazing, was manipulat2l ir Experiment 2. In Fxperiment 1 the

levsls of fraz recall wersz not high, so in Fxkperiment 2 a cued-

recall test w@as used rather than a free-recall test. puring



Verbal Schomas 20

testing th: Ffirst nour frae each test sentence vas presented to
the subject., From this cue +he subject had to recall the
ew linls T

complete seontence. This—tzst of cued-recall w9 folioved by the
f£ill-in tesi used irp Experiment 1.
Heth2d

The pracedure usel in Experiment 2 was the same as in
Experiment 1 with the sxceptions listed below. The training list
contained 9% sentences with three filler sentences at the
begianing and end of the list. riller senteices were not needed
within thas 1list, because the spaciny  betweern exemplars
representiny the same sentence frame wvas 1lv3ys zero. The test
list_uas 3) szntences ldrg with three filler sentences at the
begianingy ani at th: erl 2f the 1list. Each of the six
2xperimental conditions was replicated four tises within the
lists, Tha sentences in both lists were presz2ntzd for 8 seconis
2achg asgiglrin; the training list the subdest jave a S5-poiat
imagery rating for eazh santence. & ratirg of 5 indicated that
it was very 2asy to fors a visual image of the sentence, and a

ratieg of 1 indicated thiat it was very difficalt to form a visual

imaye. Folldwing presantation of the test 1list, subjects -wese

:&t&&isbtetzJ the cuel-recall test followz1l by the fill-ip test.

Resalt

— M ! Z X
Sgbtence ratings. The effect of trairing repetitionZA ¥Was
sigaifizapt, F(7, 161 = 33.13, #se = .105, p < .001, as was the
Bepatition X Variability interaction, E{7, 161) = 5,00, MSe =

.092, p < .021. As can be seen in Tabl: 4, when the exemplar

Ecox a santence frame was always the sams in ths trairirg 1list,
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the wmean imagery ratings increased at 1 fastsr ratsz than whan
gors than 2ne erempplar vwas used. However, 2van in the variabla-
axesplar coniition, tai2 imigery ratings increased over the first
four seotence é$€E§§§$s, vhich were all different sentences. A
trenl analysis showel thz linear comporznt of the curve to be
positive ani siqnificant, F(1, 16%) = 12,02, M#S: = .09%92, p <
.001. |

Correct cezall. 22petition had no significant =ffect on the

arojartisn >f nouns :correctly recalled in the caed-rscall test,
(ﬁu_,.l&b-(.ﬁ._,s)
although ths means tenlad t> increase with training respetitiors,

Analysis oF ths f£ill-in test showed that repetition had a
signi ficant effect, F (2, 46) = 4,88, MSe = .047, p < .025. As

was founl in Expariment 1 aad shown in Table 5, the proportion of
pewds correctly recallszl decreased as the nimber of repetitions
A ofF wiakyutes
aseid. Thare was na> sigrificant effect of variability on
it n
ither measaras 2f corra:t&recall.

[ Ll
L

€L

w

w

Categary cecall. Using the proportisn »>f words recalled
from the corract categary in the cued-recall task, repetition had
a prsitive and significant effect, F(2, U6) = 7.25, BSe = .058, p
< .005.

Scorizg ths f£ill-in test as to whether the nouns recallad
vere from the correct categdory showed that razpa2tition, E(2, 46) =
17.49, #Se = .038, p < .001, and variability, E(1, 23) = 9.21,
M5e = .064%, 3 < .01, were significant. Table 5 shows that
catsyory recall increassd witk the number of rapetitions. In

addition, when only Jne exemplar was usel in the training list,

recall of tha correct categd>ry was .62. Bat #hen the exemplars
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i1sel wersa varieﬂ,ﬂrecall ¥as .75.
Discussion

The rasults of CErperiment 2 were similar to those of
Experiment 1. GUsirg a cueil-recall procedure rather than a free-
recall procedurz did not produce theNU-shapa curve of Thorndyke
and Hayes-Roth (1979). Experiment 2, like Expariment 1, however,
did produce 12t2 that 3:monstrate the schemi-dasel mediatisn ana
transfer processes praposad by Thorndyke and Hayes-Roth. The
®eanr ipagery ratings iacresased with repetitisn. This effect 4ia

bala
not occur with the comprehensies~ratings >f Experiment 1. Thig
#as true even though th: first four repeatel szntences from the
Same sentence frame in the variable =oniition had almost no
specifiz woris in copmaa. This increase in ratings indicated
that inforeation frozx a currently developing schema could be
atilized evenr as the triining sentences were presented.
The intsrference pFoeess~ was in evilanzz also. Jorrezt
VT IV SURV, T
AT ESPIDSES in the £ill-in task decreased with rezpetitions in the
training list, z2ven though the proportion of =zorract category
recalls inzreased. Tae largyer number »of training sentences
proluced a graater numbar of specific interfering nouns,
Variability also iffected performance in Experiment 2, bat
not in thz wmarner w2 expected, for variability did not improve
tecall accucacy. Howerar, subjects did finl it 2asier to form a

visual image for those(sentznces repeatedly prasantéik:ompared to
varied sentanca-franme X rinss. With the same sentence

repa3tedly przsented for each frame, the subjects coulgd

concentrate on improving th2ir one image rather than having to
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change the somponents >f thz image.

Als>, recall of any word from the correct category was
better andar variable exemplars. So subjects wera mora cognizant
af tae zatzyocy of worl needed in the variablz-exz2mplar conditisn
than in the constant-exesplar condition. Paradoxically, thz
laryer nimbar of categdry wirds did not diaminish recall of the
correct w>rd. It may be that ip the variable-exemplar condition
semdry schemas were better formed than in thz constant-exemplar
=aniitisn, Correct rezall may not have been b2ttar with variable
exemplars because both schera formation anl intsrferencze occurrail
mor2 quizkly anl offset one another.

Expeciments 3 and &

In th2 two experierznts presented so far, the time interval
separating the traiping and test lists was not manipulated.
Thorndyke and Hayes-Roth (1379) reported that recall performance
>n the t2st list increased when a 28-hour time interval w#s
intarposed between ¢th: training and tasting phases »>f the
zxperCiment. Experiments 3 and 4 were similar to Experiments 1
and 2 exzept that in Exrperizent 4 the test list was presented 24
hours after the training 1list. It was expected that recall
serformance w#ould be better in Experiment 4 than in Experiment 3.
Purtherssre, correct racall for the £ill-in task was sxpected to
increase with trairing cepetitions rather than dz2crzase. After
24 hours ths nouns used in establishing the sentence schema
shoald b2 tamporally w2ll-differentiated from those im the test

3
list. Becawse—af_tiris proactive interfersnce stkould be reduced.

e —— - —
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The matzrials usel in Experiments 3 and 4 wvere the s=ape as
those usel in PFxperiments 1 and 2. Thras lifferent factors
letzcmined the composition of the trairing list. The number >f
cepetitisns of each sentance frame was sithar Je 3, or B. The
spacirng of 2xemplars froe the same sentencs framas was either 0 or

Tha MFIIJ'M‘MMM
3, The thirl Factor was variability of the I:epetitions.A Either
they—weE? 211iiha same sentance or were maximally differentj as
axplained in the Metaod section of Experiment 2. The training
list coasisted of 73 sentences, 26 of which ware filler
senta2nces. The list wvas 18 sentences long including thrze
filler sent2nces at ths beginning and enl of th:z list. Bach of
the 12 experimentsl =conditisns wvas represented by one sentence
frass. Tw2lve 1iffereat forms of the matched trairing and test
lists were wmade up, 3nd two sub jects were tested on each fora.
Sabjacts rated each sentenc: in the training 1list for imagery
using a S5-point scale. In the test list/subja:ts simply studi=q
the sentences in anticipation of a later recall test, The
sentencas in both traizing and test lists wzre each presented for
10 seconds. Three 1ifferent tests of recall were used.
Ismadiately after the presentation of the test list each subject
7as administared the tzst of free recall, thsn zu2d racall, angd
then ths f£ill-in test. The subjects warz given as much time as
neeizd to zomplate sach test.

Experiment 4 diff>red from Experimasnt

rating thz sentences on the training 1lis

ﬂisnisség} The subject returned 28 hours later, was presented

the test list for stuly, and then was test=d on the three recall
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1easares. Also, the szt of list forms usel in Experiment 4 were
different from those of Experiment 3.
Results

Sentenze ratiogs. In Experiment 3 both the wvariability

facto>r, E{1, 23) = 12.7t, H8Se = 3.17, p < .00%1, and the

Repatitiéq X Variability interaction, E(7, 161} = 2.57, MSe =
' y el .

.222, "p < . i The mean ratings are shown ir

Table 6.

—— AT A T e e A . el e

T - i —————

#hen th:z s2ntance exeamplars foﬁ a sentence frame were the same
Juring training, the mean rating obtained was 3.91. When the
2xeaplars were maximally different, the mean rating was 3.26. As
can be se2n in Table 6, th: significant Rzpstition X Variability
intaraction ssems to bz caused by the ratinys for ths constant
exemplars incrzasiny at 3 rate faster than that found with
variable =2rxemplars. A trend analysis 3n the first foar
repatitiorns in the variable-exemplar <coniition showed no
signifizant linszar treel.,

For Experiment ¢ theﬂ?atlnﬁartSti£2” in Table 6 formed a
pattarn similar to that of Experiment 3. However, in Experiment
% only repetition vas a significant factor, E(7, 161 = B,59, MSe
= .174, p < .001. PFurthermore, a trand analysis on the first
four repstitions of th: wviriable-exemplar condition showed a

significant linear trenl, F(1, 168) = 5.16, p < .025.
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Coccegt rezall. In Experiments 3 anl 4 three tests of
rec:ll werz alministsred: first free recall, then coed-recall
asing the first roun in each test sentence, aasd then a test in
vhizh the sabject hal to £ill in the last noun of an othervise
complete santeznce from the test list. The proportion of  woris
teczlled in each repetition conditispn is shawn in Table 7.

R D W A —— g .

Inssrt Table 7 about her:.

In Experimant 3 anilysis 5f the proportisn of correct rouns
tecalled in the free-rs-all test showed that training repetitions
ﬁ;i-a statistically sigrificant Eﬁggé;, F{2, %86} = 9S.75, HSe =
<133, p < .00, As carn be seen from Table 7, recall of nouns
froa thz tast list incrzasel with the number o€ repetitions of
the sentence frame in the trairing list. TIn Experiment 4 the
prod>rtisn of mouns correctly recalled in thz free-recall test
als> increzased with rspetitions, P(2, 46) = 12.%2, #S: = .097, p
< .00t1.

In Experiment 3 analysis of the proportion of correct rouns
recalled in the cuei-recall +est showal that repatition was
significant, F(2, 46) = 4,56, MSe = 145, p < .05. As c¢an be
seen im Table 7, cuzd r2call of the nours first increased ani
thgn‘dgcreased. Tukey's HBS) test (Kirk, 1968}, howevar, showzd
n;;'gifferen:as among tie three means. The factor of variability
wis a1lso significant, F(1, 23) = 4.96, MSe = .137, p € .05. When
sect2nca frames were represented by th: same sentence, the

proportion >f nouns recalled from the test list was .39, whereas
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¢her variable exemplars wsre used, the proportion was .29. The
cuei-recall mpasure uszl in Experiment 4 gJave results somewhat
1ifferent €from those of Exderiment 3. Th2 proportion of correst
nouns recallal increas2l with repetitions, E{2, 45) = 19.5%, HSe
= .161, o < .001. Also; ‘vatiability wis not a significant
factor.

Analysis of the praportion of correzt nouns recalled in the
£ill-in tast of Experiment 3 showved variability to be
signifizant, F(1, 23) = 6.97, MSe = .220, p < .05. When constant
exemplars w2re used in the training list, the proportion of nouns
corcactly recalled was , 56, but when exemplars were variable, the
aro2ortion was .42, There was also a sigynificant Repetition X
Spazing interaction, F{2, U8) = 4,25, MSe = .202, p < .05, Post
tests 3n the inptzrastion means (Cicchetti, 1972}, however,
rev2aled a> significant differences, and the differences among
szars displayed no meaningful patterns.

Catagacyg cecall. Analysis of the pro%Zirtion of nouns fresz-
tecalled fr>a the correct category in Experiment 3 showed a
significant =2ffact of rapetition, F(2, 46) = 13.62, NS=2 = .181, p
¢ .001, with r=zcall in:zreasiny with nomber of repetitions. This
relation was also founi in Pxperiment 4, F(2, 46) = 17.32, MSe =
.138, p < .01,

When cuoe2i-rzcall ian Experiment 3 was scored as to whether
zach mnoan came from the correct category, only repstition was
siganificant, F(2, 46y = 1).58, MSe = .19%, p < .00 In
Experiment % repetitis>n was als:dsiqnificant. F(2, 46} = 12.12,

Mse = .121, p < .001.
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Anilysis of the proportion of correct categaries recalled on
the £ill~in test of Bxperiment 3 indicatel that rapetition was a
sigaificant factor, F(2, 46) = 10.92, BSe = .162, p € .001. Alss
signifizant was the Repetition X Spacing ioteraction, F(2, 4§) =
6.2, MS= = .073, p < .005. Post tests on the interaction means
(Cicchetti, 1972) shoeed anly one signifi-ant differance. With
zZers spa:ing;;g?:z?’was .48, .92, ‘and .37 for 0, 3, and 8
training rca2pstitions, respectively. With a spacing of three
intarvening santence;,;acali performance was .65, .75, and .83,
This interactisn may be spurious, beciause with zero training
repatitis>ns no sentence-frame exemplars w2rz prasented in the
trainng list, and thesa obviously c>uld not bz spiced. Yet, with
zer> repstitions, zaro spacing resulted in 3 rzcall value of .38
and a spazingy of three resulted in a fraloe of .65. The
Repatition X Spacing interacti;gruggegs to beA significant -ty
chaszses~

In Experiment 4 the fill-in test rzsulted in thrae
significant main effects. lepetition was signifizant, F(2, 46y =
22.13, ¥%3e = 122, B < .001. As can be sezn from Tabla 7, recall
incrzased from 0 to 3 spacings but not from 3 to 8. Als>
significant was spacing, B(1, 23) = 11.%50, 452 = .121, p < .0OS,
ther the spacingy of exsaplars was 0, the proportion of catsgoriss
correctly rscalled from the %test list was .81. When +he spaciag
was 3, this value was .57. Finally, variability was significant,
B(l, 23) = 5.66, MS2 = .157, p < .05, 1If the exemplars presented
#erz the same, then racall wvas .69. If thsy wer: variable, than

recal]l was .80.
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Diszussian

Thé:e terfe a numbzr of sipilarities in taz rszcall patteras
foaoni iﬁ Experiments 3 and 4, even thouyh in Experiment 3
presantation of the test 1list and 1its recall took place
immadiately after przsentation of the training list, and in
Bxpariment % presentation and égg;g;g of the test list was
Jelayed for 24 hours. The proportion of noans corfrectly recalled
in the free-recall test was .22 in Experimeznt 3 and .23 in
Exparimant &, The pryportion of nouns correctly recalled in the

cuel-recall] tests were .34 and .36, respectively. In the fill-in

test the ptoportions were .49 and .52, respsctively. .

Farthzcadre, many of the results of Expariments 3 ;Ef/k
parallel thoyse of Experiments 1 and 2. In jeneral, correct
recall and =zatagory rzcall increased with repestitions. The
purpirse of EPxperiments 3 and 4 was t> determine if any of the
recil} ta2sts show an advantage Df Experimeat 4 ovzr Experiment 3
cesilting from the 24%-hour interval betweez the training and test
lists. OJne difference appeared. In Experimzrt 3 correct recall
in the fill-in task was .50, .52, anl .45 with 0, 3, and 8
repetitions, respectivaly, >f the sentence frame in the trainiag
list, Thasa results corcesponl to the general decrease with
repetitions found ir Exderisents 1 ard 2. JTo Experiment & with
its 24-hour 3=lay, howsver, these.proportions were 4%, .59, and
.58, indicating a general increase with repetitions.

T> test for the presence of this interiction statistically,
the prﬁgortisn of nouans zorrectly recallzd on the fill-in test

frox both experiments wis rzanalyzed adding 32lay as a factor.
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The Repatition ¥ Delay intaraction was not sigrificant, F{1, 92)
= 2.25, but 1 treni analysis showed that the Linear Component X
Delay interactiosn was significant, E(1, 92) = 3.87, HSe = .218, P
< .03, usiny a one-tailzd tast, The hypothesis tested was that
recall Jecrezased with repetitions in the J-hour delay conditisn
bat increased with repatitions in the 28-hkour 1212y condition.

It is ndt clear why repetitions may have interacted with
lelay of 1l=2arning in ths Ffill-in test but not in the tests >f
free and cu21 racall, It miy be that the fill-in test maximizes
the rezall of zatejory intrusions becanse the sentence with only
one noun missing provil:s such agbgtrong set 3f recall cues.

Althoigh the levels of performance wer: similar in the two
expariments, the deqgrse of variability of tas =2xemplars in the
trainirg list 1id have 1ifferential effects. In both experiment s
constant 2xomplars rasult:d in higher imagery ratings than did
variable ersmplars. 1In Experiment 3 in which the test list
imm2diatszly followsd the training list, cuel racall of corre-t
nouas anl ths fill-in test of zcorrest nouns showed bettar
perfarmance in the Zonstant-exemplar coniition +than in the
variable-ex2mplar conlition. It appears that the vwvariable-
exeaplar coniition gensratel more interference. In Experiment 3,
with a 2U4-hoer d=lay between the training and test lists,

wroanld tane ~F The cAelay
variability had no effszt on correct recall. This was the result
?{;g#??gater iiscriminability between the training 1list and the
test list.

Sinze variability zad so little positive effect on recall

performance, it mpay be that only one exemplar is needed in the
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traininy list to creatz a m2mory schema. Siabjects may be able to
generalize froam each presented noun to its aore general category
#ith only oJne presertation 2£f a sentence-frame exemplar. For
zxanple, pra2senting ths sentence "The rabki cast an elephant from
ste2l" one or mwmore times may form a schzma that could be
described as "The clerjyyman created an animal out of sowme metal.®
Whataver th2 =2xplapation, it was surprising to f£ind that
variability of exemplars hal sesemingly so little effect on recall
perfsrmance.

Most of ths results of Experiments 3 apl 4 correspond to
those of the first two experiments. Imagery ratings tended to
increase with training repetiﬁions. Corract recall tended to
increase with repetitions in the free-rezall and cued-recall
tests. As liscassed above, in the £ill-in test of Experiment 3
corract r2zall decreased with repetitions as in the szarlisr
expariments, but ;r'in:rease with repetitiosns +took place in
Experimsat 4. Not surprisingly, tecall o5f correct category words
incrzased with training repatiiions.

Spaciag of traininy ex=zmplars had littls =2ffect in these

experiments, The few tizes eé%ee%&—ﬂﬂ{ spazin , appeared, it

Legnad FIVDPS
apprared to aeeer by ciance. It appears that what is needed in

futuire e2axpariments ar: much larger spaciny intervals that those
usel here.
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Alth2i3gh the data of EBxperiments 1 to & provide evidence far
the opposite-acting schera-based mediation 2nd icterference

processes proposed by hornliyke and Hayes-Rdth (1979), no, O-

4
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shaped curves wvesre founl of the kind they raportsi. Also, recall
of the tast sentences szemel to be minimally affected by a 23-
hour delay between th: training and test lists. Considering the
diffsrences in the types of materials used here and used by
Thoradyke and Hayes-toth, the results may not be surprising.
Periaps so>ke different rangs of factor parimetars woull replicate
the recall pattesrns repa>rtel by Thorndyks inl #Hayas-Roth.

Anothsar raason_uhykmediation and interference processes may

be difficalt to (sbuéy is thkat their effects may occur

‘M%S&MM
conzirreatly, rather than with interferenze beiITg 2 1ayedl\a

Fhorndyke anl Hayes-Roth supposed. To bettsr understand the data
o>f Experiments 3 and 4 in terms of wmediating and interfering
processes, 1 modal wis Jeveloped to try to fit the data. A

graphic representation of this model is shown in Figure 1.

A e e g -

- i —— .

Only nuazber >f repetitiosns was included as 1 factor. Spacing and
variability msanipulations wsre ignored.

The assumptions of the model ars 1as follows: On ea=h
presantation of a sentance, either ir the training list or in the
test list, theres is a probability £ that a schema will be formed
in semary for that sentance frame. Als>, srce the schema has
beer forzed there is a probability r that on any presentation the
8emdrCy schama will become accessible for recall during the free-
recall task. Hence, the mesory schema can ke in one of three

statess State 2 in which the schema has not ssesn foramsd; State F
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in #3ich tha schema has bszen formed but is not rstrisvable ian a

free~recall task; and State B in which the szhzma has bheen form=3

Ao

and is ratrievable., Th: transition probabilities for the three
*ne Tuad Yo fhe sl

states are jyivefl below:

o1 P (R

-

. "/
Stats 0 State P Stats R

State 3 | 1-f-fr £ 7 fr
N State F 0 1-c C
State B 0 0 1

Th2 matrix of transitiosn probabilities Era%1Trial 1 £3ﬂTria1

k is given balowv (see Livirz & Burke, 1972, chap 6}

(1-£-r) K A B
pK = b (1-p) & 1-(1~-p) K
0 0 1

vhere A = £ (1-£-£fr)K - (1-g) K}/ (1-£f-£r)- (1-)
and 8 = 1 - (1-f-fr)K - 2

In ordzr for free recall to occur by ratrizving a sentenze
schema from memory, th: schama must be in Stata B, If the schexa
is in statz R and is rstrieved, then it is alss necessary to
retcieve th2 correct rasponse associated with sach node (slot) of
the schera. This is th: noan recently przszntel in the test
list, This noun is arbitrarily assignel a strangth of 1. The
dther cateyory nouns przsented ir the training 1list interfere
wit: recall >f the correct noun and are each assigned a strength
2. ©Each copy it memory of all k-1 rours prasentad in the

A

training 1list is assijied a strength €. 5S> the total stength of

o> ok
the intarfaring nouns is (k-1 ¢, whethe:nthey are the same noun,
A
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2T =¥Fet. Thke set of ﬁ?%?ﬂ#ﬁﬁ&fﬁ&ﬁ&%ééﬁ§=*ﬂfra overt response is

[ 'h&t of
assigned &h» strength, 1. Consequently, th: total strength of all

tn wat-tvaliond C&fwgc-uf )
respIReed—ia cach Oof the three nodes of a ssntznze schema is 1 ¢

(k-1)¢c + 3, where k-1 r2presents the number of zatzgory instances
presentel in the traieciny 1list. Hence, the probability of a
correct respanse given that the appropriate schema is available
in ezmory is

VL1 (k~1)c+d ]-
The probability of rscallinjy a category intrusion is

(k=11 g/ 1+ {k-1)c+d].

vo Flus sdot

And the probability of sot responding is

/[ 1+ {k-1)c+d ).
Thess eguations are applisd to each of the three nouns associated
with each sentence schem. For exampls, the probability o¢
recalling 3 test sentence in the free-recall tzst made up of two
corrzct nosns and a3 cat2g9ory intrusion is

D1 - O-£-£0) K- A1 301/0 14 (k-1 g+d 1120 (k-1) /0 14 (k-1) g+d 1],

vherz th2 namber of 2xa2mplars presented in the training list was
k"‘n
In the test of cued re:allauhe first noun from =2ach test-

list sesntsnze was prasented as a cue, 3nl tha subject had to

wrCite out thz rest of tie sente For the sentence to be

recalled, |it 1is assuped that\the correspording sentence schema
MW
ha? been formed in memory. The schema 33es nat have to be
nelrunre A2

acczssible in the sense that it has to be rezalltable, as ir the

fre2-recall task. Becaise a cue is providzl, the schema czac bhe

40 hpduts hucadl .
eithar in State F or in State BR Howevsr, tiz noun presented as
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3 ci12 has a probability u of retrieving ths sthema from memory.
The subjec%é as2s this cue by first inferring to what categjory it
belangs; anl then vretrieving the schemz thaat includes ¢that
Tatayory of nouns. For exasple, the probability of tecalling one
cortect aoun anl one categocy intrusiorn giver the first noan of a
test sentenc2 as a cue is
al? - (1-£-££) K] 20 1/01¢ (k=1)g+d JI[ (k=1 g/ T¢ (k-1) g+d 1],

vher2 k-1 2xamplars of the sentence frasme were presented in the
training list.

In the fill-in test it is assumed that if the schsma is in
State F or Stite R, ther the schema is aviilablz to the subject
whenr the almost complet: seatence is presented. The probability
of 3 correct rasponse is

T1 - Q-E-ED) K1 (17714 (k-1)ced 1],
whers k-1 2r2mplars of the senptence frame were presented in the
traiaing list.

Pittiny the mo

U

1. To fit +the 2121, data from 16
categorias of responling were used from Experiments 3 and 4.
lhes2 categories and thz proportions of rescall associated with

each one arsz shown in rFable 8.

A —— A A ek

The following categoriss of responding werz us2d from ¢ths frae
recall test: all threz nouas correct, two noans zorreat with one
catsyory intresion, tw> rours correct with sne omission, one noun

sorrect with two Intrusions, one ndun correct with one intrusion
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and 2ne omission, one a>un correct with twd> omissions, three
catagory intrusions, tw> intrusions with one oamission, and one
intrasion with two omissions. In cued recall there were only two
aouns available for recall, so the outcomes us2d were tvo correzt
nouns, sne zirrect noun with one category intrusion, one sorreczt
noun with an omission, two intrusiosns, anl on2 intrusiosn with an
s>mission. Prom the fill-in test tw> outcores were used: recall
of the corra2ct noun and recall of a category intrasion. The
proportisn >f nouns r=zcalled in each of these 16 response
catzjories was computed for O, 3, anl 3 repetitions of the
sent2nce era2mplars in the training list. This resulted in 48
1ata points 1in each 2tperiment. These 48 proportions were than
estimatel from the molz2l after the best-fit paramzters wece
abtaireld. Thz obsa2rvzd and pradicted proportiosns are shown in
Table 8 for Zrperiments 3 and 4. PBach proportion was based on 96
sbszrvatiosns, ¥ per subjzct. The wmodzl parameters used wvere
astinated szparately for ths tvo experiments.

Ar 2ypra2ssion for zach of the 48 datx points was derivad
from th2 ®m>3isl. Exaazples of these have alrz3dy been discussel.
A chi-s3yaar231 minimization procedurs ({STEPIT, Chandler, 1965) was
usel to asstimatz the md>lel parameters that best fit the data froa
each experiment. Sinc: the éhi«squared minipization procedure is
baszd1 on fre2juencies, zach >f the observed proportions in Table 8
wer? multipled by 96 bzfore a chi-sguarel statistic was computed.
fowzver, many of the observad freguerncies war: small and close to
zers thus not m2sting tae assumption of the chi-sgaure test which

assises thesa frequenzies t> be normally distributed. Yo deal
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with this problzm, anly obsarved proportions gcreater than .10 ip
both experiments ware used t> compute the chi-sgsared statistic.
Fith this procednre 12 >f the 48 proportiors were used in the
test of giyodness of €£it, although all 48 proportiots were
astiaatel from the paraseters derived from +taz 12 proportions.
I'hese estimatel propsrtions are shown at tha bottom of Table 8.
The parametsr vilues anil th2 chi-squared valuoes derived from ¢he
two exparisents are also shown in Table 8  For both experiment s
the zhi-sgiared statistic obtaired was signifizant, indicatiag
that tha frejaenrcies of occurrence gensratzd by tha model are
significantly 131ifferent from those obsarvai. Rather than
attzapting to refine the rwodel in order to obtain a better fit
with the data, we suggsst that thkis model I>es a Ceasonably good
job of fitting the pattern of propoertion of responsss observel,
svea if all the valoes are not precisely matzhai, Cf the 95
obszrvel proportions pressnted in Tablz 10, only 10 >f the
predictel proportions wer: more thar .10 distant from the
obsarvel proportiors,

Figires 2 and 3 show the observed and expected proportions

>f zorrest

- e -

cespanses and category intrusions from th: fill-in tests of
Experimenats 3 and 4. As discussed previously, the patterns >f
PN o YOTRR R WS- .

soLreet rexall terd to p2ove in opposite directions as training

tepatitions increased. In Experiment 3 there is ro improvement
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predictel with increasiag rzpetitions of the sentence frame 1in
the ¢training 1list from Y to 3, but ip Fxperiment 4§ there is a
oredictel increase. Thz primary reason for this diffsrence 1is
that th=z valae of the parameter ¢, which r=presents the strength
in semary of each =o-ategory intrusion, diffars in the tw>
experiments. In Expsriseat 3 the wvalaz »>f ¢ is .10 and in
Exparimeat 8 th: value is .0S. The formuli: for the probability
of a3 correct respons: in the f£ill-in test with Kk repetitions of
the sentsznce frame is
T1 - (1-£-£0) K] {17010 (k-1) g2 13-

The k rzpetitions are z>mposed of k-1 repetitions of the sentence
frame in thz trainipg list and 1 repetition in the test list. As
k becomes large in valu=, the expra2ssion (1 - [1*§~§;N:3
app:saaches ths valus 1. In Experizent 3 the predicted
probability 3f correct recall or the fill-in tast starts at the
valie .47 with kX = 1 and ends at ths valez .50 with k = 9,
Aowaver, ia Expasriment 4% th: starting valuz is .43 ard the final
valuz is .67. So the increase ir recall foanl ir Experiment 8 is
prelictel by thz model. Th: larjer value >f parameter ¢ 1in
Exparimsnt 4 comparel to Experiment I may re=sult from the fac-t
that in Exparimant 4 th2 test list vas presented and tested 28§
hours iftar the training list. Hence, there was less
intarferanze from specific nouns presented in the trainming 1list
Jariag the learning and recalling of the tast list.

It sh>113 be notel that the probability of 1 schema becomiag
ivailable in memory aftszr a presentation of an eXxsmplar,

parametsr £, is somevhat smaller in Experiment 4 than it is in
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Experiment 3. This is 2also true for the recall parameter r.
These diff2r2nces also lemoastrate a seall amount of forgetting
of the schema formed by the trairing list after 24 hours.

eneral Discussion

e

The resialts of th: four experiments roported here 1lead
support for the schema-basel msdiation and intzrfarencs pPracessszs
propdsel by Thorndyke 31d Hayes-Rath {1979). Tre most important
result was that iccr2asing the number of sentence exemplars in
the traipiny list had twd> effects on the recall >f the same-frame
sentance pra2sented in the test list. One effect was to increase
the probability of recall of the test sentznis by making wmora
liksly the formation 5f a sentence schema basel on the sentenze
Frarz., This sentence schemz could then be instantiated by the
test sentence and make rezall of the tzst sentence more likely.
The increased availability of the sentenze szhema was evidencsd
by the increased rezi1ll »f rouns from thsz cateJories that were
usel to makz up the sentenc:z frame. This effect was observed in
311 four =zxperiments in tae tests of free and caed recall, even
thoigh the repetition 2ffezt was sometines not statistically
sigiificant. on G S,

The se:ondﬁsaa neyative effect of inzrzasel training., wes
risy—off¥¥F¥E:  As an iacreasing number o€ examples of a sentence
frare were presanted in the training list, 1 senterce schema was
aors  likely to be formed. In addition, however, subjects had zan
increasiagly difficult time recalling the 3Jetails of the test
sentences. A schewm2 form2d from a large nuaber of examples was

necassarily associated with wpany dJdiffersnt details from the
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traininy s2ntences, anl these often irtruded Iuring recall of the

test sentenace. This pha2nomznon can be seen @dst clearly in the

resilts of ths fill-in tests of Experimants 1 and 2. The

prosasrtisn >f correct nouns recalled decreasel as the number o€

repatitions >f the sentance frame in the trainirg list increasel.

Howaver, ra>all of nouns belasnginy to the categories used in the

sentance frame increassl. This result showed that the details of

Wpf A cowmy, . aulibn

the most rz2-ent sertenss—rceopresentinrq a wentenes frame becoas

onsne Lo o e e

S 1s previsus training is increzasei, =ven though the

schema its21lf was wnorz likely to have been formed and be
available in memory.

Onlike the Thorndyke and Hayes-Roth (197%) axperiuents:>the

matsrials andl procedure used ir the presant axpazriments allowad

the manipulation of bota th: spacing of sentence exemplars in tha

ws well o
traiaing list eamd tieir wvariability. However, spacing of
sentence etenplars-ﬁazté% training Jdet had 1little effect on

cortect rescall of sentencss from the test list. Variability of

2xerplars may have had-a Ea:ilitai%gq effest 538 the formation »>f
Jo o Sealt degriz,

memdry schamas, The prisary effect of ths variable-exemplar

conlition Was to increise tie recall of catego>ry nouns (Ebmparei

2 the zonstant-exszmplar cnnditiaé? In Pxperiments 2 and 4,thkis

b
incrzase wis not accompaniel by a decrease in correct recall; "
in Experiment 3 a decreass ir correct recall dil ocecur. So the
eaviisnce linking variability of exemplars to rate of schexa
formation is mixed.

Spaciny ani variability could be important factors in future

sxperiments. The sentznces from the same sentence frame Used in
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Arecogmned g
thess experiments were so sipilar and so eas:.ly4 related to one
apother that it is possible that the spaciny values used wvere tao
small t2 have a Le»ge ef fect onh;gézié. If larger spacing valuszs
2oiL T be
ﬁpé 1sel, 3>23e eoffects on rzcall a be obszrvad.
A d=lay of 284 hours between training ini preszntation of the
o e A At
test sentences 3iid not 1ffect overall correct recal]xbut did §9eﬁ’
’//kﬁ/;hange the relation betwzen correct recall and the number of
traiaing cepetitions. With immediate pr2santation of the test

list, éheee—fas—autenﬁ*tcr—éor correct recall or the fill-in task

Mv?th repetitions, whereas ulth;’ 1alayed presentatnn

these—was—r—tentency—€a+ correct recall, to 1ncreaae3 In general,

howaver, th2 zffects of delay were small.

Little svidence wis found of theﬂﬂ-shaped curve connecting
zorrzct rezall with the rumber of training sentsnces. L¥:
nentionel azbove with regard to spacirg and variability
manipulations, the effacts of delay and ra2pstitisns would becoas
mors apparent if the experizental parametersfzﬁé'given a greater
rangyz of valuaas,

It ¢as cansistently observern tbat'}ﬁgg/;aan imagery ratings
incc=ased as ;44*%&en—a&apets~ef exemplars From tag saxe senten e
frase were pressnted :Sflﬁé training iisé%- g occurred even
whea the =2xzaplars were different. Whet an exemplar was
preseanted it made contazt in memory either with the schema being
faoraed for the sentence frame or with previously presentad
axenplar§ fcom the same sentence frame. In either case the

different instances of a sentence frame ware rot storsi

independantly of each oSther. The possibility of independent
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storage has be2en propssed by Medin and Schaffer (1978). Tf the
previous prasentation >f a QZ:EZEge from a senstence frame affects
the ratin; of a new senteance from that frame, then it must be
assasmed thit the storije of the rew sentence will also be
affzzted., Therefore, independeéi'shonld not os-cur.

It szay be prematur> to attempt to davalop a mathematical
mod=]l to Fit the data collected using ths experimental paradigs
introduced thera. In fact, the podel presented produced
perfarmancz wm2ans that ware sigrnificantly different from the
perf>rmance means obszrved in the experiments, although the
pattzrn of resuclts was duplicated fairly well. The model takes
inty aczouat the effects of repetition in the trairniny list, but
not the effacts of spacing, variability, or other factors that
futare ra2s2ir>h may shov to be important. However, it may be
valoable t2 compare 1wore closely the model presented here with
the learning process prapos2@ by Thorndyke anl Hayes-Roth (1979).
They are similar in many respects. Two mechainisms ars included.

Sne is s>ha2wna formation and the other is itza int:zrfersnce, ™ —e

An important diffzrencz, however, batw

LiH]

an the Thorndyte
and Hayes-Roth proposal and the model preszntel hers is irn the
use »f context tags. In th: model the most ra-=nt detail is most
strongly associated with the category corcept in the schema. Tt
has 1 strengyth 2f 1 comrparel to a strength c £or each potential
intrusion anl a2 strength 3 for no overt respoase. The model also
implies thit thz probanility 2f obtaining thke correct nrnoun from

2ne category of a sentznce schema is independent of the
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intrusions. Table 2 shows that the sentences recalled are . Bade

;#?::aé%hee——a§—ti&—carfee%m&o&as—afaef/;r;Eiiﬁgeqﬁf'éoffébtﬂﬂdﬁ;s-
and category intrusions. The proportion of rscalled sentences
pads up =2atirely of iatrusions is small. The question resmains,
howsver, wizthesr recall »of the correct nour 1is completely
indapendent from onz citegory to andother within the same sentence
schesa.

To 3etzrmine this, an additional analysis was done o0f the
free and cu2l racall of Expariments 3 and 4. Th=2 total number >f
sorrect moans, category intrusions, and osmission errors were
counted from the sentences recalled by all subjects. Because the
proportion of correct razsponses was a function of the number »>f
repatitions, +*otals ws2re co>mputeld separatzly baszd on the numbzr
of repetitions o5f ths santence frame in the training list. From
thesz basz fraquenciss the expected fregqasnzy far each category
>f rasponse vwas computed, whers it was assuseld that /BQ%//;orrect
:eca;l fron one catel>ry in a sentence s:heua%ﬁ? indzpendent >f
Eﬁe/;ocract tezall fros another category. Aftsr this mn&%hﬁ%ﬁfa
chi-squarel tast was perfarmed to determine if the observed and
sxpacted frejuencies of th2 various respd>nse categories were
Jifferent. Table O shows the results of this acalysis for frse
cacall, anl rable 10 shows the results for =:cu=2l recall. The
analysis wis 3ore only in those zases wher2 2ach of the response
zatzgoriess us23 had expactel freguencies of 5 or greater.

- ————— -

Insert Tatle ¢ and Table 10 about here.
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Becaise >f small frequencies, the free recall of Experiment 4 was
not usel. B8or was the cued recall of Experimant % usel involving
thrze repetitions in +th2 traihing list. The namber of parameters
estimatel was three, so the degrees of freedon associated with
each chi-sjiared test wis the number of response categories minis
thras. I each aralysis these three parametars represented the
Overall proportions »>f eorrect responsas, intrusions, aad
omissions. Combining the chi-squared values for the free-recall
Iata in Tablaz 9, the rzsult is Iz {3) = 1,66, which is not
sigaifizant. However, ﬁombining the chi-sguarel valuss far cuel
rec2ll in Table 10, X2 (8} = 27.83, p < .001. It appsars that in
caeel recall the nouns racalled for eash ssntence were not
indspendently ratrievel in cued recall. Insp2ction of Table 10
shows that typically mor: 'correct—correct {CC) and intrusion-
intrusion (IT) rnour corsinatisns were recalled in cued recall
than was expected by zhance, alony with fewer correct-intrusion
(CI) combinations. This tendency does not exist in the frea-
recall 4ata.

These analyses inlicats that under cuszi-rzzall tests 2 nouan
retrievel from the tast 1list is likely t> be accompanied by
another correct noun from the same sentencs. This means that
there must be some additional mechanisam in osur proposed medel for
linrking or assoziating nouns t> one another as w21l as to the
sentence schama. This mechanism could imvolve the context tags
proposel by Thorndyke and dayes~Roth ({1°79) and Anderson and
Bowar (1972a), or it could alsy involve a tenmporal search

aecianise as proposed by Bellezza {1982). Th: nourns from a given
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probability of recalliny ths correct roun froa another category.
In contrast, Thorndykz ani Hayes-Roth proposed that the details
>f a particelar sertenc: instantiating a s:cha:ma are asssciated
ot only to the schema itself but also to 1 =~3sntaxt taj. In this
ranner virious instancas of the schema car be discriminated in
nemd>ry (se2 FPigure 2 in Thorndyke and Hayss-Roth, 1979). As the
nusber of coapeting context tags increases, the learner looses
the ability ¢to> discrisinate among the various context tags, and
i3S 1 result, recall performance decreases. It is not 2lear fronm
the discussion of Tisrndyke ard Hayes-Roth whether context-tag
confusion is th:z only machaaisn causiﬁg recall deficits. If it

is, then a =common racall error should be to recall an iptact

il

w M—(L—M—C&
iprtonee fitting a schema that is the wIony sentepse. Context
sonfisisn indicates that if onre nour ir 3 s2rtzrce is ¢arrect,
then the other rouns shyuld tend to be sorrzot. Similarly, if

Meanie o . i BECIRY VLY AR fapyn, Al Seve whong (o .
3ne noumn 1is wkon%. then the other rouns/Shouli also tend ts be

Feiadled. 4

Seeorg. I[n the2 Thorrdyk: ani Hayes=-Roth forzulation, it is not
>lear whether a sentzrce can be recalled that is a mixture >¢
ctorrect nouns and cate3yory intrusiorns. Thig Bay happen in the
Thocadyke and Hayes-R5th process if contzxt tags are forgottan
for soma of the nouns, and the subject guesses by chossing some
dther noun ra2cently associated with the schema which also has no
cortext tag. But this seams to Le an exceptisnal situation in
their azcoint of how schema instances ars liscriminated inp

memdry.

A
He—ts-Trear—from our rasults«that subjects do not recall

sentences that are <composed of either all correct nooers or all
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sentence czould be indirectly connected by being linked to the
sams context tag. Undzr frese recall, howsver, this dependence
ises nat appear. So the =®molel is correct in assueing
indapendznz2 among the nouns free recalled. Statzd another way,
in free r833ll therz is 1> evidence that the correct recall of
sne corract noun from a sentence was linked to the recall of
another {Anlecs>n & Bowzr, 1972b; Foss £ Harwood, 19795).

The m>32]l assumes ihdepdendence among thz responsszs. Future
iezvalopeent of this molel may have to incluole more sophisticated
context chezkiry mechanisms., But before thes2 methanisms canrn be
added ani verifiad, mor2 3ata ipvolving fr2e and cued recall will

have to z-ollacted.
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Table 1
Examplas of the Sentencz Frames and Sentenczes Used in tke
Experiments
categorias: optical instrument, U. S. state, and foreign city
The mizroscope was novel from Ohio to Barlin.
Phe telascope was transported from Wisconsin to London.
The bind>calars were sent from Maryland to Paris.
The spygylass was shippel from Idaho to Tokyo.
The glasses were mailed from Jregon to Roms.
Zategyories: famale first name, fossil fuel, and type of soil
Mary prosp:scted for oil in tke mud.
Sue hunted for gas in the dirt.
Ann lodked for coal in tke clay.
Jare searched for gisoline in the slima,

Zarol soujyht kerosszne in the dust.
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Table 2
Pryportions of Serntenc2 Types Recalled in the Four Experiments
. Using Free Recall and Cued Recall

Experiament Fragments All correct All intrusions Nixture

Free recall

1 .03 .08 .02 .09
3 .06 .13 .01 .10
4 .08 .17 .00 .07

Cued recall
2 - 10 .18 .03 .13
3 « 11 24 .07 .13

4 .06 - 32 .03 -09
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Table 3
Frequeacy of Racall >f Correct Nouns, Categ>ry Intrusions,and
Other N>uns in the Four Experiments

Experiment Correct Intrusions Other Total

Free recall

1 182 82 11 275

3 187 46 3 236

5 208 31 1 240
A Cued recall

2 575 105 21 701

3 352 81 3 436

] 375 47 4 426
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?able 8
Bzan Ratings of Comprahansiga or Imagery as a Fanctiosn of the
Nember of Beéetitions of the Sentence Frame in the Traipigg List.
Condition | Fumber of repetitions
1 2 3 4 5 6 7 8
experiment 1
3.55 3.65 3.77 3.64 3,91 3.95 3.98 3.92

Experiment 2 |
~onstant 3.27 3.485 3.69 3.89 4.02 4.10 4,22 3.27
variable 3.30 3.4% 3.59 3.57 3,73 3.71 3.81 3.81

N3tz. In Experiment ' ratings were of :3nprehensiﬁp 1and in

Expariment 2 ratings wsre ofrinagery; 5 is high and 1 is 1low.
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Table §
Proysortion o€ Fours Correctly Recalled anl Categories Correctly
Re=alled in EBrperiments 1 and 2 as a Function of the Humber of

Sxemplars of Sentencz Prames Presented in the Trairing List

Zondition fumber of repetitions
0 3 8
Experiment 1%
AL pane 0.
Cacrectkce:all
Free raz-all .10 £13 .19
Fill-in .67 .50 44

Catagory recall
Free rzzill .11 .19 .31
Pill-in .75 .81 .94
Fxperiment 2
Corract recall
Zued razall .25 .28 .31
Fill-in .47 45 .34
Catzjyory recall
~ued razall .28 .38 47

Pilli-in .55 <74 -176
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Table 6
Mean Ratings of Imagery as a Punction of thz Numbar of
Rzpetitiosns of the Szntence Frame in the Training Lists of
) Experiments 3 and 4.
“onlition Number of repetitions
1 2 3 4 5 6 7 8
Experiment 3
-onstant 3.54 3.77 3.97 3.88 3.98 3.98 4.06 4.10
Variable 3.27 3.22 3.23 3.3t1 3,33 3.35 3.02 3.35
i Experiment 4

Constant 3.79 3.92 0,12 8,18 4,22 6.2) 4.28 4,28

7ariable 3.74 3.63 3.77 3.96 4.10 4.4 4,10 3.98

57
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Table 7
Proportion of Founs Co-cractly Recalled and Categories Correctly
Recalled in Bxperiments 3 and 4 as a Function of the Number of
Exeeplars of Bach Sentence Prame ir thz Praiping List
Conmlition o 3 8

Exparimeﬁt 3

Zorrect reszll

Free recall 0B .27 .30
Cued recall £27 B3 .32
Fill-in 50 .52 U8

Zatagory raczall

Free reszall .09 .32 .40
Cued rezall .31 .57 .56
Fill-in .56 .83 .84

Fxperiment §

Jorrzct recall

Pree recall <11 .22 .36
Cued razall 25 .42 .47
Pill-in a0 5% .57

Zorrect catzjyory
Free recall 12 .24 .43
Cued rzzall 27 .39 .62

Pill-in .55 .81 .86
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Jbservel anl Expect:zl Praoportions of Each Response Zategory

Respon

cate

Fres r

a

-

~r
2z,
1c,
12,
iz,
ar

2r,

11,

Schzmas

52

gacy

ecall

10
2I
11, 12

20

12

29

Zuel recall

% 2z
1c,
1z,
21

‘I[

1T

10

13

Fill-in

¥ C

I

Recallad ia Experiments 3 apd 4

Table 8

Exserizent 3

Obsarved

.06

.00

.17
«06
<15
« 1

<)

« 533

«3E

Predic

.06
.00
.03
.00
.00
.01
.00
.00

.00

.47

.00

Experiment 4§

59

ted dbserved Predicted

0 repetitions

.09
.02
.02
.00
.00
.01
.00
.00

.00

. 21
.03
. 06
.00
.00

.00
01
.00
.00
.00
.00
.00
.00

.24
.00
.05
.00
.00

-00
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Response
catagory
Pres recall
€ 32

22, 11

Z. 10

ic, 21

1c, 1L, 13

1c, 22

2, 10

ir, 22
Coel recall
* 22

12, 1I

12, 10

21

i, 12
Pill-in
« C

¢ T

Table 8 (cont.)

Exrerisent 23

3 repetitions

Obssrved Predicted
« 17 «15
.13 «13
«J4 .09
2] .04
. +05
.01 .02
a1 .00
-1 <31
3] «31
«32 .26
» 15 .16
i 5.9 .11
«J3 L02
32 .03
.52 .68
31 .19

Experiment §

Observed

.17
.05
.02
.00
.03
.00
.00
.00

.00

- 37
.09
- 04
.01

.01

.60

«22

Predicted

.17
.08
.05
«01
.01
.00
.00
.00

00

-37
.11
.07
+01
.01

.74

.11

60
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Response
catejory

Prez recall
*® 3z
® 22, 11
22, 10
1c, 21
1z, 11, 12
i, 23
3r
2t, 10
1, 22
Zuel recall
* 2C
* 12, 1I
12, 13
21
1T, 1o
Fill-in
* C

* I

Tasle 8

{c

Exderiszent 3

Observed Predicted

.32
.32
.3

.22
A4

-06

.11
.25
.06
.20
.10
.01
.05
<04

.01

.15
24
.06
.10
.C5S

.30
40

ant.)

Experiment 4

8 repatitions

.28
.10
.01
.03
.01
. 00
.00
.02

.00

.38

-57

.30

Observed

Predicted

.20
2U
.06
.10
.05
.00
.01
.01

.00

«27
22
.05
.06
.02

51
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Table 8 (cont.)
Resyinse Et?eriﬁent 3 Expzriment 4
cata3ory Obszrved Predicted Observzd Predicted

Parimetars

T 21 .18

£ 37 | 41

c 1) .05

d 23 .09

u .51 ' « 62

Chi-square (7) 30.3) 34.64
g;gg;VW‘c. ;“VQAEfect-.noun fecalled; I = category intrusion
récallei; 3" = word omitted. If an * precedes the response

cata2gory labz1l, then ti: observed proportisass were used in the

parareter estimation procedure.
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Table Q
Jbserved ard Expact2d Fregusrncies of Response Categories From the
Prea~Recall Tests of Bxperiments 1 and 4.

fesponse catejory

Obsascved Fxpected
Experiment 3,m3 repetitions, 32-(1) = .93
zcc | 15 1€. 15
cCI 1) 8.67
Cco 3 4,35

Jthar 3 4,83
Experiment 3, 3 repetitions, X2 (2) = 1.33

sec 15 ' 12.31

ZTI 11 13.05
2Co 5 €.906
CIX 3 B.E2
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Table 10

Jbsarved and Bxpzcied Fregqu:zrcies of Response Categories From the

“uel-Recall Tests of Experiments 3 and 4,

Response
citegory Obszrved Expact:i
) Experiment 3, 3 repetitions, %2 ({1} = 1.690
zc | 31 29.16
1 15 19.00
Z0 6 S.64
Ot har 7 5. 20

Bxperimert 3, B repetitions, X% (2) = 9.48B

o | 21 15. 77

CcI 13 23.79
-0 & 5.57
II 14 8.97
10 3 u.8o0
Experiment 4, 3 repetitions, X2 {11 = 16.75
zC 35 28.790
I 1 20.92
co " | 6.72

Jthar AL} 6.56
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Appendix A

Categories of Worls Us=4 to Make up Prasantz2l Sentences

optic-al instr.
femile first name
#riting instr.
printed material
disease

fruit
non-ilcoholiz bav.
small 5ird

rerber of clergy
tool

syeonym for child
racing sport

- braxd of aato>
1als relative
ste2l ship
weapon
preiatory biri
timepiece
military raink
type of crime
youaj woman
>ccipation
elected offiziial

0. S. prasijent

List sentences

0. 5. state
fossil fuel
cutting instr.
cloth |

worl typ=

roonx in house
colsr

prezious stone
savinna animal
tea®r sport

flowsr

relizious building
irsazt

misizal ipstrument
Jasac>us 2lement
dessart

parsonal ornament
typ: of road

typs of toy

railcoad car

dwelling
zomn2rcial business

alcoholiz drink

foreign city

typs of soil

Ivy League school
kinl of pracipitatiosn
0. S. rezion
time interval
seasdon >f year
wooden boat
nonprezious metal
vegstadble

body of water
f>reign country
American coin
royil pzrsorage
seasoning
string-like binder
unit of distance
typr of music
cortainsr

violent weather
building store
geolagizal formation
placszt

science

65
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fish

table utensil
sals first name
fara animal
aut> part

snake

reptile
preiatory =at
typz of stick
soft drink brapi
indian trionz
type of spirit

brezd 5f dog

66
small maemal dance
furniturce organized entertainment
part of body builiingy part
footware clothing
pré:ious metal contirent
tres vehicle

Filler sentences

digit circalar object
letter type of school
pun-tuation mark vawsl

kitzaen furniture for2ign money
carttoon character holiday
alr vehicle type of nut

typs of ape typs of barry
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Fijure Captions

Figire 1. Diayram of thz model propossd for ths: sentence
schamaé.

Pigire 2. The observel and predicted proportior >f correct nouns
and =zategory intrusiosons recalled in the fill-in test >f
Experisent 3.

Figire 3. The observel and predicted proportion 5f correct nouas

and =catejory intrusions recalled in the fill-in test of

Experimant &,
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