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Lexical Ambiguity Resolution
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Abstract

.

Five experiments are described on the processing of ambiguous words in

sentences. Two classes of ambiguous words (noun-noun and noun-verb) and two

A

types of context (pering/fzg/non-priming) were investigated using a variable
SOA

stimulus onset asynchrony/ (SOA) priming paradigm. Noun-noun amhiguities have A

two.semantically unrelated\ readings that are nouns (e.g., pen, organ); noun-

A

. . L . ; .
verb ambiguities have both noun and verb readings that are unrelated (e.g.,

tire, wafchfx Primitng contexts contain a word highly. semantically or asso-

ciatively rjﬁéfédto one meaning of the ambiguous word; non-priﬁing'Eo;texts
favo} one‘mean}pévof 1Ge word Ehrough other types of iﬁférmqfion (é.g.,.
syntactic or pragmatié). ln>qon;priming contexts, subjects consistently .
acéess multiple meaninbs,of words,\and select one, reading withiq 200 msec.

4

Lexical priming differentially affects the processing of subsequent noun-

v

noun andsnodhrve(b ambiguities, yielding selective access of meaning only in
the for?er case. The results suggest that meaning access is an automatic

procesﬁ;which is unaffected by knowledge-based (''top-down'') processing.

'

Whethér selective or multiple access of meaning is observed largely depends

on the structure of the .ambiguous word, not the nature of the context.
s - : ‘ . .

. . » ¢ ‘
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Automatic Access of the Meanings of Ambiguous Words in Context:

Some Limitations_of Knowledge—basea Processing

) ' w

[N

Psychologists have shown a continuing interest in the influence of .
- ’ o ' ’
knowledge on perception. The constructivist view of Helmholtz receives its
,modern expression in the work of Hoc berg (1978) and Neisser (1967), who

_suggest that knowledge can aFTg%; the analysis of a.‘complex stimulus. An

rexpected stimulus, for example, is one whose occurrence is prqdicted by

virtue of one's knowledge of the world;. it need be analyzed only enough to

confirm this expectation. The same stimulus Will be analyzed in greater
detail in contexts where it is unexpected. Perception dis seenh as a form of
\hypotHesis testing, in which hypotheses geherated on the basis of knowledge .

° $
and experience are tested against sensory information sampled from the world.

Thé notjon "that the knowledge and experience of the perceivéﬁ.heavily

. - ‘ rr
influence individual acts of -perception has been incorporated into ‘many
! . B
. . .
current theorjes in cognitive psychology,_artigicial intelligence, and cog-

~ ~

nitivée science. Construcis such as frames:(Minsky, 1975), scripts (Schank &
Abelson, 1977) and schemata (Rummelhart & Ortony, 1977) describe general

knowledge structures which can be brought to bear on the perception of spoken
- ] . .

°

and written’ianguage, the visual world, social interacfions, event sequentes,

-

personality, and other complex phenomena. The meta-theory linking these
1 . e .

. R d

proposals is not mérely that the products of perception must be integrated

. ° y "
. with existing knowledge, but also that these products vary depending on the

]
.

content and availability of existing knowledge structures. Thus, the use |
of '"top-down'' processing, based on stored knowledge in conjunction with the _
~ — * . - N

information provided by a context, can affect the output of the ”Eotgom-up”

. . o=
»

o
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) .
analysis of an input signal (Bobrow & Brown, 1975; Marslen-Wilson & Welsh,

*
~

1978). . ¢ N

) : ¥
Cognitive psychologists have provided many demonstrations ,of the in-

fluence of prior knowlédge on comprehension. The work of Bransford and

Johnson (1972) demonstrates that thé‘internalfrepresentétion assigned to an
M
-/

expos}tory passage depends upon';he avéjlaﬁi]ity of such stored knowledge.
: . . \

A} —

Their effects reflect the relatively advanced stage, in the comprehension
.- . . [ N .

N ’ . . . . . .
process at which sentences are integrated into a meaningful representation
RN -

- ‘ .
of a passage. Other work suggests that existing knowledge and the informa- -

-
- <

.tion provided by a linguistic context affect a much earlier stéée’in the

& Y . -~ ¥

comprehension process, in particular, the analysis of individual gp. For

examﬁﬁé, Tulving, Mandler and Baumal (1964) showed that the exposure. duration

’, .

at which a word was chognized varied as a function of the information pro-

.
v

. " V0. " Sa, .
Yided by a context. When the word and itsapreceding eontext were semantically
. - ., * * v N :
congruent, the greater the context (measured by number of words), the shorter
N ~ -
r the exposure duration at which recogniﬁ@Bn was possible, Sidilarly, work

. K
N h

' dn'restoration of errors in qont?nuous speech (Warren, 1570; Cote, "1973;
Marslen-Wilson & Welsh, 1978) gizes clea} support tp'th Helmhofgzién~
A . . ]
position; listepers, perceive that which their knowledge of-a language-and
knowleage of'phe world suggest should have occurréd: rather than the errors

which‘do occur. These demonstrations show that information that becomes

£

available as an ytterance is understood may facilitate the processing of

subsequent words. *
¢ h

K

A second, very different notion appeariﬁg in several theories is that

of automatic processes (Posner & Snyder, 1975; Shiffrin & Schneider, 1977;

-3 L] - =

- -
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Hasher & Zacks, 1979). Although the characterizations in these papers differ

.o s VR 4
somewhat, the general notion is that automatic processes are overlearned

.

operations that are minimally affected by conscious strategies. They may

also reflect mechanisms that are "hard-wired" in the physiolog9_of the

processing system ("pathway activation''; Posner, 1978). The importaﬁt point

is this: “the idea that certain pqi?éptual operations are automatic suggests

that there maf’be limits on the extgnt to which knowledge—based,.top;down

. . ( .
analyses affect cbmpréﬁgnsion._ By virtue of their’adtomaticityz egmponents:
of the comprehénsion procég; may_ become isolated frem contexfwal effects.
Thu;é they will oi::r in‘the~same manner regardless of the conteht of a par;

ticular context or an individual's knowledge of the world.

.

- —

Forster (197954h35 receﬂtly hypothesized that operations invoived in the -

' recognition ofvindiVi ual words’ have this-characteristic. These operations

may include thdse by which a ﬁerceiver identifies phohological and ortho-

-

.

graphic patterns, and accessed the meaning of a word. His suggestion that
» ’ ;"" ‘

lexical processing is autonomous is equivalent to the claim thaﬁ’ii]is un-
/

1

affected by tbp-down an'alyses.l ' - .

. LY
[}

At first glanhce, studies such as Tulving et al.'s (}96&) showing

’ \

facilitative effects of context on word recognition seems to be inconsistent

04
L3

with Forster's proposal. The Tulving et al. study is repPgsentafive of a

-y . . . N .
. general class of studies showing that identification of =n.,impoverished

A
- . # : : ,
stimulus is improved when it occurs in an informative context.  More recent

. -

examples in the language domain are the stimulus quality By context inter-

L

actions found by Meyer, Schvaneveldt, and Ruddy (1975) and Becker and

- . K

Killion (1977). However, it cannot be concludéd from these results that

.
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5

the analysis of a word Js altered by the context under normal reading or
. ~ 'Q
listening conditions. In fact, evidence from the reading literature suggest’

v . B ]

the contrary. Stanovich (1981) and others argue that poor readers are move
\

.

heavnly dependerit upon the context in ldentljz?”q\words than are qood readers.

Thus, re1at|ve autonomy of lexical processing may be typical of Skilled 7

ganguagetcomprqun5|on under normal stimulus conditions; the degraded, stimuli ° '
i

in the studles mentioned above force subjects to adopt the processing strategy »

¢ \

characteristic of poor readers under normal condftLﬂ::. .
‘ ' Similar]y}\stuQLs§ demonstrating effects of a sehtence context on word

‘recognition (e.g., Fischler & Bloom,” 1978; Stanovich & West, 1979) do not ° .

ﬁeces§arily damage Forster's claim. Fischler and Bloom (1979) only found 4
facilitative effects of context when the target word was higth"bredictable.

4 LY
Stanovich and West's (1979) finding of j/small, facilitative effect éf con-

-~ ) . -

gruent contexts ﬁai/be due to the presence of words in the context that were

highly semantically~or assoc?a;i@ély‘:elgted to- the farget. This would yield
T ¢
» a lexical priming effect whicH, as Forster discusses, is not incompatible

1
L4 -

with his position: . , -~
ﬁinally, the existence ,of, facilitative effects of context on word recog- ' .

nition raises questions as to which aspect of the comprehension process is
<«

be}ﬁg affected. A word could be .detected faster becausé‘thq contekt facili-

’

tated either its sensory analysis (which would be counter to Forster's

., s
«

\ . . . L .
» proposal), or a later stage in processing, e.g., the integration of the word

- \

% T with the'contéxt~(which would not). AlsSo, context could affect any of a .

X * 4 >
ﬁx number of lexical processes (e.g., orthographic analysis, mapping from .
SR % orthogréphy to phonology, meaning access). Finally, contexts may provide

T f &iffereﬁt types %f information which have different effecf%. v

hd -~

»

: - ! .o oL
) J.t8 %' . | , -
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The notion that ,some processes in comprehension--especially lexical .

processes~-are indépendeﬁt of‘context runs ¢founter to the heayify top-down
@ . T . '
flavor of most -eurrent theorig%, This presents tﬂg&general questions: are .

P -

there, identifiable components’ of lexical processing that are autonomous,

and do contexts differ in their ef?éc¢s'on subsequent processing? The wide-

’ -
spread pmesence of lexical ambiguity‘in languages such as English provides a

’ -

tool for investigating these issues?’ The general question concerns how the

perceiver identifies the contextually-appropriate reading of a word such as

< * . . .
watch or count. In-light of the above discussion, the issue can be construed
. \

N 4

as this: how does context affect a particular aspect of lexical processing,
» .

\ amely the access of meaning? Models which asslgn an important'role to top- BN

own processing suggest that context can be used to restrict lexical access

P

to a single appropriate reading. In contrast, if meaning access, an ’ N b

! - s .
important component of lexical processing, is autonomou%, multiple meanings

. SR . N
will be accessed regardfess of the context. ' x »

) e
— » s

LeXical ambigu}ty alsojprovides a powerful means for investigating the

] " 4 - -
use of different types of context. Words can be disambiguated by

structurally-different typgs of contextual information. For exémple,
* N

. ambiguous words with readings from different syntactic classes_(e.q. tire)
&

can be disambiguated solely by syntax (as in 1, 2). In such cases, the °

.

. alternate readingeis nonzsensical. Syntax .is neutral, however, with respect
) h - - '.. L ° ! .
to the alternate readings of word§ such as Organ: whose meanings are from a
. - - ’ . R
single grammatical class; thus (3L is vague. g .- - .
) 1. .John began to tire. . g
¢ iy o o c
2. John lost the tire.
-

- . - e A

‘3. 7The men removed'th organ. . .
. ﬁ Ll oo 9 . . (J\ ‘ .

. <, . rd
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L.~ The doctor removed the organ. . =
‘ J 5. .Thi_doct0f sewed the.oréan. ) R .
‘ ) 6. 1?The doctor played the organ. ' e
These words must be'disambiguated\byjother means , é.g., semantically or i ]

praé&atically (4). Such contexts serve to reduce the plausibility of one

reading, rather than block it entirely. Contexts may also provide multiple
Q—r\ “

L 4

(5) or conflicting (6) sources of disambiguating information. In (5), one
R &

- ' s - - 3
reading of organ is favored because it is preceded by the semantically related
\ 3 . gl Ve

word doctor; it is also indicated pragmatically, since it is unlikely that
_ . .

omeone would sew a musical instrument. In (6), doctor again_ favors the

emantically related meaning of organ, but pragmatic information favors the .7

. . . X ,
musical instrument reading. This yields an utterance that is vague in the

absence of other information. A . -

’

Althougﬁ all of these contexts'may eventually ‘permit disambiguation, «
4

{2?9 may do so by different mechanisms. Contexts that logically block an
% 57

alternate reading may have different effects on the subsequent analysis of a-

.

f

L4

word than contexts that merely reduce the plausibility of a reading. Thus, -

‘ S
k the different classes of ambiguous words and disambiguating contexts provide

¢

a way to address the issue of contextual effectss on lexical processing. By
constructing appropriate stimuli, one can compare the separate and conjoint \\\‘
! . “

. effects of different types of context on subsequent acgfss of meaning.
.f : \"H ) >
Previous Lexical Ambiguity Research ‘

s Tﬁg fact thaf%the many existing studies of ambiguity resolution have not

-

yielded a generally agreed-u#on theory should not detract from the importance
of the proBlem (far complete reviews, see Fodor, Bever & Garrett, 1974;
. .6 » | . . . «

o L ¥ EE A

- L v - ~
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Clark & Clark, 1377; Foss & Hakes, 1978; Levelt, 1978; Seidenberg, 1979).2

Almost all words in languages such as English exhibit some degree of homonymy
-
or polysemy; further ambiguity is introduced by the non-literal use ofewords :
&
(as in idioms and metaphors). uPderstanding how the reader or listener

identifies the appropriate reading of a word preeents a fundamental problem

-

- for theories of language coﬁprehension and for computer programs that parse

natural language. o

There is consistent evidence that multiple réadings df at least some

. . ) /
classes of ambiguous words are accessed when presented in isolation (e.g.,
. A 3 N *

.Holley-Wilcox & Blank, l980;.Rubenstein,’Lewis & Rubenstein, 1971). -Un~- .

fortunately, evidence concerning the effects of biasdng nonsentential contexts-

v .

is less clear. For example, u;ing the lexical decision task, §chbaneveldt; T

N

Meyer, and‘Bscker (1976) found that when ambiguous words were preceded by a .

word related to one meaning (e.g., rivér—bank),’subjects accessed only that

meaning., The context word river primed one mpeaning of the ambiguous word
7 — .
. 5 ] .

-bank, which.in turn primed a target related to that meaning (water). A

. - o
arget relat to the meaning that was neot bigsed by .the context (e.q.,
; 0 the . ‘

.monez) acted like an unrelated control. Howéver, Warren; Warren, Green and .

Bresnick (1978) pregented subjects wﬁth ambiguous words in word lists which

biased one meaning and reported intrusions of the alternate, unbiased meaning

.on a subseduent recall task, suggesting that multiple access had occurred in

spite of the context.?

Studies of lexical ambiguities in.sentence contexts also show mixed .

¢
.,

results. Several studies found that reaction times to detect a target

phoneme increased folloyiﬁg an ambiguous word, relative to controls (Foss,

LS

11
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’ » . . ) 9
: ..

1970; Foss & Jenkins, 1973; Cairns & Kamérman, 1925). These longer phéneme

moni toring times were interpreted as reflecting an increase in processing

x
[y
-

load, due to ei)her the initial access of both readings or the decision
processﬁinvol%ed~in selecting the appropfiate reading. Studies of Foss -and
Jenkins (1973) and Holmes, Arwas and Garrett (19711 suggested that contextual

information does not restrict access to the 5ingle:appropriate meaning of an

ambiguous word. Swinney and Hakes (1976), however, reported faster phoneme

! '
monitor times following ambiguous words in strongly biasing contexts than in
unbiased contexts, suggesting that selective access occurs if the context s

v
K

strong enough. _ .

Unfortunately, resuits from the phoneme-monitor experiments have been "o
called into question by ﬁehler, Segui, and Carey (1978), who demonstrated
that phoneme-monitor, times are dependent Bn the frequency and length of the

. . A <Ny

word .preceding the target phoneme, which previous researchers failed con-

4 > . N
trol. Mghler et al. failed to find an ambiguity effect using material : N

controlled along these lines-(see also Newnan & Dell, 1978). ' But Mehler
3 . ~ . N

7
et al.'s (1978) result is itself.difficult to interpret. [t could be dugi
as they argdé, to the fact that selective access had occurred on-linéf. Their
, , N

\

results would also obtain, however, if the phoneme-monitor task were insensi-

tive to the transient inérease i processing load due .to multiple access, if

-— .

multiple access does nof result in an anreasé’in processing load, or if the

Y
.

task were pegformed some time after the selection 'process ‘had taken place
. (Cairns & Hsu, 198G). ) ’ .

Priming paradigms, widely'used in semantic memory research (Warren,

A S

. | ; ‘ . -
1972; Collins & Loftus, 1975; Meyer & Schvaneveldt, 1976; Neely, 1977),

- 3

« . , , .. ,, ' ™~
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? ! -

'p;ovide an alternative to divided processing tasks such as phoneme“monigor[ng.

J%ére divided processing paradigms examine the ‘effects of lexical processing

4

on. performance of a cbncomitant task (e.g., phénege detection), priming

z

paradigms examine the consequences of lexical processing (on, for example,

the processing of subsequent words). Thys, in the priming paradigm, np
K b

. .' . .\‘. . . .
assumptions about 1imited capacity processing resources are necessary’to draw

v
.

inferences dbout multiple or selective access. L
-
Atcordjng to current models of semantic memory,'the act of encoding a
word results in the activation of semantically related nodes in memory
(Collins, & Loftus, 1975). Suppo€trhg evidence comes from research using

three response measures: naming (pronunciation), lexical decision, and color

naming (Stropp). Naming latencies and lexical decisions to, a target word are

facilitated when it is preceded by a’ semantically related prime word (Meye} &

Schygneveldt, l976;iWarrén, 1977), while interference in color naming obtains

N L]

(Warren, 1972). Unlike phoneme monitoring, priming paradigms can be used to

. " Logl ,
independently determine which readirgs qﬁ‘an unambiguous word are accessed.

If a partfcular reading is accessed, priming should obtain to a target related
. ¢

to that meaning.

3

Conrad (1974) introduced use of the priming mespodolbgy in studyﬁ%g’
. ¢ \

lexical ambiguity. She used a color naming paradigm in which sentences con-

taining lexical ambiguigies in biasing and non-biasing contexts were followed

-

by target,words which were either related to one meaning of the ambiguous

word or unrelatéd. Color naming interference obtained to targets relatég to

eitheF‘meaning of the qmbiguéus wdeh, no matter which had been biased by the

e

13
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Y

Oden-ana Spira (Ngte 1), however, fdéurid somewhat different results, also

—

using color naming_Saradigm. All target words related to the Embiguous

o

word showed color namiﬁg interferemce relative to controls; however, there
. % "

was a. large difference between biased and unbiased readings, with targets

related to biased readings showing more interference. .

0

. A
. ‘ M
findings are probqply due t%'the fact that Conrad presented target words

The apparent contradictions between Conrad'é‘aqd Oded and Spira's |,

immediately after a sentence-final ambiguous word while Oden and Spira intro-

duced a 500 msec delay. This 500 nfBec delay would be‘éritical if'the ]
avéilability of readings were changing over .time.. Iénenhaus, Leiman and

Seidenberg (1979)'developed a cﬁ:onometric method in order to examine }bjs
po;éibility. Subjects heard sentences such as (1-2) followed by a targe;\\ .

such as sleep or wheel. Targets were related to the alternate readings of ~<

the ambiguous word tire, and agpeared on a screen either 0, 200 or 600 msec
. following the ambiguous word. The subject's task was to réad the target word

»o T .0

S~ 7 N
aloud. Priming from the context produces facilita

g e - .
tion~in target-naming,

where it-produces interference in color-naming. At 0 msec delay, targets
» < -

*

related to both meanings showed facilitation compared ‘to controls, replicatuﬁi
7

Conrad; at 200 and 600 msec, targets related to only the contextually-

appropridte reading showed faéilitation, replinting Oden and Spira. The |

resilts %uégested that syntactic context does ot constrain lexical access,

but rather permits phg rapid selectipn of one meaning when multipie Fltern?-
tives have been activated. Swinney (1979) found simitar results using

- ambiguous words slich as Eﬁge in which the component readings were both nouns.

*
~ Lexical decisions to targets related to both contextually appropriate and in-

I

appropriate readings showed facilitation when the targét was presented

-

' T
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. N N
~ ~ . * 4
. -

=

immediately following the ambiguous word. when the target was delayed by

-

e

. Several syllables, only targets related to the cqntextdally appropriate

reading showed-facilitation. These studies highlight the impor tance” of

°

, examiping the processing of lexical ambiéuitkgs over time, since the results

) of any one deiéy interval would have been misleading.
s ' ) \ . ‘. ¢ O

Foci of the Present Research

The studies described below are concerned with a wider range of ambiguity

-

L] ]
" phenomena than studied previously. Three general factors are investigated.
1. Lexital structure--ambiguous words do not form a, homogeneous class;
relations among component readings vary_slong severaljgimensions. Both the ®

number and relative frequency of meanings can“vary (Hogaboam & Perfetti, 1975;

Forster & Bednall, 1§76). The mégnings*;lso may or may not fall into dif-

. ferent grammatical classes. For example, the primary meanings of organ are

° ° Q

both nouns, while those of tire are a noun and a verb. These factors pre-

.
o

sumably govern the representation of chh words in £emory, and may affect

-Q
. . o . .

/. their access in tontext. Some of the conflicts in the existing literature
/J may be a consequence of differential sampling from these various sub-groups.
The present studies examine the noun-noun and noun-verb classes.

¢ . .

1

2. Contextual information--contexts provide structurally-different

“ types of infqrmétion which indicate the meaning of an ambiguous word. Clearly,

- .

syntactic-information is relevant onlyiif the component meanings of a word
Y pon

@

are from different grammatical classes; it renders one reading incompatible

with the context. Praghatic information reduces the plausibility of a

reading. Semantic or associative information can glso be used to resolve




S
%

o

& .

“the ambiguous word, but occurs only to the target related to the'contextually-

appropriate reading some time later.

« - - .
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lexical ambiguities (e.g., "The doctor removed the organ."). Here again

the alternate reading is merely implausible rather than (illogical. These

are the three types of contextual information examined in the following

. . *'_5"

studies, although languages make use of many others.

3. Time course of processing--there were two primary methodological

>

problems with the studies reviewed above. One was the set of problems asso- s

~

ciated.with divided-processing tasks such as phoneme-monitoring. ,These can
- ! : ) ’ $\n\\
be largely avoided using a priming paradigm. The second problem was that .

the availability of meanings was typically sampled at only one point in time
3 .

{e.g., at the point where 'a target phoneme occurred). |f the availability
of readings changes over time, these methods will yield only partial informa-
} - .
tion at best. The Tanenhaus.et al. (‘92"L5F”dy siowed that the chronometric
: L 4

approach used by Warren (1977) could bg¢ extended to the case of wérd

processing in context. This approach can also provide direct evidence con- ,

cerning the two mechanisms by which context could affect meaning access.

3
»

Context could restrict access to a single reading, or it could permit a
selection between multiple alternatives. The former is observed if an

ambiguous word only priﬁéﬁ a target related to.the contextually-appropriate

. v

reading at all time intervals sampled. The latter outcome is observed if

priming occurs to targets related to multiple readings immediately following

&

”,

- !
Ctearly, the above three general factors are highly ‘interrelated. They

are critical not only to-the question of lexical ambiguity. resolution, but_

to contextual effects on lexical processing in general.
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Experiment 1

"This experiment investigated the processing of_noun;noun ambiguities - ?/
in contexts where neither semantic nor syhtactic information faygred one
. .
of the'alternate.readings. In a technical sense, the stimuli were vague and

- -

thus perhaps atypical of natural language utterances. However, they. provide

.

tbe basis for comparisons to both the Tanehhaus et al. (1979) experiment,
1,9 4
which only biasing syntactic information was provided, and to Experlment 2,

in which on}y biasing semantic information was provided. In addition, the
test szﬁUli were embedded in a long list! of unambiguous filler stimuli.

~

Thus, subJects were neither infdrmed of the occurrence of ambiguous stlmu1|

nor led to expect them. Post-experiment interviews indicated that subjects

were unaware that some stimuli were ambiguous.

-

The experiment was also designed to evaluate the role %f:sl?usal struc- .

ture in ambiguity resolution. Bever, Garrett,- and Hurtig\(l973) hypothesized

o,
that listeners access multiple meanings of ambiguous items and then select
one at a major clause boundary. It follows that if a subject performs a

¢
standard psycholinguistic task after encounterlhg such an amblgunty but prior

to a clause break, evudence for multiple readings should be found. If the é

task is performed after complet:on of the clause containing the ambnguuty, .

YR
1

only one reading should be available. Experiments by Bever et al. supported

this model with respect to deep and surface structure ambiguities, but were

egyivocal regarding_quical ambiguities. As the failure to find any dif-
ference in this condition'might have derived from sevéral sources, it was
thought that the effects of clausal structure should be fegted agaln Thus,

stimuli appeared ln both-complete and incomplete .clause versions. Carroll

-

- 17
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>,
‘4

and Tanenhaus (1978), Marsléﬁ-WElson, Tyler, and Seidenberg (1978) and

Tanenhaus and “Seidenberg (1981) have demonstrated that standard clausal
processing effects occur only for clauses with explicit subjegts and objects.

. rd
Thus, only complete-clause stimuli of this_type were included in order to

y
- s

provide the strongest possible test of the clausagt model .

-

' . 'Y
"Method

L 4
L] /

Subjects. Forty-eight students from Columbia University undergraduate
psychology courses participated in fulfillment of a course requirement...

Sg}hdlus materials and design. Twenty-four noun-noun ambiguities were

’

selected which 'fit the following constraints: each word possesses .two pri-

mary readings that are nouns; the- component méani‘;s are semantically

- .

distinct (unsystematic); both readings are common and msed épproximately

u * '

equally often. These Were:placed in subordinate clauses such as those in.
Table 1. Each ambiguous word appeared in two élauses which were semantically

and syntactically neutral with respect to the alternate readings. Clauses
!

.

bns%rt Tablg 1 about here.

#-

were ejther grammatically complete or incomplete. "In half the stimuli, the
v .

oy

incomplete clause ‘was formed by including a verb which required an additional
- e ~
grammatical element. |In the Table 1 example, the verb buys requires,only a
direct object, while the verb puts’ requires both a direct object and a
”

locative. Hence, If John buys the straw forms a complete clause, whi le

.

If John puts the straw does not. Incomplete clauses were also formed by

introducing an embedded clause, e.g., A]though Mary is aware that gin .
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Unambiguous control stimuli were formed by replacing the ambiguous word

with words related to its alternate readings. The word straw, for example ¥

-

was replaced with the unambiguous wo;d;‘wheat and soda. Control words were

close}y matched to the ambiguyous words in length, number of syllables, and

. . - .
Kucera and Francis (1967) frequency. There were two controls for each &

4

complete and incomplete ambiguous clause, yielding six clauses in a set.

Each of these clauses was paired with two target words ‘related to the alter-

nate readings. Fop-€xample, “hay and sip were the targets for straw.” Each
" target was semantlcally related to one unambiguous control but not to the

other. That is, hay is related to the unamblguous control wheat but not
,

*

soda; the opposite is true of sip. Targets were also closely matched for

length, nl.ﬁEq of syllables, and frequency. Crossing the six clauses with
i < ) . [2

two targets yielded 12 clause-target combinations in a set. There were 24

sets, yielding.a total of 288 tést stimuli., The subject's task was to -
: / :
listen to the sentence fragment, and read the target word aloud.’
5i 3

The experimental design included the following conditions: (a) related

ambiguous--clause ends in _an ambigﬁous word, target is related to one of its

meanings; related unambiguous--clause ends in an unambiguous word, target

is-related 0 its meaning; (c) unrelated unambiguous--clause ends in an

unambiguous word, target is unrelated to .its meaning. .This design, éspecially

»

the us@’of two unambiguous controls, was motivated by the following con-
- - N\ .
siderations. Cohsider first the two unambiguous conditions. Latencies to -

read targets“in the related unambigueus condition should be faster than ' -
those in the unyelated “unambiguous condition, due to priming in the former

cqieition, ut “not in the Jlatter. If multiple readings of ad#ambiguous word

\
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are available at a given SOA, the word shouPd prime both of its targets.

-

Thus, if multiple access occurs the order of'namiqg,latencies shouf& be:
']

® Related Ambiguous = Related Unambiguous < Unrelated Unambiguous.

|
i

If onlf‘a single reading of each ambfauity is available at a particular

' I
'SOA (either .because selective access has occurred, or because one reading
N »

~_ .
has been suppressed), the ambiguous word will - prime only one.targei. I

each meaning is accessed approximately equally often, reaction Ejme in the

~related ambiguous condition will be composed of two parts, a fast component

A
1 W . . 3
related to the priming that occurs_ to targets related to the accessed

1%
\freadings, and a slower component due to targets associated with the un-
accessed meanings. This suggests that:if selective access occurs }he

p )
orderings of reaction times should be: _ -

Related Unambiguous < Related Ambiguous < Unrelated Unambiguoug

.

_1f all subjects have only a single reading available at a given SOA for each

ambiguous stimulus, reaction times in the related ambiguous condition should
: ¥

fall midway between those in the two unambiguous conditions, ignoring exper.-

mental error. Thus, the availability of one or more reédings at a given SOA

is tracked by comparing reaction times in the ambiguous é’hdition to those

*

in both of the unambiguous controls. The related unambiguous control is
5v o —-‘-. T
required becduse the order related ambiguous < unrelated ambigqous is
predicted under both selective and$mult;ble access *(see also Holley-Wilcox &
M a?“ ) .
Blank, 1980). - X s e ’
. 3! : o
The 'stimuli were apportioned into 12 lists." Each list contained one

.
¥

¢lause-target combination from each of the ZQ sets. Each subject recéived

. . - . F .
only one list and thus didenot ep;ouﬁter more than one stimulus fyrom a set.

)

’ . . /
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s ) ) ,
This design was intended to decrease the likelihood that the subjects would

be cued inte the ambiguity variable, which might lead them to access .

Y - ’

meanings that would otherwise have gone unnoticed. . The stimulus items in a
set were randomly assigned to the 12 lists with the only other requirement
~ -

being that two items from each of the 12 clause-target combinations in
Table 1 be assigned to each list.

- [y

Each list consisted of 24 test sentences, eight each fxbm the related
ambiguous, related unambiguous, and unrelated unambiguods conditions. Half
of the stimuli in each condition were complete clauses and half lncomplete
eJauses. There also were 52 unambiguous filler‘stimuli, both complete and .
Jgu-!ial sentences. ' These were included*in order to further reduce the

probablllty that subjects would become aware of the ambiguity manlpulatlon

HaT€\Were followed by unrelated ‘targets and half by related targets. These

‘stimuli, wh:ch were identical in all 12 llsts, varied in length from 2 to

17 words in order to prevent subjects from belng able to predict the

v

: B . < ,

occurrence of the target word. The order of test and filler stimuli was”’
<

quasi~random; the only constraints were that not more than two test i tems

occurted in a row and the first two items were fillers. There were'also N

-eight unambiguous practice items of varying leggths, for a total of 84
trials per list, > | N

.

The test and filler items were recorded on one channel of a stereo

4

. 1

tape. .They were read in normal intonatiozj which differed for the complete

and‘inhomplete versions. Approximately 10nsecs elapsed between stimuli.’

c g

A 500 Hz timing tone which coincided wnth thioffset of the stimuTus was %

recorded on. the other channel -PlaCement of the timing tone was accompMshed -

! Q
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by r:;;ing the recording tape slowly acrosg]the single head of a Sony

TC-27Z.tape recorder. The target words were typed on, translucent acetate
material which was mounted on 2 x 2.inch slides. —

- “ ) *
Procedure. Subjects were randonMy.assigned to.one SOA-Pigt combination:

”

-

Two subjects heard each list at ‘each SOA. Subjects were instructed. to

listen to €ach sentence or sentence fragment.and then réad the target aloud
¥

- *

as quickly as possible. They were told that the target would sometimes be

- -2

related to the®ontent of the immediately‘preoeding utterance. Following
target namlng{ they were to repeat back as much as they could remember from

what was heard on the tape on that trials: This task was |ncluded.to

1
[

“ . LY
_— S~
strategies such as focussing on the last word of the auditory stimulus. )

“

Performance on the memory task was nog §ystematically recorded. ) éj

Tée experlmenter controlled the presentatlon of the stimuli from a room*

.

adjacent to the subject's. On each trial, a sentence or sentence fragment

>4 3. ]

was heard binaurally over headphones, followed by visual presentation of a

Al

tarE?t“word: Targets were projected into the subject room through a two-way
mirror using a Kodak Carodsel°projector.> Targets werejp;ojected onto the

. . -

blank yellow.wall in front of the subject. -Target words subtended a visual.
B _-5’/" %

angle of about 12 degrees horizontally and 8 degrees vertiéally. Presenta-

2e

tion of the stimult was controlled by elgctromechanical relay circuitry..

The timing tone at- the end of each sentemce or sentence fragment was fed

-

into a dual channel voice-operated relay. Tones were inaudible to subJects:
Closing the relay started an interval tlmer whlch controlled the SOA. This

timer had a tested accuracy of T 5 ﬁ/ec. After the approprnate SOA (0 or

.

*

Y

e

~av
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200 msec), a shutter opened for 1 sec, exposing the target slide, and a

~digital timer was tripped. The subject stépped the timer by saying the
> ~ _:/ N
target word aloud. The experiment lasted about 25 minutes.

£ : | 3 .

Results

Out of -a possible’ 1152 reaction time scores, 24 (2.08%) were missing due

to mechanical failure (the subject's response failed to stop the timer or
)

“the shutter was triggered early). These missing scores were distributed

randomly across conditions, and were not repladed in the analyses. Only silx

3 . . ’

subject errors ZZEurred, less than 1% of all trials. These occurred when a
subject read the wrong word or failed.to respond. . .
The data were subjected to repeatéd measures analyses of variance with

/7 \ ‘. ’ .
the factors SOA (0 or 200), type (rglated ambiguous, related unambiguous,
[ . v .
unrelated unambiguous), - and complelteness (complete or intomplete clause).

Qubject and item analyses were performed for reasons outlined b Clark
LI ' . y
~ )'.. .
“(1973).  The subject analyses were performed on each subject's means for the

various conditions (collapsing across the ‘items that contributed to each

<

mean). The item analyses were performed on the means for each item in egch

condition (collapsing across the subjects that contributed to each mean).l+

~ -,
.

» In none of these analyses werg there any main effects of clause com-
7

4 . .
pleteness or any completeness interactions. Hence, only analyses which

e

collapsed across this factor will be reported. Overall means are pregented

e
-

in Figure 1. Ih‘analyses basedQSn data frem both SOAs, the -effect of SOA

. ]

was significant, ﬁinFKl,ih) = %)h3, P < .05. The type effect was also sié-

nificant, minFKZ,léé) = 4. 45, p < .01, but the SOA,by type inéeraction was
. : “g .
not Qﬁ < 1 in both subject and item analygés). - The source of the longer

~ | L e .
23
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ditions show almos% equnvalent levels of prlmlng, 49 and 45 msec, respec-
" biguous ¢ondition, both p < ;gl/by the Newman-Keuls test; however, they do =~

. . ¥ . -
*"ambiguous_condition averages 33 msec, while facilitation in thé related un--

since at- the 0 msec SOﬂ priming effects in the related ambiguees é‘d

Lexical Ambiguity Resolution o

~ . : , _ S,

latencies at the 200 msec SOA is unknown. This effect also appears in

Experlment 2, but not in any of the other experiments reported in th;s paper.

' At the 0 msec SOA, ‘the related ambiguous and related unambiguous con-

&

' Q

tively. eans in-these conditions differ from that in the unrelated unam- .

not differ from one another. At 200 mseé{ﬁ?& facilitation in the related

1 " . . .
ambiguous condition is 59 msec. Again the means in the related conditions

- differ from,thpse in the unrelated unambiguous condition by the Newman-Keuls

test (related unambiguous, p < .0l; related ambiguous, p < .05); however, -
N ’ _’o » ;- .
they also differ from one another (p < .05). Thus, there was significant

facilitation in both the related ambiéuous and.related unamhigudus conditions

- aad
4 Insert Figure 1 about here ) ’
at both S0As’; equal facnlnt&tlon was seen .in these condltlons at 0 msec SOA\ P
but there was significantly greater facilitation in the related unambigdous

[N
-

* condi tion at 200 msec SOA.

Discussion ‘ . . N

Y

The results |nd|cated that sub)ects |n|t|ally ﬁccessed multipTe readings,

.~

related unamb{ guods condltlons were almost |degt|cal. The increase in
l @

namnng latencies at the longer SOA in the related amb i quous bqndutlon would

. <
occur if priming occurred on approxnmately half the ambiguous trials. The '

. -
. .




;./rgeading§'at the 200 msec SDA. Instead, it appears tHat time limitations

-

4 .
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latter outcome would itself. result, if only one reading were aVailable for

- .

each ambiguous word at the longer SOA, and’ each readlng was accessed almost

1

equally often. Since multlple readJngs were availab]e at the earlier SOA,

it follows -that suppression of all but’ a sungle reading occurred—

= Slnce the same pattern of results obtalned far both’ |ncomplete and

v

complete clayses, the results do not provide any evidence that clausal R ’ ~—
. ¢

structure affects lexical ambiguity resolution. The(data suggest another

possibility, namely that ambiguity fresolution is sensivive to llmltatlons
rd .

of time. Lusteners selected a sug%le reading even though the context falled

v

*

to provide information which distinguished between alternatives. n

principle, they had the-option to wait until further information became’ |, (\—////

. ,| et

available which distinguished between the readings. Furthermore, the design
of the filler stimuli, many of which were complete sentences, ;nsuréd that at
.the moment when the ambigudus wordjwas‘heard, the listener had no way to |
“know that such information would not.be’forthcom g.( If the in?brmatjon
ptocessing system were oriented towards waiting unt}l sufficient ihforma-
“tion became available to be able to assign a‘readiqé with'a high probability.

of being correct, then one would have expected to seé ‘evidence for multiple

. ' /s '
'~essumed gyerriding importance. It may be .that carrying multiple readings
: N as A

-’ ks

longer than 200 mset places an extraordipary burden on processing reéeurces . ;/
', N .
which is’avoided by making a fast guess. Thus, processing appears to he

resource ]imited:rather-than'data limited (Norman & qurew, 1975):

These observations are’ highly speculative, of course, and other inter-
I 4

“ .

pretations of the results are possibl&i\*lt could simply be that -interrupting
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- the stimulus sentences cued subjects that no further information would be

forthcoming, forcing them to decide between alternatives. "It is doubtful, .
¢ . * » . €
however, that subjects could ipplement such a strategy in the 200 msec .

interval between the ambiguous word-and the target. ‘The small number of .

. aMhiguous stimuli in‘the experiment and the fact that interruptions were un-
. e Y

-

predlctable casts further doubt on this |nterpretatndh Nonetheless,

]
* T ~

questlon&\poncernlng time limitations on processing decisions must be in-
.

/@estugated further, using other procedures.w“lf these speculations are

RSN

\\ " correct, however, it should be possible to find other operations that are
NI similarly time-limited. A likely candidate is the identification of pro-
- -~

~

nominak referentsf If the context does not unequivocally }sblate a single

) . . .
referent, the Iastener tentatlvely assigns a best quess. Reprocessing would
be necessary in cases where initial misassignment occurs. This would Tpdi-

cate that the cost associated with reprocessing is less than that associated

o &
wi th carrylng multlple readings or referents in paraliel with the continuing
LS . s '
sngnal > ~ N
» ° . 4 » . ’ ' g .
. Experiment 2 o, .
- - . . . o < . B .
The question posed by this experiment is whether lexical information -
‘ favoring one redding of a subsequent noun-noun ambiguity pen perhiteexclusfye
+ access of that ‘reading, or whether, as in the case of syntactic context and
s : .

- ’l - '
noun-verb ambiguities, it merely faciljtates a subsequent decision. "The

stimuli were clauses such as (7-9), similar to those used in the first

» <

experiment:except for the addition of biasing information in the form of «a

- . -
> . , A I >

word or phrase strongly semantically or associatively related to one meaning
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'caged if snp were not prlmed followung (7)--that is, if naming latencies
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of the ambiguous word. Each clause again appeared with {érgets related to

the alternat}ve;readings (e:q., hay and sip)' in all other respects the
experlmental desngn and procedure followed that-used prevlously
(7) Although the farmer bought ghe straw . . . ' ' =
(8) Althoﬁgh the farmer bought the wheat . . . .
*(9) ‘ALtthgh°the farmer bought. the soda ..
A test of selectlve access is derived from this désngn as follqws
é;ch amblguous word should printe the target rélated to the contextually
blased readlng at O msec SOA Thus,, the target hay will be primed folrowipg
“(7) and after (8), its related control, but not-after (9),'t;¢ uérelated ’
confrol Slmllarly, Eig_should be primed_ followung (9), its re]ated'contrpl,

but not after (8) its unrelated control “Selective access would be indi- '

S . \
&
N thlS condltion were sumllar to those in the unrelated control (8)—-and
/ , . .

2

both-weﬂé slpwer than‘those ln_the related control (9). If multiple access -

occurs, fétencies to sip foiTowing (7) should be equivalent to those in the

related control (9), with both fasier than unrelated controls (8). Note

. hal

that these comparlsons contro] for the effects of the context. adone on target

-

namlng . : [ . , o

-

Method

Subjects. Forty-efght Columbia University undergraduates participated
¢ . < ) .

.as part ofa course requirement.

Stimylus materials. Thirty-six noun-noun ambiquities which obeyed. the
same constraints as in Experiment 1 wére placed in complete and incomplete

subordinate ¢dauses which favored one reading. Clause completéness was ‘

t .
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again manipulated thrqugﬁ verb structure and intonation. Unambiguous
.controls were again formed by replacing the ambiguous word with unambiguous
words related to'the alternate readings. Controls were closely matched to

the ambiguous words in length, syllables, and frequency. qnder this desige;

6Ae unambnéuous control word is related to the meanlng of the ambnguous word

bnased by the context, and thus to the context itself. The other control

word is related to the unbjased reading, and hence unrelated to the context.

Eaeh clause again appeared with two targets related to the alternate readings

of«the ambiguity; as with-the control words, one target is related to the -
‘contexf.and to the contéxthelly bjesed reeding of the a@biguity; the other
target ii relate& to the unbiased readjhg and henéz unrelated to the context.

This yielded 12 clause-target combinations in a set. A sample set is pre-

sented in Table 2. . . ‘

Insert Table 2 about here. -
N e ————— [, -
. ‘ = -~ *
The 12«conditions can be conceptualized as' follows. The stimuli are
L -

deriVed from three factors: type, which refers to the relation between the

-,

sentence-final word and the target independent-of the context; target; and

clause completeness. Type has three levels, related amblguous, related

unambiguous, and unrelated upambiguous. The target faotor has two levels,
. * f ' .

related (to"the context and the biased reading) and unrelated (to the con-

text and the biased reading). The comp]eteness‘factor consists of complete
‘.and incomplete clauses. All of thesé -factors are crossed with each othér
» o .
and witF’§6A7(0 and 200 msec). There were 36 experimental sets, yielding

-a total of 432 stimuli. These were again apportioned into 12 lists. Each
- 1ist contained one stimulus from each of the 36* sets and three from each of
. * kY
¢ h : ¥

SR -

v

-
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the 12 conditioq;. There were also 36 filler stimuli, unambiguous complete

“«

and incamplete sentences varying in length from 2 to 15 words. These were
always followed by unrelated targets. The order'of stimuli was again quasi-
random, with the only constraints being that the first four were fillers and

no more than two tést stimuli appeared in a row. There were also eight

—

unambiguous prectﬁce items of varying lengths, for a total of 80 trials per .

|
€ .

list.
The test and filler items were recorded on one channel of a stereo tape.

As before, they were read witf normal intonation,, which differedbfor the
- \“

complete and incompfete versiéne. About 10 sec elapsed;between stimuli. A

500 Hz timing tone wklch coincided wuth the offset of the clause was

)

recorded on the ofher' channel. Timing tones were placed using the method

described previously. Targets were typed on translucent acetate and mounted

on 2 x 2 slides.

Procedure. All aspects.of the procedure were |deq§£Eal to those used
in Experiment 1. Two subJects heard each version at each SOA. They per-

M . - s . T Q . \
formed the same tasks, naming the target and repeating back  the auditory

étimulus. The experlmental apparatus was_ identical to that used prevnously,

|~~.. -

except thaf\an |%properly grounded dual channel relay was replaced with two

otﬁer relays, and a new mucrophone was used. The experiment lasted about 1

- o

35 minutes, ’ .
Results -

Of the 1728 possible scores, 29 were missing (1.7%), 6 due to subject '

errors, and 23 due to mechanical failures. °The missing scores were distri-

buted randomly across conditions and were not replaced in the analyses. di/‘—\\gs

29 | ) “W . . :




: L ~Lexical Ambiguity Resolution
. ) ; .
: 27
' . . ,ﬁqyw < Cem
» b a‘\ f
- ! \; ! ¢
There was no évidence of speed-accuracy: tradeoffs. The means for each
- - + - v

condition are presented -in Table 3. Followihg the procedure used in

Expeglment 1, subject and item analyses.of variance were performed on data
.. - -

from both stimulus onset asynchronies. The factor§'we%e SOA (0 and 300),

-

type (related ambiguous, related unambiguous, .and unrelated unambiguous),
> 2 , - ' [

hd -

S lnsert Table 3 aboﬁﬁ here.

target (related and unretated), and completeness (complete and incomplete
clauses) The type, target, and completeness factors were crossed with sub-

Jects, which were nested.within SO Subject and item means were derived

LN
©

, as before. . hf ‘
The main effect of -.SOA wq; sngnlflcant by items, F(l 35) = 210.@2,
> p < .001, but not by sub}ects, FQ, h6) 2.67, p < .10. As in Experiment 1,
this reflects the fact that SOA is analyzed as a within-unixs variable in
- : the item analysis, but as a between-units variable in the subject analy%is.
k - ‘The main effect of type was sngnlfucant, minF'(2,68) = = 3.70, p < .05.

.

- The target factor was marglnally SLgnlflcant by subjects, .F(1,46) =.3.60,

A

nificant by subjects,'Féi 92) = 4.87,_E < .01, but not by items (F < l) -
. | Finally, the comﬁTeteness variable was sngnlklcant in both the subject and
° item analysgs, minF' (1,80) = 8.99, p < .01.. The other interactiéns did not
approa;h'significance. A o

EY ., o

. Iy

" The.main effect of SOA is due to longer, naming latencies in every

condition at 200 msec SOA, replicating the effect observed in Experiment 1.
- This factor again é}d npttinteract with any other. The type effect and type

p < .07, but not by items (E <1). The type by target lnteractTon was siq;\ﬂ; ¢

’
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1

by target interaction are interpretable asgfollows. Both of the unambiguous

conditions show the same pattern for both types of targets: related

.

unambiguous latencies‘are faster than the unrelated unambiguous latencies,

.
”

due to priming. In the amb i guous conditions; however, reaction times depend

: & oo
on the type of target. With targets.related to the contextually biased
readings of the ambiguous words, both related ambiguous ﬁe.g., farmer-straw-

haz) and related unambiguous (e.g., farmer-wheat-hay) conditions show faster

latencies thap the unrelated unambiguous conditions. With targets related
to the alternate, unbiased readings, only the related unambiguous condition

(farmer-soda-sip) shows faster latencies thanm those in the unrelated unam- ) '

biguous condition (farmer-wheat-sip); those in the related ambiguous con*

[

dition (farmer-straw-sip) are now longer than in the relgated unambiguous

)ocondition. This suggests that prlmlngzctéan:ed in the related amblguous
condltlon only for targets related to the contextua1ly blased readings, The

v

. v
part because only one of the three

-~

’interaction is relatively weak -at le
’
condi tions (related_ambiguoue) is"affedted by target tyge in this way.

In contrast to the results of periment 1, there wa% a strong main,

. 7 - )
effect of clause .type, with latencies\to the complete clausés faster than

¥ .

| % .
those in matched incomplete clauses. There is one difference between the

-

)
stimuli in the two experiments which may account for ‘this pattern. Clauses

.

in. Experlment 1 were constructed sO as to be neutral with reSpect to
&

alternate readlngs. Their subjects were frequently ndmes of umidentified

persons. |In Experiment 2, subjects were chosen so as to be biased toward

one reading of the ambiguoué word; hence, they were more specified noun

I3

phrases such as the farmer or the plumber. The fact that clause effects

r <
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appgar only with subjects of the latter .sort is éompatible with the previous
fiading of Carroll and Tanenhaus (1978), Marslen-Witson ef al. (1978) and

Tanenhaus and Seidenberg (1981) that clausal effects depend on the richness

.
<

of the‘sejgntic information provided. _ g
: Since the clause effect was highly consistent across conditions and did
not interact with any other factor, means were calculated for the six con-

ditions at each SOA which result from collapsing across this variable. These

are presented in Table 4 and Figure 2. In this analysis the main effect of

0A was significant by itéms, F(1,35) = 220.09, P < .001, but not by subjects,

F(1,46) = 2.79, p >-.10. The ‘type effect was significant, minF'(2,122) =

3.31, p < .05. The type by target interaction was significant in the subject

-,

- analysis, F(2, 92) 4 01, p <'.05, but not in the item analysis, F < 1). The

main effects of target and the remaining interactions did not approach sig-

nificance in either subject or iteméana1yses.

TR T e e i e e e T s e e e e e e e e e e e e > e

Inserf Table 4 and Figure 2 about here.

As Figure 2 indicates, when “the target is related to the context, there

L . «

*

is almost equivalent priming in the related ambiguous and ‘related unamb iguous

.

conditions relative to the unrelated unambiguous condition at each SOA. This
pattern suggests that the readlng of each an¢4§uous word related to the
blasing context was assigned |mmed|ately With ta?gets related to the .

unbiased readlng, latencies'in-both the related amb?guous and unrelated
8
“unamb iguous conditlons are longer than those in the related unamb i guous

condition at both SOAs. Af 0 mse¢, latencies in the related ambiguous con-
dition are 9 msec longer than those in unrelated unamgiguous controls; at
* - € )

-
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200 msec, they-are 11 msec faster than -unrelated controls. Neither of these

‘differences approaches significance. [Thus, there is priming in the related

¢
[y

ambiguous condition only with targets related to the biased readingé.;
‘While there is almost pqual primjng_in the.re]atgd ambiguous and re-
lated unambiguous condiiifss at. both SOAs when ta%ge%s are related to the

contextually biased -meafiings, there is more facilitation in the related

unambiguous condition than in the related ambiguous condition at both SOAs
~N

when the targets are related to the unbiased readings. This is also indi-

¥

cated by significant t-tests on facilitation scores in these two conditions-

derived from subject means; at 0 msec SOA, t(23) = 2.27, p < .05; at 200

/.b
msec, t(23) = 4.02, p < .0l

E-N

The results suggest that the biasing semantic contexts permi tted ,
selective access of the contextually appropriate reading to occur. Ambiguous

words primed targets related to the reading biased by the context at 0 mseé,

but did not prime targets related to the unbiased readings. Unlike

o

. »7
Experiment, 1, there was evidence of a clause-boupdary éffect--]onger reaction

»

times.  to incomplete clauses--but the pattern of results across conditions

-
@

was similar for both éompléte and incomplete clauses. As in Experiment 1,

the reaction times were longer at 200 msec SOA than at Otmsec SOA. /
c-“v"\

-

Discussion” ’

lnjcontrast to Experiment 1 and the Tanenhgus et al. (l979).experiment,
“in which,multiple access was observed impediately following ambiguous words,-
selécfive access occurred in Experiment 2. Although the syntactic informa- -

tion provided by °the tontexts in the Tanenhaus et al. ¢(1979) noun-verb

<
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experiment was:ttilized in a decision stage subsequent t6~|n|t|al meaning

<

access, the gemantic information providéd by the contexts in this experi-
ment was utilized immediately. Any explanation of these results must

postulate a process which has an effect on the initial ‘access of meaning-

. - - ‘l 1Y - N - . .
One possibility ss that, unlike syrnfax, semantic information can be
used to selectively access the lexicon. That is, these contexts coJ;ain

information that, in ceajunction with the listener's knowledge of)the world,
. ptf,

is used in a top-down or message-level (Forster, l979) analysis, perhaps
restricting an initial search set to words that are compatlble with the pre-

ceding context Syntax cannot functlon in this way, because it merely
L]

|nd|cates the likely grammatical claSs of a subsequent word, and this class
\ s -

is extremely large. The syntactic ‘context '‘John began to . . .'" merely
establishes that a verb is likely'to follow; a ''message-level'’ context

T - )
might produce expectations concerning a small pool of Jikely lexical items.

According to this view, multiple access occurred in Experiment 1, Tanenhaus
Y

et al. (1979) and Swinney (1979) becausé the messege-level information in

the context was not rich. enough to restrict the initial search set.
“ A ‘ &

A simpler possibility is that one or more words in the semantic con-
- A

text primed the contextually-appropriate reading of the a&biguous‘word
. -
before it was encountered. According to this view, selective access {s a

consequence of intra-lexical processing (Forster l979) that is, processing

h

which merely reflects connectlons among ent|t|es in semantlc memory rather

than grammatical knowledge or knowledgé of the world. While the readings

of an ambiguous word we . initially at approximately equivalent resting

levels of adtivation, primi ically altered their relative activation

'
]

Fr e
LN . v .
v , ot
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levels. The readings were then accessed in order of relative activatiod;
at 0 msec SOA, only the primed reading had been accessed and it was inte-
. ) e .

grated with 'the context on-?ine.6 :

. w @

The lexical prlmlng -explanation galns some prima facie plaﬂsnblllty from

thé fact most of the stimuli in Expertment 2 were adapted from the neutral
B . « ,

stimuli in Experiment 1 by including noun phrases whigh were highly

>

W
Semantically or associatively related to one reading of each :ambiquous word.

The lexical prfming interpretation is also supported by the simi larity.of b

these results to those of Schvaneveldt, Meyer, ard Becker (1976) who used

only single-word stimuli. Thelr stimuli are much 1ike those that would
< X . . N »
result if the stimuli from the present experiment were converted into t;?ples

which contained a context word, an ambiguous or control word, and a target

(e.g., farmer-straw-soda from these stimuli would be similar to their
. N J
r?ver-bank-money conditién). Schvaneveldt et al. also did not observe

facilitation (in the lexical decnsnon task) in this condition. Thus, an’

~

outcome similar to the one observed in Experlment 2 occurred in contexts

where only lexical information was provided. <o

The lexical priming and non-priming'explanations for the context effect

.

in Experiment 2 can be evaluated in the following way. If lexical priming

-

is the mechanism by which selective access occurred, then mu_ltiile access

vored by

k4

the méi%age even though no single word in the context is semantically or

should obtain in sentences such as (10), where one meaning is
t

. . .. ‘
associatively related to a_reading of the ambiguous word DECK. If selective
]

e
access also occurs in theése cases, the lexical.priming interpretation is _ -
(10) The men-walked™n the deck. . . i . .

. v 35 .
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seruously weakened, and it must be conc luded that it is message level
Processing that constrains access of meaning.

.

In Experlment 3, noun-noun ambuguous words were plated in contexts that

€ 1

biased one of theur readlhgs An attempt was made to,create.c0ntexts that

£

did not contain any words or phrases strongly semantically related or asso-

A
~

ciated to the contéxtually appropriate readlng of the ambiguous word Noun-
verb ambiguities were placed in contexts that contained On]y b|aS|ng

syntactic information, as in the'Tanenhaus etkal (1979)~experiment. These

<

contexts were comparable, then, zn the sense that they both gré?cate a

reading of the ambiguous word without containing semantically or asso-

\ ]

ciatively related context words.

\ © t

Experiment 3
»

Method )

Subjects. Thirty-two Wayne State University students served as sub-

-
- -

jects. .t | . i : .

-«

Stimulus materfals. A list of 32 amblguous words was constructed in
whlch 1% of tha words ;ad independent noun and verb readings (e. g., ﬂEEED)
and 16 had independent“noun readi}géf(e.g., Egggg). Each ambiguous word
" was a;signed a t:rget word which was either an‘associate or a'synenym of one

-

of its feading%. Each ambiguous word appeared as the fjna]’yord in two

4 : ) : '
stimulus sentences. . S ’

~For’ the ‘noun-verb ambiglities, one séntence assigned the noun reading

(e.g., 11), while the other assigtied the verb reading (12). An attempt was
) ,
made to ‘exclude lexical items which were’associated or seman(ifally relaged ’

.\J

.
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tp‘either reading, so that only the syntactic context permitted disambigua-

“ ) « ¥
tion. 4 : ; ' . \

(11) 1 bought a watch.
(12) They decided to watch.

Two sentences which biased the different readings of the noun-noun
' &
ambigui}iég_were also constructed. These words, of course, could not be dis-

e

.

ambiguated syntactically. However, it was possible to construct contexts

where dlsamblguatnon occurred wuthout the inclusion of any words or phrases

R semantically or assocnatrvely related to either reading. In these cases, ’
' 1
-
disambiguation could be accomplished by accessing simple real-world knowledge
. ‘ ' A )
(e.g.; 13, 14). Thus, in both the noun-noun and noun-verb stimuli, it was® -

/, . (13) You should have played.the spade. . ' o

(14) Go to'the store and buy a spade.
.» . information provided by the sentence, rather than priming from individual

1l

lexical items, which allowed di'sambiguation.
Two control sentences were also construcéed for each ambiguous word.
' ‘These were identical to the b|é$|ng sentences with the exception that the
;mblguous w;>d was replaced with a word which was compatible with the ;on-

¢

text but unrelated to the target word.

- [
-

The target word assigned to a particular ambiguous.word was paired-

g, -

.

with each of the four sentences in a set. Thislresulted in four sentence-
. ‘ Ea;get conditions for both nounZnoun and noun-verb,ambiguities: (a) ,a
'3 . . . - ! ¢ . .
,« congruent condi tion in thch the' target was related to the contextually- .
. . ‘
( ~ appropriate reading of the ambiguous word; (b) a congruent control condition;
. o A .

i . (c) "an incongruent condition in which the target was related to the
g y f - -

~
~—
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.‘followed by the four blocks of test trials.
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contextually-inappropriate reading of the ambiguous word; ‘and (d) an in-
congruent control condition. Examples of the sentence-target conditions are

. » 5 '
presented in Table 5. Ten Practice sentences were also constructed. The

. ‘ . ' ¥
~ ‘

target words assigned to these sentences were not related to the meanings

.
. ¥ * Y

of any of the words in the sentence,

o e e e e e -

[y

> , 4 .
The, 128 stimulus sentences were divided into four blocks, each con- ' -

taining 32 sentences. Each of the four sentences constructed for each am-

bfguous word was randomly assigned to a different block with the restriction

.

that "each block contain four exemplars of each of the four sentence- target

conditions for both noun-noun and noun-verb ambngunties. The order of the

sentences within a block was randomized and the order of blocks was counter-
. . . - .

-

balanced kesulting'in four presentation lists.
The four ‘blocis of’stfmulus‘Sentences were recorded on one channel’ of .

& stereo tape with a 12 second .interval .between sentences. A timing tone
S~
conncndlng with the end of each sentence was placed On a separate channe]

n

bf the tage. The target words were typed on 2 x 2 slides. .

»

Procedure. Subjects were tandomly assigned to an SOA{0 or 200 msec) -

and one list. Within a particular delay interval f&hr’subjects were -

~

assigned to each of the four lists. Subjects were instructed to listen to

.

each sentence and then read the word presented on the screen as qunckly as

- a

pOsssele. Ihe subJects were then presented with the ten practlce .trials

A ~

. a

p—
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bl

This design differs from those &P Experiments 1 and 2. |In the earlier

experiments, a subject only receivea\Ohe'sentence-target pair from a

- . *
stimulus set. This minimized the possibility that subjects would develop

“special strategies in processifig the test stimuli, at the cost of ‘sub-

stantially,weakening the power of the §tatistica3 analyses. In the remaining

experiments in this paper, subjects received all the stimuliyfrom a set.

Sentences and targets drawn from a set were assigned to different blocks,
- Ce

Y
-

with|an equal number of stimuli from each condi tion/ in each block. Order of

blocks was counterbalancedu In order to determine whether rePetlunons of

sentences and targets led to specnal processing strategies, 'analyses were

-

'conducted which nnclude block order as a factor. Interactnbns of block
order wuth other varlables would indicate the operétlon of such strategles.
. 0n each tria1 the subJect heard a stimulus sentence binaurally over

headphones fo]lowed by. the presentation of a target word. Target words were
rear-projected onto a ‘screen in front of the:%ubject.using a Grasson Stadler

three-channel projection tachistoscope. At a viewing_distance of 54 cm, the

— e

et . .
target words subtended a visual angle of atowt 5.60 horizontally and 1.2°
. - v —_——— P

‘vertically,

4

The’timing tone’ at the end of each sentence,was. fed into a voice relay
- . - , g -
which in turn initiated timing of the appropriate delay interval. At %he -
/2 ’
end of the interval the slide was projected for 700 msec and a millisecond

-~

.-

clock began timing.’ Subjects made their responses into a microphone con-

nected to a second veice relay which stqppea the millisecond clock. The v

experiment lasted approximately 50 minutes with a two-minute break between

A4
each block. - o .
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Results Lo . ) <
. ‘ Out of a pSésible total of 4096 naming atencies, 158 (3.9%) were

3

missin%h\ Of the missing latencies, 136 were due to the subject not speaking:
'

loudly enough to trip the voica relay, 10 were due_ to mechanical failure, _
) ) }
Giwere due to experimenter error, and 6 were due to the subject saying the

ol wrong word. These missing latencies were distributed appF%ximaxely evenly
’ » -across conditions; mean latencies for each sentence-target condition are
presented jn Table 6. . ‘ : . .
’ ' Insert Table 6 about here. .-
o . The data analyses included three fagtors“with two lévels each: type, -°

ambiguity, and congruency. Type referred.to whether the ambiguous word was

A

@ noun=noun or a noun-verb ambiguity, and ambiguity to whether or not' the
-

sentence ‘ended with{an ambiguous word. Congruency-referred to the relation-

-

. ship between.the sentence and target. Sentences which biased-the reading of .

the gmbiguous word related to the target .and their controls were cons idered

o

congruent while sehtenchng?sing the reading of the ambiguyous wbtd which

© &

were unrelated to the target and their controls were considered idéongruent.

For all‘analyses, separate ANOVAs, were performed treating subjects and items

*(target words) as random factors. In the subject analysis, subjects,

émbiguity, type and congruency were completel9 crossed, while in the item

"analysis, items were nested within type.

0 ‘An overall ANOVA was performed which inclided SOA as a- factor. SOA
. * . -t - s
’ ' gvas crossed with items and nested within subjects. This analysis revealed
* - e ‘ ¢ . ’ ’ )
S . a Significant effect of congruency, minF'(l,SQ) = 8.77, pr< .01

d

<o
-

- -
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_ambiguity, minF'(1,40) = 10.99, p < .0l. SOA by congruency ‘and SOA by

N Y

E

. ZS.ZQNiB < .05 and F(1,30) = 7.92, p < .05, respectively. SOA was signifi-

“cant only.in the‘item,analysis, F(1,30) = 81.87, B .01. These differences

. Lg:'.:/";
b <, 'p' _\
. A

between subject and item analyses were obtained becauSe subJects were nested

. <

-

\

; . "within SOA wh|le |tems were crossed wuth SOA. The congruency by ambuguuty

'

|nteract|on was’ 5|gn|f|cant |n both the subJect analysis’ F(l,30) 10.26,

i <*.01, and the item analysis, F(l 30) = 4.38, p < 05 Separate analysis
¢t "‘ﬁ
of the 0 and 200 msec SOA data |nd|cated that this |nteract|on failed to

‘ approach -significance at the shorter SOA (both subject and item'Fs < 1) but -
o ™ N
v was signlflcant at the: longef SO0A (m:nF'[l 43]s= 6.80, p < .025). This

N

_refJegts the fact that wh|1e both congruent and [ncongruent targets showed
T - .

facilita;ion for botnrtypes of ambiguities at 0 msec SBA,‘only congruent

gia“ - _ targétsashowed facilitation at 200 msec SOA. The triple interactjon between
ﬁ.‘;t:“' o R L —~ ~ .. N : ) _ . ‘ i ‘ . B
i SOA, congruency, and ambiguity approached signifioence in both the subject

Lo %naiysis; F(1,30) = 3.77, .05 _E_?f.10 and tnevitem~analxsis, F(1,30) =

ffect and interactions |nVOIV|ng type of

. 3.93,-.05 < £;< 101, The main
al ‘ oL amblgUlty'drd hot approach sxgn fitance. ;. oo

]

An analysls lncludlng blOCk ‘order. as a variable revealed a slgnlflcant

’

~ main effect, F(3, 90) p < .01, because subjects perform faster with prac-

. " oticef but no ifteractions with,any other factor. - o .
» 4 N . . @
‘Discussion ot " LT .-
L . T, .
Largely the.same pattern of results obtained, for noun-noun and noun-
l ) - ) ' ‘ . .
. fverb‘%mbiguitﬁes. At the 0 msec SOA, facili%ation was observed for targets
- ey s -

related“f%”tﬁ?ncontexfually aggrobriate and ‘inappropriate readings of .the

. . had P
. Al R . - / ¢ '
" Y ~ 4 1 '

P . 4 X ’ L o R
PR . . . Y . - ;

;ambfguity\jntereEtjons were significant only in the subject analysis Efl,30f =
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Ao
ambiguous word, indicating that multiple readings were accessed. By 200

” -

¢

- msec, however, facilitatiog obtained only to targets related to the con~ -
textually. appropriate reading. As in the\PreviOus Ekperiments, ambigujzy
Qgsolution occdrréd within this short time frame. . .

“The results.of the noun-verb conditiops replicate Tanenhaus et al.

(1979). The noun-noun results suggest that the type of biasing contextual
information used in these condi tions has the same functional consequences &s

. A}

syntax: it.facilitates a séléqtion among alternatives-ragherzthan res-

tricting lexical accesé to one meaning.. These results suggest that the
lexlcal priming explanaglon of the selectlve access observed in Expernment 2
is correct. In the absence of lexical priming, multiple access occurs \
iggard]ess of'coﬁtextugl bias. Thus, Qe can tentatively divide contexts

s ‘ b

into two classes: lexical primirig and non-priming. Only the former can

produce selective access, through an intra- Iexncal process (Forster, 1979).
Experiment 4 examines an implication of the lexical priming hypothesis.

' . N L. r .

Both noun-noun and noun-verb ambiguities appeared jn contexts containing

a

a word semantically or associatively related to a meaning of the ambiggous

.

word. The noun-noun condition js a replfcation of Experiment 2. |If the

lexical priming hypothesis is forrect, the noun-verb ambiguities,.which

showed multiple access in syntactic contexts, might be expected to show

k)

selective access instead.

-
t

. ' Exﬁeﬂiment 4 ) )
Met;od - ~ - . , ‘5. o - .
Subjects. Forty Wayne State Unfversify students’serféa as subjécts.
' - T e

N |
: 42 o
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“verb ambiguities were constructed. Each word appeared in a priming context ®

ambiguities contained both sentential information which would select one

- ditions for both noun-noyn and noun-verb ambiguities:’ (a) congruent

.

Lexical Ambiguity Resolution .

a - 4o .

Stimulus materials and prqceduré. A set of 20 noun-nouﬁ{and 20 noun- ,

]

H4

whfch favored one reading. Priming éontexts were constructed by creating
‘contexts similar to thoSe used in‘Expsriment ! and adding a word or phrase
which was strongly associated orlsemantically\gglated~to the contextually
apprépriate_reading of the ambiguous word ‘in thg.sgnteﬁce. - .
Examples for the nou%-verb ambigui ty IQEE: and the noun-noun ambiguit9
spade are given in (15) .and (16).

(15) The gardener cut: the rose.

(16) The bridge player trumped the spade. -

The contexts for noun-verb ambiguities, then, contained both syntactic
information and bfasing semantic‘informatqu in the form of a biasing-word,

for example, gardener in sentence (15). The contexts for the noun-noun £

r

reading (as in Experiment 3) and a biaéing word.

>

Half of the sentences containing ambiguous worés and their respective

? ’

¢

°

control sentences were paired with targets whic# were related to the,con-

textually appropriate reading of the ambiguous word and half were paired
with targets related to the contextually inappropriate reading; ‘Control

sentences were constructed by replacing the ambiguous word with a word

H

. . ~
similar in length and frequency which was contextually appropriate but un-
¢ J

related «to the target word. This resulted- in four sentence-target con-

o n

v

ambiguous; (b) congruent controi; (c) incongruent ambiguous; and (d) in-

<

congruent contrel. ~ Examples of the stimuli are presented in Table 7.

-
. -
.

-

S
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#Two sentences (one blasnng and one control for each of L0 ambxguous

words) ylelded a total of 80 experimental sentences. ¥here were .10 noun-

. ‘.

* < noun and lO noun~verb ambiguities inreach of “the four sentence-target

condithns.. Twottrial blocks were constructed with an equal number of noun= ¥
< noun and noun-verb stlmaln front each of the four conditions in each block
A §|a5|ng sentence and {ts control sentence were always assigned to dif-
fereet blocks. Twelveiéractice sentences were also constructed. Ten
peactice sénfences were ,presented to the'subjeft pzjgr_to thevtriaJ b]ocks

and one,practice sentence was placed at the beginning of each trial block.,
- - P N *

' -

Procedure. Each subject was assigned to'a target delay interval (0.
“ -or 200 msec) and ablock order (AB or BA). The remainder of the, procedure

‘Was identical to Experiment 3.

& Results / -

.
e v

:0f the possible total of 5128 naming latencies, 35 were missing; 18

1 becauge he subject did not speek loudly enough to stop the timer, 11 due

to mechanical or experiménter error, apd 6 due'té the subject saying the .
L] - .
wrong word, Missing latencies and errors were evenly distributed across

"conditions. Mean latencies for each condition are presented in Table 8.

For the noun-noun ambiguous words, the control targets in the congruent
Q .

R . -

- 5 e > Y O e S G G S v B B T am - o e

Insert Table 8 about here.

a

. o e m———- B e L T Y ipiiepy
4 . - ‘ - -~
.

. . conditions took longer to name than the targets in the |ncongruent con-

dftlons, while the opposrte pattern obtained for the noun-verb ambiguous 7/

?mz’u«‘f—w‘*e um ST e e

s
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v
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.

words . %hese differences are probably due to the fact that idifferent target
» words .were used in the congruent and incongruent conditions.
At 0 msec, facilitation obtained only for targets related to the con-
1 - .

textually appropriate reading\of the noun-noun ambigﬁous words, while targets
. .o a
- related to both the appropriate and inappropriate readings showed facilita-
tion for the noun-verb ambiguous words. At 200 msec, only targets related

‘to the coptextually appropriate reading were facilitated for both types of

ambiguous words. . .

-

The naming latenC|es were analyzed u51ng an ANOVA with SOA, type of

~

amblgulty, congruency, and amblqulty as factors The fact rs were deflnedr

in the same way as they were for Experiment 3, however, in. the item analyses,

. |tems were nestéd within both congruency and type of ambiguity. .
# s This ANOVA revealed sngnlflcant effects of’ amblgulty, mlnF'(l 53)

7.57, p < .01 and congruency, minF' (1, 53) i, 43, p < 05. SOA was sig-

nificant only in the item analysis, F(1,36) ='53-70, p < .0l. Two-way . -~
¥ - ‘ .

: interactions reaching significance were SOA-by ambiguity in both the sub-
- / M . \ e -

ject<agg item analyses, F(1,38) = 6.86, p < .025, and F(1, 36) = 7.38,
E:< .025, respectlvely The congruenc*\hy amblgulty |nteract|on was also

sngnlficant in both subject and item analyses,.F(] 38) =6.77, R < 025 “and

F(l ,36) = 6.26, p <. 025, respectlve}y Both of these |nteract|ons narrowly

“missed annuflcance usnng the mlnP' statlstic The type by_amblgu\ty N

1nteractton reached SJgnlflqance only in the subject dgnalysis, £ﬂ],38) =
6.99, p < .025. ° L S
Chey . . . .

Several triple |nteract|ons were‘also sngnlfucant In' the subJect (

AIERY

N

analysis, there was a srgnlflcant Eype by congruency by amblgulty |nteract|on"
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E(1,38)'= 6.156, p < .01 while in the item analysis the type by, SOA by

.' ambiguity interaction was significant, F(1,36) = 9.96, p < .0l. '

A [y

’

Finally, the four way interaction ameno type, SOA, congrbency, and o,

.
ambiguity was 5|gn1f1cant in the subject analysls, F(l ,38) = 5.55, p < .025,

and a trend in the Ttem analysns, F(1,36) = 3.82, .05 < p < .10. i

The results can be seen more clearly’ by examining the noun-noun and

- . L

I
v

¥ .
noun-verb results separately. The noun-noun ambiguous words showed the same

v 4

patterq/at.o and 200 msec. At the 0 msec SOA. 14 msec of Facili%ation ob-

tained to targets -related to the biased reading while 6 msec of inhibition
. - ( v i .
5: . obtalned to targets related to the |nappropr|ate read|ng At 200 msec, 10 . F’

-— [N

¢

msec of facnﬂltatlon obtalned to targets related to the blased meanlng while o
- ~
Y

7 msec of inhibition qbtalned fo the inappropriate targets. Thus, the same

pattern, facilitation té ‘the targét related to the_biased reading and a s%all

- . ~
“

¥

\

k. . amount of “inhibition to the ‘targets -related to the unbiased reading, obtained

at both SOAs. This is reflected in a 5|gn|f|cant congruency by ambiquity

v

- — |nteract|on in both the subject and item analyses FQ1 38) 11.24, b < .01

. .
"

" and.F(l 48) 4 47, p < .05, nespectlvely. The SOA by congruency by ™

-
£

amblgulty rnterﬁetuon d|d not approach signjflcance°in either analysis, both i
"' -E-s <' ]. : -- ) “ ‘ ’ . .‘
P ’ . . . ‘ * .
¥

In contrast, for the noun-verh amblguous words, naming latenCIes to

‘targets related to both the biased and unbiased readings of the amblguous ,
. * ' words” are faCIlttated at 0 msec. At 200 msec, however, facnlltatlon obtains
?%f ,) . only fo targets related to the biased readlng Namlng ‘latencies to. these

¢ targets show 13 ‘msec of facnl|tat|on, whlle targéts ‘related to the imappro-

-~

prlate readlng show 4 msec of ’ |nhlb|t|on. Thls di?ferent-pattern‘of

e .
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.- tacilitation.across time is reflected in a'significant SOA by congruency by .
ambiéuity interaction in both the subject analysis F(1,38) = 8.24, p < .025

.and- the item analysis F(1,18) = 5.70, p < .025.
Separate analysis of the 0 and 200 msec SOA‘data provided additional

information. The.type x congruency x ambiguity Enteractiqn°appears only.in

. the data from 0 msec (at O msec, by subjects, F(1,13) = 16.33, p < .01 and

. -

'by items, F(1,19) = 3.36, .05 < p < .10; at 200 msec, both Fs < 1). This

reflects the fact that there is multiple access for moun-verb ambiguities, o

.
.
! .
B . d,
v < .
¥ 1 Fl

but selective access for noun-nouns. For the same reason, fhe congruéncy by -

. -
-

ambiguity |nteract|on only reaches sngnlflcance for the 200 msec, “data (at , -

”,

- - 200, mlnP[l 511 = 5.05, p < .05; at 0, both Fs < 1). oo A .

~

Finally, an ANOVA |nclud|nq block’ order as a factorﬂwas also conducfed

{; This was -a main effect of block order F(I 38) = 16 77, p'< .01, indicdting g °

ﬁ:;; that SubJects named targets faster in the second block. 'No interactions with T
B ’ ‘_ o <

4, LA e %

e~ block order approached significance, however. . i' . . ¢ .

: . * s ’ .. .

% [SETE N . - A ‘ *

. Discussion . “ . I

The results only partially support the lexical prlmlng hypothesus. As

? predlcted by this hypoéhesns, selectlve accéss occurred for noun-noun a .
S ambiguous words when they were placed in léxical Priming contexts, repli-
- AT cating—the results of Experiment 3. However, multiple access obtained at. .
¢ f — . N
o : - 4 hd
i the short SOA for noun-verb amblguous,words even when they were placed in | ’

3 . 4 . ‘é N /

contexts containing-a PerLﬂg word. ‘This surprising result suggests that/’° -
4 : L ' . R ‘ e, .,
v noun-noun and noun-verb ambiguous words are differentially affected by
> r 5 ' #~ ° 2 °
R . ‘ A3 s .
i lexical priming.. Before further considering this hypothesis it €e emed .
i s PP
£ ‘ necessary to rule out the possibility that the biasing contextedfor the
5‘ 3 . < 4 : 2 K‘:,Jf
% . e . - oL T
¢ . - #4 7 . "0 ¢ / S
- ' . * : - 2 ‘t . - w
+ < '.M : Vme 2
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noun-verb ambiguous words did not contain lexical items strongly enough

related to the émbigpous word po result in lexical priming. " One check on

whether or. not the context was suffncnent to prime one readlng of the

.~

amblquous word is to compaﬂe naming latencies to the same target word when
it fol]ows a- congruent and |ncongruent control’sentence. «»The target
fO]]OWlng the congruent conerol sentenge should show facilitatjon relative
to the incongruent control. In Experiment L, however, theNeonqruent and in-

congruent sentences were drawn from d‘fferent sets, ruling out this comparl-

'

. \ ) ] . .
son. Experiment 5 was a replication of the noun-verb conditions from the

preceding experiment using a desfgn simitar to Experiment 3. . ’ 0
. ’ [$ .

- ‘ Experiment 5 -
- o . \ . .
In this experiment two priming contexts were constructed for each noun-

Ca . I ‘ &
verb‘ambquous word: one which biased its noun reading and one which biased

- L4
=y

v

N
.

a

its verb reading. Examples of biasing context$ for the -word rese are

4

presented in- sentences (17) and (18). Each ambiguous word was ba?red‘wifh a

(17) The gardener bought a rose.

° *
» . .

" (18) The coqgregation all rose. R ) o .

Y N .

- target related to &ither its noun ror verb readlng. In the example the target

was stood. Thus in sentence (17) the context biases thezreading of rose

that is congruent with the target' and‘sentenqe (18) bias€s the®incongruent

: . o .
reading. , . . , e
* Py ) ’ " * h £

v
Control‘contex;s were constructed by replacing the ambigubus word with

-~

an.unambiguous word of sim{lar length and frequency. This.design.allqws an
independent test of ‘whether the context was priming one readi;g'of the ,

ambiguous word, through lexical priming. ,1f the contexts prime one reading
.. * . - Y L4

.

“ ) h ’ .6

: 7 B 416; ‘ * ' - e ‘ hi
. ) . " . *

B

&
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' g e . .
of the ambiguous™word (through the intralexical process) targets related to

that reading should be facilitated, even when the ambiguous word is absqﬁt.

i " Thus targefs should be named fa;ter in the congruent control condition than
is the iné%&%ruent control condition. True multip]e apéess in‘a lexical
priming céntext would -result in main effects oﬁ both sentence-target con-
gruency‘and ambig;ity wiéh';; interaétion. : ‘

Me thod w“' ) . ' m& . o - Tl
= Subjects. fwehty Wayng State Univérs{ty undergraduates served as ’

’ : ¥ i - ’

subjects. - . LT N

»

'

Materials and procedure. Twenty ambiglous words with indebeqdent noun=-

- -

‘verQ readings were selected. Each word was then placed in a syntactic,

v

context that‘biased »its noun reading and a syntactic context that biased’its

<
’

verqueadjng. A word strongly reléted-foiéhe syntactically appropriate
éeadi;g of the ambiguoug word was then’ incorporated ifto each context. ;

Coniﬁol sented?bs were constflucted by replacing the ambiguous word with an
'hnampiguous word of similar length and ;requency. The reéu]tipgafourr;mwf

a4 N
‘ sentences were paired with a target word related ‘to either "the noun or verb

» >

reading of the ambiguous word. The four sentence-target pairs ﬁér each

'™

-émbiguous word were assigned to separate blocks. Each. bJock contaiﬁed five”

<

exemplars of each sentence-target cdnd;;Ton.

- . -

:Eaph subject was presented with each b1ock. The oider of the‘blocks
. ' B . . . ‘
was counterbalanced using a modified latin squate. The remainder.of the

- procedure was similar to that used in Experiments 3 and 4, except that only

’

. 4 P
~.a 0 msec SOA was used. ‘ ] ,

&"‘

/™
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Results and Discussi®n ‘ -

v ¢
- . . 3

bdt of a.possible total of iéOO naming'latencies, 17 were missing; 10

due to subjects speaking too softly, 6 due to mechanical failure or experi-

&

.’

3
.menter error, and 1 due to the subject naming the wybng word. Missing data

&
accuracy tradeoffs.
4

£

- The mean latency for each of the four sentence-target conditions is

presented in Table 9. Néming latencies were 16 msec faster in ¢ongruent

P

Rt
17

contexts than in incongruent contexts. Ambiguous words were named 15 msec
C . @ ‘ i
faster than their controls when the context biased the reading congruent

. - . 13

- m e o n - ~—-~~—--——-—--~4

! ' : Insert Tahle 9 about here. .

———————————— - s e > Sn wm o wn - 2 - an

with the target-ané 10 msec faster than their controls when the context

biased the reading incongruent4with the target. ihese results were reflected

“in a main effect of context mlnF'(i 31) = 5, 415, p. < .05and a maln effect

k-3
of ambiguity mlnF'(i 31) = 5 93# p < 025 The congruency by ambiguity

interaction failed to approach significance in either the subject analysis,
Al P

F(1,19) = 2.284 or the item analysis F(1,19) = 1.109. An analysis ingluding
block ogder as a factor resulted in a ‘main effect of block order F(3,57) =

N £ -—
5.174, p < .01, indicating that naming latencies decreased across blocks.

[y

Interactions between block order and congruency and block order and ambiguity

did not approachwsiénificance,'bc;h Fs < 1. Thus, |t‘is unllkely that the

»

congrunty and ambiguity effects were influenced by any strategies that

-

mlght have developed because of the repetitions of targets and sentence

frames.

<

50.
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biased readings of the ambiguous word were accessed: Thus the results

. . . o\
" associations betweenECOntext word and target having been too weak in the -
. .
noun-verb case. - ;’"
w ' ' > l oo i
General Discussion T :

! e ¥

inqicatéd by the syntactic context.” -In Experimént 1, they assigned a .

*
.
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) Ihe.congrueﬁpy effect indicates that the biasing context primed one —— ]

reading of the ambiguous word while the ambighjty effect and the absence of

3 »
an ambiguity by congruegcy interaction indicates that both biased and un-

]

repYicate those from the noun-verb conditions in Exﬁeriment 4 and sudgest

that the difference between the lexical. priming effects for noun-noun and

noun-verb ambiguities obtained in Experiment 4 was not an artifact of the

- .

A summary of the refults of these experiments-is presengfd in Table 10.

Experiment f demonstrated that for noun-noun“ambiguities in neutral contexts, .

«

subjects accessed multiple readings and selected one Qithin 200 msec. The

< -

results mfhickeq)those of the Tanenhaué et al. (1979) experiment with noun-

verb ambiguities, but the precesses underlying meaning selection differed

o

in the two cases, In thg'noun-verb study; ~subjects selécted_the reading

-

defailt value. The results suggested that it would be fruitful to examine
. N {-—"‘-\..-,

further the question of ‘time limjtations on degision making. S
. i 2 :

.......... e cm—————— i

'Insert Table thabout here.

" - S Oy TP Gy e D O ey e T s v W - o

Experiment 2 showed that at least some contexts produce selective g
aéce§s of ome reading of noun-nouh ambiguities. Two possible mechanisms

were discussed: use of contextual information in a top-down or message-
W

level processing mode to restrict lexical access, and lexical_priming. The

R

g . ~ ‘e *
¥ . ' 2 g
.
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lexical priming'interpretétion was supported by thi/:;sults of Experiment 3,_%
in which biasi%g contexts which couid not plausibly be argued to have pro-

duced priming yielded mu]tiple access, followed by rapid3§election. Tgis
implied two functional.classes éé contexts, T;;ica] priming and non=priming. °
Experiment 4 replicated the‘brimino results for noun-noun ambiguities, but

found no effect of priming contexts on noun-verb ambiguities, which con-,

. ’ . R ~

tinued to show multiple access at the short SOA.s Experiment 5 replicated

the multiple-access results-for noun-verb ambiguities in lexical priming

v

contexts at the short SOA under conditions which ruled out the possibility
that this result in Experiment 4-had been due to a methddological artifact.
» Before presg@ting a model wbich accounts for .these data, we consider
-~ W

several general implications »of the results for theories of languagé com-

— prehensioh’ ‘ ’ - .

* Autonomy and Automaticitxiih Lexical Processihg v - .
The results suggest that certaln important aspects of lexncal retrieval~-

o ® . Tl S
£

©_ including the access of meaning--operate autonomously. In six experiments

f

(ihcluding Tanenhaus et al., 1979), we found no evudence that subjects

@ould use.thelr knowledge of a language or knowledge of ‘the world to res-,
» \ ?_ -
trict access to one reading. -The only contextual effect was due to lexical

. Rriming, an automatic, non-directed, intra-lexical process that is & conse-
) .. ! >

S

M quence of the organization of semantic ﬁemoryf\‘Furthgg@ore, ®n «the Collins

T

’

- and Loftus (l975f modé}, thts type of priming has its effect before a wodrd

is processed, by increasing its aetivatiOn level. ,Thus, all of the present

-

.

results are compakjble wuth the notlon that meaning access entauls an auto- .

. r

P \matic read out of information from a'location in memory. The number of

- A -
*

. '! X . v 5322 - .




in conjunction with the ‘many studies showing .the activation vof phonologjcal
. - L . -
Schvaneveldt and Ruddy, 1974; Tanenhaus, Flanigan, and Seidenberg, 1980)

-are automatically activated in the récognition process, regardless of

in the recognition process. Pre-lekidél”processing involves the decoding

Lexicgd Ambiguity Resolution |
50 '

° A
) v . . .
readings accessed, and the order of access, depend only' on their relative -~

activation levels, which are unaffected by grammatical or world knowledge

(see below). : ) - ‘ //////

The automatic access of meaning in these studies closely resembles the
t . . ‘ o
automatic access of orthographic information in auditory word recognition
- ”, M - N

observed by. Seidenberg and Tanenhaus (1979) and Donnenwerth-Nolan,‘Tanenhaqg
- ¢ ' ~
and Seidenberg (1981). Just as subjects in the ambiguity studies show no
. .

awareness of having accessed alternate meanings, subjects in the Seidenberg
. . . : »

and Tanenhaus and Nolan et al. studies show no awareness of having accessed

orthographic information ¥n a rhyming task. Both of these sets of results,
information in visual ‘'word recognition (e.g., Conrad, ]972;-Meyer, . ,A‘i .~

sujgest that multiple codes for words--semantic, ‘ofthographic, phonological-- o

»e

. . N .
context or input modality. ’ .

°

In relating.our results to the extensive literature on contextual ’ .
- W N

effects on lexical processing,, it may be useful to distinguish three stages
L

2

of the input signal--the |dent|f1Cat|on of sounds’ and letters, orthogrgphlc

'

and phonological structures. Lechal processes anO]VG access to the codes
. \

«

of a wotd--semantic; phonological, orthagraphlc. Post-lexical processing
involves the integration of a word u@th the preceding context, and other
events that are contnngent\hpon access of meanlng (e.qg., drawnng inferences). . .

Our results demonstrate negdigible’ effects of context on a lexical-stage

. ©
-

- '3 ‘

-~
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process, the access of meaning. It is obvious that context affects post-
lexical processing, but-it is less clear that 4t affect§ pre-lexical

processes. Pre-lexical context effects also may differ greaﬁly in listening

(in which. the stimulus word necessaruly becomes ‘available over time) compared

2 v

to reading (in which the stimulus.is static).

-

-

'Clasges of contexts. ThelgeSUIts indicate that different classes of

H . P
context interact with wosd recognition in different ways. In order to

.

accurately characterize the role of context in language cpmprehension, in,

. %
B

general, and on lexical accessy in particular, it is necessary to develop a

theoretically and empirically motivated taxdnomy“of cont ts (&lark and
Carlson, in press). A complete model would specify how different types of

contextua] information are represented and accessed durin

preéent research provides‘a preliminary step in this direction by distin-
. N . . '~> .,

guishing between Jexical priming~and non-priming contexts. Note also that

the existence of these two general ‘classes of contexts makes it dlffucult to
5 .
|nterpret prevvous studues which may have. mlxed them in unknown : proportuons

o

Lexical structure. The dlfferent pattern of results obtalne

~coded in<:;; mental lexicon. Thus, understanding contextual -effects on

v

P

.

lexical processing requi:jj)extended theories of both contextual structure

and the mental lexicon.

v

Temporal course of language comprehension. In a number of papers,

?

Marslen-Wilson has argued the ''on-line' processing measures that assess sub-
Ject. performance as it occurs in real time are essential to unders tandi ng

-

language comprehension (Marslen-Wilson, 1975, a,b). The present results

&%,

.54
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. strongly.support his position. In addition, they jllustrate the importance

AY
of studying the time course of the comprehension process. This is both a-

methodolbgical and a substantivg point. Methodologically, study of the time .

. .
course of comprehension provides ‘an essential tool for observing the various
@ v

, components of multi—stage‘proces§e3, of which ambiguity resolution is pré-

1%

- sumably only one. Substantively, there may be imﬁBfEant time-by-processing- . .

» v

ncapacity tradeoffs &uring comprehension. The possvblllty ralsed in

Experlment 1 that Ilsteners assign a default readlng to an ambiguous word

because carrying multlple reading involves processnng capacity costs/Kwhlle

o

accessing multiple readings does not) may be an example of this. Concern

- i

for thq tempo?al paFameters of the comprehension process also distinguishes

this work from research on parsnng emanatlng from art|f|c1al mtelllgence~

(e g., Milne, 1980). a o . ‘ N
a 'f’.‘(, ' v p—
* A Model of Ambiguity Resolution iM\Context ‘
. ~ E- : . s
The model we propose ‘ig;a hybrid of Morton's (1969) logogen model and . 5

the Collins and Loftus (1975) spreading activation model. Mortén,-working

. = gy "\ '~ ‘ -~
within the framework of signal detection theory, was primarily concerned

~ with .initial decoding processes. .Hé‘prpposed that each word is répresented
* . ¢ -
- ~ o

by a lobogeq containing phonological, orthographic, and semantic features.
Whenwa word is preéented, a feature count is initiated at all logogens
sharing features with the input word. When the c¢ount for a particular

logogen reacheé threshiold, the'word is recognized. Correct recognition

occurs when the logoden corresponding 'to the input word reaches threshold

[ 4 —
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interconnections among entities in lexical memory, and some consequences

of word recognition, termed 'spreading activation.' We will assume that
-

sensory analysis of a word proceeds a?%ng the Tines Morton slggested, but

v

incorporate the general representational structure of the Collins and Loftus

‘ ~

‘model, that®is, intercdnnected semantic and lexical networks,
The model contains four assumptions: (a) meanings are accessed in order

-

of relative activation levels (which largely reflect frequency); (b) meaning

access is automatic and it is autonomous Except for (c)'transientdincreases
» o .
in-activation level due to priming from a highly semantically or asso-

ciatively related word or phrase in the immediate context; and (d) the con-

ne¢tions between lexical and semantic networks differ for noun-noun and noun=
verb ambiguous words. Assumptions (a) and (c) are simply extensions of the
4
Collins and Loftus model to the case of words with multiple meanings.
N r

‘Numerous studies indicate that word frequency is related to recognition
-7 ’ . . .
latency (e.g., Solomon & Postman, 1952) and' that logogens can be primed;
»7 ' - .
here we merely assume that these also hold for the component meanings of a *
. ]

word. Assumption (b) follows from Forster (1979) and the _notion of auto-

matic.processing. Only (d) is an entirely new assumption, which is

motivated below.

Alternate readings: are coded in terms) of relatjve activatian levels

. 0

which reflect f@%ﬁuency and recenty of use. These may be trahsiently
. Mﬂ . . N -
altered by lexical priming from the context, but are unaffected by other

.

. .
types of context. When the component meanings are at similar activation

- Tevels, both are'accessed, and passed on to a subseqdent integration stage °

where, they are evaluated against the information provided by the context.
4 ( ~
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We have isolated this decisiomwithin 2@ 200 msec window, although it may

take less time. - _ - ' ‘

(2}

©

Selective access occurs if the contextually-appropriate readings are of *

much higher frequency than anf alternative; a brief garden path (i.e

access of the inappropriate [eadiﬁbl occurs if a word is used in a low fre-

quency sense (é.g., '""The knight summoned his bgkﬁeIOT”). Further research

is needed in order to determine which differences in'frequéncy have conse-

quences for-lexical access (i.e., the JND of frequency). Our working

~ assumption is that all meanings above a criterial level of activation will

be accessed, and that relatively large differences in frequency must exist

\
in order to obtain initial access of one reading. - It is also unclear

whether, in these cases, the alternate seading ,is blocked (never accessed)

or merely delayed.
At this point, it is necessary to account for the differential effects

of iexical priming on noun-noun and noun-verb ambiguities. The fact that

EY <,
~ »e

prim&pg, an intra-lexical process, interacts with the grammatical_ function

-of words requires us to consider how the syntactic functions of words are

< .

coded in the mental lexicon. Thus, any explanation of the results requires

’ o . .
enrichment of existing models, since none provides for the representation

-

& . R
. of this information.

. . . . . '
. " Putting syntax in-the mental lexicon is motivated on other grounds as

well. At is clear that part of our knowledge of words inCludes knowledge o

the syntactic confjgurations they may enter into." Knowledge of the syntax
of a language can be represented as genefal rules which specify the linear’

N .

and hierarchical structure of constituent%ﬁﬁsyntactic coding in the lexicon

57 T g
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.

governs the insertion of particular lexical items into permissible struc-.

.

tures. Such an enriched model of the mental lexicon is compatible With

~recent work. in theoretical linguistics (e.g., Kaplan & Bresnan, in pres

1

Gazdar, in press).

-

. * o )
to a single rgpresentation in“the lexical network, which provides access to

spelling and sound. This érrangement is represented in Figure 3a. This’

-

N . .
can be amended as follows: semantica)ly~distinct readings are represented

at separate semantic nodes; when they are of the same syntactic class they

.
.

‘are connected to a single lexical node; when they are of different syntactic

- gy - S S T G O S o - - -

Y (‘ . Q‘ -
R . Insert Figure 3 about here._ , L.
: : o, T TTTTTmmTmmTem e . o
= classes they are connected to separate lexica}\qesii: It will. be convenient
e, -
5

~==_ ,_ tOo represeht syntactic information as a label on a lexical node, although it*
could be represented in other ways as well. This arrangement is represented

N .

. in ?ﬁguré 3b. The djfferential effects of lexical priming follow from the
g - . T . )
occurrence of a sensory feature analysis at a single node for noun=noun

- -

ambiguities, but two nodes for noun-verb ambiguities. The single additjonal .

processing assumption is that the-pathways from a' lexicalwnode are evaluéted~,,

-

in order of relative activation levels of the connected semantic nodes.

Under this model, lexical.priming can differentially affect noun-noun-and o
' c, . - .
b . ?

noun-verb ambiguities. - -] s ' 2l

-

- .
: . ; -
- T . . ;

£ BT )
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Consider first the noun-verb case. When a word such as EEEED.iS
encountered, two nndependent feature analyses proceed, one at each of its'
“lexical nodes. When the noun and verb readings are equally common, and .
nei ther ﬁas‘beenvprimed, the same number of features must be analyzed in
each case to pass recognition threshold. Thus, both thresholds'will be .
Aﬁ passed leaving both meanings in a response buffer (Mortdn, 1969). The

criterial number of features needed for one reading to, pass threshold will

' be’ lowered if it has been primed. However, the fact that both nodes in the

°

semantic network 'are linked to separate but identical orthographic-
- s - . -

phonological forms means that a sufficient number of features will be

. N .

detected in-the bottom-up analysis-of the sensory |nput to insure recog-
— -

ni:tion in both cases. . That is,'selectlve access w0uld occur only if the

-
-

orthographlc or phonologlcal analysls of the lnput could be halted when the

* ., = AR

- _flrst reading passed tHreshold. However there is no reason to assume Chat

the- sensory analysis is contlngent in thlS way Rather, if these sengory
N Yy

" anglyses occur by automatlc processes, then it is plausuble that enough

.
X ¥ oAl \f' - \

features common to these |dentrcal forms wnll be extracted for both to pass

- A

3

4

-t threshold. The fact that one readnng‘has been prlmed may affect not the

‘. ~|n|tlal ectlvatlon of meanings, . but rather the order in whlch they are

bl
. !
N ~

; Y. evaluated at the'lntegratlon stage.' o

- ln the case of noun~ndun ambT g u; es’, only a slngle feature analysls
¥ ‘ oy e
qccurs at the lexical dode for the henvrecognntlon occurs, pathways . .
[ LT from the node are evaluated in order of relatlve actavg;non le\els.. When
¢ ~ . .

the meanings are equallyxcommon and prnmlng has not occurred both pathways

rl
L3

wull be followed fn parallel yielding multlpie‘accessﬂl When' oge.meaning”
5 - i . . N \’ L . .

. .
t. , » . . - <
. . o
-~ - B - . -
. * »

A
.
iy
.
.
.
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hds been primed, its pathway is followed first. If this is the contextually-
appropriate meaning, it will be lntegrated wnth the context If it is not

r-1 ‘ - i

contextually- approprlate, a brief garden path results. Again,fthe conditions

. Y ' .
under which .the unprimed reading is eventually.accessed are unclear. There

.

may be an active process by which access to the alternate meanlng is blocked

following successful asslgnmen&\qi\the prnmed meannng lt may ‘be that access

5

to the alternate pathway depends on the relative actlvatlon levels of the

~

. - > -
two meanungs; or upon the absolute actlvation vlevel of the. alternate These

issues can only be resolved through experlments wh:ch carefully examine

-

activation of the alternate reading at several SOAs.

The model presented above is clearly preliminary. While it accounts .
N .

for the data reported by Tanenhaus et al. (1979) and in this paper, the .

model is underdetermined‘in a.number of ways. ,For example, the assumptions

that frequency js coded by activation level ‘and.that readings are evaluated
in order of activation level are central to'the model. However, frequency
was not directly manipulated. Results obtained by Holmes (1979) su’ggegg”———_:_r—~

that more frequent meanings are comPared to context before less frequent

12

V4
meanings. In her research, t&%e to detect an ambiguous word decreased when

the context favored the low frequency meaning.~Holmes suggests that this
occurs because’ the listener checks the high frequency reading against the

context fnrst (see also Hogaboam & Perfettl 1975; Forster & Bednall ‘1976

e

Simpson, 1981). Clearly, however, further research investggating the time

course of high and low frequency readings is needed.
. . . -

A second issue concerns the finding in Experiments 2 and 3 of selective

access in contexts containing a word lexically related to~ the amb i guous word.

¢ v

. 60 -~
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Two recent-stqdies,quinnéy (1979) and Onifer and Swinney (1980),'f6una‘

.multiple access with strongly biasing contexts. These studies dijffer from

- -

ours in several ways. In both the Swinney and Onifer and Swinney studies 7, -

lexical decision was ‘used and the subject continued listening to

¥ e T
the sentente

as the target was presented. It is possible that these methodologicaa dif-

~

ferences account for the differences between their research and ours. A& L 4

more likely and more interesting explanation is based on differences Tn = ) .

- .

T, .
materials. Many of the contexts.used on the Swinney and Onifer and Swinney

studi§§'dq not contain words highly related to the ambiguous avords. - Thhs. ) D e

we would-expect to find multiple access for these items. In many of their °
4 . o &
sentences which did contain lexically relatégywords, the related words °
. . . i , .

- occurréd four-or more words before the ambiguous word. In contrast, most.

! . ] ¢
of the related wordﬁ\in'our materials occurred within two or three words of

the ambiguous word. ({ intra-lexical priming defays rapidly, then multiple

©
»7

" access would be expected in most of the materials used by Swinney and Onifer .
Thes

and Swinney. suggestions must, of course, be evaluated empirically.

aN R
It will also be important to evaluate several SOAs in the 0-200 msec . '

range. Our current hypothesfs is that there are differe?ces in the épeed
of the decision process/as a function of type of context and type of ambig-
uwous word; these may have been obscured‘by heré1y examining 0 and 200 msec
delays. Fo; example, information that ld§i£a}191blocks an alternative '
(e.g., syntax) may permit a more rapid decision than contexts which merely

make one alternative less plausible Eﬁén anoth;r (e.g.,;pragmatic).

Similarly; our model suggests'that multiplg access should contjnue to occur

even in contexts containing several types of méssage-level information

favoring'one reading. An obvious possibility is that multiple sources of

61 | .
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" disambiguating information will speed the choice *between two alternatives.

What this suggests is thqt,.while many sttdies of lexical ambiguity have ~ ..

N .

been devpted to a search for evidence that contextual information can affect
. ¢ ,

meaq}ﬁgfaccess, the most important context effects may lieselsewhere, at

*

théfpost-ac;e§s decision stage.
. . S s
4 Contextual priming presents other unresolved issues. Although priming

(d \

of noun-verb ambiguities did not yield selective access; it might affect the
A ,

.

o

» . - 9 . i . . - : -
subsequent decision process. A plausible assumption i that once multiple

meanings are accessed, they are evaluatéd «in ,order of relative activation
¢ . 2 T ]
levels, yielding the clear prediction that~the decision process should be -
: g \

-faster when the contextually-appropriate regding'bf'a noun-verb ambiguity
¥y . ‘2

has been primed than when it is unprimed. Similarly, for noun-rioun

.

<
) ahbiguities, models of the priming process suggest that it should increase
. the actjvation level qf one }eading, while leaving the alternate unaffected.
. ] . R .
This yields two predictions: (1) latency to access a reading of a noun-
- N : » ' °

noun ambiguity should be shérter when it is primed; (2) latency to'actiyate

/

. , ‘o . N o, . N -
an alternate reading should be the same whether or not another reading is
primed. It is unclear from the above studies whether contextually appro-

priate readings of noun-noun ambiguities were ac¢essed mqre':gﬂid!y when

thdy were prim%d than when unprimed. In order t§ assess this possibility,

it will be necessary to use shorter S$O0As (""negative' SOAs) wit targets pre-
< w . . A , -
sented prior to the end of the ambiguous word. The second prediction,

however, was defiﬁitely disconfirmed. While all readings were available at

b

0 msec SOA in non-priming contexts, the unprimed readings were not available
4 . . '

at .this SOA in contexts where another reading was primed.’ A simple

3

A

- -
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explanation is that oncean accéssed reading is integrated with context,

v

activation to alternate readings is blocked. |If priming speeds access to

the contextually-appropriate reading,. then contextual integration might be

H

- ‘e °

"completed before alterhate readings are accessed. | A1l of these issues could
be resolved by u5|ng a wide band of narrowly spaced SOAs.

Another questlon about the priming proces$ concerns its generality.
- <

Although it is pqssible to construct such centexts, and to observe their
effects, it is unclear whether they occur frequently enough jn‘égtual dis-
_ course to provide an important source of-diSambiguating information. ‘leb,
asﬂnSted, priﬁ}ng affect; may‘'be limited to cases where the priminé word is
close to the—aﬁﬁected word in te;ms of time and number of |nterven|ng words.

Two methodologlcal cautlons should also be noted. First, the amblguous
words in our stimuli a]waysipccur at the end of a stimulus; it wil! be
necessary to determine whether similar results hold when ambiguities apgear
at other positions; éecond SOA has been méhipulated as a between-subjects
factor, which could allow SJBJeCtS to develop strategles specific to a
partlcular:SOA: In the future, it ‘will be necessary to vary SOA within
subjects as well. .

FinalLy,’the distinction between lexical primind and non-priming or

meﬁsage-level contexts needs to be explored further. One apparent dif-

.
-

ference between ‘them is that non-priming contexts cannot increase the pre-
. ¥ .

didtqpility of one reading; lexical priming contexts can increase - .

predictabrlity, although they do not necessarily. In (17), for example,

-

one reading of the ambiguous w7rd company is- hlghly predictable. The

(17) The repairman arrived from the telephone company.

- .

L . 63
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-

context contains priming information (''repairman,' '"telephone'), and it may

permit subjects to access:relevant pragmatic information as well. However,

the priming contexts in our experiments were constructed so as not to in-

crease predictability. Thus, in (18);-doctor»primed one reading of organ 1P
Y goctor organ

s

(18) The doctor removed the organ..
without increasing its prediétability. Priming infqrﬁation may be a

necessary component of predictability, but not a sufficient one. Clearly,

%

the processing of ambiguous words in such 'predictable' contexts must be -

examined empirically.

> /
: Conclusions
. =one Usions

The.view emerging from this work is one ih which various types of - E

lexical information, including the meaainé, sound and spelling cﬁdes of a

.

word, are automatica119 acCessed and passed along for further processing.

At first it is difficult to see why the proéessing system might be con- -

structed in such a way as tg:facilitate the access of information that will

) .

e discarded shortiy thereafter. |t might seem that being able to use one'ss

v

>
knowledge of a language and knowledge of the world to access exactly the

~ Y

necessary informatiq@_would be more efficient. There abpears to be an

»

interesting trade-off operating here. Automatic access of.?exica[ informa- °

.

3 . s .
tion frees grocessing resources for other tasks (e.g., integration of .

information over time, drawing inferences). The cost, of course, is that
some informatian will be accessed which ultimately is not retained. How-
ever, a number of considerations suggest-that the benefits of such a system

outweigh the costs. This arrangement permits ¥xj,cal processing to occur

. . ‘ ,/é) » . N
- . - N




e
4

Ty
&
.
b
e

.

Lexical "Ambiguity Resolution

62 > "

- in an essentially invariant manner across contexts. .The alternative would

be one in which the proééssing of a word is highly contingent upon the

nature of the context, and the listener's knowledge. Furthermore, deciding

L3

which information to retain from a limitgd pool of alternatives may be

. siﬁpler éomputationally than marshalliég various types of knowledde to
restrict access initially.' Choosing between two alte;nate meanings of a
word, for-example, may bg simpler thansusing one's knowledgé to restrict

lexical access. The pool of alternatives is much more limited in the former

-

case than the latter; hence, less information is needed in order to dis®

criminate between the alternatives.

0y »

The model we have proposed may appiy to aspects of the comprehenéion

*

process other than lexical ambiguity resolution. For example, expressions
such as ''break the ice'' are ambiguous between literal and idiomatic jnter-

pretations. The relative frequencies of the interpretations of such phrases

Gan.vary as well. -A phrase such as Ubréak the ice'" is frequently used in

both literal and idiomatic senses; ''kick the bugket'" is used almost ex-

—

cIusivel& in its idiomatic sense. As with lexical ambiguities, these

f[gquéncigs may affect whether one intérpretation is accessed or both in a
, Particular context (Swinney & Cut]e}, 1979). Our model suégests that these

“frequencies should be crucial, yielding multiple access in cases where the

senses are equally probable (regardless of the co&text), selective access

where the contextually-appropriate interpretation is most probable, and a

’

. -
- Y garden path where the most probable reading is contextually-inappropriate.

It is clear that the variable SOA priming paradigm could be used:to examine

the time course of ididm comprehension.

. . 65
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In closing, it is worth briefly noting some implic;tions of this

research fqr computer programs that parse natural languagé. The Eheoreticql
. and:engineering problems presented by computer parsing and the obvious
util}ty of a successfu} program, should ong be developed, have motixgted ) .
extensive research. Such programs are often interpreted as candldate
theories of human language processing. :Ourwexpgﬁﬁgsntal results suggest
=~ that acce;s{ng meaning in a contextually non-contingent manner, - performing
a rapid selection when multlple meanings are accessed and reprocessing when
lnctlal mlsa55|gnment of meanlng occurs is both ani}ffncnent and an obliga- .
tory mode of processing jn humans. Since there are many otherfways inwhich \\\\S?
the same outcome might have been accomplished, the manner in which aMbiéuity |
resolution is actually observed to éccur presumably reflegts important facts
about the structure (and limitations) of the human information processor.
Clearly, different so}ts-of‘resgurce limitations operate i; the case of
serial digital cémputers, or perhaps any computer now conceivabfe. Thus it
may'be both possible and prg%erable to accbmpl[sh ambigﬂit; resolution in a-
parsing program by wholly different means. For example, it is:easy to

imagine a computer program that retains multiple meanings longer than did

the subjects in Experiment 1. [t might retain multiple méanihgs until

-

enough information becomes available to be able to assign a meaning‘with a

very high probability of being correct, thus minimizing the need for re=

processing. This might be easier to implement and computationally more
efficient than the very different process humans appear to use. On-the other

hand, implementing the human process in a computer parser may prove useful.

/ Indeed, some computer scientists, such as Woods (1981), ‘favor a view of the

B Y -
o ' 4 ~

86




[}

Lexical Ambiguity Résolution

’ 64

.

comprehension process very compatible with our'results. His notion of

"multiple hypothesis formation' is one in which multiple interpretations of -
. . ” »

words, phrases and sentences are comperd and subsequently evaluated. He .

. discusses some ways in which such non-deterministi¥ processes could be
T - R
implemented in parsing programs. However, Woods' conclusions follow not
’ At P <

from considerations of computational- efficiency, or a meta-theory of
v

computation, but rather than intuitions about hupan processing. For computer

scientists such as Woods who find it useful.to take human performance into

~
-

account in developing intelligent programs, data of the sort discussed in

this paper will be of obvious relevance.

We should note, however, that research such as that we have reported
. T
emphasizes the importance of temporal factors and capacity limitations in

Qcomprehensioh; these typically enter into'computational parsing only._ as

3 .

ny?sancé factors. This djfference may:impose a limitation on the extent to

which parsing programs may be taken as models of human language compre-
o Py .

hens ion. . > .y

-
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. “The stimuli from the experiments are availablesfrom either of.the'\\\

senior gdthdys. Send réprinft?éhuests to M. Seidenberg, Psycholog& Depart- «

- ~ g
IS

L‘&,-_

EN R - h . FIA
ment, McGill Univer;itx, Stewart'BiéﬂQgical Sciencgs Bui-lding, Montreal, PQ,

" Canada, H3K“TBT: T . ‘
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N : - ‘l ‘ L) 3 N
4 ]Automatlc1tx does not insure autonomy; sompe contextual effects could

-
-

themselyes be augoggtic. Automaticity is probably a.pecessary ‘condition for

agdtonomous procéssing,.?ut not a sufficient one. Pylyshyn (1981) applies
° -~ o . B
| the term Y'cognitive lmpenetrabullty“ to descrlbe autonomous processes of the

‘™
.

sort we are describing. S, to ‘
. 4 N v

-

¢

,2”}exical ambiguity! is a‘generic téfm used to refer to®™oth homonymy

.. ahd polysemy. Homon;my refers;to a siné?e onthographic-phonologica] form

o - -

e

_with multlp]e meanlngs tbat in current uéége, are unrefated (e g. tire)

> 3’Polysemy refers to a word with.several semantlcally related mean*gbs (e g., -

-t
~-

Y - ] ¢
P

the senses of throw in ''to throw a baseball'" and "to throw a boxing match'), ;

4 D

Homonymous meanings En themselves be polysemous (e.g., the flora sense of
plant s, both-a.noun bnd a verb). We are ‘exclusively goqceraea with homonymy ;

»
. .

~ JPolysemy presents somewhat glfferent Tssues. We assume that the separafe
- 37 . .

-

vmeanings of a homonymous word are stored in memoty (althOUQh the detalls of

-
-

their re reséntatbon are.unclear). With regard to pélysemy; the primary -

is whether alternate senses are stored ot compyted (see Anderson & e

<

3Th[s is difficult to confirm because the stimylus materééls are rarely .
T

descFibed i detail. The same holds . for eva]uatihg‘tﬁe'effects of dif-

« B .

_ferent types of context as well. . ~
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We “réport™inF' statistics when they are significant, otherwise the F
o e p t“v Y g , th
S statisfics for subject and item analyses. In general, the item analyses
. ~ L4 -
Y -

are weaker than the subject analyses because the variability between sub- .

‘jécts is much greater than, the variab}lity between'itqms. Thus item analyses, «

which collapse across subjects, show greater within-groups variability,

3

5An alternate interpretation of the 200 msec SOA data should be noted.

- -

Assume that while the initiaf‘éccess of multiple meanings does not impose

.

an additional@ﬁqigen upon limited capacity processing resources, retaining

. ‘them in memory doefd. TQe additional processing—*%ad ét-the 200 msec ,SOA

could have produced the smaller priming effect_observed.’ . .

3 6The term 'priming" has been used in several sénses. “F"riming'I has been

v . . * ¢
used as a general term describing the facilitative effects of one stimulus

on the analysis of a second. The stimuli, conditions, and.causes of such

2

¢ ’ . -
effects can vary greatly. When the stimuli are words, one source of sugh
. . T

facilitation is the lexical priming observed by Meyer and Schvaqgveldt (1976),

- ’

“ Schvaneveldt et al. (1976), Néel& (1977), Warren (1977) and others. In

the Collins and Loftus (1975) model, these effects are attributed fo auto-

0

- matic spreading activation, resulting when stimuli are pighly semantically

‘and/or associatively related. In our experiments, availability of heanings

‘
is indexed by the priming (narrow sense) effects of the amb iguous word or ‘

contrpl o rgets. The suggestion from Experiment 2 is that the contexts * -
cont;}nedﬁ;:fLs which primed one seﬁse of ‘the ambiguous word. We will term
’ ' .
this “fexical“ or "intra-lexical priming’to distinguish it from the more
;3 'genera1 case._."Intra-lexical' means with{n the Yexical (rather than message)
level of processiﬁg (Forster, 1979). _ -

A

v- »
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Table 1
Conditions and Sample Stimuli, Experiment 1
b4

> >
A,

’ ’

Condition Clause

° °

-

Related Ambiguous If Joe buys (puts) the straw

If Joe buys (puts) the straw sIp

’

Related Unambiguous If Joe buys (puts) the wheat HAY
If Joe buys (pyts) the soda -SIP

<

Unrelated Unambiguous If Joe buys (puts) the .soda HAY

y})} If Joe buys (puts) the wheat . SIP .

Note: Clauses appeared in comp]éte and incomplete versions. VYerbs for
~ ]

the incomplete version are in parentheses.
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\ - '; . i _ Table 2 N &
e Conditions and Sample Stimuli, Experiment 2 . ' <.
. ’ Targets Related to Context and Biased Reading
U Condition . . S;imulgé Targéz )
" Related Amb i guous Although the farmer bought {put) the straw HAY ‘
. o .
Related Unambiguous Although the farmer bought (put) the wbeat HAY

Unrelated Unambiguous Although the farmer bought (put) the soda HAY

’

://4“’/}~ Targets Unrelated to Cofftext or Biased Reading

LI

Related Ambiguous' ) »fAlthough the farmer bouéht (put) the straw SIP
. ' 7 - .
Related Unambiguous - Although the farmer bought (puyt) the soda- SIP
: ’ )
- - p T
s Unrelated Unambiguous Although the farmer bought (put) the wheat SIP

‘Note: Clauses appe?red in complete and incomplete versions. Verbs for the

incomplete versions are in parentheses. Targets unrelated to biased

»e

readding were also related to unbiased reading. .
. - N o o
- e
& o .
g"i v
- : *
v ~
[ t ™
- .
. oy )
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®
, .
\
* - . \'
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} '.; . e Table 3 | =
',7 Mean Néming Latencies, Experiment 2 -7
] i ' ~
| ) Targets Related to Biased Reading
. Conditione . ) Complete Incomplete - Sample Stimuli
\ " 0 msec.SOA . ‘' . : -
’ Related Ambigupus' 554 . 586 farmer-straw-haya
. Related Unambiguous D 569 578 farmer-wheat-hay
\ ‘ ynrelated Unambiguous - 593 611 farmer-soda-hay
200 msec SOA |
—— -Related- Amblguous ) 60;- - 625 farmer-straw-hay
Related ynambiguoqs . 601 | 635 farmer-wheat-hay
Unrelated Unambiguous 625 h ;//’\ 658 ' farmer-goaa-hay
Targets’Related’QO Unbiased 'Reading
. . - 7
. 0 msec SOA a 5
Related Aﬁbiguous . 582 608 farmer-straw-sip
ReT?ted Unambjguoui 568 © 580 . far@er:soda-sip,
N f _Unrélatéﬂ Qnambigggus 57& - 594 farme:-wheak-sip
.- .200 msec.SbA ; ' T
%" . Related Amblguous - é36( 638 A farmer-straw-sip -
3 | ' ] ReTated Unamblguous - géh ' 622 1 fé:mér-soda-sip
’\ i UnréJaceJ bnambiguou§. ' e . ) 6h§ . v farmer-wheat-sip
g . . R ) = ‘» ]
Note: _Entries are ia msec. °+ 7 )
_ The first word in each triple provndes biasing contextual infor-
s matlon, ‘the second is the amblguous or control word; the third
S e is the target. i - . .. . .

- < =
. s N . t .
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Table 4
" Mean Naming Latencies and Facilitation Scores,
-~ Collapsing Across Clause Types, Experiment 2
\
Targets Related.to Biased Reading !
0 msec SOA 4 ' - 200 msec SOA
Condi tion RT  Facilitation S RT Facilitation
- . Related 570 32 613 29 .
Ambiguous 9
* Related 574 28 ' 618 24
Unamb iguous .
— - -Unrelated ‘602 ‘ . 642
Unamb i guous : - o . .
\' < Targets Related to Unbiased Reading
C 0 msec SOA . 200 msec,SOA
Condi tion RT  Facilitation : RT Facilitation
‘ Related . 595 +9 637 10
Ambiguous ’ \
Related 574 12 ' 613, , . 34
--- Unamb iguous - - e :
Unrelated 586 . 647

Unamb i quous

\ ) 1

Note: Entries are in msec.

\

v
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Table 5

‘Conditions and Sfimuli, Experiment 3°

- N Al

Conditiqp Sentence . -Target
{ | Noun-Noun Ambiguous Words
N °
Congruent . You should have played the spade. card
P Congruent Control You should have played the part. card
Incongruent ‘ Go to the store and buy a spade. card
-, . _
Incongruent Control, Go to the store and buy a belt. card

Noun-Verb Ambiguous Words

Congruent They bought a rose. ' flower
Congruent Control \{hey bought a shirt. floweF
’ Incdngruent " They all rose. " flower
. Incongruent Control They all stood. . . flower
7 o )
. c .
’ ‘h‘ ‘
} »
- .
7 A . A P
. , 85
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.
)

Mean Naming Laten&tes and Facilitation Scores, Experiment 3 *

¢

..

>

. / .
. : i
Condi tion 0 Msec SOA . Facilitation ~ 200 Msec SOA Facilitation
-NounhNoun Ambiguous Words

Congruent . 538 18 512 20
Congruent Control 556 532

Incongruent 547 15 Y 534 5

@ -
Incongruent Control 562 , 539
— § S
Noup-Verb. Ambiguous Words e
Q

Congruent 536  _ 17 - 516 11
Congruent Control 553 527

Incongruent' 541 12 534 -3

S
Incongruent Control 553 531
\
L}
s
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’ ‘ Table 7
. - Conditions and Stimuli, Experiment 4
Condition h Sentence . Target
Noun=Noun Amblguous Words
- '! )
' Congruent The autoworKérs picketed the plan factory -
Congruent Control ‘The autoworkers picketed the store. fac;er
I ncongruent The fooqull‘player fumbled the ball. dance
lnconékueng Control The football player fumbled the pass. . dahce
“ Noun;Verb Ambiguous Words i
Congruent The gardener cut the rose. flower
Congruent Control The ga;\éi;r cut the string. ) « flower
Fncongruent The plumber fixed the sink. swim
lncongyuent Cont}ol The‘plumber fixed‘;ﬁe pipe.

swim:
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Table 8

"

85

-

/

‘ . -
Nami . . \ )
aming _ Namin )
Condition Latency Facilitation Condition Latenc Facilitation ’
Noun-Noun Ambiguous Words )
0 Msec SOA 200 Msec SOA
Congruent 527 14 Congruent 517 10
Congruent Congruent
Control 541 Control 527
., Incongruent 530 -6 Incongruent 516 -7
lnconéruenf k " fncohgruent
Control 524 Control " 509
' £ _
' Noun-Verb Ambiguous Words : -
Congruent” 512 16 - Congruent Lo 13
Congruent - Congruent -
Control 528 5 Control 509 -
-J -
'Incongruent_ 529 28 Incongruent 530 -4
Iﬁcongruént Incongruent
Control 557 \ Control 526
- . - l - )
‘ . . ) \
. ¢
e , /'.
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o

Mean Naming Latencies and Facilitation Scores, Experiment 5
v .

Condition

Naming Latency

Facilitation

Congruent %ﬁ74 - 5 .
Congruent Control ) 489 ,
Incongruent ' 492 . 10
Incongruent Control 502
Al .
-~ R ‘
. ) S ; '
. ® ¢ )
o . . - S -
2
. . y |
. - _ . ‘
’ 3
. e ,
- - ‘
\‘17 . . ] ) 89 '
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Table 10°

Summéfy of Results
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~

Type of Context Experiment

Type of Lexical Ambiguity

Outcome

»

neutral " y Noun-Noun multiple access
priming 2,4 - Noun~Noun selective access —
syntactic 3 - Noun-Verb multiple access®
non-priming bias 3 ’ Noun-Noun multiple access
priming 4,5 Noun-Verb multiple access
a o
Also found by Tanenhaus et al. (1979)
"
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Figure 1. Mean latencies in Experiment 1. UU = Unrelated unambiguousz

RA*= Related Ambiguouds RU Related Unambiguous., =~ ' . :
' \
/?lgure 2. Mean latencnes in, Experlment 2. UU = Unrelated unambiguous,
RA = Related Ambiguous, RU = Related Unambiguous. L . : .
Flgure 3. Possnble memory representations. Closed circl€s are lexical
hY .
nodes, crosses are semantic nodes. %, ,
. . .
1 * 'o
0 *"c !
PN
{ - ' , '
. s
. :
) - ¢




O
Q
2]
£
£
7
L
o
Z
i
F
<<
4.
=
g
Z

O msec ' 200 'msec

STIMULUS ONSET ASYNCHRONY




LW
b ~ - ~«.
DA '
\ , f o -’F ’ v
dot o g - o -
o L C 825y
- " wn .
%‘c "‘R(e - ' %31 SOO-F
A ;,5 5%’5--
. R t‘-‘ \
. 3 : PRV
) ~ g 550-:-. \9_.2/ ) -~
g .. S+ Target Unrelated to Coﬁem 1.
. & -c—“-‘.m -8 R .
- ,;'O?;ec ) 200 msgc
T . ,
" " STIMULYS ONSET ASYNCHRONY. -
~ .y
‘:\‘ b
(&)
3 .
E 6254
. £ - |
"
W 600+
o
2
w .
H 575
\] _’ y .
) \
g 5504 : |
g T Target Unrelated to Context ‘ ;
b . ‘ 0] rr;sec 200 ;nsec . \
x STIMULUS ONSET ASYNCHRONY




. )
—ee— |
7 3 B
.
e ——
- S '
. .
b STRAW _ WATCH  WATCH
o ' : n; V
v R
X X

Y
~




