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Abstract.'

Memory- Scanning

.Thefollowing question was posedt 'Howls the memory search `of a two-
.

claude complex sentence in immediate memory carried out? An item -

recognition task was performed with 32 native English speaking,

adult, right handed subjects who listened to_eight two-clause complex

i -S

sentenced presented to the left ear, each immediately followed bya
.

. probe word presented to therighi ear. The subjects indicated whether

1

or not the probe word occurred in the sentence and their recognition
- -

latency was measured. An analyiis of va=riance was peiformed-on
-,.

recognitWn latency as a function of'the three independent Variables's.
.. -

.

.. (a), the serial position'ofthetarget word,-'early Or late, within
_ .,.

. ..-, ,....

1
, (b) main'oi pub62dinate 'clause,' in (c). initial or final clau'ie '.:,

, . A _
...

.-..
-..i ,

l'l.,.. poditpn:: The findings of this experiMent werei,; (a) a-Vorcf-i# he
'.

.,

.

fi n al 'clause .i recogniied siglidaktly, taat etc tha n *i.wird.t d4 t he.

.

.

,
-

-

i
.

s .
initialclauset_(bY for suberdinate"ClaUsessUbjeCts take longer to

.
. .

respond to a target'word,-oceurrinelate, in the'cluseihan tol:d target

,

,

.. .-

lt
,

word occurring'early in theCiause; for main clauses, subjects take

. , . .
.

longer to respond t,g a target word occurring early' in the clause ttian"
g.1 0.

to a target word occurring late in the claU40. Present storage models.
4,.

.
.

.

of sentende processing and memory search- models'axe inadequate to account
.

r . -

cA
for all the data, A combined ,storage- search accoUnt.was proposed. A

serial self-terminating model of clause accessing, with final= clause

search occurring, prior to initial clause search, fit the data better

than a simultaneous search of both clhuses. Clauses are-searched either

...
-...

.
,

in a primary or, a secondary buffer, *ending on clause type (main or

0 .

.suborditia-Pe).and.clause positron (initial or final) in. the sentence. ._

'N o
. . /

',

To,6Xplain the dWerence in mode of,searchbetween main and subordinate -

.

1

,

clauses, it,was suggested that maid clauses exhibit a property 'of

a

. primacy' over subordinate Clauses.

. e

:3

.
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MeMory-Scanning

2

How is :the memory- search of a't4d=clau6e)cbmplex.sentenoe-Ail

.%immediate memory Carried out? Some investigators have used areal

time procedure; the item- .recognition task, in an attempt to describe

M

,% the way in which a list of items In immediate memory is scanned for

recognItion (Clifton & Birenbaum, 1913; Corballis, 1967; Morin, peRosa,
_

&Stultz, 1967; Sternberg, 19t6, 1969). In the item - recognition task;

subjects are preiented with a set of stimuli, often digits,, tp be

. 4 . I

- memorized, followed by a test stimulus (test-digit=dr probe). The . 1

stimulus

- set and to respond as,quicIsly and as,i6Curately as pbAgbie."-The

reaction time from Probe onset 'to response is recaded as the dependent-4. '

1'. varkable and is,takento imply the' nature of, the iental operations

4.1

.

.
.

involved (fbr a discussion of search, prbeedures,see Sternberg, t969).

It is not clear whether memory-;scanning fortec.OgnItion-Of
, .

,Vsi:est described as a serial' process, in which internal items are
-

scannedlone at a time, or a parallel process; in which items are .

scanned simultaneously. Steinberg (1966, 1969) has maintained that

recognition of list items is accomplished by means of an exhauStive

serial search; i.e., after all the items'are searched.one at a timer
..

.

__ a response is made. exhaustive serial search entails a flat curve
--

. 1
,

.., ,

for mean RT by serial ppsition. Miiiin; .TeRosa,
.

and Stultz (1967) and

\
Corballis (1967, howev er, have produced iem- 'recognition task data

4 :3

showing a recency effect, Sternberg (1969) noted that 1'n:item-
.

.

recognition

between the

1 second.

es

experiments'which showed alrecencreffect the interval

last list,iem and the probe (.probe delay) was less than t.

Clifton and Birenbaum (1970) found that with short probe

-, subject-is to'dectde whether or not-the probe occurred in-the

4'

A
4 t.

-

<

Ak
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emory- canning
.

3

delays (within about 1 second)'the RT serial position burve showed a

recency effect, but was fiat at longer delays. Their finding
-;

suggested that the primacy ofcemorized'items may affect the shape

of the serial position' curve.

In some item - recognition, studies subjects were askeeto indicate

°whether qr not a probe Word occurred in a two-clause'complex sentence,

I

3ust'heard (Caplan, 1971, 1972j .1<ornfeld, Note 1). One might suppose

...J

that in searching for a word in

.

a sentence just heard thela)ject

simply 11:reads",the sentence out of memory much as it is spoken, i.e.,
A

in theEorder first word of the sentence,, second word,'and,so on until

'a match b h the prObe word and tae target.word!is found and a

positive response is given, or no match isfound and a negative response
6 . -

is given,(serialxself-terminating search in 'order of presentation) .
. .

However, there is reaso1h to believe that this,is not tie case in any

simple way. 'A number of studies have found that words in the-initial

clause of a two-clause complex sentence are Sign4icantly more

difficult to retrieve from immelliate memory than words in the final

clause; initial clause'words.are recalled less Often and axe recognized

less raiidly than final clause words, where. serial position from the

end Of the sentence was4held constant. Jarvella (1970) demonstrated

that free recall for words. located prior fo the:clause boundary was

6 signi icantly poorer than_for words located after the clause boundary;

se . :

that nitial clause words were responsible for '8o% of all errors,

:while- final claUse words were responSible for 3%of the errors.

Jarvella and, (1972) foUnd that the words of the finaI-claUs
ft

;

are ,iecalled, significantly more Often than the words, of the initial
.

.

,5



Memdry-Scanning-.'

clause. In addition, they found an'interaction for clause pOsition

(initial vs. f nal) and clause type (main vs,,subordinate)0

clause in final position is recalled signific4ntly bfftter ;than

main clause in initial position: in recall from subordinate auses

there is no difference between initial versus final.positiori]:These -

findings'were not entirely consistent with the 'immediate clause

hypothesis" proposed by Jarvella (1970), 'namely, that upon Rearing

a sentence, a' constituent structure'isistdPed in'memory until a

semantic_interpretatQtf the immediate clause is assigned. Storage

ofa "SubSequent constituent .str/uctura interferes with the verbatim

recall/of the previoUs clause. .To explain why claus% position affectei-

recall frem,main _clauses but did not affect recall from subordinate
,... .

....-- .
,

.
J

.
.. ,

clauses, Jarvella and Herman (19.72) speculated that there was.a.

,". . . more rapid and natural in-Verpretation of main clause,s-inthe_____

initial position of sentences and of suborAinate'clause,in the final

position. To put, it the other-way, listeners' more delayed interpre-

r .,

. .

tation of materiakin sentences with 'subordinate-main clause breer,.,

would tend to ieaye them-more superficially (and fully) represented

r 0A

ire meM(1Y" (P 383).

Bever, Garrett, and.H4rtig (1973) found that'sgntence)completio
*

of' incomplete clauses with underlying ambiguity takes significantly

longer than for`unambiguous'cOntrols. Atioweve "between ambiguous

/

and unambtg.uous complete clauses RT Dor sentence completion aces not

/

differ. significantly. They suggested.that at the end of a clatthe a:

semantic interpretation is Assionedandstihe external form of the clause

IA 0

wf

.411144.
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To discover if the clause boundary affects recognition mernery,..'

Caplan (1971, 1972)employed:two7clause'sentences,,,all subordinite-
k ''' *

.

.main Clause Order; in arl it6m7recognitiOn'task frith a target *-..rd

- - .

- ,, , .. . ,

4
-

either the last work of. ;the initial clause first word ok,the
1 .

final clause. He presented sentence's of this farms

Ia. Now,that,artists are painting in oil,, prints are rare. .

. t

'

lb. Now that artists ale working fewer hours, oil ,prints are rare4 .

The,subdeots heard a sentence, a tot, alld 'then, a probeolordrprobe
4 0

-
, 6 6 6

, 1 , ,I,e .

delay ways 150 milliseconds. -The subjects, indicated whether'', or not:
ep,

.,t . . ,
the, probe occurAd'in the sentence and the time from Onset,of the Probe'

ito response was measured. Caplan found that for probes corresponding

to the target word o.th:terlinal.claUlse'meanRT is 'significantly
. .

N
faster than for probescprrespondinetst.the target'word Of the

imMediately -Preceding cause. He perfOimed a'second identical' study

-- -:--- --t -,, .

.except that pi'obes were presented visually, and again found that mean

RT for probes from the final clause' is significantly faster than for ,

e,

prabes from th preceding clause. Kornfeld (Note 1) asked whether the

boundary effect found by Caplan with'eubordinate-main sentences would

alSo be found with maim-subordi:nate sentences. She employed "sentences.

'designed as follOws (X = target word):

2d. 2c.

subordinate i main

212.

subordinate
/

main

main subordinate, ,

gd. - X .

. main 'subordinate

4,

01,

;

t,>
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For eh -clause o ers, :Kornfeld found the boundary effect--that subjects

take significantly longer to recognize a Word in the initial clause

A

than in the final clause: In, addition, she reported that mean RT"
1/4

is faster l'or maiR claupePthanubordinae clatises; that when the
,

evehts of both olauSes are.closely'cohnee-Ced and,. plausible, mean RT
.

. 4 .

is faster for,main-subordinate prder than, subordinate-main; thd.

s!cipminance eiTept;" ';

There'is general'agreement in-the2
literature that two-olaus&

, 'sentences are processed clause-by4clause (Abrams,

1973; Bever, Lackner, 19691. Bever, Kirk,
4

Caplan, 1977,,1172; rodor &Bever, 1965; Garett, 1965; Garrett,

19734 Bever et. al.,

&Lackner, 1969;
,

Bever,. & Fodor, 1966; Holmes & Forster, 1972; Jarvella, '1970;

Jarvella'& Herman, 1972; Wingfield &-Klein, 1970). If, however,'it

is Corre1ct to' conclude bat 'sehtenees are proCessed in clailsemriits,

rather than as a whole then it is important to consider that, memory:-

scannihgwithin clause units may be affected by a word's serial'

psition within the clause:' Caplanl (1971,..1972) andKornfeld (Note` 1)
o

confounded serial esitibn of then target word within the clause with -,

f
.

4,,

clause :position and type'ksee se/ dences la - 2a). Thipleaves open
p t

that
t

the possibility that the difference in recognition latency between

initial/and final clauses'may'be aributed to the: manner i'h which_ the

clauses were scanned in memoriji. The inferehce.that the difference, in

recognition latency between the last word of the,inl.tial clause and
.

4

the first word of the final clause was due to'clause position presupposes

that the number of *orris, (syllables phonemes,- etc.) in a clause-does,

kr
f.

f.
t-,/

.?

ti



'et

t'not affect Ncognitiorr latency; and that a target word's serial .

Idosition yithin'the-claUse does.hdt effect recognition Latency, . Both
..- .

.. - ,

of.these assutptiOns ha5re-b&ff shown to be falie-irrfecognition of list
-- .

' Memory Scanning -,
'

7

items': Sternberg k1966) showed that recognition latency is 1.7\direct

function of list length: lt4was pointed- out earlier that other
.

investigators havq found-that with probe delays of less than approximately

- . .

1 second; the'serialposition of list items affects recognition latency.

One search hypS0thedis for-the boundaryeffectIs a Parallel search

of-theCinitlal and final clauses wit.a left-tor-right 'serial self- .

terminating search within clauses (Parallel Clause Search Hypothesis).
..

.
,

1

That is, the words of a clause are scanned one a;t° a time in the order
;

t of presentation until a match between the probe and the target word -is
4

foUnd; whin a match is found, thd search is terminated And a response

is made. If thisis'going on in both the initial and'final clause

simultaneouSlY, it would, be expected 'that

occurs in the clause,' the faster would

the earliercPa target word

be recognizedi It is

unlikely, however that only, serial position within a clalse affects

recognition_latency. There isreason to believe that in addition ,to

a word's serial position within a clatse, the type of'Clatse and the
p .

1,

-,0$
. .

.order of clauses within the sentence mal influenbe retrieval (Jaryella

,

& Herman, 1572; Kornfeld,t,Herman, ,Note 1). "Therefore, a second -'se hypothesis

for thboundary effect is a serialselfrterminating search of final
. .

. .- .._ .
.

4 'and initial clauses, reSpective1Y that is, final clause !teems are

* ,

..

searched before initial clause items are searched (Serra]. Clause Search
.

.

0
'

.Typothegis). If this is true,' then thd4>mean recognition latency for

. . .

(final
claulitordd should be less thanthe mean recognition

, 1
.

i

. 4
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. ... . 6,

. ,
, 4 ,. - R . . '1

. ,t
.

latency' for initial clause;vords. -But, _then, why, should. the "order
\ .

,
1. rc .

of clauses
,

matter asHK6i:nfeld .(Note f) found 'with 'main-subordinate

Order. faster thin ,Subordiriate.-4main?% This finding may tbe -Ocounted i

.. '

for if Toain, and subordinate clauses are searched.' fferenty _from'

one another, 'if main clauses shOw a recency effect and

1 , ..
,

subordinate lauses shaft a primacy. effect.
,-.. .

, ,. '

- . On intuitive. grounds and generally supported by linguistic

, theory -(laingacker, 1:9-67)-, 'the clauses of a, complex sentence.may be ,. ,

, *
_

said to be in a..elatioil of subordination; where the subordinate clauSe
'

. .

. .
.

a

it 1.8 an embedded cOnstituent1,n the main clause. SuppoSe that ..the "
X es 0

. e
centrality oi- the main Clause increases' its primacy relative to the

. .
.

, .

i
.

. Subsidiary subordinate cid.use. It would then be expected that 'main
. _ ..
clauses are pro8esssd, differently 'from subordinate clauses.. Some

,psychological evidence .support s this position.

For example,. Belipr (1970) asked children (li.... 3 yqars)yNto
7

'repeats
. , .

. .

sentences like, He reported that the children tended to repeat o
A_

3. The el phant- that likes the pig bit the cow.
1

,- .

one of the clau es ("the elephant likes.the' pig," or ;lithe 'elephant

, .bit the cow") -At about. 21- ,years old,the children tended to repeat
. ,.',Lie:','

. .

"---. .

... .
. . \ a

the maih claus rather than the subordinate clause. In a series of
..

studies on co'Mprehension of complex sentences vith.theconjunction§

6 `41=before" and "after," SmN:i and McMahon (1970)gath- ered daha wish

`)

,

adult subjects which they interpreted o show -that "what is asserted
0

.

in, the main clause of a sentence (e.g., 'The sang,1! in "BilfOre hd
, . .

danced, he sang") is mere e accessible than what" is asserted in the
t_ .

subordinate oaause ("he danced"), although thee'is no comparabble

10
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A

differenCe due to the. ether in.which the events are mentioned. . ." (p. 274).

. ": --

Based on the serial 'clause searohhypotlAsis of this7study,. it is
.

$ ,, . %

predicted that the words-in the final or P
itmediate clrise will be.

. ..

, , ' ,
4 '

recognized significantly fAsfer than the words in the initial orr-
.

. , .

.. .:

,' I 4
previous clause: Moreover,.if main"blaUses'exhiblt a gradient of .

2,

primaOi over subordinate clauses, it is. expected thatthelannet of.
I-

%

9
.

.

search within-clauses'will differ between main and subordinate clauses

. %

. (Within-Clause Search Hypot14815):.
0

.1 4

It is clear7that without knowing the pattern of recognitian'
4ef

. 0
.

e'
$

*.

latencykwithiq clauses, it is, risky to decide on the:theoretical

., .

infarinCes to be drAwn from between-clause recognition' latency. _At

.1.0 a
% .

present it is unknown what part,of'the RT curve is'being sampled. when

.

. .

the la;t:po&ition of the fitst clause is compared to the ffrst pOsition
1 0

of the second clause. .

. . ,

Whatis required is an examination of item - recognition task data

A
.

c-,

derived from twomclause sentences in wHich a test clauie meets the
. .

,

,

following conditions: that it contain a word'which may occupy an
.

, .

early or latp serial positiOn without altering 'the ineanin o the .-

. sentence: that "it can function in', nitial or final clause pqsitiOn;
..

_ .
. .

.

that it can function either asla putordinate or main claus . An item-
.

)

.,

recognition.tai with sentences designed on-this model.sa sfipsgthe

ti

following objectives:, at becomes possible te.determine the mean

recognition latency between early and late target words within the

clause, while varyIng'clauSe position and/or type. Hence, the general
,

4

S. /

finding in the literaturd, that it is mote difficult to retrieve words
. ,



tir

la
i

'a' ,

from the initial clause than from the final one, may be attributedIto
. .

a target word's serial p.ositilon, within the clause, clause type, 'Clause
tb

position, or n interaction amongst these variables. -Also, it becomes

otsiblec7 infer the mariner in which the clause Is searched from, the

p attern of recognition latency data. The present study attempted to

acdompllsh these Objectives.
4
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Subjects

The subjects 1:(

, Method
,

Meteiy-Sganning,

11

32 bel volunteers at Columbia- University.

SAbjectp were ri 'd aiid native speakers of English. .

, ...

.
44- .

.

2 :

..;,..

4 .1

Materials.
1.04.

74

Sixty-fo use test sentences were constructed.. in' each

,

ence, one clause met the following conditions: .(a) it consisted-

' e' . . .

of between :line 'and eleven -tensyllabic words4(witil the exception of

.:
.,

two -diraLley.lii:#.argelt werds),; (p) it contained a target fiord which
. .ss

,. k .,
'0' .:,( , a .. .

C Oink i'Un Ct 1013; in two positions .without
alltering.7

ima.ning of, the
4:L24'

.

sentence; (c) -it could fUnction either as' a main or subordinate clause
, .

°-*-.4 -- in either initial' or final paiiition. The sole restriction for the '''.

,..,*.,

-*10145.c': e`i clause was that it satisfy,,Conditien (c). ThUsl--'e, test sentence

._ . .,.. . .s.

. eight alternative forms, which All be retrred ito, as a set.

o lowing exemplar illustrates the permutations by serial position

the, target word within the clause, elause type,

Set
44, ,

.i. Th ough the clowns and the trained bear were fun to

ad=diause positions

0

man' on the flying trapeze was the most breath-taking adt,df

2. Though the trained bear and the clowns were

watch, the-

all.

fun to watch, the

-all. .

though the

all.

hough the

all.

'man on3the flying trapeze w.p the most breath-taking act: of

3, The clowns ,and the trained bear were fun to watch,-

man on the '4ying trapeze was the most breath-taking act,of

.- 4. The trained bear and the clowns were fun t6 watch,,

man on the flying trapeze was the most breatp-takini dot- of

1 ;3

\ /-
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5. ,Though the mamprOhe flying trapeze was t)le most breath:.

taking apt of all...the-clowns and the trained bear were fun to watch.

5. -Though the man on' the flying trapeze wa.s.the most Ameaa-

talang act of all, the trained bear and the downs were fun to watch.

. 7. The man-on the flying trapezeirawthe most,breath-ng afttga

of 'ali, though the clownsad the trained ,bear were fun to watch.

8.
.

The man, on the flying trapeze was-the most

P

of all, though the trained bear and, the clowns-Were,

Seven' Other sets of test sentences,
- ., .

construceed: In all,eight-sets%were used.
,

breath-taking act

furito:'watch.

,differing in semanitic content, were'

Cp
n

.,.

Acrosssettarget words ,

. d . a

were distributed In various serial'pdsitions ranging.4om one dO eight

syllables from the beginning df the ..clau se..

l
. .

Thirty additional sentences wereconstrb.ctedk 315:-served as pra.ptibe
-A

'-,
_4

sentences, three subordinate -main and three main-subordinate sentences.

(subordinate -main and main-ghtordinatece
For each clause order tv.:-, . ;-one probe was from the ginning ,t,

".

of the sentence, onb-was from the'epd ofthe sentence, and one was not

present in the sentence. The.remaining 24 sentences served as filler

sentences to vary the serial position of the target'word. The filie

sentences;consisted,of 12 subordinate-main and 12 main-subordinate .

0 . (subordinatd-main and mainsutoirdinate)
sentences. For each clause order

/'

, four probes were from ,

ari extremely early position.in the sentence, four were from an extremely

. A

late'rosition, and four were not present in the sentence.(See-Appendtx

A for a complete listing of stimul4 materials). °

Design

The experimental deitgn was a 2 X 2 X 2 factoal designythenthree
. .

0

1 .1
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independent irariables.were'olausetype in or su rdinate),,clause

..s.'
.

(initial

,

position i or final); and serial a sitien 6f 'he target word .

.;, .

:-within the clagse (early (E) or.late (1!),). Eight ir6u of four subjects
2.

,
,.,

.

were randomly assigned to eight tape,reccrd d lists of 8 ntences) the

',1,,' ,...t tapes were balanced for main effects of the hree indepe ent variables,
, i',, ,....'

..
1 .

.

* .

' but tot, all possible treatment cOmbireations ccurredoh ea h7tape ..

:,2
.

.. , (i.e., clause "type was combified with E only o L only in bo h clqpse
.

co
. 1.

,,
,,... °

. .

. , . r..

orders so that one tape was the%complement of another). To'
.: . Iy

f

7

'balance the design, each subject's two respOnses'for'a partic ar

combination of independent yariables (e.g., E, :Subordinate, i 'tial) were

averaged (where only one entry Was available, ,it was used as e'pairt

mean) and randodly paired with the appropriate Mean response cl'anqther

subject who had heard the coridementay tape (e.g., '1,, subordinate,

'As a result,:there were t6'paitsmeans in each condition.
No

-.

Eight, presentation -lists were conqtructed. Each list
.

consisted of

only one
4...k

sentence from each set,, Within each hP*of a list there was
-_- . ,

,,,---. .

an equal 4umbet of tutordiriate-mainr.and rain - subordinate test sentences

4Is`.
---teid'an- equal number of occurrences of a target word in subordinate and

41
_ 0.

n clau'ses fdr each clause oragic'with target words equally distributed

across early and. late positions b7 clause order but not clausktype.
.

Within these limits, test sentences were randomly odei.ed. An eqiial

,
,

/,

number of subordinate-main and main- subordinate filler sentences

occurred in each half of the list, with an equal kumber of early, late,

and not present!--target words. Theorder of test.sentences and fillers
.

was constant across the lists. . In short, across the eight.pi'esentation

lists sentence order, rekined,Coh#ant, while clause type; clause
-

tosition, and serial position of the target word within the.elause varied.

)

r,

*.
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4.

,:0

The eight presentatito lists were tape recorded. by a male Standard, .;,...4.- , ..., .0 .
I

,

--. . t.
American speaker. 'Fillers and. test sentences, were recorded-an one

4
-

channel in a monotone (an oscillator aided in keepinepitch constAtt)
___,

, .. . , .
with an atteragb to reduce clause 'boundazi- juncture. Sentences were

.

,
. .-

recorded in this way to insure that sub).. eets segmented. the sentences

according to Syntactic knowledge rathei than irytonaticual,cues. Probes
. ,

.

.
....,,,,_ . . --4 -. .

were recorded on a second channel: The meal interval between tli,e end,Ofsecond .

-

ttemort-Scanning
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a

,
the' last word of the test sentences and onset of -the' probe fiord was 8327

A z

s e c o n d s with a stan deviation of .100 seconds.

Sentences ;.a.hd probes were presented' ftditorally td, subjects with a
. . ,..,

.° Tandberg series. 12-.tape recorder insd-St&reophonic headphones.. Onset df
0,

r
the probe' activated a Grason-Stadler voicd operated. relay which' started

a Hunter' mi 1 li second timer. The subject ' s spoken resipnse stcipped. the,

time. via microplone and .a second voice operated relay.

Procedure

SIVects were tested indivithially. ,,.The subject heard a sentence

immediately followed by &probe word. 6.enben6es,---$41--protses-4,iere

4:14ehela-vall-yprernted-r-'' -Sentences were heard in the left ear an'd probes*

in- the ear. The subject was 5:hstruCted to' 'say "In" $f the. probe

was present in the sentence and "Out" if it was nit present, and to

respond as 'rapidly and as accurately as possible. Reaction time was,.

measured fr% the onset of the-probe word _to the subject's response.
- ,

.

11"
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1....,

- c Results

Of 256. data points
'

,errors and 3 missing data points were excluded
, r

.from this-analysis. Also, respses two standard devialiOns from a
..

subject's mean for the test 'sentenoes,were eliminated. Eleven resp:onses

eliMinated on this

as a function of clause

were basis. An analysis of variance on reaction.' tithe
;

type; clause-position; and serial Position of the

. 4 ,

target within the clause was performed on the remaining data. The

results of this hnalyivare_shown inTible 1.

4 Insert Table'l about here

Mean ft-fOr E and L target"words by clause position andclaudh type

are presnted ih Table 2. A significant main effect was found for the

Insert Table 2* here

1
.

clause position °factor; mean RT for.the target Word within the final-.
\

clause was :7705 second and mean RT forthe.target,word in the initial

clause was .9561 seconds (F = 19.182, p < = 1/15) . Mean RT was

sl'atificantly greater fox initial clause probes thanifor final claude

probed in seven of=the eight test sentences. Theeinteiaction between

'serial position of the target word within the clause ( E or L) and clause

,type (main or subordinate) was significant& Figure 1 shoWs thait thean RT

increased with.seiial position (a primacy effect) in'subordinite.claudes

and mean RT decreased with serial 'position (arecency'effect) ih Main

e,
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:

".

6625, p C. 025, df a 1/15)% A-primacy effecas obtained

Insert Figure 1 about here

for subordinate clauses in ive out of six and six out of e ght test

.
sentences for initial and final clause position, respectively. ';A

recency effectwas,obtained for main, clauses in six out

out of eight test sentences in initia(and,final clause

respectively (response errors accounted for the missing

of six and seven

position,

sentences). An

additional chedk-of stimulus materials was made, since probe delays varied

amongst sentences. -The corrleation,coefficient was computed- Tor probe

=

delay: by RT (r,=;.183).

. . . r 1

In short, 'if probes were in a'subordihate clause, then early target

.
, .

.

.-.

.

words were recognized faster than late-target-words, regardless of whether

, .the clause was in initial or final poSitiOn in the .sentence. If probes i

were in a main clause, then late target -Words were recognized:faster

n regardless of whether the Clause'was in
+0 J

than early target;gonds,, ag

initial or final position inthe%sentence. For all other

faciors,''probes in final2clauses.were processed more quickly than probes

in initial clauses. Th

interactions.

re were no additional significant main effects or

It is important to note that all reaction times two standard u

deviations or more from a subject "s mean,for the test sentences and all

18 errors (7% error rate) occurred with initial clause .target words and

none with final.clause t et words.' The overall number of errors was

18



.
, ,

.

prolablyli (approximately 20) by .at least one ISAote word which

1

s'

,,

was difficult tO.understand. For this reason and because the number'
a

of error was small, no fuOther analysis of errors wasmadei

.

' It is concluded that a woNd's serial position within a clause;

clause poSition, and clause type all influenced recognition latency ;

for 'the wards of a two-clause complex sentence in immediate memory-.

;--
.-!

The findinge of this study suggest tht for a two2ciause coMpleX .,

4

sentence, in imm6ate memory, the clause-functions as a perceptual.

'Memori-Scanning
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unit;.that sentence processing is cared out clause -by- clause ;. that

.

,
the final 'clause is more readily availatle than the initial- clause;

,4

and that the manner in which a clatrselig searched is related to the'

clause type.

Discussion
. . .

4

.

.

fi.. ,

The finds g in this (study that a word in the final clause is
\

7.tr

recognized significantly faster-than a word in the4nitial clause
4 . ..

is consistent with the boundary effect found by Caplan (1971)*and
1 .

'

sillports the serial' clause search hYpothesii proposed in this study.

.i, :

In addition, now it can be maintained with some confidence that the

boundary effect is not' an artifact of the manner in,w4ich within-

clause search is carried out., The boundary effect of be

attributed to the serial position of the target word within the clause,\

the nur4er,of perceptual:umits of the clause, the clause type, the

clause order, the lexical furiction of the target word, the grammatical

) function ofthe target word, ilor any interaction of the variables;

a
these variables were either held constant or tested and showed no

4 ,

significnat.main effect or significant interaction with clause position'.

I

,4
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:dile might argue that the difference in recognititoo lateneY:lq

clause position wssilot a bouridsry effect but was simply a recency

effect, since this study confounded clause, position with serial

-

'position K.the target word within, the sentence. However, a sheer

/

.

recency effect explanation is contrary to the finding that for

.
.

subordinate.- clauses mean'RT increases with Serial position. Also, ',

4
4

.C4plan(1971)'demOnstrated that serial position vis a vilS the:end

of the sentence did not account fels.:the boundary:effect. 'Therefore,

the data from this study support the boundary effect.

4 'These results do not support the parallel' clause search hypothesis.
. .

..
.-

..

-..

The parallel clause search hypothesis' entails an increase In,mearila .

1/4

with serial position within the clause for both clausepoditions,
. ,

,

.
f

'' regardlets of clause tYpe.' The fihdiag in this stiffly, that subordinate
'4

,

.

clauses produce a primacy effect and main clauses produce'a regency
.

effect, regardless of clause position,' suggests that subbxdihate and. '

-main clauses are searched - differently from one'another'and, therefore,

supports the within-clause-search hypothesis. It may be speculated

that the differencein mode of search between main and subordinSte
r.t

.

clauses is related to the centrality or primacy of the main clause

relative to the subordinate clause, i.e., it is suggested that-m.14

clauses exhibit a proferty of primacy ever'subordinate clauses.:

The "dominance effect" repoited by Kornfeld(Hote 1), that mean

RT was siinificantiy faster-for main-subordinate clause .o4er than

for subordinate-main clause order, is accountedfOr by the sifificant-

.t interaction between serial position of theiltarget word within the

/elduse and clause type. Kornfeld compared late,.inftp.1

20

A

a.

q.
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," clause target words plus early, final, main clause target ,troras
.

(subordinate-Main clause order) to late, initial, n

words plus early, final, subordinate clause target

1(
2a*- 2d). In ;_tbis studY, mean-RT was computed for, both .eatly and.

gain cruse target,
- 501-ot A&

woFds aee sentenoes

.-late target word positions for both clause ty-§bs in both clause

°

p.!?sitions, andno significant difference in mean RT by clause order
.,

was found. It may be noted that ,if cAly the positionSwtested by

faster than mean-RT fOr'sul:ordinate-main order_.(mean Fefor later

initial, subordinate plus early, main ,sentences was .89

secondsland mean RT for late initial, main plus"e

Kornfeld are'abStracted from Table 2, tIlenthese data also give the

result that mean RT for main-subordinate Order was significantlr.

(\,

subord1We sentences was ,.81 seconts,It ,---- 2.18, p4'05, df =3 13)."
.

-: .* _
,

Therefore, it appears that the i'dbminance effect" is
.,.

. :

artifact:
, ..

.

Finally, let us return to the original question, of
'I'O,4

HOW is the ,memory search of a"two-clause
.

.

\

memorycarried out? While a-multiple storage model of Sentence
, -

,
.

experimental

complex sentence in immediate

. .

processing (Caplan, 1971) ma)* aCcounte,(xr-the boundary effect, it
II,

; m
fails to describe the difference in pattern' of recognition latency

between main_ and subordina te clauses; nor do'inY of the search models

discussed account for all the data. Therefore,

search account is-suggested.,

Storage - Search]

Itis propos ed. that for,*-twoLalau- se Complex

a combined stiorage-f"'

e

)

sentence in imMediate
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4 t.

. .
. . . '' ". ' ..

memory,, the final.andihilial clauses.are accessed'inva ierial self-
.

, ' , -, ft, ,
terminating manner. The final clause is earched V.rsti,then the

. -

,

initidl clause is sears ? led.. Up$n iindi

`-
igatch -between, the probe.

=-
'anciNthe_taxget word, the 'sear'Ch J.s terminated p.04.a. rIpbnie, i,s, made

- .
. .

. .,

- 3 '(the serial: clause searclillypothesis) . The- su
.

.ate. clailse id '

, ,
. ,.. i

.
... , ,

Initial position and the main and subordinate claUsetin.finai '\.
.

... ;46 , . . 0

pbationare searched in a primary buffer; only'the

initial position is searched secondary buffer,
_ .

min, clause' -

4

-Items in the

.......4

- - ..

primaty buffer are more .fully represented in memory` than as-ems in:-
-.4.

- .,

. the secondary.buffer and hence more readily available,fbt retrieVal_

items in the 'secondary buff5r (cf. Caplan: 1.971; Jar vala &

Hexd, 1972);;;,/,a3eperiding upon the. clause, type, a prOedil* 9Q <
.s.

VI
0 .. .

-search .within the clause is employed (the withinqlause s

4
hypothes is), It marle speculated that either the wbr

t %it ...

.

,-
,

.....

clause are searched in parallel, With an increase

words with serial position,'or, alternatively, in

..,
,

terminatiriemanner counter to the order
.

1

_)
effect found for subordinate clauSes,suggests that a=serial. self.-

...
. ...

,
. .

teAlinating search in order of Prese tation may fit the,:subOrdinate'

.00

he main '-
. pC,

fki availability Of

a seriA. self- ,

of presentation. The'primacy

At,

°

clause data.
Jr

A k ,

.
Storage-searchi.tits the following fact9: (a) that mean ecognition

latenCY vas shorter flr the final clause than for the initialciattsel

(b) that the long" mean recognition latency-for the final clause was'

less than the shortest, mean recognition latency for the initial clause

(see Table 2);=(c) that'a .disproportionate number of errors d defiant

reaction'times were produced ,with initial clause target'wbilitsCOmpar'ed
.

r

22 ab

4 f.
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k
$v s 1

't''' 1'
to final clause target words; (d) that main and sti*dinate clauses

-revealed different modes of search; (0) tha!the difference .in RT
P

between early ar.d. late target words was equal' between subordinate

clauses in'initlal-and final clause position,. but--Ilrain clauses in..
.

initial posiiion showed twiCe the within-clause diffSrence in RT

compared to main clLises in final position; *(f) that recall for main

0

clauses in initial position was significantly podrr than for main
. ..1 .

clauses in final position, but thlt subordinate-clauses were "recalled .

..* - .
equally well in initial :and final clause.' positions (JarVella & Herman,-

NI.
.

1972).

Otorage-Search2 -,

. .

Stpiage-1search2 differs.from storage-searChi.only in its)%torage

0
system. Storage-search2 proposes:that.sutOrdinate clauses are Searched

im-a,secon ybuffer 'butin both clause positions, but that,nrein clauses

are searched n a secofidary buffer in initial position and in a primary

buffer in, final - position.. Stbrage-sIrdhi and storage-search2 fit

equally we] yith (a) -.0(f) above.' Howeyer, if probability .of recall

is predicted on theldsis ofiuffl'ilocation of memorized items, thek

4C0Fage-sear:ch2 fitsqarvella:and Herman's (1972) results better than"'
t

,

storage-searchip' It accurately predicts. that main clauses will be
sl

r490.led better than subor51inate clauses in final position but that

in initial position recal L between the clauses trill' not differ. Stcrage-: A, ,

e40Piii makes the cppoSitepredictions.

A' parallel fodel of clause accessing proposes Lhai the subject

searches both initial 'and final clauses .'slit.O.taneously. Final clauses

..

2 ;I
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.1-2- f .

are searched faster than initial clauses %cause they are more strongly
. ._ _

. . . .

represented dry or more fully represented. However, the claimmga
.

that initial .clause words enterthe secondary buffer.and 4ina1 clause

words enter the primary buffer, regardless of clauAe type,.fAls to
ow

amnia f4 (e) arid (f) above and makes (b) less intelligible than with
.

,

%
.

,' ,

storage-ic3.17chior Storage-scarft, Similarly, Caplan's'(i971)

4 'proposed multiple perceptual orage system fails to account fOr

(b), ie), and (f .. .Cther mul iPle storage 'memory systems Olaull

-Norman, 1965; .Glanzer, 19g) 0,160.fAil to account fox facts like. (e)

0and"(f) witheiut elalioration, If the parallel model i odIfied to

inoludo the'buffer systems of storage-tearchi or storage-search2,it
,

predicts that sullordinate clauses will not.show a'difference in'RT

46b

bawcen clause-position., WIth the buffer system of storage-sevchi

the subordinate clause is searched in the primary buffer in both

`

clause positions, and with,the buffer system,pf storage-search2 the

subordinate clauSes searched in the secondary' buffer in both clause
N, fi

positions.' Hence,,a parallelmodel of clause accessing does not fit

the evidence discu ed here as well, as alserial Model 'or-ctause

..adbessine;,
,

Thg storage-starch, account raises a number of quolikons which
N

require further research. Most obviously, is subordina ;elauhe search

,

serial, in ordar.of presentation, -and self-terminating? Is main clause'

search parallel with increasing avalabilitY of-items, or serial self-

. .

terminating and counter to order of presentation? Alba, in the present

study it was, not established whether ;primacy is a syntactic or a

semantic property.

r

6 .
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Footnotes

1This research was carried out while I was a guest'in T. G. Befer's.

laboratory 4CoIambla Univer'sity. I am indebted to T. G. Bever for

many hours of guidbice and discussion, although I solely an responsible

for any shortcomings in this paper.

2In addition, Caplan (1971, 1972) confounded lexical and syntactic

function with serial position within the clause, clause position, and

\
clause type-:.-notice that "oil" is a noun in sentence 1a and an adjective

in lb, that "oil" is the obtiect in is and part of the subject' in lb.

, .

4.4
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.0/ ;able t\

Analysis of Variance

4

Source of Variation SS MS DF

clause position (lst/2nd) 1.097236 1.097236 1 19.182**-

clLsa-type (M/S) 0.015029 '4).015029 1

serial position of .

target word (E/L) .-. 0.009062 0.009062 1

1/2 X M/S
b 0.006830 0.006830' 1,

E/L X 1/2 . 0.016630 0.016630 1

E/L X M/S 0.330993, 0.330993. 1 6:625*

E/L X M/S X 1/2 0.013510 0.613510 1 °

Subjects (Ss) '1.694707 z0.112980 15
A

Ss X 1/2 * 0.858768 .0.057251 15

Ss X M/S ,

.

Ss X E/L

0.436585

0.176999

0.02%106

,. ;-0.011800

.

,

.

15

15

:,

Ss x M/S X 1/2 0.277588 .0.018506. 15:

Ss X E/L X 1/2 0.234623 *0.015642 .15
, e I

-7" 5

Ss X E/L X M/S 0.749376 f0.049958 15

Ss X E/L X M/S X 1/2 0.228963 0.015264 15 -

* p < .(45 .

,_

** p C :001

A."

Jo

''

5
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Meiory-Scanning

'-.... Table 2

Mean RT (in' seconds) fop E and L'Target Items in Finaq. and Initial

Clause Position by Main and Subordinate, Clause Type
401%

Initial Clause Final Clause

Subordinate lr Main Subordinate Main

E . L E L E , L . E` L
- _ ..,

. -
- --- - 1 .-

.9141 N 1.000 1.035 .8857 .7364 '.8227 .7803 .7052

> f

14

_ 447."":""',

, 4

4

4

-J

: t
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r. Figure Caption'

Ineraction between early versus late target word position.Figure 1.

and main versus subo;dinate clause type.

..""""
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Practice Sentences:

APPENDIX A

STIMULUS MATERIALS.
,

31

A considerable amount.qf time was lost,.when Chuck broke his righ arm.

Considerable

,

Check all the fine-pr j.ht, before you, sign a new lease. Sign

Even though the question is minor, think it through. Green. .

Successful businesies start up, when the government restricts,imports.
Restricts

. x .

No matter how much care you take; work clothes get dirty. 4Dirty

ke.

Eat more protein, if you want to gain More strength. Foot

Filler Sentences:

4

N

,

Is The committee unanimouS1/ agreed on adopting the new rule, -after the

the Congress openly argued about the issues. Openly

.

By making his plan knAn, Jim brought out the objections of everyone. 4

..'Bhby ,
J.

. .
. .

After the dry summer.of that year,

,

most,vegetable crops' were ruined. '

Ruined
...,:

While John was patiently Vaittdk for the doctor, he.flipped casually

throughi magazine. Casualty - .

4

It soon.became obvious that our luck would not holdout. It
, .

When Ralph's father decided to xetire, he moved to the country to live.

Train

While Peter took t arbage out to the incinerator, Henry started to

put the model airplane together yesterday. To'gether

- -

Blood stains stay in the fabric no matter how hardyou try to clean. i;r0"

0.

Clean .,
c

.. .. .
'

. .

What bothers old.woMen shoppers mostof all is that men ignore them.. ..

What . :
,-

A fight
1
did not jmmediately break out thank goodness,,-although the'Vully

deliberately bumped' into the little guy this-morning. 'Deliberately
, .-".:=.:-,--

.



We bring,

You'll le

After% the

dent

The sun i

No matte

liquor, ever.time,ye visit friends., life.

memory-poanninG- ,

atrt to, like cheese when you go to Fiance to Jive. at

teacher jokingly announced that there'd bea qUi many stu-

s nervously glanced at one anther. Nervously'

S out, although the forecast caLls- _for more rain. 'Sun

what the students say, the 1 all pass. Yass

We frequen 1.x.axgbed-about little t ings, after Toth, Bill, nd Mary4

.
left Pour commune. ,Mary

Trees seem greener. whenever it rin vryrd. Skini

AlthOUgh the patient now wants a cur he must 'wait. 'Alth'ough
._.//

I

The new b left guietly throtigh a back door, because he felt comfortable

- with only one person in the room; Only

Fans go wild whenever this goalie s

When'managemerit'does not raise wages,

ps'thepuck. 'Run °

, .
tikes xesult. glta:

When the child spilled the laiilkaccident lyoon-the floor, the plippy

merrily 'waged his tail.yesterday. Me
1. 4

5 Serve good scotch if you want friends to think you are' rich. Rich
4

Though some' disagreements still exilt, peace is near. Yaid

Experimental Sentences: -

. ?

.
The man on the flyimetxa#eze was the,most treath taking actoof all,

though the,trained bear,and the 44owns were tun to watch. _Clowns
- .

Th e man on the flying trapeze was, most -breath taking act of all,
.

,

though the clowns and the trained bear were fun to watch. Clowns

4

4-.

.

9

4

Though the man on the f14.ing y'a

all, the/ trained bear and- the cYowns were fuh- to watch. 'Clowns

the modt breath taking act of 4,

.

)

Though'the man on the il'iing trapezeyasthe.most breatt:Ftaking act of

all, the'clowns anc*he trained beai were fun to witdh. Clowns
,.i.

-,..

The trained bear and the clohs were' fun to' watch, though the man on
the--flying trapes was the most breath taking act of. all. Clowns

The clowns and the trained bear were fun to watch, though the man on
theflyingrapeze was the most breath taking act of all. Clowns
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'

.
1 's.RTiough the trained blear and the clowns were fun to watch, the man on

. the-flying trapeze was the most breath taking act of all. clowns,
.

7

Though the clowns and the tra ned bear Were fun to watch, the man on
the flying,;:apeze was the st breath taking act of all. Crowns.
.$

4,

I Though it was nice to s ak often to you the telephdne bill-was ridicu

' ) lously high' 0 ..
.

# ',.

., ,
,....

,
.

Though it wasiniceto often speak to you, the telephone bill was ridicu- i'l,

lously high. Often ,

...

\-1It, was, nice to speak often to you 1D1.1 wa, though the telephone was ridicu-

lously high. .Often
.

.
.

It was' nice to often speak to you, though the telephone bill was ri'dicu-
louslY high. Often ...

Though the telephone bill was ridiculously high, it was nice to speak
often to you. Often .

.

Though the telephdn bill was ridiculously high,it was nice to often
$ speak to you. Often ea 4

The telephvie bill was ridiculously high, though_it waS"nice to speale--
often.to 'you. Often - -

iv,.

The telephone bill was ridic ulously high, though it was nice to oten

7
speak to you. Often ' -1'

- - ....,

,Art Alltt

.

, f The large chair or the small couch must be moved-,:while the rest:of the-
furniture can remain just where it. is. Chair

-...

. , 4 . ,, I
1

The large couch or the Small chair must be moved, while,the rest of the
furniture care remain just where it is. Chair , . '. .', .

ji,.. e.
,

-,-.

* While the large'chair or the small couch must be moved, the rest '5oS the
,furniture can remain just where it is. Chair , .

While the large couch or thesmall chair must be-gloved, the'res t of the.

furniture can remain just where it is. Chair
41.1

The rest 66 the Thrniture can remain juit where it is4 while the large

chair or thesmall-couch_must-be' moved. Chair

Therest of the furniture can remain just where it is while the'large,
.

couch or the small chair must be moved. Chair -°

;One the rest of the furniture can temain just where it is, the large
chair ortthe small couch must be moved. Chair



a

s's

4

c)
'While,the rest,of'the furniture can remain just where it is, the large.

couch or the- small chair must be melted: Chair

MemoryzScanning-
.

While the new girl was a whiz at reading, writing, and arithmetic, the
new boy could not speak or. wiite.well. Speak

.

'While,.t.he new girl was a whiz,at rtadinga writing,: and arithmetic, the
new boy could not write or speak well. Speak

-F-.

The new girl Ties a whiz'at reading, writings and arithmetic,while the
new boy could not sl4ak,or write well. Speak !

Thp new girl was a whiz at reading, writing, and arithmetic, while the
new borcould not1write or speak well. Speak

While'the new boy could not sP-iak or write well-, the new girl was whiz

at reading; writing, and arithmetic. Speak

'While the'new boy could not write or-speak well, the new girl was a whiz

'at reading, writing, And'atithmetic. Speak

The new boy cbuld, not speak'or write well, while the new girl was a whiz

at reading, writing, and arithmetic: Speak:

The new boy could not writeor speak well,,while the new girl was a whiz
at reading, wri.pling, aAd arithmetic. ,Speak

The clerk packed the beer, the coke, a the milk, while we decided on

who would pay for the groceries. eer

The clerk packed the-coke, the beer, and the milk, while 'we decided on
who would pay for the groceries. Beer P

0 .

While ilheclerk packed the coke, thebeer, and the milk, we decided on
who would pay for the groceries.. Beer.

While the clerk-packed the beer, the coke, and the milk, we decided on
who would pay for the groceries. Beer

.

We decided on who would. pay for the iroceries, while the clerk packed

the beer, the coke, and the milk. Beer

Midectded on who would pay for the groceiies, while the clerk packed
the coke, the beer, and the milk. Beer

Mine we.decided on:who.would pay for the groceries, the clerk packe'd

the coke, the. beer;, and the milk. Beer

While we decided'on who would pay for the groceries, the clerk packed
the cokes the beer, and the milk.- Beer

3 7
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Ihe.boss came into the.room, when Jack(glanced quickly at the work he

had,done. Quickly

The boss came into the doom, when'Jack quickly glanced at the work he
had done. ,Qpickly

When the boss came into the rdtin,, Ja*quickly glanced at:the work he

had d6ne. Quickly

When the boss came into the room, Jack glanced q4ickly at the work he

had dobe. Quickly
4

Jack glanced quickly at thework-he had done, when the boss came into
the room. Quickly

411..o. Jack quickly glanced at the work he had done, when the boss came into

; the room. Quickly
fa' et

t2-
,When Jack glanced quickly at the woR Itiii.1,khad done

the room. Quickly

40,

the boss came into

When Jack quickly glanced at the work he had done, the boss came into

the room. -Quicklor

While the guests hadecktailsin the living room, the,cook sliced the

bread and cut the steaks.' Sliced

While the guests had cocktails in the living room, the cook cut the bread

and sliced the 'steaks. Sliced

rf
The guests hid cocktails, in the living room, while the 400k cube bread"),

and sliced the steaks. Sliced

The guests hid cocktails in the-living room, while the

bread and cut the steaks. Sliced

While the cook sliced the bread and cut the steaks, the Ats had cock-

tails in the living room. Sliced

ook sliced the

While the cook sliced the bred and cuE ,f he steaks, the guests had cock-

tails in the living room. Sliced

The cookk..sUce?the bread -and cut the steaks, while thecguests.hadlcock-

: tails in the living room. ,Sticed
.

The cook cut the bread and sliced th9 steaks, while the ggests had eock!,
r

4t\ails in the living room. Sliced

Though Joe,will come home soon to'eat a hot meal, Barbra mustrovh off

to her night shift at the hospital. Soon -

38
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Though Joe will soon come home to eat a hot mete, Barbra must rush off
to her night shift at the.hospital. Soon ,-

Joe will soon come Home to eat a-hot meal,'though Barbra must rush off
to her night shift at the hospital. Soon

. Joe will come home soon,to eat a hot meal, though
. to her shifft'at the hospital. -Soon

Though Barbra, must rush off to her night shift at'theftospital,,Joe will
.come home soon to eat a hot meal. Soon

'
, t

.

'Though Barbra must. rush off to het night shift at the hospital, Joe will

soon come home to eat a hot meal. Soon

9. 4
Barbra must rush off'

Barbra must rush off to her ni0.shlft.at the hospital, though Joe will
come home soon to eata hot meat. Soon

Barbra must rush off to her nightshift at the hospital-hough Joe will
scion come home to eat a hot meal, Soon

gt.
0 4
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