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ABSTRACT

A review of the studies sdpporting the unitary
perception and the exhaustive computation hypotheses of

ambiguous sentence perception suggested two important

factors in developing an appropriate model -- i) bias, set

and context effects, and ii) type of ambiguous sentences.
Conventional experimental tasks to index sentence complexity
wvere also found unsuitable for comparing ambiguous and

unambiguous sentences. Measures of heart rate (HR) changé

wvere proposed instead. Following the works of Lacey (1959,

1967; Laéey & Lacey, 1970)' it was suggested that ‘if
ambiguous sentences are processed exhausti?glf the degree of
HR acceleration' duriqg their processing and subsequent
deceleration should be greater compared to unambigious

sentences. : WP

For Experiment 1, six high- and six low-bias ambiguous

.sentences and -their respective pair of controls were

selected from a previous Study (Mohanty, Note 1j. High- and
low-bias sentences were. thoseffpr wvhich more than 80% and

, respectively, indicated

the same meaning. The sentence divided into three

randomised lists each with clusters of two high-, two low-
bias ambigquous and eight unambiquous senttences, vwere
présented visually to 30 male undergrdduates_’;10 i§ubjects_

per 1list). Sentences vere exposed for five seconds each

followed by intervals of 15 seconds, ohé' second tone .

B v



(warningg signal), five seconds interval, and four second
probe-words. Subjects were instructed to indicate by a
button-pressing re~sponse if the probe words related to the

meaning of the sentences.

Percentage of HR acceleration fbllowing the sentences
were analysgd in a Groups X>Ambiguity X Bias x Sentence
Cluster repeated measures Latin square design. SignifiCant
Ambiguity x Bias and Ambiguity effects were obtained.
Further, ambiguity effeég was significant in the low-bias
.condition ut not in the high-bias condition. Percentage of
HR deceleiation data showed significant effect of ambiguity
for both the bias conditions. Analysis of RT to probe—nords
pf different types suggested that exhaustive computation of
low-bias ambiguous sentences is followed by a perceptual

suppression process leading finally to acceptance of one

meaning.

In Experiment 2,'with the bias of ambiguous sentences
controlled at 504705 (low—bins) level, effects of lexical,
surface- anq deep-structure ambignity on perceptual
complexity of sentences were compared in a  similar design
and using the same measures as Experiment 1..Eighteen
ambiguous senfences‘ {six from each type) and tneir
cérresponding pair of controls were divided into three lists
with two, sentences from each of tk; ambiguity types amnd 12
unambiguous control sentences and were presenied'to 30. male

undergraduate subjects in three groups. Analysis of the

\ -

vi



percentage of HR acceleration scores showed significant
Ambiguity x Type aﬁd Ambiquity effects. Accele: ati-n dﬁé to
ambiguity ;as significantly greéter fdrlthe deep structure
condition compared to the surface stracture and the lexical
conditions. Aﬁbiguity effect was significant for HR
decelerdtion. Analysis . of - RT to probe words shoved

significant Ambiguity x Type interaction.

The results were interpreted as supporting the
hypothesised dual . process;amodel -- unitary perception for
high bias and exhaustive computation for- the low bias
ambiguous sentences and as‘shouihg that the perception of
Aambiguous sentences is primariiy a cognitive -phenomenon.
While .deep structure type of ambiguous sentencesvwere shown
to be more complex, it was sdggésted that.the‘nature of such .

perceptual mechanism is not yet fully understbod.

» ' ¥
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CHAPTER I
INTRODUCTION AND REVIEW
*For names are finite and so is the

sum-total of formulae, while things
are infinite in number. Inevitably,

Py

%\ ﬁ£( then, the same formula and a single

™ name have a number of meanings.'
Aristotle, De sophisticis elenchis.

Ambigurty, or the phenomenon of multiple meaning, is an
unavoidable property of natural language. However, it has
often been discussed as a pathology of language -- as a

phenomenon that iswresponsible, at least in part, for lack

~of clarity or equivocation in language. Aristotle discussed

ambiguity in several of his writings to expose ‘the fallacy
involved in certain reasonings and the deceit of ‘concealing
one proposition within another. Since Aristotle, a #ﬁmber of
philosophers and linguists,"Quintiliay, Vaugelas, Bally, and
Jespersen, to nane onlf a’ ' few, have 'lqoked upon the
phenomenon of ambiguity "as a shortcoﬂing‘of language users,
as a deficiency of the system of natural language or both

. . :
(see Kooij, 1971, for a discussion)."™ On the other hand,

there are those 1like Emgson (1930) ;hql have considered

ambiqguity in language as necessary. Empson (1930) quoted

£ the preface of Oxford Poetry, 1927 to describe the two

o

cpposi. g forces in liter&ture +id1 poetry: "an asceticisnm
t>riing to kill language by =:.: .pping words of all .
assc -.tions and a hedoniém tending to kill language by
disgipating their sense under multiplicity of associations
(P. 234)." Empson considered his seven types of ambiguity as

1



~

‘beautiful®' when they maintain the unity of th'e ideas that

must be expressed and understood the way the author wanted

- them to be. Empson concluded,

An ambiguity, then, is not- satisfying

in itself, nor is it, considered .

as a device on its own, a thing

to be attempted; it must in each

Case arise from, and be justified

by, the peculiar requirements of

the situation. On the other hanad,

.1t is a thing which the more

interesting and valuable situations

are more likely to justify (p.235).
Whereas the negativé_view looks upon ambiguity as an evil in
the communication system, in the positive view of Empson it
is, under certain circumsténces, necessary and Jjustified.
The former is, obviously, in sympathy with the recipient of
Q@ message -~ the reader or the hearer -- because ambiguity
is thought to be deceitful and misleading. The - positive
view, on the other hand, is in sympathy with the speaker. or
the writer because ambiguity is seen as a tool that he must
occasionally use to preserve +the unity of the language
system .and to express multiple ideas in a single
proposition. However, there is nothing inherently beautiful
or deceitful in a potentially ambiguous utterance; it is
beautiful when, as Empson has argued, it effectively
communicates the speaker's ideas to the hearer and it is
deceitful when it fails to do so. Iﬁ other words, in certain
cases,-in the use of puns for example, ‘it is desirable that
the reader or hearer perceive the ambiguity in a sentence to

appreciate its meaning. Such perception, houe#er, depends

upon the nature of the mechanism that we normally use to



comprehend what we read or heér at least as much as it does
on the formél nature of the 1language input. In fact,
ambigquity exists only in the interaction Between the two.
The present work deals with certain aspects of this process
ot lﬁnderstanding the meaning o; meanings ot sentences that

can be pot tially ambiguous.

Three major.models of.perceptiop of ambiguous sentences

have been proposed. According to the UOnitary . Perception
R .

model (Garrett, 1970; Lashley, 1951) we process only one
possible meaning of_an ambiguous sentence; the other meaning
is ignored unless justified by a subsequent context. Two
other models, however, have suggested exhaustive computation
of all meanings leading to the acceptance of one (Foss,1970;
Foss & Jenkins, 1973; Lackner & Garrette, 1972; MacKay,
1966; Shanon, 1974)., One of these, the : Perceptual
Suppression model (MacKRay, 1970; Olson & MacKay, 1974)
hypothésises a simultaneous and subthreshold activation of-
all meanings compéting to suppress each other in én
interactive process. Finally, the Perceptual Closure model
(Bever, Garrett, & Hurtig, 1973) =suggests an exhaustive
process of perceptual mapping <from the sﬁrface ‘to the
underlying structure within the‘ioundary of each (ahbiguous)~
clause at the end of uhich-there is a perceptual closure
involving acceptance of one meaning before the next clause,
if any, is proceésed., This model postulates differences
beéween lexical, surface structure, and deep structure types

of ambiguous  sentences in terms of processing time and
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difficulty. A discussion of these models and a review of the
evidence in support of each suggests that there is no clear
support for any single model and that a number of factors
must be considered in dealing with the major issues in the
area (see Mohanty, 1976, Note 1). They are: ii bias,
linguistic and non-linguistié context, perceptual set, and
subjective salience of a meaning etc., 1i) type of ambiguous
sentences (e.g. lexical, surface—; andAdeep structural), and
iii) nature  of eiperinental task (e.g. Treaction tinme,

picture verification time, completioh time, etc.).

MODELS FOR PERCEPTION OF AMBIGUOUS SENTENCES

a) Unitary Pgrception Hypothesis: A non-interaction proce

There Bas been éome claim that‘hearers of an ambiguous
sentence process one possible meaning at a time; the other
meaning is ignored completely unless a subsequent context of
the senfence seéms to Jjustify if. It is‘as if he is led
along the ‘garden path' and must go back to the starting
point when he discovers the interpretative error (Garrett,’

1970) . Lashiey (1951) wrote about 'priming' of a particular

meaning by a .subthresho ivation of a whole system of

F3
associations which leadsf/ to an anticipation of a particular
structure in the speaker as well as the hearer. Lashléy's
idea is a neurophysiological translation of the Wuszurg

School's concept of *determining tendency' or

Bewusstseinslage which postulated existence of a mental set

¢
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or a plan before the recognition of the temporal ordering of

& sentence. Lashley was trying to argue that a linear
probabilistic model (Markov process) is inadequate and that
one has to assume an integrative structure which causes a
seiective access of one meaning of an ambiguous unit. After
priming his audience with the phrase trapid writing' Lashley
read the sentence,

Rapid | riting | with Hlis uninjured hand

saved from loss the\ contents of the
capsized canoe : )

and pointed out that the(

i
*righting® are not activated wuntil the hearer hears

v

tcapsized canoe'. Comprehension of the meaning of a sentence

s

/ijéociations which give meaning to

is usually governed, according to this model, by a
congruence betweehk the 'detefmining set' and the meaning
derived from semantié aﬁd synfaétic relations of the words.
Vhen ambiguity is noticed‘the two ﬁeaninés are not processed
simul+aneously in an interactive manner; they afe accessed
and evaluated one after the other. In other words,
computation of one meaning is independent of cdméutation of

the other.

w

The unitary perception‘hypothesis *has one advaﬂtage,
namely that of relying on the economy of our sentence
comprehension mechaﬁism. Since part of vwhat we hear is
ambiguous in some way or other perception of one meaning at
? time must be an effective way éf handling the ambiguous
\ : .

ipput. The semantic context of such input serves to

effeétively bias the perceptualuprocess toward the Telated



.

meading. Even when prior context of an ambiguous sentence
does n%t have any obvious or strong biasing effect this

-

hypotiesis would claim that we normally take any meaning
available firsgi and go along with it until it is
disconfirmed. 1In any case, peréeption of an ambiguous
sentence poses no special problem as such. However, it ié
quite likely, as Thorne (1966) has arqued, a hearer of an.
ambiquous sgntencé sometimes keebs both the interpretations

with a certain degree of belief in each and abandons one on

subsequent contact with a disambiguating context.

[y

Experimental support for the unitary . perception
hypothesis. Some experiments have shown that, in processing
the meaning of sentences, peopie take as nuch time for
ambiguous sentences as they do for unambiguous ones. Foss,
Bever, and Silver (1968) asked their subjects to verify
whether or not pictures shown at the end of a sentence
represented its meaning. Verification time for ambiguous
sentences was longer than that for unambiquous ones only
when the pictures depicted ‘unexpected' meaning of the
| ambiguous sentences. Cairns (1970) replicated the results of

Foss et al. (1968) using disambiguating sentences instead of

"~ pictures.

Results of these studies were interpreted as supporting

g@rden path phenomenon. However, they can also be

ety s showing that although people compute both

meanings of’/ ambiguous sentences they compare the meaniﬂgs



serially with the more probable meaning compared first.

Studies by Carey, Mehler, and Bever (1970a; 1970b) used
a setting technique to deliberately introduce bias in favor
. of one meaning of the ambiguous sentences. Bias was defined

as the probability that.one of the meanings 1is perceived

‘rather than the other. Ambiguous sentences like They are

visiting sailors vere preceded either by five progressive

sentences (e.g. They are unearthing diamonds) or by five

adjectival sentences (e.g. They are incoming signals). ihén
the syntactic set was strong enough so that it elicited a
sét—compatible response énd also the subjects - were unaware
of +the other meaning, the processing of ambiguous sentences
required no more time than Fhe processing of unambiguous
ones. This study, of course, does not dnconditionally
‘support the unitary perception hypothesis. The results show,
at best,'fhat when there 1is a strong biasing context,
perceptual process can be directed toward one meaning
ignoring the other. As will be shown latér, this stuuy us
well as others demonstrates the necessity of considering the
effect of context br_ bias as a significant variable iu
developing a model of perception of ambiguous sentences. The
term 'bias' is used here very’broadly to include all the
factors that determine the relative strength of the meanings
of an ambiquous sentence. In other words, bias can be
-~sought of as a combination of ' factors determining the

‘ability with w~hich hearers of an ambiguous sentence

“ one meéning over the other. Support for the unitaty



perception hypothesis seems to be limited, at least, by such

effect of bias.

b)“§§§g3§tivelggmputation Hypothesis

All the mkanings of an ambiquous sentence, according to
this hy?othesi are covertly considered by the hearer
before acceptance\b{gone. Since both the meanings have to be
considered processing of ambiguous sentences is hypothesised
to be more difficult and longér. Thi; model, it seenms, draws
its logical support fron the'analysis—by-synthesis model of
speech percepticn and production proposed by Katz and Postal
(1964). They suggested that a hearer analyses a string of
linguistic input by synthesising a number of self-generated
probaﬁle strings and analysis of the input 1is made by
matching the internal strings with the input. Since a systenm
which generates, at randon, infini£e number of strings for
matchin§ would be highly uneconomical, Katz and Postal also
postulated some heuristic devices for cufting down the
number of strings to be generated at any time. Further, fhis
device seems to take cues from phonetic patterns and lexical
associations to generate only plausible ahd liﬁited number
of strings. In case of ambiguous sentences, this means that
. the synthesising mechanism generates = internal
representafionS'vhich are related to all the mea;ingé and
vhich interact with each other until the process of analysis

is complete. Perception of ambiguous sentences is, thus,

rendered more complicated involving interaction among the

¢



meanings and also the choice of one of these.

The exhaustive .computation hypothesis does not say
[} '
anything about the process of interaction and decision
makihg which leads to perception of one meaning. Obviously,

parameters of such processes have to be incorporated into

any such model of ambiguous sentence processing.

Experimental support for the exhaustive computation

process sentences when they are ambiqguous because accessing
more‘than one meaning requires more time. MacKay (1966) had
his- subjects complete ambiquous and unambiguohs senténce
fragﬁents and found that <completion time for . ambiguous
fragments was longer than that for unambigquous contiols even
when the éubjects were unaware of any ambiguity in
sentences. He concluded tha- "ambiguity intérferes.with the

appreciation of a single meaning of ambiguous sentences (p.

434) v

Foss i1970) ~used a phoneme-monitoring task which
requires the subjects to press a button whenever a target
phoneme occurs'in,aurally presented sentences. He found that
reactionltimé was ;onger wvhen the sentences vere ambiguous.
Using the same task, Foss and Jenkins (1973) also found that
even when a prior disambiguating context was provided
reaction time wvas longer'to target phonemes in ambiguous
wvords. Prior semantic context did not significantly change

. ' \
the difference between the reaction time for ambiguous and
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unambiguous words. The authors suggested that all the
meanings of ambiguous items are accessed and, then, stored
in a working memory before any selection.can be made. The
extra meaning complicates the perceptual process, hence the
longef reaction time for ambiguous words,‘ﬁowever, some
subsequent studies, using the same paradigm, have shown that
when the b}asing context is strong the effect of ambiguify
on reaction time is eliminated (see Schvaneveldt, Meyer, &

Becker, 1976) .

In another experiment, Lackner and Garrett (1972)
preseﬂfed ambiguous sentences to the ear which the sub jects
were instructed to attend and disambiguating sentenées
({providing a biasing context) to the 6ther ear. Subjects?

paraphrases of ambiquous sentences were significantly

influenced by the contextual information, although they

coGIEinot give any information regarding the disambiquating
sentencesf The results uere'interppfted as showing that all
of the meanings of ambiguous sentencéS' are nonselectively
accessed; the effect and relevance of bia-ing sentence
depends on gvailability of these meanings. Howewver, it is
possible, as Schvaneveldt et al. (1976)_poiﬁted out, that
the contextual information may have been processed prior to

the ambiguous sentence, thus biasing its meaning. -

In a study by Conrad (1974) the semantic context of

ambiguous sentences did not influence what meanings were

prcc-ssed. She concluded +that both the meanings of the
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* -~ ~
ambiguous 1lexical items in the sentdnce wgrg; accesse

regardless of the'c?ntext. However, in this study, Egh;é)t

~ '..") .

subjects were given the same ambiguou word in different
contexts, 1t 1is possible ‘that they priccessed -'meanings

related to all these contexts even if the normally do not

rd
do so.

Thus, fhe ‘support for the exhauétivé > computation
hypothesis is not édnclusive. Again, the strength of thé
context seems to be important in détermining if all the
meanings are accessed and in what order. Tt is possible, as
will be discussed later, that ﬂnder certain conditions all
the meanings of ambiguous sentencés‘ are nonselectively
accessed whereas only one is processéd under certain others.
Further, the exh;ustivé computation hypothesis and the
supporting studies, as discussed so far, do hpt say anything
about the process of interaction between the meanings of
ambiguous sentences. Aséuming that people, at least
covertly, consider ail the meanings the question still
reméins how and when, if at all, do they decide which
meaning to accept. Do they fluctuate from one meaning to-thg
other ’ like the figure-ground fluctuation in visual
perception of reversible figures gﬁch as Necker Cube? Or do
they make a choice, more or’less immédiately, from among all
the possiple meanihgs? There are two variants of the
exhaustive computation hypothesis which differ on this

/ _ ;
question as well as on a few others. Each of Ahese versions

5

towy

of the exhaustive computation hypothesi will'?now. be
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discussed in turn. .

Perceptual sSuppression Process: Suggested by MacKay
(1570), the perceptual suppressi&ﬁ model postulates initial
_activation of all the meanings of ambiguous sentences
leading to an ihterdctive subliminal process. "The Dbasic
assumption of the theory is that in order to perceive one
meaning of an ambiguous segtence the other meaning must be
suppressed and time to suppress‘a meaning varies with the
salience of that meaning 1in the context of a sentence:
(MacKay, 1970, p. 86)." The model, thus, takes into account
the relative salience or kias dt the meanings and also the
efﬁects of context on thé perceétion of ambiguous sentences.
Bias of any meaniné of an ambiguous sentence is defined as
the prbbability of that meaniﬁg being perceived. Suppression -
of a meaning becomes increasingly difficult as its bias
increaées. A hearer, therefore, s_ould take longer to
process an ambiguous sentence or to perceive one of its
meanings when the relative biases of both the meanings are
equal, Once th:/EEanings with certain salience are covertly
activated interaction between them goes on with ie help of
cues from the linguistic and non-linguistic context ﬁntil
one of the " meanings is boosted to the threshola and
perceived. This process, called contextua} integration bj
M;cKay, takes place in two phases: preactivation phase and
activation phase. Quring' the preactivation' phase the
ambiquous inpﬁt partially activateé two simultaneous sets of
interacting analyseré the relative strengthé of which are

w

o



determined by the bias of the meanings and Ehe context
within which the sentence appearsL The interaction between
the two sets of semantic analysers is mutually inhibitory so
that activasion of one follows suppression of the other. At .
the end of such interaction incomplete and ad hoc analysis
of the sentence, with»ﬁoth its‘meanings activated, is fed
into the integrative level for the next phase of analysis
i.e., the activation phase. puring this phase hypotheses
regarding the tuof\meanings are tested‘ on the basis of
informatio: eceived from the analyser level. The hypothesis
,testin% m&y proceed in a series of TOTE units to find out if
particular features of the. ambigﬁous input fit ‘ﬁhe
characteristics' of the context. For example, an ambiguous
phrage like ‘*walking sticks*' may have two >sets of
distinctive features; the term ‘'walking* coﬂid 5e> a
modifying adjectival £erm or it could be a verb. The second
grammatical feature renaers the meaning of the phrase as ta
stick that is walking' and the meaning is immediatély ~‘f:und
to be contextually.incongruous and, therefore, dropped. The
person then goes on to test other features like semantic
markers and distincuishers. The strength of an analyser is
Aincreased as a resul: of confirmationv"of a test un;il,
finally, \it is boosted to the threshold and the meaning is
pérceived. Once a meaning is consciously perceivedCthe othef
meaning may be released from inhibition énd»it may also be
perceived. Thus, according to this model, perception of the

B /
meaning of an ambiguous—sentence need not be an all-or-none



£y

function; both the meanings may be perceived in turn and, the

perceiver may view them with tentative probabilities.

Oon the sasis ot his model MacKay (1979) pfedicted that
time taken to perceive the ambiquity of a sentonco‘will “not
be affected by whether the meaning seen fikst is morerar
less likely, 1i.e. byythe bias or probability of ﬁhp meaA}ng

. . . : Gd
first noticed, because one meaning has to he gfuppressed

before the other meaning is perceived. Bias of the mearings

was determined in a pilot study by computing the percentage’

of subjects who reported seeiﬁg each of these meanings

first. MacKay, then, used a setting technique to favor one

reading of the ambiguous sentences. After presentimy four
sentences of on structure (e.g. She wondered how often

philosophers think. he presented an ambiguous sentence

te.g. Mary wondered how little Sam drove cars.) The.subjects

. :
. ey . .
were asked to verbalise, as soon'as possible, the meanings

i

of each of the sentences. Time to perceive both the meanings
of ambiguous sentences was not affected by which reading of
the‘:ambiguous sentences ;as induced by the set. The sétting
technique was also used for a sentence completion task.
Completion time ‘uas longer for the ambiguous sentence
fragments than foE the unambiguous ones. Completion time vas
also longer for the 'subjscts giving a set-unlikely
completion response than for those giving ‘a set-likely

response. It appears, the subjects who saw unlikely meaning

took longer because *:ev had te suppress the likely meaning.
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In another study, Olson and MacKay (1974, Expt. I) gave
a compiétion task té subjects with the bias of the meanings
of each ambiguous\sentence fragment predetermined. Subjeéts
indicated, at the end of the experimént, which meaning they
had perceived fipst and whether they perceived thé
ambiguity. Completion time for unnoticed ambiguous fragments
was longer than for unambigqguous controls., In the 40-50% bias
_range completion time for ambiquous sentences was longer

than for their wunambiguous counterparts. Percentage of

bl
~

noticed ambiguity was highest at the intermediate bias level

and most of the incorrect completions also occurred at this

level., In a second ekperimengrglson&and MacKay (1974) used a
o L\ P A,.v'

-verification task. Again, verification time at the S0% bias

level was longer for ambiguous sentences.

The perceptual suppression process also incorporates
the concept of 'plan' or 'detérmining tendency'. The notion
of plan is central to the postulated TOTE model for testing
rival hypotheses regarding the meaning of a sgnﬁence in the
integrative system. A plar is ™any hierarchical procéss'in
the organism that can controlgthe oraerrin which a sequence
of operations 1is to . be performed _(Miller, Gélanter, &
Pribam, 1960, p. 16).".The plan :méy;: thhs,xvdetermine the
order in which a person tests the competing hypotheses and,
so, the meaning to be perceived first. It is possible that
when fhe"determinihg tendency' is quite strong in favor of
one meaning the other meaning may be suppressed without much

\

difficulty and the perceptual process mé} resemble that of
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an unambigubus sentence. In such a case, any experimental
task given during the processing of ambiguous sentences may
not show any effecf of émbiguity and\tge reéﬂlts may be
.interpreted as suppo:ting the‘unitary‘perception model, .

i

Perceptual closure process: Reviewing the studies on

perception of ambiguous sentences, Garrett (1970) initially
suggested .that the +two hypotheses (viz., the unitary
perception and the exhaustive copputation) are not mutually

various stages in processing.

‘exclusive but reflect
Experiments showing the . effect of ambiguity (i.e.,
supporting exhaustive computation hypothesis), he arguéd,
used tasks initiated during the processing of the sentences
whereas experiments showing no such efteét used tasks after
the processing had beeq completed. Bever, Garrett, and
Hurti§ (1973) devéioped a more elaborate perceptual «closure
model based on this earlier formulation by Garrett (1970).
The model, first of all, accepts the distinction between the

. . < .
lexical and syntactic types of ambXguous sentences. Lexical
\

ambiguity is due to the presencefbf words or sequence of

words which may have two or more meanings. For instance,

Take the right turnm is iexically ambiguous becauée the word
‘right' has, at leaét,i two Qeanings \ *correct!' and
*direction'. A sentence 1is syntactically ambiguous if the
étructural relations among the 1le ‘ral iteas can be
organised in 'more ' than one way. Further, thehstructural
ambiguity may be either at the 'surfadenstructure; LevéiA or

at the underlying *deep structure' level. Surface structure

3
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ambiguity involves at least two possible- groupings of the
words. Ih the sentence They fed her dog biscuits, *dog' can
be grouped. with either *her' or *biscuits*'. The underlying
structure of a sentence, on the other.hand, may be ambiguous
wvhen at least two different 1logical relations .among the
words or the phrases are possible. Essentially, it involves
different subject—obﬁegﬁ;#%rb relationships between the
words or phrases of the main clause of the sentencc. For

example, the sentence They are the ones to help is ambighous

1

at the underlying structure level because‘"they" might stand

in the role of the subject or the object in relation to

*help'. As such, the seontence might mean either they are the

ones. who need help or they are the ones who can help.

Turning back to the perceptual closure model, Bever et
al. (1973) éuggested that in the normal speech perception
process the lexical sequences in the surface structure are
projeeted into an underlying structure relationéhié. A
hearer is able to discern the 1logical subject-#erb-object
~relationships utilising the cues ' from the surface
construction of a sentence. The linear reiationships between
the ﬂ§un phrases and the verb phrases may vary from one
surface structure to another as in the case of‘ictive-‘
passive constructions but the deep structure remains the
same because of what has been, ' vinted as some kind of
projection mechanism and internal labeling process. The
relative complexity of the mechanism is partly determined by

non-availability of cues in the surface structure to signal
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any particular underlying structure relatioﬁship and by the
number of poten£ial underlying structures that a surface
structure can entsr into. One of the causes of complexity of
sentences with multiple embedded clauses is lack of explicit
clause markers 1like *whc!, 'when' etc. (Fordor & Garrett,
1967; Hakes & Cairns, 197¢C).

%
When a sentence has a number of possible underlying

clauses,‘each of them must be processed individually to
avoid any overloading of the working memory capacity.
The:efore, the model assumes that the clause boundary forms
the primary perceptual anit in processing a sentence. AS
soon as the processing of one clause unit is over the linear
sﬁrface form ié dropped from thé’ werking memory which is
made available for processing.the next clause, if any. The
clause which is.already‘processed is possibly recorded 1into
an abstract form and stored in the short-term memory. fhis
principle of perceptual closure at the clause boundary has
some experiﬁental support particularly from the click-
migration studies. In dichotic presentation of clicks and
sentences, the clicks occurring within the.clause age known
to be perceptuallf relocated as occﬁrring at vpoints

corresponding to the boundary betweeh two underlying

/qéiéiausesl {e.g. Bever, 1970, 1971; Bever, Lackner, & Kirk,

!

L

1 It nmust be pointed out here that click-migration studies

have also been variously criticized for confounding effects
of memory error and response bias (Reber & Anderson, -1970;
Chapin, Smith, & Abrahamson, 1972) and for insensitiveness
of the technique (Johnson-Laird, 1974).
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1969) . Similarly, the point of switching from one ear to the
other 1is more accurately located if it occurs at the clause
boundaries than if it occurs within a clause (Hiﬁgfield &

Klein, 1970) .

If ambiguous sentence perception ié only a special case
of the normal speech perception mechanism it can be assumed
that during the analysis of a single ambiguoué clause all
possible meanings and structural alternatives are processed;
perceptual closure, then, occurs at the end of such
processing when one undetlying structure is fipnally.
assigned. Any task initiated before such perceptual closure
should be, as Garrett (1970) had pointed out, more complex

because of the added computational 1load in case of

be

ambiguity. In other words, such task performance/ shoul

more difficult or slover or both in the ambigyity condition

compared to the unambiguous cont condition. On the “other
hand, if the task demands a response which is initiated
after the pérceptual closure of the ambiguous clause it

should ngt, any more, differentiate between the ambiguous

and the unambiguous sentences.

In order to test tﬁé pérceptual Suppression model Bevér
et al. (1973, Expt. I) presented the subjects with ambiguous
and unambiguous sentendes ahd asked them to think up a next
sentence in a hypothetical story. The-subjects were also .
instructed to thiﬁk of the response only after they had’

understood the sentence, Sentence ambiguity did not increase
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the reaction time of the subjects. Bever et al. (1973)
concluded, "....ambiguity does not >complicate processing
once a stimulus sentence is finished. Tﬁat is, when a
§ubject is encouraged to complete the interpretation of a
sentence before thinking up a response, there 1s no
interference from the 'unselected! meaning (p. 280) ." In the
gecond experiment Bever et al. (1973, Expt. }I) found that,
with a sentence completion task, subjects took longer to
think up a response for Aambiguous fragments than for
"unambiguous control fragments  uhen all the fraémenfﬁ vere
incomplete clauses. When fragments were complete clausés
completion time was shorter for ambiguous ones although the
diffé&ence was not significant. Bever et al. (1973) also
reanalysed pért of MacKay's (1966) se§tence comnpletion data
separating the incomélete cl§use fragmeﬁts from the complete

ones. The difference between the response latencies forﬁ the

. \ .
ambiguous and the unambiguous fragments was greater 1in|case

of the incomplete clauses. The results were interpreted in

terms of greater processing load in case of incompléte

ambiguous. clauses, that is, prior to the perceptual clogure.
(

‘However, one can argue that Ein the incomplete clause

condition the «completion task is more difficult

S

complete clause condition because the subjects have to

provide more structurai information in the former condition.
An earlier study by Mistler-Lachm®n (1972) also contradicts
the results of experiment I of Bever et al. (1973). 1In her

X
experiment subjects 'took longer to think up an appropriate

s
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sentence following a visually presented sentence when:. such

sentence was ambiguous.

The perceptual closure model, thus, has not obtained a
clear support from the available research. Further, any
model of ambiguous sentence perception must providé for the
possibility that both meanings may be ﬁéﬁt&tively éccepted

or, at _least, must épecify the conditions of interaction

under which one wf the meanings is finally perceived. A

distinction must lso be made between the types of pre4

closure task given /in different experiments on sentence

ambiguity. me cases, like the phoneme monitofing task,

esponse 1s not directly related to - or

the comprehension process. In others, like
4

completion task, the responsélmust depend wupon

the compreheysion of the sentence fragments. Results of such

to different

experiments are, therefore, sub ject

interpretatifns in terms of relationship between the task

ent

requir and comprehension. Such interpretation would
still|support the exhaustive computation hypothesis but not

necessarily 1its ‘'perceptual closure' version. Even if one

assumes {that subjects' knowledge of response \requirements
prior perceptual closure would somehow initerfere with

"both e sentence perception process and t&e responée
. . \

elicitation, this formulation would have difficulty in
accommodating the results of carey et al. (1970a, 1970b). In
their experiments they found that the picture verifiﬁation

- time was not“longer for the ambiguous sentences co;bared to

v . i
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the normal control sentences v;hen the subjects did not
notice the ambiguity. The perceptual closure model would
assume that the verification response is initiated after the
process of perception of the senterce is over. However, in
these experiments, subjects had continuous visual access to
the picture during the auditory presentation of .the
sentence; 1in fact, the sentences were presehted 5 seconds
after the pictures. Obviously,. it is reasonable to assume
that the response was already initiated when the subjects

were processingbthe sentence.
S~

The perceptual Closure and the peréeptual suppression
models differ basically on two issues. One, according to the
closure model both the meanings are computed but at the
clause boundary only one meaning is accepted until
1isconfirmed by subsequeht context. In other wérds, this
model is an exhaustive computation model only up to’a point;
once the clause boundary is reached perception of the
meaning Tresembles the wunitary perception model. In fact,
Clark and Clark (1977) have called thiS model a ‘'nixed
theory! for this reason. The perceptual suppression model,
.on the other hand, is an exhaustive computatipn model " all
along, hyﬁothesising fluctuation betweeh the tvo meanings as
long - as the 1listener continues to attend.to the ambiguous
sentence. The second distinction‘betveen the two nodels is
in terms of the parameters of ambiguoué sentence processing.
.The perceptual suppression model accepts bias or strength of

the meanings as an important determinant of the nature of
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~
interaction between the meanings. The closure model, on  the
other hand, accepts grammatical.structure and the type of
ambiguous sentence as important while it does not emphasisé
the role of bias or context in processing of ambiguous

sentences.

AN OVERVIEW OF SCME ISSUES IN AMBIGUITY

The experiments reviewed do not seem to suggest a clear
choice among the hypotheses outlined earlier. The result of
the few experiments sugporting the unitary perception

hypothesis can be attributed, among other things, to ‘their

failure to consider the bias level ambiguous sentences.
One can argué that, if bias leve. - re systematically
varied .in these experiments, they ~oul  have shown the

effect of ambiguity at least in the intercec.-te 1levels .of
bias. Besides, ' statistical support tor +he unitary
perception hypothesis depends upon an impossib.: task of
proving the null-hypothesis because it predicts no
difference betwveen ambiguous and unambiguous sentences.
Turning . now - to. the two variants of the exhaustive
computation hypothesis,‘ the weakness of one group of
‘experiments seems to be the strength of the other.
Experiments on the perceptual closure model vary the types
of ambiguity and the point at which fhe task is initiated
but fail to manipulate .bia$,~ context uand set variables.

Findings of the perceptual suppression experiments, on the

other hand, are limited for their failure to consider the



b

24

structural types of ambiguity. it is, therefore, surprising
that there has been no attempt so far to integrate these two
models; rather there i% a remarkable tendency to avoid the
other model while discussing one. On the whole, it seems the
nature of processing of ambiguous sentences can be related
to a whole set of parameters and the interaction among them.
These parameters can basically ansver the questions 'when do
we.perceive‘ambiguity( or rather 'when do we'prpcess all the
meanings of an ambiguous sentence® and not ‘'whether we
compute all the meaninés of an ambiguous sentence‘'. It may
turn out that we‘compute ali the meanings of an’ ambiguous
input under certain conditions and go along the garden path
under certain others. A first step in building a theory of
ambiguous ééhtepqe ~ perception should therefore be,
idehtifying andcisoiating vérious parameters associated with
the processing of ambiguous sentences. It must also be

pointed out here that most of the experiments discussed

- earlier consider ambiguity as a unitary experimental

variap;é to which the different ~results may be causally

connected. Houeve}, ambiguity may hot be a single condition

~

occurring in - complete isolation. Rather, ambiguity might

. o
best identified as a vnole set of conditions associated with

multiple-meaning phenomenon. hen ambiguity is

experimentally manipulated what changes, iS'much more than
the number of meanings of a sentence. The structure of /a
sentence, for example, may change in any attempt to vary the

ambiguity condition. One should also guard against the

o
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possibility of changing other semantic dimensions like the
degree of concreteness and abstractness of a sentence, while
changing the ambiguity. The role of some of the parameters
of processing ambiguous senfences will noQ be discussed in

trying to identify the problems involved.

Effects of Bias, Context, and Set

The effects of bias and context, as construed here, are
slightly different from each other. Effect of context on
comprehension of ambiguoué sentences refers to the
linguistic and the nonlinguistic situation within which a
particular utterahce occurs and which tends to favor some
interpretation of the ambiquous utterance. Bias, on the
other hand, refers‘to the strength of the meanings or their
subjecﬁive probability relatively - independént‘ of any
immediate context. For exaﬁple, in a sentence like He took a
right turn the meaning of the ambiguous term"right' may be
highly biased in favor of ‘direction' without any other
context in the sense that most people nmay accept \this

interpretation. However, a prior context, say, in the form

of a sentence like He was taking a driving test would change
such probability or bias biu | favor of a different
interpretatioﬁ. This is only a convenient way of
distinquishing the two concépts and should not be taken as
an absolute distinction. 1In fact, it has to be remembered
that bias is nothihg but an index of the «context Qithin

which an utterance repeatedly occurs. The effect of set is
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considered here as part of the context and as omne that
"in -"~e: a perceptual tendency toward a particular meaning of:

an uuwvliguous sentence 2

As pointed out earlier, bias, set and context seen to
be quite important parameters in comprehension of ambiguous
éentences and thé perceptual closure. model has been’
criticised for its failure to deal with these variables. The
study by Olson and MacKay (1974) shows the importénce of
controlling for bias in experiments on ambiguity. Processing
difficulty seems to be an inverted U-sﬁaped function of the
' bias level of one meaning of ambiguous sentence. In the
intermediate (50%) bias~-level, i) the processing'is most
difficult and, ii) the probability of noticing thé ambiguity
is greater. The study by MacKay (1970) varied the bias of
the ambiguous sentences simultaneously introducing a set in_
favbr‘of one meaning. MacKay found that: completion time was
Ionger for the subjects seeing the unlikely’ﬁeaning than for
those seeing the 1likely meaning. MacKay interpreted this
finding as showing that when subjects perceive the unlikely‘
meaning they have to suppress the more likely meaning, a
task which démandS”more‘time. In a study by Mohanty (Note 1)
‘a group of subjects paraphrased aB'ambiguous sentences and
then, rated them on a 7-point ambiguity écale {1:Non-
ambiguous, 7:Ambiguous). Bias of the sentences, computed as
the percentage of subjects ’vho paraphrased the more
frequently seen meaning, had a higq\negati' correlation (r

. =-,90, df= 46, p<.01) with the average ambiguity ratings.
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This shows that the higher the bias of an ambiéuous sentence
the less likely it is‘to te perceived as such. ;ix ambiguous
lexical items were also presented to the subjects in ' the
same study (Mohanty, Note 1) in the context of different
sentences to see how such context affects“the percéption of
lexically ambigudus sentences. The meaning of the items
paraphfased by the subjects consistently changed congruent

with the sentential context in which the ambiquous items

appeared. For example, in the sentence The salesman wanted

lots of the same size 52.38% of the subjects interpreted

*lots' as 'many', whereas in the sentence The realtor wanted

lots of the same size, 88.23% interpreted the sane lexical

. . ‘ B!
item as 'plots of land'. Although the study shows ‘the effect
of the context on interpretation of ‘ambiquous sentences it
says very little about its effect on the perceptual process

itself.

In another study by:Foss and Jenkins (1973) reacfiont
time for target phonémes was 1longer following ambiguous
words in both the neutral- and biased—context:condifions.
The results can be interpreted as shbwing that a pre-
disambiguatingi context does not significantly change the
proceésing difficulty due to ambiguity, although it might
determine which of the meeanings will be conscibusly
. perceived (Lackner & Garrett, 1972).. In a study by Conrad
(1574) both tﬁe»meanings of ambigquous words were.shown to be
activ&ted even when there wvere sufficient contextuai

‘information to indicate the désired meaning. The author
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argued - that “the context which is effective in
disambiguating lexical ambiguities in the language has 1its
effect only at a relatively late stage in the cognitive

processing involved in language comprehension ¢p. 130)."

; In terms of the effects of bias, the perceptual*closure
and the perceptual suppression models lead £o certain
conflicting predictions. According to the perceptual closure
model both he wmeanings of an ambiguous sentence are
processed bt only one of ‘them 1is finally perceived
immediately at the end of the ambiguous clause, On the other
hand, the perceptual suppression model predicts that at
least.in the intermediate randg of bias both the meanings
may be perceived and decision time for fiﬁal acceptance of
one of the meaniggs of ambiquous sentences depends upon the
bias level. Thé stronger)the bias of a meaning vis;a~vis the
bias of the otfher meaning the sooner it is likely to be
boosted and consciously perceived. In cther words, the two
models differ in their emphasis on the role of bias levels
of the meanings in peréeption of ambiguous sentences.
According .to the perceptual closure model ambiguous
sentences are more difficult to process regardless of the
bias lévels and this difﬁiculﬁy‘no longer exists once the

end of the clause or the simple sentence is reached and a

.decision is made ‘in favor of one meaning which is perceived.

According to the perceptual suppression model, the

fluctuation between the two alternative meanings contipues

beyond the end of the clause or simple sentence and the

N

q
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duration of such fluctuation depends upon the bias levels of
the meanings, processing teing more difficult and longer
when the meanings are ot intermediate bias level. The
perceptual suppression model therefore predicts that
duration and difficulty of processing are greatest for
ambiguous sentences in the middle 'bias range followed by
ambigu~ -~ sentences of high bias and unambiguous sentences.
If unambiguous sentences are considered to be sentences with
100% bias in favor of one meaning, one can simply say that
bias level of the dominant meaning is inversely related to
"processing difficulty and duration.

v

Types of Ambigquity and their relative effects

When one cqnsiders the difference among . lexical;
surface structure and deep structure types of ambiduous
sentences experiments have not shown auy consistent results.
In Mackay's (1966) study comple;ipn' timé for ambiguous'
sentgﬁces' incfeased from iexical to surface structure and
underlying structure ambig;ity» iﬁ that order. Similar
results‘ were obtained for ambiguity detection taéks in
studies by MacRay and Bever (1967) and Foss (1970), and er
- picture verification fasks iq the stud} by Foss et al.
(1968) . In Mistler~Lachman'S“(1§72) study, time to produce a
sentence following a given ambiguous sentence was ninimum
for, lexical ambiguityf‘and time for underlying and surface

L
structure ambiguities did not differ. When the  ambiguous

sentences were given with context, the surface structure
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ambiguity was least difficult and the lexical ambiquity diad
not differ from the wunderlying structure.‘ In all these
studies task performance under ambiguou:r sentence conditiéns
were more difficult than unambiguou: sentence condition,
that 1is, the mean_reac{ion times were lcnger for ambiguous
sentences. But En the study of Bever et al. 11973) with a
scvuctence production task, mean reaction time for lexically
ambiquous sentences were more than that for unambiguous
controls, whereas reaction time for sentences with both the
types of structural ambigquity were faster than their

corresponding unambiguous controls. In other words,

structural ambiguity facilitated the task performances,

underlying structure ambiguity ,yielding a greater
facilitation. Within the ambpiguous sentence condi tion,
however, lexical ambiguity equired less time .followed by

surface structure and deep structure ambiguity. In their
second experiment with completion tasks Bever et al. (1973)
found tgat underlying structure ambiguity increased
processing diffiCulty significantly in incomplete clause
conditions; In brief, the results of the second experiment
were cbmpletely different from the firsF experiment; there
was no facilitation and underlying structure ambiguity
created maximum processing difficulty followed by surface

structure and lexical ambigquity. '

Bever et al. {1973) suggested a perceptual theory to
resolve these inconsistent' findings. According to these

authors, when the task requirements are such that a response
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based on perception of any meaning will do (as in case of a
sentence production task) processing ceases when one meaning
is consciously perceived. “Since probability of perceiving
one of the two meanings by é given time is greater than the
probability of perceiving one meaning in isolation (see
Bever et al. 1973, p. 280, for explanation), ambiguity will
facilitate such task performance. Further,.z;; degree of
facilitation is determined by the relative independenée of
the two readings of an ambiguous sentence. Independence of
the two meanings were tentatively defined in terms of the
degree of dissimilarity between the two sets of perceptual
mapping rules associated with the two meanins of ambiguity.
In case of lexical ambiguity these rules are most similar
(Least independent) followed by surface structure and deep
siructure ambiguity, the two sets of mapping rules being the
least similar (most independent) for the latter. Thus, it

can be expected that 1in a .taSK where any sélectidn of
meaning will do, facilitation with underlying struccure s
gréatest followed by surface structure and lexical arbiquity
in that order. But when the subjects have to make an actave
choice of response before.the final interpretation (as in
case of completion-task) independence of both the perceptual
mapping rules will  no longer facilitate the task
performance, rathér it will pose a more difficult decision
problem. In this case, the order of difficulty will be

ﬁgversed for such tasks. To cut a long séory short,

-
following from this formulation one can hypothesise an

AN
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interaction between the type of- ambiguity and the task
characteristics. Bever et al. (1973) provide preliminary

experimental support for this interaction effect.

There are, howvwever, a number  of pfoblems with the
outlined relationship = between .the ambiéuity type, the
experimental task, and computational difficulty. One can
~draw a basic distinction between lexical and structural
types of ambiquity in the sense that lexical ambiguity is
within the word And can occur without +the context, of a
~sentence, whe;eas structural ambiguity must necessarily
occur within a sentence. It is tﬁerefore‘possible to think
of ambiguity types as being distinct phenomeha. Their
comparability can be limited to the extent that any type of
ambiguity is likely to affect perception of the meéning of a
sentence one way or another and no specifié claim can be
made for any comparability regarding the manner in- which
these types of ambiguity afféct such perceptual process.
Further, there need not be any one-to-one relationship
between ‘the type; of sentential ambiguity and the degree of
- independence between the two sets of mapping rules. Bever et
al. (1973) suggest that within any sing}e ambiguity type,
the degree of independence may vary. The two should
therefore, be kept separate and any fﬁrther test of the

proposed relationship shoﬁld vary the degree of independence

=
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controlling for the ambiquity type.2 An equally serious
limitation of this proposed relationship is that the bias
and the task variables -may confound the main issue in
perception of different types of ambiguous sentences. Some

problems related to the nature of the task will be discussed

later.

The idea of the sentence types in a transformational

model has been accepted a priori, as a viable parameter in
: e

analysing perception of gmbiguous sentences. Accordingly,
processing differences are expected between deeé and surface
structure ambiguities. However, such differences are not
-always found. Prideaux, Rowe, and Baker (Note 2) repeated an
earlier experiment by MacKay et al. (1967) but did not get
any difference between deep and surface structuralA
ambiguities 1in terms of error scores in an ambiguity
detection test. Prideaux (Note 3) has_argueq that both the
structﬂral ﬁypes of ambiguity are resolvable at the surface

ieﬂg{ the only difference being in the labels attached to
their‘grackgtings. Fodor, "Bever, and Garrett (1974)> also
suggested pé;éiple use of perceptual heuristics ffom ghe
surface structuré\iq_prodéssing the underlying structure of/f
thé sentence. Thus, Jif‘%éems‘somewhat defé;sible to»arﬁﬂé

~,

K s

2 It 4is interesting to note that-.ambiguity type is a
linguistic classification and as such its psychological
reality may be as much in doubt as the reality of deep
structure and surface structure distinction. Perceptual
dependence between the two sets of mapping rules might as
vell prove to be a more useful formulation in explaining the

processing difficulty in case of ambiguous sentences.
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that distinction between sentence types followiﬁg the
transformational model wmay not be very useful for a theory
of ambiguous sentence perception, and some df the ambiguity
studies shoﬁing differences among the 'types of sentence
ambiguity may have to be interpreted independently of such a

grammatical model.

————_a L=

The perceptual closure model makes the task almost a
crucial factor in predicting the outcome of any ambiguity

NG
experiment. However, as has been pointed out earlier; for

d
the purpose of comparing the processing difficulty for
ambiguous and unambiguous sentences the expérimental task is
not important in its own right; it is merely an indirect way
of estimating the relative processing load on the subjects!
cogniti#e mechanism at any given time and for a given type
of sentence. Speed and accuracy measures for ' a variety of
tasks like picture verification, phonéme monitoring,
completibn, association, response to probe 'vords, | and
paraphrasing etc. have been used.lEach of these tasks, in
turn, can undergo variations in the %ime of initiation of
the task performance, the’ length of.presentation, and the
time constraint on the response. All these tasks may call
for different strategies and conflicting results may be
attributed to the task iagiations ratﬁer than - processing

difficulties in ambiguous sentences. In fact, comparison of

.different tasks have yielded equivocal results. Bever et al.

%
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(1973) showed that the point at which task performanée is
initiated 1is a crucia; factor in ambiguity experiments.
Carey et al. (1970) and Oason et al. (1973) concluded, on
the other hand, that differgnt tasks still yield compa;able
results. More recently, Cairns and Kamerman (1975) concluded
that "the phoneme monitor task and the sentence completion
task may not be used to test the same independent variable
(p. 176).m" In other words, different ekperimental tasks 'do
not necessarily tap thé‘same psycholinguistic process. Task
variables may also be related to different depths of
processing (Mistler-Lachman, 1972, 1975). Some tasks may
induce a‘deeper comprehension 1in the ' subject than sone
others. Mistler-Lachman (1972) gave three language
information processing 'tasks to measure levels of
comprehension of ambiguous and unambiguous sentences. She
concluded, "comprehension is apparently not a gnitary
process, but occurs at different depths or levels depending
upon task deménds (p. 614)." cCarroll (1972) reviewed the
methods and tésks employed to test comprehension and he
suggested that the t;sks vary to the extent that they do not
yield comparable \data in all «cases. He suggested two
c;iteria for a valid and reliable test of gomprehension: i)
the task should reflect pure comprehension and not any other
skill”iike memory, guessing etc.; and ii) the task shquld
yield consistent data' on equivalent - trials., Many of thg
tasks like completion,’deliberate perception of ambiguity

\xm\gsed in 'ambiguity experiments are/ggf’quite valid measures
~
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of comprehension (Carroll, 1972). One may add to cCarroll's
comments that in the preeess of comprehension the listener
is in fact trying to perceive the meaning of a sentence and
not to perform an external task. Any task is‘an experimental
tool designed to draw inference about the nature of
processing and, by its very nature, the task limits the
external validity of the conclusion arrived at. Ideally,
therefore, one should be able to compare the effects of
émbiguity types on pr;cessing ‘difficulty in a situation
closely resembling the - normal speech comprehension. Task
variables should not be allowed to play an importang‘role
unless it 'can be shown that the tasks reflect different
conditions under which we normally hear and understand
sentences as day-to’day speech units. Therefore, it seeﬁs
essential that one should be able to infer processing
'difficulty frcm a measure which is independent of the
processing 1load on the ;ecipient of the language input and

which does not interact with nor influence in any way the

processing itself. A p&evious review of the topic (Mohanty,
Note 1) has suggested that autondmic peychophysiologiqal
responses like Heart Rate (HR) and galvanic Skin Response

(GSR) seem quite suitable candidates for \such measures.

-

Heart Rate as a measure of information Processing.

'Psychophysiological Beasures of autonomic responses have
recently beenbextensively used to infer processing load and

difficulty levels in perceptual and cognitive tasks. Crucial
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to such task performances are central processes like :
attention and arousal which have been shown to be _closely“
‘related to autonomic functions. John and Beatfice Labey and
their co-workers (Lacey, 1959, 1967; Lacey, Kagan, Lacey, &
Moss, 1963; Lacey & Lacey, 1970) have suggested that tasks
which require the organism to: attend to the external
environment elicit decelerative heart rate, whereas tasks
involving mentél activity (‘rejection of the environment?)
or attention to cognitive/perceptual information processing
result in heart rate accelération. .Lacey;s hypothesis has
been supported in a number of subsequent exberiments using a
variety of cognitive and‘perceptual tasks. Lewis and Wifson
{1970) showed - that cardiac decef%ration accompanied
performance of a figure matching task during which subjects
were engaged in scanning é picture. McCanne and Sandman
(1974) showed that HR fluctuation was related to the nature
of attention in a tachistoscop}c perceptu~* task.  Tursky,
SChwartz and Crider (1970) demonstra-~ * deceleration
‘during the  information-intake phase of a digit-
transformation task amnd acceleration dﬁting the cognitive
proéessing phase.iThe difficulty 1level of the task was
positively related to the magnitude of HR fluctuation in
either direction, In their study fS subjects were tested in
a time-locked digit-traasformation task: at two,levels of

diffiéulty. In the feasy' condition subjects were asked to
add zero to a series of four digits and iﬂ'the difficult

condition they wvwere asked to add either three or four. The

R
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results showea éardiac acceleration during cognitive
processing. The magnitude of accéleration wvas also greater
in the difficult task condition. Libby, Lacey, and Lacey
{1973) showed greater deceleration of HR while subjects were
attending to picture slides thét were rated ‘*interesting,
attention getting, unusuﬁl and arousing.* In Dahl and
Spence's (1971%1) .study mean HRs were recorded during
sequences of petceptual—motqr and cognitive tasks rated for'
task demand characteristics such as complexity, frequency,
stimulus—tfansformation etc.. The correlation between mean
HRs and task demand ratings were at leasf .91. Coles -(1974)
found . that cardiac deceleration was related to the level of
task difficulty in an bsciloscopic detection task,
"consistent with the Laceys' intake-rejection hypothesis. In
the study by Tursky et al..(1970), cardiac deceleration also
occurred in the post-solution period following acceleration
during information processing in the digit transformation
task} In another study by Das and Bower (1973) subjects were
tested in a probability learnimi task at tdo levels of
uncertainty. Following 10 learﬁing trials to build up an
expectation, subjects were asked to anticipate which of the
two events (x or y) would follow a cue word (Man) .
bebabilities of the tvo - events were 0.90:0.10 in 1less
uncertain Condition and 0.70:0.30 1in more uncertain
-conditions. Subjects'! HR accelerated during anticipation
period and decglerated during. feedback that followed 5

seconds after subjects' guessing. The degree of HR change

v
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was greater in the more uncertain task condition. The
results are consistent with Lacey's hypothesis. A (greater
acceleration of HR ih the 0.70:0.30 condition §hows a .
greater cognitive effort in the anticipation period. In the
more uncertain task condition there was also a greater
attention to the outcome resulting in an increase in cardiac
deceleration. An instrumental relationship between ~cardiac
fluctuation and "the organism's réceptivity to abberanf
stimulation and the organism's readiness to make efféctive
responses to such stimulation (lacey, 1972, p. 183, has
been shown to lack adequate support (ﬁllioft, 1972, 1974;
Hahn, 1973) . But the proposed relationship of HR
- deceleration and acceieration with the level of the task
complexity, attentional demands, and nature of the cognitive,
activities has been replicated in a number of studies (see
Graham & Jackson, i970; Gunn, ¥Wolt, Block & Person, 1972;
Hahn, 1973).'HR has also been related with reaction time and
other psychophysiological measures like skin conductance,
respiration 1obris£, 1963), EMG (obrist, Webb 8“ Sutterer,
1969; Webb & Obrist, 1970). Besides Laceyt!'s afferent:
feedback model, at ieast two other models have heeh proposed
to explain the relationship between attention in different
cognitive tasks and HR fluctuation. They are - the cardiac -
somatic model of Obrist and Webb (1967, Obrist, Webb,
Sutterer,‘s Howard, 1970) and the arousal godel of Sokolov
(1960, 1963). Discussion of these nodels is‘beyohd the scope

of the present review. However, it can be pointed out that



all these models accept the phenomena of HR decelerat;bn and
acceleration as associated with cognitive activities, but
they disagree as to the function of such association and how

it is mediated.

On the basis of the preceding review of the use of HR

N

change measures it seems reasonable to conclude that these

s

measures are sensitive enough to tap the difference between
processing of ambiguous and unambiguous sentences. If, in
fact, there 1is a greater processing load with ambiguity of
sentences it should show up in terms of greater change of HR
foilowing the présentation of ‘sﬁch senteﬂces.
Psychophysiological measﬁ£e5~liké HR and Gsﬁ have been used.
quite»extenéively in studies of cognitive processing. But
their use is relafively new in the fields of verbal
information processing and psycholinguistics. However, there
have been “ome recent attempts - to use other .
psychophysiological measures 1like EMG, EEG, Eye Movement,
and Pupillary Reaction in studies of meaning (Oséood &
- McGuigan, 1973), vimagery in verbal prbceséing (Paivio,
1973), covert language bebhavior (McGuigan, 1973) and other
ulanguage' related processes. In a very recent study, Shangi
(Note 4) used HR measureé to fest the levels of procéssing
nodel of Craik énd Lockhart (1972). In this study different
depths of‘processing were induced by giving the subjects,
prior to presentation of stimulus words, orienting questions

about their type | script (physicai level), sound

characteristics (phonemic 1level), "and meaning (semantic

’
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level). Subjects! HR was monitored throughout the
experiment. Second-by-second HR changes and HR acceleration

scores differentiated the three levels of processing.

v

Stennett (1966) outlined two criteria for a good
peripheral indicator of arousal in information procéssing
and attentional tasks. They are i) the change in peripheral
measure related to Ehange in  the ‘'state of the organisn
should be detectable, ii) degree of change in the orgaﬁism
should he related to the degree of change in the peripheral
measure. HR measures seem to satisfy these Condi£ions.
However, at this 's€ége ‘their usé'.in psycholinguistic

research 1is yet to be demonstrated and this study may be

considered an exploratory step in that direction,

In conclusion, the preceding review indicdates that the
current state of psycholfﬁguistic accounts = of ambiquous
sentence perception leaves a lot to be @esireg. The nain’
debate between .the unitary perception and the exhaustive
computatién hypothéses has been-whether ambiquity makes the
perception of sentencés more complex. The studies reviewed
have geherally tried to compare some task performance under
conditions of ambiguous and un;mbiguous sentence processing,
The common assupption hés been +that if processing of a

sentence is more complex any simultaneous task performance

— \

(usually involving ‘reaction time measures in some form)
wvould be less efficient. As discussed earlier, this
methodology' not only creates a problem of validity, it also

¥
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éomplicates the main issue by raising questions about the
task artifact, inte;action of the task with processing of
sentences, point of onset of the task pert ince and so on,
Obviously, the issue is not under what kind :of tasks but
under wvhat conditions 1is t! processing of ambiguous
sentences more complié&§ed. Although by no means exhaustive,
two éets of faétors uer;\discussed as possible parameters of
processing ambiguous sentknces -- the bilas, context, and set
factors affecting the subﬁective probability or strength of
the meéﬁings and the li#guistic type of ambiquous sentences
as a factor related to tﬁg perceptual proceés in senteﬁce
N
comprehension. The major diﬁferences and similarities among
the three modelé of ambig&&u; sentence perception aré
. \
summarised in Kppendix c. A .psycholinguistic account of
ambiquous sentence éerception, it seems, shguld involve more

than a choice among these models because it 'is possible that

under some conditions of bias and sentence type ambiguous

. sentences are perceived wunitarily where .s under certain

PAN

others both meanings are computed. Finally, it was argued

that wuse of psychophysiological measures like HR changes

< ’
should provide a methodological improvement because these

~
seem to be adequate to indicate differences in the degree of
perceptual complexity without actually interfering with the
perceptual process itself. The purpose of the present

k4
investigation, therefore, is to test, by using measures of

heart rate change as indices of processing difficulty,

unitary perception and the exhaustive computation bhypotheses
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under different conditions of bias (Experiment 1) and
sentence type (Experiment 2). Some predictions of the
perceptual’ suppression and ‘the perceptual closure models

were also tested.



CHAPTER IX

o
Al

EXPERIMENT 1

Rationale and hypotheses

Comparison of ambiguous and unambiguous sentenées, it
seens, cannot yield a clear/chAice among the alternative
models of ambiguous sentence perception without due
consideration of the effect of context or the set of facpors
that +tend to make any ambiguous sentence biased toward one
of the meanings. As discussed earlier, when an ambiguous
sentence 1is highly biased in favor 6f one meaning, its
perception perhaps closely resembles that of any una&biguOUS
sentence. On the other hand, vwhen there is telativéiy Mequal
bias. for both the meanings the perception of the sentence,
more likely, follows an exhaustive cémputatioq process; both-
the meanings are considered prior to a choicé among then.
Although theré are some studies to indirectiy support this
prediction {t has, so far, not been put to a @irecﬁ test. In
the present experiment  bias of the lexicélly ambiguous
sentences was vafied to test this prediction. Bias of an
ambiguous sentence was defined.as the percentage of native
user; of language 1likely to report perceiving its more
frequentljlpercéived meaning. In other vords,'if 55% of the
native users of language report s 3 mééning A of a
éentence.g and the remaining 45% report seeiné fﬁs mééning'g

T 44
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then the bias of the sentence is indicated by the'greater of
the two percentage scores i.e., 55% in this case. Thus a
sentence with two potential meanings can ¢ ~etically have

a minimum bias of 50% and a m&<}mum of 100%.

When comparing the comprehagsion difficulty of

ambiguous and unambiguous sentences, sthdies have generally

various task

cHiEFsks may

not ‘be quite suitable particularly in case of trying to

used reaction time and accuracy measures A

performances. It was pointed out earlier that

determine the effects of ambiguity on processing of
sentences. Psychophysiological measures 1like heart rate
acceleration and deceleration were suggested as suitable for
this purpose. These measures appear to be quite reliable
indicators of cognitive activity and, further, unlike other
task performance ' measures, they do not, in .any way,
interfere., with the cognitive éctivity itself. Acceleration
of heart rate following the presentation of a :Stimulus has
been known to be related to cognifive information
processing. The degree of such acceleration is also related
to the degree of difficulty of the information processed.
The heart rate deceleration nfolloving the ;nitial
acceleration seems to have a similar relationshié with the
nature of cognitive‘activity.'As discussed egrk&ef, cardiac
deceleration follows acceleration in problem solution tasks

(e.g. Tursky et. al 1970) and in tasks involvi) uncertainty

(e;g. Das & Bower, 1973). It was pointed out ) that such

deceleration is a result of subjects' dfteation to or

e
FEe BN



preparation for external events like feedback. When subjects
are required to perform a task following the stimulus,
cardiac deceleration is also observed as a preparatory
response (Coles & Duncan-Johnson, 1975) . In the fore-period
of a reaction time task, for example, greater deceleration
of HR is noticed as the task becomes more demanding (Coles,:
1970).vIn this study, HR acceleration and deceleration were,
therefore, wused as indices of the processing difficulty of

ambiguous and unambiguous sentences.

If, as pointed out earlier, only one meaning of
ambiguous sentences in high-biasvcondition is processed the
degree df HR acceleratic. and deceleration should not differ
significantly from those in unambiguous sentence condition.
Hovever, in low-bias condition the degree of HR acceleration
and deceleration “should be greater for ambiguous‘sentences

than for unambiguous ones. The following were, therefore,
N

hypothesized:
Hypothesis 1.1: HR acceleration following the
presentation of ambiguous sentences is
significantly greater -+ than that following

unambiguous sentences when the ambiguous sentences
are of the low-bias condition, but when they. are
of the high-bias condition the difference is not
significant.

Hypothesis 1.2: HR deceleration following the
presentation of ambiguous sentences is
significantly greater than that following
unambiguous sente. <. when the ambiguous sentences
are of the low-bias -ondition, but when they are
of the high-biasz cordition the difference is not
significant.

Briefly, then, significant Ambiguity X Bias interaction
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effects were (ﬁypothesised in regard to the HR acceleration
and decelegati%g measures. Such interaction would support a
dual-process model -~ uhitary perception for the high-biaé
ambiquous sentences and exhaustive computation’for the lowvw-

bias ones. -

Assuming that such is the case, there is still no way
of deciding whether the exhaustive computation, whenever it
occurs, follows the perceptual <closure model or the
perceptuql suppression model. A probe-word-technigque waé
used éo obtain more information about the nature of the
perceptual process and to possibly test some predictions of
the perceptual closure ‘and the perceptual suppression
models. The technique involves presenting probe ‘words
following the éentences and asking the subjects to decide if&
the word Ais related to the meaning of the se;tence and to
make a choice repsonse. Reaction time to different types of
probe words is measured aﬁd compared. Shanon's (1974)1method
of giving probe words with different levels of relevance to
the meaning(s) of the sentences was followed except that a
longer interval (é1 secondsh\betﬁeen thé sentence offset and
the probe word was given to make sure that the task does not
interfere with. at 1least an initial processing of the
sentence. Further, an additional probe word category was
‘used giving words related to both the-meanings of ambiguous

sentences.

When people are asked to judge if a probe word is
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related to the meaning of«aﬁsentence, congruent with the
three models Bf ambiguous sentences there are three possible
ways in which such judgement can be made:

A) According to the unitary perception model, people may
process an ambiguous sentence Jjust as théy would have
processed an unambiguous one. Only one meaning is processed,
retained and then compared with the probe word that follows
the sentence. The interpretation that is perceived and
retained is usually the one toward which the sentence is
biased. However, if the ”probe word is not related to the
more probable meaning but related to the less praobable
meaning instead, it proﬁides a new contextual information
which disconfirms the perceived interpretation. In such a
case, the sentence has to be reprocessed. For exaﬁple when
the following sentence |

(1) The pitcher is full.

is followed by a probe word ba eball, a new context is
provided which changes the initial bias of the sentence and

which, according to the unitary perception model, triggers A
feprocessing of the sentence. Further, since the probe word
sentence is no longer important; the sentence is reprocessed
regardless of its initial bias, The time required to
reprocess the sentence‘and-then tovrespond to the probe word
therefore does not depend on the .initial_Lbias of the
sentence. In othe; words, RT to probe words reiated to the

non-dominant meaning of ambiguous sentences should be longer
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than the RT to unambiguous sentences with the same)response
(yes/no) category but independent of the! bias level of the
sentences. For all other types of probe words the RTs for
ambiguous and unambiguous sentences should be the same for
similar (yes/no) response category regardless of the bias
condition. Thus, if the unitary perception model is valid;
there should be -~

. | . AN

1) no effect of bias on RT to probe words,

ii) no difference between RTs to ambiguous and
unambiguous sentences of similar response type
tyes/no) except for the RT to probe words related
to the .non-dominant meaning of the ambiguous
sentences which should be greater than the RT for
the probe words related to the meaning of
unambiguous sentences.

B) The second possible stragegy follows the perceptual -
closure model. This model wouid.suggest that regardless of
their bias level, both the meanings of ambiguous sentences
are considered before acceptance of one meaning, which is
then retained and compared with the probe word. When a probe

.

word 1is related to the meaning which is 1ess likely, and
perhaps dlscarded for that reason, a context in favor of
that meaning is provided. ever, unlike the unitary;
perception model, since both meanings have already been
conputed, no extra processing time should be involved in
comparing the probe word with the context related meaning of
the ambiguous sentence. In the case of the probe word
baseball to the sentence (1), the perceptual closure.model

would ‘suggest that both meanings of ambiguous lex1cal item

pltcher have been computed regardless of tke context or bias
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of the sentence; the sentence, therefore, does not have to
be reprocesséd any more. On the other hand, when the probe

word 1is unrelated to either of the meanings of ambiguous

~ sentences comparison has to be made with both the perceived

interpretations before a 'no' response is gi en. The RT to
unrelated probe gords, therefore, éhould be greater for the
aﬁbiéuous 'senteﬂces than . for the unambiguous ones whereas
the RT to rel&ted probe words should not be affected by
sentence ambiéuify.' In° other words, if the gérceptual

closure model is valid, there should be --
X \
i) no effect of bias on the RT to probe words,
’
ii) no difference between' the T +to ambiqguous and
° unambiguous sentences when |the probe words are
related (to the dominant meaning or to both the
meanings, in case of ambiguous sentences),

and further,

{
i

\ . : '
iii) the RT to unrelated probe words should be greater
for the ambiguous sentences than- for the

unambiguous ones

C) PFinally, according to the perceptual suppression model,

" both the meanings of ambiguous sentences are computed and

people continue to fluctuate from one meaning to the other.
In an experimental situation this fluctuation continues
until, at 1least, a task performance. The probe words are
compared firs* with the dominant or the more. probable
meaning and the processing ceases if such comparisqn yields
a positive match. However, if the first ‘meéning does not
match the probe word another comparison is made with the

other heaning which is already computed but 'suppressed by
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the dominant meaning. For this comparison the dominant.
meaning has now to .be suppressed so that the other Bmeaning
can be consciously perceived and compared with the probe
word. This process of supéression should be easier in the
low-bias condition, i.e., when the meanings have relatively
equal probability, and more difficult in the high bias
condition in which the dominant meaning is much stronger., In
other words, given a probe word following an ambiguous
sentence, we first compare the probe word with the more
likely meaning of the ambiguous sentence and if the
comparison is negative we compare it with the other (less
likely) meaning. But in order to do.so, according to the
perceptual suppression model, we nmust suppress the more
likely meaning. If the méaning first compared has a bias of,
say, ‘50-60%.its suppression is easier than if it has a bias
of 80-90%. Thus, the RT to unrelated probe words should be
greater for the high-bias ambiquous sentences than that for
the low-bias ambiguoué sentences which, in turn, should be.
greater than the unambiquous ones. Similarly, when the probe
'wordsi are related tov the Eless pr%bable meaning of the.
ambiguous sentences the RT should be g;eater in the high-
bias condition thamn imn the low—b;as condition. In other
words, if the perceptual suppression model is true then,
i) the RT to the unrelated probe "words should be
longest for the high bias ambiguous sentences
followed by the low-bias amblguous sentences and

the unambiquous sentences, 1n that order,

ii)  the RT to the probe words related to the less
dominant meanlng of amblguous sentences should be-
greater in the high-bias jcondition than the low-
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bias condition,

iii) there should be no difference among the RTs to
probe words related to the meaning of unambiguous
sentences, and to the dominant meaning or to .both
meanings of amgiguous sentences.

The three models of ambiguous sentence processiﬁg,
thus, lead to different sets of predictions with regard to
the RTs to the probe words of various types. According to
t he uﬁitary perception an@ the perceptual closure models,
bias . level of the ambiquous sentences should have no effect
on the RT to probe words. According to ‘éhe perceptual
suppression model, on the other hand, bias of the ambiguous

p
sentences is a significant variable for the RT Hhén tge
probe vords are either unrelated or related only to the le§§
probable meaning of ambiguous sentences. Further, according
to the unitary perception model, the RT to the probe words
related to the less dominant meaning of ambiguous sentences
of any bias level should be greater than the RT to the probe
words related to the unambiguous sentences, vhereas,
accordiné to the perceptual closure model, the RT in the
ambiguous sentence condition should be greater than the
unambiqguous sentence condition only\when the probe words are
unrelated to the meaning(s) of the sentences. The probe-word

technique was thus used in the present experiment t§ “test

the predictions of the three models as discussed earlier.
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Method
Stimulus sentences and probe words
A) Selection of Sengences -- a pilot study
Six high- and six low-bias lexically ambiguous

sentences and tpeif respective pair of control sentences
were used in this experiment. The sentences were taken fron
a previous study (Mohanty, the 1) . One of the purposes of
this study was to select the 1list of sentences for“
1 and -«another list 6f 18 lou-bias ambiguous

- six each from the lexical, deep structure and

»‘,":' J’J
7 .
:o%l‘s for &Ex.periment 2. The study for selection of

.-

sent@%Ces was conducted in two phases. In phase 1 bi

-atings wvere obtained for a number of ambiguous sentenc

and in phase 2 ambi . .ous sentences selected from phase 1 and

their control sentences were rated and matched on Semantic

Differential (SD) scales.

Bias rating gg'ambiguous_sentenceg. A list of 100 ambiguous

sentences of the three linguistic types was prepared. Most

of the sentences were used in previous studies on sentenée
ambiguity. In sone casegjthe dgiginal‘sentences had to be
slightly modified to conform to a standard length of seven
to niné vords. The list was given to two independent judges

to select lexical, surface structure and deep str.cture

types of ambiguous sentences more likely to be of he low-
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bias (50-70%) range and lexically ambiguous sentences of the
high-bias (more than 80%} range. The judges were also asked
to discard sentences’ of doubtful grammaticalit}, sentences
with morelthan two 'meanings (multiply ambigquous), clumsy
sentences - ones highly unlikéiy to appear in é normal
conversation and also sentences likely to have extreme
séores on Semantic Differéntial (SD) scales. On the bésis of
complbte inter-judge agreement 48 ambiquous sentences -- 25
lexical, 12 surface-structure, and 11 deep structure types
~- were selected. These senteﬁceé’and 24 unambiguous/ones
were divided into four randomised lists with 12 ambiguous
and six unambiguous. sentences inb‘eacb. The unambiguous
sentences were, in’fa§t,,pontrols for 24% of the ambiquous
sentences prepared. by'géhanging only the ambiguous terms.
Sentences from the ambiguous-control . pairs appeared in
separate lists. The f&ur lists‘we;e then given in a Sentence
Interpretaticn ahd Ambiguity Rating Questionnaire (Appendix
A) fo a sample of 163 ”ﬁndergraduate students of the
University of -Alberta. Each student got one of ‘the four
lists at random. There were 42 responses for Lists 1 ‘and 2
eacg, 40 for; List 3 and 39 gor List 4. In part I of the
questionnaire the students vefe‘ asked to paraphrase the
heaning of the sentences and in part II they were i;}ed to
indicate whether or not the‘sentences were ambiguous fand 'if
so, to paraphrase the other meaning of the sentences. They
vere also asked to rate the sentences on a 7-point scale ' of

ambiguity (1 : unambiguous - 7 : ambiguous). The subjects
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took roughly one hour each to respond to the questionnaire.

The meaning paraphrased first . (in part I) were scored as

indicating one of the two -meanings of the ambiguous

sentences. @esponses which failed to indicate a meaning
clearly were discarded. Bias of the ambiguous éénggnces was
computed as éhe percentage of responses indicatinguthe
meaning paraphrased by the majority. For example, if 30 out
of 40 acceptable paraphrases indicated, meaning A of an
ambiguous sentence tke rest indicating its meaning. B, . hen
,the bias of the sentence was téken to be 75%. The lexical,
surface structure, and deep structure types of a&biguéus
sentences with bias scores between 50-70% and only lexically
aﬁbiguéus sentences with bias scores above‘BO%vwere éelected
as low ;pd ﬂigh bias sentences respectively and were used n
the next phase of the study. In total 31 low-bias ambiguous
sentences -~ 14 ;exical, 8 surface structure, and 9 deep
structure tfpes -- and 8 "high bias lexically ambiéuous

: J '
' sentences were taken for rating on SD scales.

Rating . on Semantic Differential scales. For each of the 39

ambiguous sentences a pair of unambiguous control sentences

was prepared by making miniﬁuh change in the ambiguous part:

~

of the sentences. Each of the two control sentences

represented one reading of the corresponding ambiguous

sentence. For exahple, the controls for The driver took a

’

right turn at the intersection were -- The driver took a

correct turn at the intersection and The driver took a left

turn at the intersection. The 1length of the - control

~
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sentences were also limited to 7-9 wor@s. The ambiguous and
the control sentenceé were divided into four lists with 29
sentences each' in three 1lists and 30 in the fourth. The
ambiéﬂodé.and the corresponding control sentences were put
into separate 1lists. For every sentence two appropriate
scales. from eacﬁ;of Osgood's (Oégood, Suci, & Tannenbaun
1957) three dimensions of heaning (viz. Evaluation e.g.
pPleasant-unpleasant, Potency e.g. strong-weak, and Activity
€.g. active-inéctive) were selected along with two other
scales for abstractneﬁs (concrete-abstract) and‘ specificity
(general-specific). All of the eight scales for each
genténce were given invygpdomised' order. The sane scales.
wvere used ﬁor the ‘gibiguous and corresponding‘ control
sentences. The subjects were given standard ianstruction to
rate the nmeaning of the sentences on each of the 7-point
scales. Suﬁjects were 140 undergraduate §tudents (other{than
the oneﬁ used in phase 1) -~ 35 for.éach'gE the four lists.
They took.approximately one hour each to complete the rating
scalés. . Average ratings on the eight scales for the
ambiguous and their control séﬁtence; were computed. The -
sentences finally selected for the +two experiments were
. . e

within an average rating score of 0+1.5 for each o} the
eight scales. In'other ;ords, the sentences were very close
to the neutral points in respect to these scales. Further,
th; maximum difference in rating scores on each scale within

a- set of ambiguous and control sentences was not more than

0.5, a difference, which according to Osgood, May, and Miron
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(1975) 1is not significant. On this basis the ambiguous and
control sentence ere assumed to be matched with respect to

these indicators of meaning.

To sum up, the sentences selected for the experiments 1

and 2 meet the following criteria:

i) ‘}ength of 8 + 1 words,

11} heutrality in regard to the E, P, and A dimensions
(average rating: 0 t 1.5),

1ii) neutrality in regard to generality and
abstractness (average -rating: 0 t 1.5).

Further, the ambiguous sentences were

S

iv) within a specified range of bias (low-bias: 50-70%
and high-bias: more than 80%)

and v) matched with their respective control sentences
for sentence structure, leng and average
ratings on eight differer scalés.

L)

B) Selection of Pro*~ Words

v

\

Six types of probz vords3 were used in the expérimentfﬂ

viz, the ones ") re’ated to the geaning of the unambiguous
’ 9 g

sentences (Y:un) (e.g. Sylvia dropped a playing card om the:

table. -- GAME), 2) not related to ghe meaning of the

unambiguous sentences (N:un) (e.g. Szlvia‘drﬁpped a playing

card on the tables -- BOY), 3) related to both the meanings

of the ambiguous sentences (7:b) (e.g.»ggg roar'gﬁhggg fans

disturbed the chess players. -- CONCENTRATION), 4) related

only to the dominant meaning _of the ambigquovrs sentences

ST

3. See Appendix B for a list of all the probe words used.

R
A



(Y:4d) JE-‘;- Sylvia dropped a spade on the table. -- GAME),
S) related only to the non-dominant mear ‘'ng of the ambiguous
he lawyer in:

~sentences (Y:n-d) (e.g. »ted that the charge

was unjust. -- COSTLY), and 6} not related to either meaning

of the ambiguous sentences (N:am) (e.g. The chairman of the

department has two appointments. -- MOUNTAIN). Within each

bias level the number of probe words fdr ambiguous sentences
were balanced between related - unrelated types, i.e., three
of the six ambiguous sente ces 1in each bias level were
followed by unrelated probe words and the rest by relatea
pt&be'words {one froﬁ?each type, vizf, Y:b, Y:», Y:n-d). The
’vpfobe words for the.ambiguous sentences were also uged for
bne ;f tﬁe gbrresponding pair of controls. The related-
.unrelated probe’words (i.e., the yes-no response types) were
also balanced, within each list, for ambiguous sentences of
different’ bias lévels and for wunambiguous sentences to
prevent an? possible response bias; Within the lists, the
three types of related probe wogas to ambiguous sentences,
hqweber, were not balanced. All th:, probe .vords“ vere“
selectéd in consultation with three fellow graduaté studehts

> agreed on the relationéhip of the .probe words to ‘the

°

sentences.

Design of the experiment
Design of . rim
: i . <

The -aabigﬁoqs sentences were divided into three lists
. == each with .a cluster of two .high—bias and two. low-bias

“*sentences. The two unambiguous (control) sentences were
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randomly assigned to two lists other than the one containing
the same ambiquous sentence. For example, the following set

of sentences -

(2) The driver took a right turn at the intersection.
(Ambiguous - High-tias). ‘
(3) The driver took a correct turn at the intersection.

(Control 1).
(4) The driver took a left turn at the intersection.

(Control 2). .

were PP into -separatel lists (lists.7 2, 1 and 3,
. . . R

resp¢ - Yy in this case). Thus, the v Sttences  were so
. i

arrangeu that within each bias adfdtion, a’—IIZ?‘>of
AN
\

s

sentences had a cluster of ¢two ambiguous sentences, a
cluster of..two unambiguous (control) sentences correspdnding

to the ambiguous sentences in the second list, an3§ﬁﬁoﬂh%t

TlWw

cluster of two (unambiguous) coéntrols éorresponding to Q&&é‘
ambiguous sentences in the third list. In fact, the clusters

of two sentences each were arranged in Latin square design
. . -
i {

w
~

presented in Table 1.
.y 9

Winer's Plan 12 repeated-measures Latin squére design

(Winer,‘ 1971, p. 745) was followed with the bias (B)«

.ambiquity (A), and sentence-cluster (C) factors repeated and

the subjects (p) _aﬁ?ted within the lists/groups.* A

*
«

* It must be pointed .out here ithat the clusters are
actually the means of-“two -sentence-scores. Since the
reliability of the means is greater than the reliability of
the rav-scores the design has some advantage. On the other
hand, there is also a loss of the power of statistical tests
due to a decrease in the degrees cf freedom with the use of
mean scores instead of raw-scores. In this design..
reliability of the measures was preferred to a greater power
of the statistical tests. )

‘-l\".
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v

limitation of this design, as of any fractional replication
4
of factorial design, is that full information on some of the

interaction effects cannot be obtained. In this case, only

partial information was available on Ambiguity (A) X
Sentence-cluster (C), and Ambiguity (A) X Sentence-cluster
(C) x Bias (B) interactions. These interactions were

considered relatively inconsequential for testing the main
hypotheses of the experiment. Full information, however, was
obtained oﬁ' Ambiguity x Bias, Bias x Group, and Bias x
Cluster interaction effects. Since the experiments on
language and verbal behavior have béen criticized (see
Clark, TQZ%&#fon;the confounding effects of the specific

sample of sentences, words or any linguistic unit used in

the experiments, one advantage of this design 1is that it

allows separatidg the variance due to the sentencerclusfers
as a main factor (i.e., the variance of the means “‘for
Clusters 1, 2, and 3 - C1, C2, C3 in the design table.).
Tests of the ambiguity and bias main effects could,
Eherefore, be made relatively independent of such effect.
Further, in this desigﬁ; each group of subiects rééeived a
randomised 1list of sentences consisxfng of two high~bias,
two lou~bias ambiguous sentences, and eight unambiguous
control sentences. Only a third of the sentences given to
the subjects Qas ambiguous compared to at least a half in
other studies, thus, reducing considerably the possible

effects of stimulus bias. “

" An experimental session consisted of 12 trials - one
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for each stimulus sentence in the list to wh;ch the subjects
were randomly éssigned. Each sentence was visually presented
through‘ a slide projector for five seconds, followed by an
interval of 15 seconds. At the end of this interval a tone
was giéen for one second.as a warning signal for the probé
wvord. Five seconds.after the offset bf the 'iarning " signal
the probe word " corresponding to the stimulus sentence was
exposed for four seconds. The subjects were given vprior
instruction to indicate by pressing one“of the two button:
whether or not the word is related to the meaning of the
sentence. The subjects' responses were recorded only if they
occurred ,within four seconds of the onset of the probe

wvords. The intertrial interval was 20 seconds.

The int between the different events in a" trial
wvere decided by a pilot stddy with 15 subjects. For the
first five subjects the duration of the presentation of the
Stimuli and the intervals were varied from trial to trial to
find out if the %{;e}vals were comfortable but not too long.
For the next-égé% subjects the interfgvent intervals were
fixed. The heart—réte changes and thé“réactibn tiﬁes' of
tﬁpse subjects were examined to decide the optimum
inte:vals. On the basis of these d;ta the intefval‘ between
the offsetn of the stimulus sehtences and the onset of the
warning signal was reduced from 20 to 15 seconds as the
subjects' heart rate seemed to return close to p§§§timulus

levels in about 10-12 seconds. The exposure time for the

probe words was also reduced from five to four seconds since
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none of the  subjects took more than three seconds to

\J

respond. The last five subjects for the pilot study were

0y

tested as practice runs for the main experiment,

~

Subjects -
8]

Thi ty male undergraduate student volunteers from the
Universify of Alberta served as sﬁbjects for this experiment
and two others were dropped -- one because of a fire alarm
in the building during the expgriment and theiother due to
‘mechanical failure of the polygraph. All the subjects were
English spéaking unilinguals. Their average age wésl20.23
years and the range was from 18 to 26 years. All the
subjects were right handed and reported no sensory-motor .

impairment. They“ﬁere paid $2.50 each for participation in

the experiment.

’ s
A Hewlett-Packard polygraph model 1500 with an

in%egrated.cardiotachometer was used to obtain, on three
chénnels, subjects' heart ;afe, galvanic skin responses, and
a record of event onsets in a trial .continuum. The
'recérdinés were made cqntinudusly thrbugh?ut the

~ experimental session on polygraph paper runn{ng at a

constant speed of 5 mm./second.

The onset and offset of events and the time intervals

were controlled by Lafayette Insfruments eight-bank
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Programmer Timer. The stimulus sentences and the probe words
were projected on the screen by a Lehigh valley ﬁlectronics
111-10 programmable ‘carousel . projector with a built in
solenoid operated shutter; It was also slightly modified to
allow the. timer to automatically advance the slides at the
end of each exposure. The tone {1000 Hz, 70 db) was
generated by a Lafayette Instruments Audio-signai Generator
connectcod to the timer and to a speaker-amplifier in the

experiment roon.

The device to measure the subjects' reaction times was
switched on ahtomatically by the timér wvhich }lso began
simultaneously the ‘exposure of the probe-word-slide by
opening the shutter in tﬁé slide projector. The* reaction
time device consisted of Ah electronic stop clock, a
response apparatus with a red and a,greeﬁ button on a panel
attached to the arm rést of the chair on which the subjects
uere.seateé for £he experiment. The subjects were instructed

to press the green button to indicate ‘tyes? responses and

the red button to indicate 'not reSEODScS. This button-

I
=

the same color as . the button pressed. The duration from the

pressing response could stop the tlock and switch on a light

onset of the stop «clock and the probe word slide to the

button<pressing response was measured in milliseconds. The

<

", 'reaction time and the response.catégory indicated by the

color of the light vere recorded trial-by-trial by omne of
the two experimenters. The stop cldck had to be manually

reset after every trial.
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The stimulus sentences and; the probe words were
projected at eye level on a projection screen piaced four
feet directly in’front of the subjects. The projection was
done from the control‘cpamber through a one-way glass window

in the experiment room.

s,

£

e el e wmemagin, e s |

|

The subjects” were tesﬁed individually in an

P
electrically shielded and soundp#oof room with a controlled

temperature of 689F, This r%bm, designed primarily for
psychophysiological testing, isﬁadjacent to another control

chamber in whiCh.the polygraph énd other necessary equipment
f - '
vere located. |
I

The subjects were asked to sit comfortably in a semi-
i

‘h"reclining high-back chair. Tﬁey W~me informed that the
experiment was concerned ui%h aduit's understanding of
Y English sentences. The natuﬂb and thé function of the
/i::%lectrodes to measure the fheart rate and GSR were also
explained to them. The respon%e panel was adjusted to the
- subjects! convenience and En the side of their~preferred
hands. Then‘the electrodes Qéte pxoperl&y/placed and the
subjects were asked to sit relaxed on the chair withopt much
movement. They were left alope for about th minutes during
'uhich the polygraph record was checked. Instructions were

L ’ .

, _ , .
given after the subjects' heart rate stabilised. All the

subjecfé vere informed about the sequence of events and the



experimental task. They were asked.to try to understand the
sentence wvhen it came on the screen and to get ready for the |
probe word on hearing the warning signal. They”uere asked to
decide, as soon as the probe word came on, if the word was
related to the meaning of the sentence and to press a green
button for ‘'yes®' responses and a red for ‘'no! responses.
They were given two examples and asked to demonserate their
responses. They 'were also instructed to respond promptly and
accurately and were told that there would be a few trials in
the experiment. They were asked if they had any doubts and

then left alone in the experiment room when they underst-od

their task. ) ,

Two experimenters conducted the experiment -- one
monitored the polygraph and observed the subject through the
one-way dlass and the other monitored the programmed timer
vhich~conttoiled the equipment and recorded responses, and
reaction time trial-by-trial. There was$ a brief post-
experiment interview in which fhe subjeqfs,were asked about
the experiment and a few other questions about the sentences
and the probe words gieen. The entire session lasted

approximately 45 minutes for each subject.
S S :

oA
Subijects were randomly assigned to one of the lists on
arrival .1 the laboratory. The testings were also balanced

over the fore-noon and after-noon sessions.
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~ The‘heart rate and the reaction time data were analysed
-separéfely. The average second-by-second changes in HR for
18 seconds following the onset of sentences were computed.
Percentagés of HR acceleration and deceleration vere
analysed and related to‘the processing of high- and low-bias
ambiguous sentences and unambiguous sentences. The mean RTs
in different sentence-conditions were compared. Further, the
‘mean RTs.to various probe-word categories were aiso analysed
to see how well they fit the predicitons of the three models

of ambiguous sentence perception. The details ‘ of the

analyses for HR and RT data are presented next.

LSS

 Heart Rate

Each subject"s record of hear (HR) was scored for

4

second-by-second beats per minute (BPM) two seconds before
the stimulus .sentence and 18 seconds from its onset for each
trial. The average of the BPE scores for two seconds prior

.to thé onset of the stimulus sentence in each trial wvas

. -
taken as the subjects' pre-stimulus HR (Pre HR). Percentage
B . IS e e

of acceleration score (Acce %) was defined as the pefcentage
of ﬁaximum incfease over the pre-stimulus HR (Pre HR) within
10 seconds after the stimulus onset. Thus, if the maximum
BPM within 10 secornds after +the onset‘ ofh.the ‘stimulus

sentence is Maxi-HR, then

ACCE % = Maxi HR - _Pre HR X 100.
' : Pre HR
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Similarly, the percentage of decéleration score (Dece %) was
defined as the percentage of maximum decrease over the pre-
stingus HR (Pre HR) within 4-14 seconds after the onset of
the stimulus onset. Thus, Lf the maximum BPM  within 4-14
seconds after the onset of the stimulus sentence is Mini HR,

then

DECE % = Pre_HR_-_Mini HR X 100.
Pre HR

The time intervals for the calculation of the percentages of
acceleratibn and deceleration were determined on the basis
of an examination of the average HR change curves. The pre-
stimulus HR, the percentage of acceleration and déceieration
scores, and the second-by-secound ¢ .nje scores were conputed
by a Heart Rate Blockin:c «nd Analysis ?éogram (Bower, Note
5) uhichd was. speciall, nmodified for the preSent data

analysis. The mean of the pre-stimulus HRs for the sample

was 76.61.. There was 'no significant difference among the

three groups in regard to the pre-stimulus HRs (F < 1).

Figure 1 shows the average second-by-second BPM chahges over

»

the pre?stimulus HR for the, unambiguous, the high bias
dmbiguous and'fhe unambiquous sentences. The poéitive ghanée
scores _indicaté acceleration and the negativev scores
-indicate deceleration of HR over the pres£imu1us level.
While the major accelerative and decelérative patterns of
change following the onset of the stimulus sentences remain
generally comparable in the tﬂfeevconditions, they are most

accentuated for the low bias ambiguous sentences..

23
L\
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Each of the analyses of variance for Gioﬁpslx Ciuster X
Ambiguity X Bias Latin square repeated measures design was
carried oufﬂin two stages. In stage one, following ©Winer's
(1971, Pp. 745-748) suggestion, one of the dimensions of
Latin square viz., the sentence-cluster ~) factor, was
disregarded and a 3 (Groups) X 3(Amb "v) X 2(Bias)
analysis of variance was carried out with tihe Ambigui?y and
Bias factérs repeated and subjects nested within the groups.
In siage tvo, a two-way (Bias X Sentence-clﬂster) analysis
of variance was carried out. The sources of variance and
their respective sums of squares in these two analyses of
variance were then brokeﬁ down tb obtain the sums of squares
for the main analysis of variance 1in the Latin square

design.

HR Acceleration. The results of the analysis of variance for

the percentage of HR acceleration scores are presented in

Table 2. The mean percentage of acceleration for the low-

and hish-bias ambiguous sentences and for all the

unambiquous sentences were (in control 1 and 2 conditions).

8.947, 7.402, and. 7.288 respectively. As predicted,
Ambiguity X Bias .dntere on effect was significant: F
(2,54) = 6.17, p < .0% The interaction effect was further

- examined by a Scheffe ~ test of planned ~contrasts {(Winer,

1971) . The difference bet¥een the mean percentage of HR

acceleration for the "~ambigquous and the correspondiﬁg

95 .

unambiguous control sentence-clusters was significa&ily

greater in the low bias ceondition ‘than - the high bias

AN

A
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‘Table 2 R G
ANOVA summary table ) s

for
the Percentage of HR Acceleration scores

— +~— r r ; @'1
| Source | df | NS | F |
F + + : + —
A : ol | t |
| Between People . { 29 { { {
| ’ 1 | { : i
4 Groups (5) i 2 3;€&4_;( 0298
! ' : | { o3 I [
| People within Gr. (P:G) | 27 36. 560 | |
r . [ S = { {
| Within People 1 1587 1 l
. i R { i
| Ambiguity (A) i 27t 16.234 | 3.82=% i
! 4 B | |
{ Sentence-Cluster (C) { 2 { 0.332 0.08 |
I S i l 1 |
f (AC) 1! | 2 | S 1.931% 1 0.45 |
| I | o { |
{ Residual (1) i 54 4,250 | {
i s - | | 1 i
1 Bias (B) N 1 { 4,156 | 1,u5 {
1 1 i : I {
{. B X G 3 : 2 1.648 | (
t - ‘ x { (- | {
{ Residyal (2) ‘ 27| 2.857 T
T _— : . ! . i [}
1 B X C { 2 | : 0.36,1 1 'y
{ A XB ’ DA R - [ » 17 709 1%
{ L oEL i B - . [ l ‘g ;\_.' J ‘l R
B | (AC)l X B 5 { 2 1 0;861v i
| 1 [ !
| RQ§1dual (3) I w54 2.869 A I
o -»-».n ) Y W 4 ' e y)

E_gg:' ~the R951dual sums of squares and thelr respectlve
d rees of freedom were pooled to obtain the ~Pooled

é? error which was used for Scheffe tests. Pooled: NS
errog-— 3.419, 4f - 1353 . o

*p < ,05 **Q - .01 ¢

-~

8
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. coné‘kﬁon, ES (1, 135) 10.13, p <”;O1. This uoulex account
for the Anbiquity X \B@?s intefaction effect. As Table 2
shows the ambiguity main effect: was also significent, E
(2,34) = 3.82, p < .05. On further Scheffe tests;‘it;;as-

found out that the mean percentage or acceleration for low

“Q1as ambiguous sentence-clusters was significantly greater
R :

s than the mean:for their corresponding controls F (1,135) =

) “» w1s.29,§ P < .0%, ﬁhereas the mean of the .high bias ambiguous”
s;a;b ;sentence—clusters,did not differ significantly fnom the mean

£ of their respective cont;plsL(F<1). Thus, the Scheffe tests

for specifis Ambiguity”$; Bias interaction effect and the

amblgulty malu egfects lend further support to Hypothe51s

1.1, The compleﬁQSY of sentence perceptlon, as 1nd1cated by

the percentage . of Hgﬁaccglexatlon seems to be greater for
. )

- 18 e - B

the  low .bias . am 1guohs‘ sentences compared to their. .. -

Dy - . LA/\::_

respectlve conprols uhere%s hlgh bias ambiguous senterces do

o
not dlffer frop their unanblguous controls. In other-’words,

woe 47
the analy51s ofuvarlance and the Scheffe comparisons for the

w\,\"w“

.

-

>

v ! 4 . v

.
i

S Far thisﬁh§f ”'each of . the subsequent tests of Scheffe
. 7. contrasts a*slﬁgle pooleq;error term was used. The ,pooled
++" error term. ~Zwa¥ obtained by combining the residual ‘Sums of
squares from the main ANOVA and their respective degrees of
freedom (see Winer, - 1971, ./ PPe 745-747). Since the error
terms can be pooled only uhen there is no evidence of
heterogenelty among them, F tests of homogeneity of variance
vere done 1in each case to decide whether or not all or at
- least two of the residual terms can be pooled together..

!

. . ,
. . - : S
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percentage of HR acceleration scores® show that ambiguity

» makes the perception of a sentence more difficult only when
both the meanings have relatively equal strength and ndt

- when the sentence is heavily biased toward one of the

meanings. . S

Deceleration. The mean scores for the percehtage of HR
0 ’ J.,\‘:Y M

deceleration were 3.802 for all the unambiguous sentences

HR

10

icontroi'”1 and 2 conditions put together), 5.581 for the
high bias ambiguous sentences, and 5?@&9 fo¥  the 1low bias.
ambigueus sentences. Table' 3 r'gives -the summary of the
M;enalysisvof vatiance for - the percentage of. deceieratien

"§cores. 1gn1f1cant ambiguity ~main effect was obtained, E
]

T

(2f54) = 17. %&? %gfo‘yﬁ A three-factorA interactien among
*VAmblgulty, 1as,. uﬁﬁgﬁeutence -Cluster was . also 51gn1f1cant.
Heﬁever, as p01nted out earller,‘tegt’of tK&s interaction i.
basgd onlyl%n\gprtlal 1nformat10n and, therefore, ‘no attempt

wlll be made to 1nterpret thlS eff%?t, vhlch could be elther
4 A
_"‘&'Q'e to the 1nteract10n&-gf spec1f1c sentences~tltﬁthe

. B a a ] ) .
. «l}’ (} : o . : ‘ ) 4 o . N

6 4In a -preliminary report of the resuk§¥ {Mohapty, 19177,
Note 6) the data were subjected to a 3(Lists) X 12(Trials)
repeated -meas ‘ qﬁnaly51s of variance with subjécts nested
within,.Lists. W Ambiguity and Bias main effects and the
Afbiguity X Bias\interaction -effects were tested by a series
Mof Scheffe planned orthogonal contrasts using the: egror tern
- im the "main ANOVA. Comparable szgnlflcance-of the®pP ratios
were obtained and the main conclugions’ still remained the
same., However, this method of sanalysid-vas idbandoned for two
reasons. _Pirst, the Scheffe . test ~is mostly 'used for
~ comparison among the treatm&nt means folloving a 51gn1£1cant
Qveralfkf in, the main ANOVA and not for the test cof
treatment effect itself. Second, as Winer (1971, p..175)
pointed out, when a large namber of Scheffe comparisons are
made some of them may be significant just due to the chances
of Type I error. . -

¢

€
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Table 3 _
ANOVA summary table
: for .
the Percentage of HR Decele;atioﬁﬁécores

i»

oo

(= ‘ T T T 1
I , source i df I us I E [
r — - + 4 4+ 1
| h f { [ {
| Between People | 29 | { I
{ : & | | {
| Groups (G L2 1,712,089 | 1.03 |
| T i E | 1
| People wit | 27 1 11.789 {
| M | { | |
|- ‘Within People o { 150 § |
{ : | I I S
I" Ambiguity  (A) { 2 | 78.995 | 17.65%x |
o l { | |
| Sentence-Cluster (C) { 2 1 4.199 ¢ 0.94 |
I : | f | l
| (AC) 1 f 2 2.689. | 0.60 {
i . { | | {
{ PResidual (1) { sS4 | 4.475 | {
{ ' o . | { | !
|  Bias (B) s | 1 i 6.776 - | Je94 |
- . | T o [ 1
{ BXG . .g= | 2 1 0.106 4 ,.0.03 i
| ‘ L0 g?gk‘ [ . g [ (
| Residdal (2) . | 27 1 499 , {
I { t [ {
| B.X C [ 2 | '5.970 | 1.87 |
[ : r | i I
P A X B ! 2 1 0.131 | 0.04 (
1 { ( o A . |
1 (AC)t X B | 2 24.138 (| 7.58%x"
1 o | [ T
| Residual (3) o e 54 - | 3.186 | I
L By ) o ra A ' J ]

P
5

N e: All three Residual sums of squares were pooled and so
~ were the reéspective degrees of fgeedon?~to obtain a
r

¢ Pooled .MS error which was used for thé Scheffe tests.
Pooled MS error = 3.764, 4df = qes.
. -*xxp < .01 0 :
4 ’ -—(\ -
> N r’



ambiguity and bias conditions or due to the arrangement of
Sentence-clusters in the specific Latin square used in the
analysis. The ambiguity main effects were further analysed
by Scheffe tests of planned centrasts. The mean of the low
bias ambignous sentence-clusters was significantly greater
than the mean of the correspondlng unamblguous sentences, F
(1, 13q} = 21.467, p<.01. In the high bias copdition the mean
of the ambiguous sentence-clusters was significantly greater
than tne unambi guous controls, F(1,135) = 20.515, p<.01.,
Thuys, \for the percentage of HR deceleration measure, effect’
of sentence ambignity seems to be significant® in both the
bias cquitions; This is cdntrary to Hypothesis 1.2 which
predictedﬁ’a significant ambiquity effecf in 1low bias
condition but not in tne high bias condition. Sigce the two
bias conditions did not differ high- and 1low-bias of
ambiguensﬁ?sentencusn was not a significant variable for HR‘n

K T ) S .
deceéleration, : - . g -
£s~ . w : ﬁv‘-‘w 1 . O % . F- R
- i B . - ?“ ‘ ‘i 3 I- \(N‘ . ) o

M . .
1 L 7 -

Y

Reaction'Timg

The reaction time data were analysed for 27 'subjects;/

. El L . 4

two subjects were dropped because of failure to meet the:
- i - ‘

Tesponse criteria which were, i) less than three errors and

ii) less than two failures to respond Hlthln four seconds. .
One subject.was ellmlgated randomly to make the group sizes

-

' oY
equal., The amean RTs for the hlgh- and low-blas aublguous
‘sentences and the unamblguous sentences were 1637. ﬂ:51592 5

and 1441, 7 milliseconds, respectively, Subjects! reaction

7 ¢

7
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\y

t
4

"times for each type of sentence were further broken down

according to the probe word types. The mean and standara™

e

deviation of the RTs for different probe word categories are

given in Table 4. As pointed out earlier, this technique of

giving probe words of different types of‘relevance was taken

from an earlier study - by .Shqnon (1974). In his study,
N . : . ‘;i?‘

subjects were given simple sentences in which the in noun, -

i

-

.

_" . v . ad’" R N .

vas egiher a homophone - or a regular (unapflguousr vord. The
) - e ' A )

o A

sentences with homophones, however, provided a  clear
disambiguating context e.g. thg homophone ggggg;wdﬁiéh'cduld
. 309 ‘ -

U : S .
a body or an instrument,  was  given in

mean either part of
'the sentence The §Eggg is-healthy. The ambigﬁghsﬁgzntences

wvere folldwed{%yfﬁrohefuords; i) related to the&‘contextgal
<3 wf' Lo, T Con : - ’
‘?V meaning of.-.the homophbneg-1ﬂomophone - yes, e.g. The organ .
' \:,..”‘ . . N . )
is gea;ﬁhl. -- Body)., 1ii) related to the context -

irrelevant meaning (Half-relevant, e.g.- The pitcher is ful
" . Q:/ X 3 . t N L. N

eballj, and iii) probe words copmpletely irrelévan;

=

' R o B . . o
(Homophone -_nﬁ@ﬂﬁrg; The table is complicated. -- Healthy.
R A I , '

‘The unambiglUous sentences vere followed by either related or
9 - } . 5 .
unrelated probe words. In the present study the same types

'0of probe words as ih_ Shanon's study wvere given? besides
another categbry.in'which the probé'uords vere related Cto w

oboth the meanings of the ambiguous sentences (Y:b). However,.

-

in this 'study, both high- and low-bias ambiguous sentences -

-~

7 Shanont's k1974) { Homophone - 'f?s ‘and Half—relevant

' ‘categories are same ag Yes: dominant (¥:d) and Yes:. non-
dominant (Y:n-d) types respectively, in-the present study.

——

2 . . . , -

. f\”'t\ '\'-sg:\ B



Table u

Reaction Time to Probe Words
(Obtained and Predicted Ranks)

=
(1]
o

4
o+
o

C M

@ . . a4 )
- SDs are given in parentheses.

: . Rank orders J%
Senteun. - Probet RT2 (millisec) Obtained Predicteds,.
Type Type (Mean & 3D) 1 2 4 ‘
—— e 2 _ —_— -_5q9¥
e Y:un 1372.6 3 3 3 3\
N Unambiguous (108) {354.9)
R - Nzun- 1510.7 u 7 6 .6
o A 108) (351.5) - )
_ e ATTEL ) ,
- I, I e - ‘ —-,;
. ‘Y:b 1347.1 2 3 3 3
(9) (245, 7)
S ¥:d 7 1586.0 ¢ 6 3 3 3
. High Bias -~  +(9) . » © (355.3) L
, » JAmbiguous P ' y ’
. _ ’ Y:n-d . 2Q475.9™ . 10 9.5 7.5 9
R ) @30 T ‘
ool o N:am 1605.7 7 7 9.5 10
L " o¥:b 157357 5 3 33
< - . 49) (276-7) ' .
3 . ! | 9
" Y:4 1261, 7 1 . 3 3 3
Low:  Bias s 19) (355.8)
Ambiguous A Lo v _ =
o Y:n-4a 1844.4 - a9 9.5 7.5 7
" (9) (3v4.1) K
) N:am 1626.4 8 7 9.5 8
(27) (440.6)
. ‘ e = £
Note 1: Numbers in’ rentheses repres?nt the number of

responses from which the means were computed.

»
4

Columns 1, 2, and 3 represent ‘predictidns of tphe
unitary perception, the perceptual closure, and the
perceptual ‘suppression models, respectively. '
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were taken wheras in Shanon's study the sentences were
'clearly of ‘high-bias category. Although the study did not
. |

measure qhg bias of the sentences, the context of the

-
» -

homophones create a dominaht bias in fayer of one meaning.

”
L X .
" Shanon's‘\. (1974) findings were inconclusive at least

partly because in his study bias levels of thé_.sentences
were not taken into consideration. In thé present study bias
of the ambiguous ~@:\!ntences wvas varied and the Eodels of
ambiguous sentence perception were used to predict the
pattern of RTs to the ﬁrobe wards of different categories.
'Tﬁe RT data uere’analysed to find out how wellbtﬁeyqfit " the
predictions of the three models. Ten categories of probe
v , _
words were used in the study. Two of them were related and
unreiated' prob;"‘words for the unambiguous gentences (Y:un:

and Nsun, respectiVelyf. Foar othérs,'viz.,-relateq to 3both

13

. o . T PR, L :
#eanings (Y:b), related to the dominant meaning (Y¥:d),

reidy#d to non-dominant meaning;gi!:n-a), and unrelated
" . ' ’ ¢ ' . U »
{(N:am) types, were repeated for high- and low-bias ambiguous

sentence conditions. The predicted relationship among the

mean RTs to these ten categories of probe <§ords was
’ - : ok

expfeésed as a rank-order equation for each of the thr‘é\s)

models. Two assumptions were made. It was assumed that when
L ‘:au o ‘

a probe wvword is compared with - any single meaning of a
o A :

sentence, others conditions remaiming the same,. 'yes*

‘'responses. are elicited earlier than 'no:\responses. For

_ | ‘
unambiguous sentences, for, example, *no' response -to an

unrelated probe word takes longef-thaﬁ a 'yes' response to a

| 3

CHERVI
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related one., This assumption is supported by some empirical
evidence (see Shanon, 1974). Further, when a model did not
specifically predict any relationship between fvo probe =
types a null relationship of no difference was assumed. The

rank-order equations for each of the models are given below.

The uaitary perception model- ‘According to the predlctlons

' ,
are related to\the‘non-dominant meaning of the |

N

sentences should be the longest and blas condition ¥fould
have no.effect, So, the rankforder‘ reléﬁﬁfnshlp among the
ten tfpes of probe words shQulé be:

(Y:un=Y:b(H)=Y:d(ﬁ)=Y:b(L)=Y:d(L))<(N:un=N:dm(H)=N:am(L))<
(Y:n-d(4)=Y:n-d(L))....Eq(1) 8

In othe:$H0rds, the unitary perception model would predlct

W

: ) _
the follpwing relationship for the RT to prohe words of

different types. ,
[(RT to probe words related to unambiguous sentences; and.
related to the domlnan@f meaning Or. to both meanings of ’
amblguous Sentences of both high=- and low-bias condltlons]

should be less than

(RT to probe words unrelated to  any meaning of .ambiguous
sentences of both the bias conditions and.to unambiguous
sentences] : :

'shOuld be less tham

[RT to probe words related to the n~dominant meantng - of
ambiguous sentences of both the bias conditions)
: > .

»- ‘«/ \
e

.
AN
. 4 - * . .
i / - ) .

& L)

.8~ B and L in parentheses Trefer to “high- and low-bias

conditions respectively. - i

N e '
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- The perceptual suppression model: RT to probe words related

-

The perceptual closure model: Accor@ing to this model the‘
probe words unrelated to the meaning(s) of the ambiguous
sentences should have longest RTs because they have to be
coﬁpared with both ;:anlngs before a "no% response is given,
Further, bias conQE?&bn should have no effect on RTs. The

predicted relationships can be expressed thus:

(Y:un=Y:b(H)=Y:d(H)=Y:b(L)=Y:d (L)) <N:un<(Y:n-d (H)=Y:n-d (L)) <

(N:am (H)=N:zam(L))....EqQ(2)
In other words, the perceptual closure model would predict
the following:

(RT to probe words related to unambiguqus sentences, and
related to the dominant meaning or. to bo{%,meanings of
ambiguous sentences of high- and low- blas conditions])

’ should be less than
' !

(RT to pfobe words not related to unambighous sentences]
should be less than

[ RT to probe vords related to the nor-dominant “meaning oOf
amblguogvs sentene& of both the bias conditions]

-

“” fshodld be less than

Eod
[ RT to" §£$§bew uords unrélated to aty meaning of ambiguous_

E sentences of both the b1as condltlons;

\

to -the non-dominant meaning and unrelated probe words,

according topthis model, should be longer in. thgnAhigb-bias
AQD L < f:‘ ) )

3nbiguous sentence condltlon than tﬁe RT to similar probe
. ) .

. 7 .. -
vord categories in the 1ow-b1as condition whi*h, in, turn,. _

should ¢ be longer than the RT to the unrelated probe UOrds’wrfﬁ

‘for unambiguous sentences. The other relatipuigips should

P~ .
"““remain the same. Thus, . T . -

2 .
- . [

P - . . RS
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J
(quniy:b(H)=Y:d(H)=Y:b(L)=Y:d(L))<N:un<(Y:n-d(L))<N:am(Ly<
" Y:n-d (H)<N:am(H)....Eq(3)

The relationship? predicted by the perceptual closure model
*+

can simply be expressed as: -

{ RT to probe words ‘related to unambiguous sentences and
related to the dominant meaning or to both meanings of
ambiguous sentences of high- and low-bias conditions]

should be less than
(RT to probe words not related to unambiguous sentences]

should be less than

(RT to probe words related to the non-dominant meaning of
low-bias ambiquous sentences)

should be less than

(RT to . proBe words unrelated to any meaning of low-bias Qy
ambiquous sentences] , LU o ‘$
: ‘ A

shoytd be less than

(RT to probe words relat® to the non—dominaht meaning of™
high-bias amblguOus séntences] S

'ﬂ@u . .
%QRZJ'“ -~ shoﬁiﬁgpe less than ’
o K M‘ -
j{%ed @o-any meanlng of hlgh “bias

ambiguous sentences] .

The three equations were converted into predicted rank
.- . \ ‘

_order scores vwhich are; gifgf®,

Ty

in Table ¢ \ong with the

actual rank order for gﬁe méan RTs obtained iﬁ \the study. .

Rank scores increase Vith the RT and as usual, in case of a

"e

tie, the tied probe gggor‘les were given the average of the

ranks ‘they would have received 1if there were no-ties. -
. l ! ) ’

The relatlonshlp betueen the pattern of ranks predlcted

»

by each model and the agtual ranks obtained fron the data‘

should g1ve an indication of how vell the data flts each
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model. The Xendall rank ation co icients: T (tau)

i

corrected for rank . ties ¢Siegel, 1956) Ww

computed. The

14
;

correlation coefficients {~) between the obtained ranks and

ranks predicted by the unitary perception, the perceptual
closure, and the perceptual suppression models were .723 (p
<.01), 545 (p<.05) and .579 (Q<;05) respectively. The

unitary perception model was the best predictor of the

obtained ranks. However, this does not permit a clear choi.e

because the correlation between predictions of tR@:other

models with the data also reached the level of signi nce.

This is not surprising in view of the fact that the. first
five/ranks predictedgby all three models were.identical. The
Kendall coefficient of concordance (¥) for all four sets of

rankings was significant,'w-= /876, df = 9} p<.001. It shows

»

that the predlctlons oﬁ-the three moaels weres highly related

among themselves and also Hlth the obtalned set of ranks. "In
- .,.LJ‘ . .

the next -step : analy51s, therefore, the 'probe word
categories corresponding gghthe ﬁ?rSt flve'ranks predicged’.
_identicaliy.by the three models werepdropped ?nd the Keﬂdal

correlation Hcoefficients 'were computed for the remaining
five”categories (viz., N uny N a(H), N:a(L), Y:n-4(H), 'iznr

. [
d(L)). The obtained set of ranks still had a Significantf

correlation, 7th t e ranks predlcted by the’ unltary

’perCeption model, T = .78, p<.05, uhereas the correlat

[y

coefficients iith the ranks predlcted by the perceptual

" closuze -and the perceptdal suppre551on models dropped tp 0
and .2 (2> OSr respectlvely. It seems the unltary perception

4
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|
quel fits the datﬁ better than the other models.

Vo

\ .
An analysis of' variance in the main Latin square design
lends further support to the unitary perceptiqn model. The
o ~ ‘

analysis was carried out with the realisation that the probe
types‘nwere not baianced within the cluster.of sentences

aithough they were balanced for the other dimensions of the

Latin square. In other words, the cluster effect for theégT

YN
4

data is confounded with the effects of probe types, but the

-tests of bias and ambiguity effects could still be made in

the analysis of variance summarized in Tablé 5. The nmain

effect‘ ‘gf.v,Ambiguity vés'signific‘ént F(2,48) = 21' 11, E<.0‘1,
Hhereas -the effect of Bias was not 51gn1f1cant (F(»}. This
conflrms the unltary perceptlon hypothesxs whlch predicted
effedt of amblgulty on RT to- pgobe vords partlcularly due {¥0

. ]

the probe words of} the Yén-d_category, but no effect“of

Qiae. The oaip effect of vsentgﬁce-clusteroy,(cr vas

Significant‘ F(2348) = 21.51, E<f01; SO was the partial

-Amblgulty x Sentence-cluster + Bias interaction effect P
*

;(2 as) '%#!S.SQ,' p<. 01 In;erestlngly enough the tuo moet

V

dlfflcult probe categorﬁes wlth the. probe words related to-

the non-dominant meani g of amblguous .sentenceS (Y:n-d)

occurred in sentence-cluster 1 (C1), whereas clusters 2 and

. . . : . R ,:f .
% wer% balanced for the qther p:pbe-oﬁtegories._The mean RTs

for the_} thrée Cclustiers g1617.1ﬁ 1447.9, and 5433.4

millisecohds for clustefs 1,‘2; dhd 3, resﬁectiveiy) cleorlyf

. . : . ) /
reflect this difference. Qn the vhole, the results of the

analysis of variance as vell as ‘the comparisons of RTs for'

ad
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Table 5
ANOVA summary table
for
the Reaction Time Scores (in millisecs.)

r T T T Rl |
{ ) Source I df { NS | E
F + 4 4 i
I { i { f.
| Between People ( 26 | [ |
{ ' | ( [ ’ |
| Groups (G) { 2 1 807808.0] 2.006 |
( - | | 4 |
| People within Gr. (P:G) 1 L | 391338.06] . 3 i
i A I N P 1
[ Within People i 133 ) I
. i - { 1
{ Ambiguity (A) | 2 | 552448,0] -21.11%% |
| ‘ i { { : |
l Sentence-Cluster (C) [ 2 | 563026.5] 21.51%% |
| 1 1 : { I
RPN _(AC) !t | 2| 33837.51 1.29 |
<gv%§| o . - ’I : I I
... Residual (1) | 48 - 1 26176.01 | :
r .Y, Lo 1 ) | I { =
{ Bias (B) [ 1 1024.04  0.05 |
| { I i S
( "B X G % { 2 | - 29184.0¢ 1.55 i
I . | I ol |
{ Residual (2) i . 24 18773, 3] A
| ‘ | - | n X [0
| b | l ; !' w: » l;— «’{:‘?5 l °
{ A X B | 2 7r67328.071 1.8%'*]
| : ’ { E- | T
{ (ACj)t X B o { 2 [ 211477.0f < 5.94%% 4
(I s ] { U I B |
| Residual (3) . { 48 ( . 35594.7] |
L b » N i A A
**%p < L0171
N
\, )
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various probe types support the hypotheses derived from the
unitary perception model. Tt appears, ih a tafk like the one
givén in this study subjects follow a unitgty perception
process. At least, some time after the initial processingiof
an ambiguous sentence the comparison of its meaning to a
given probe vofd is done as‘ if the sentence has\onef
contextu@d meaning. The other meaniﬁg of the sentence is
considered only when the probe word is related to the less
dominant-méanina of the ambiguous sentence thus externally
changiné the 1initial co;{ext of the sentence to a certain
degree. In such a case, the origingl bia§\ of the - meanings
has 1little 10 do uifh the time taken in the process of
comparison. The question whether the sentences are processed
unitarily right from the beginping or whethér- people use
sfich a task-related strateqgy only_uhen they have to respond
in a probe-word type of situation cannot, however, be
answered from an examination of the RT @ata alone
particularly since in the present study the task was given
~after a considerable'length of time. The heart rate and the

reaction time data will be considered together in the

following section in an attempt to answer this question.

The mean RTs for each type of probe words in Shanon's
(1974) stﬁdy were compared with the® corresponding probe-
types for unambiguous and high bias ambiguous sentences. The
rank order of RTs in the presen ﬁtudy was.the same as in
Shqpon's f1974) study. In both studieé RT to the probe words

related to the 1less dominant meaning of (high bias)
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ambiquous sentences was the Iongesg; The RT to the probe
words unrelated to the (high bias) ambiguoué séntences was
the ne;t, followed bYuthe RT to the probe words related to
the dominant meaning of the (high bias) ambiguous sentences.
The last two in the rank crder were the RTs to the prbbe
Qords .unrelated and related to the meaning of the
;nambiguous sentences. The time intervals between the offset
of.the sentences and the onset of the probe words in
“'Shanon's (1974) study were 1500 milliseconds in Experiment I
and 500 wmilliseconds ° . Exper.aent IT. Shanon did not find
any effect of the time . in two experiment wvere
almost identicai. It is "nte- ing té note that the zesults

of the present study generalize Shanon's findings to an

interval as long as 21 secs.

Discussion
In summary, the HR acceleration data suppor. the

hypothesized dual process model -- exhaustive computation
for the low bias ambiguous sentences and unitary perception
for the high bias ambiguous sentences. The Ambiguity x .Bias
interaction effect was sfgni%icant. Looking into. the
specific Scheffe comparisons, the ambiquity effect was
significant in the low bias condition but not .in the high
b;as ‘ coﬁdition. .~ Studies on Lacey's intake-rejection
hypothesi;, reviewved earlier, Qery» clearly. sugges£ that

cardiac acceleration is quite a reliable indicator of

internal cognitive‘activity. Further studies by Kahneman,
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Tursky, Shapiro, and Crider (1969), Tursky et al. (1970) and

‘others (e.g., Jennings, 1971) have shown that the complexity

of the «cognitive activity is positively related to the

degree of acceleration. In the present study the subijects

vere asked to understand the meaning of the sentences and
.

were also told that the sentences were to be followed by a

task in which they have to indicate if the sentence 1is

£
related to a given probe word. Conside ing that the error

was only 1.23% of the total responses it can be assumed that

o

thev subjects did make an effort to understand the sentences
presented to them. Acceleration of heart rate clearly
indicates the cognitive activity associated with.trying to
process the information contained in the sentences and +o
perceive their meaning. Further, significant Ambiguity x
Bias interaction effect for percentage of HR acceleration
provides evidence for exhaustive computation of ambiguous
sentences of low-bias level an? unitary percep.ion of high-
bias ambiguous‘ sentences. It seems, the subjects pe:ceive
the high bias 'ambiguous sentences as they perceive any
unambiguous sentence; only one meaning is processed and the
sentence is most iikely not ' seen as amgiguous. Both the
meanings of iow~bias ambiguous sentences, on the other hahd,

are computed and the sentence is most likely perceived as

ambiguous.
aqr

According to Lacey's intake-rejebtion 'hypothesis an
initial deceleration of heart rate could have been expected

during the information ‘'intake' phase in which subjects
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attend to the external stimulation. However, as Kahneman et
al. (1969) have found, an( accelerative pattern can be
dominant particularly when subjects are given instruction
and ajiso, as in the present study, knouledge' of the task

prior *to the presentation of the stimulus.

The analysis of the percentage of heart rate
deceleration shd;ﬁ that the effect of: ambiguity was
significant regardless of the bias level of the -ambiguous
sentences. As poipted out earlier, when a subject knows that

a stimulus is to be followed by a task such as reacting to

probe words in‘ this tudy, his HR accelerates during
pJZZQGSing of the stimulus and decelerates prior to task
performance. Cardiac deceleration in such cases indicétes a
preparation to respond or a cardiac orienting effect (Coles,
1974; Coles & Duncan-Johnson, 1975). 1In other .words, it
indicates‘ subject's preparation to attend to an external
task-related event. A greater complexity of the initial
stimulus, or. a greater unéertainty associated "with its
processing, as 1n the <case of Das and Bower's (1973)
0.70:0.30 probability condition, not only makes the subjeét
think harder to understand the stimulus, it also makes hin
pay greater attention to the approaching task; congruent
with Lacey's hypothesis this attention to an external event
accounts for HR deceleration observed iﬁ this study. The
results show that sentence ambiguity leads fo a greatér
attention and response-readiness to the probe word task.

This finding is interesting, particularly in view of the
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fact that the acceleration data shows that only one meaning
of high bias ambiguous sentences may have been processed.
One can conclude that although high bias ambiquous sentences
are processed wunitarily there is still some degree of
uncertainty associated with its comprehensién. In other
wo*ds,‘even when subjects perceive only one meaning of high-
bias ambiguous ' sentences and process it in the sanme manner
as any unambiguous sentence, they are not so sure of its
meaning. ‘

congruence between HR an RT. The heart rate data, thus,
.seem éo be compatible with the hypothesis +that both the
meanings of low bias ambiguous senténces are processed thus
making their perception more complex wheréas in the casé of
the high bias ambiguous sentences only one nmeaning is
processed. The reaction time data, on the other hand, seens
to givg overall support for thgrunitary perception model.
One indication,of unitary perception is thét RT to the probe
words which were related to the less dominant ﬁeaning of

LN .
ambiguous sentences (Y:n-d) (e.g. The lawyer insisted that

the charge was unjust -- COSTLY) is longer than the RT to
the probe uords unrelated to the ;mbiguous sentences (N:am).
vExtra time is épparently taken up in reprocessing of the
sentence because the less dominant meaning is called for by
the context which the Y:n-d type of probe word provides. In
the present study the RT to the Y:n;ﬁ type of prébé words
wete longer fhan the N:am types in both the bias conditions.

' This difference would support a unitary perception model
. . A .

a
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&vén for the low bias ambiguous sentences. However, the
difference between the mean RTs for the Y:n-d and N:am types
of probe words is 218.0 msec. in the low bias condition and
470.2 mseé. in the hiéﬁ bias condition. In other words, the
e;tra time taken to perceive the less dominant meaning of
the ambiguous sentences is more in the high bias condition
than in the low bias condition. This relationship is exactly
~what the perceptual suppression model would prédict because
according to this model the dominanf meaning has to be
suppressed before the other meaning can pe perceived.
Further, the time téken fo - suppress the .dominant meaning

varies directly with its bias. Thus, the possibility of a

perceptual suppression process cannot be ruled out.

ihese apparently conflicting results can be explaiied
by +taking the time intérval between»tﬁe stimulué sentences
and the probe words into consideration. In therévent of an
‘exhaustive computation where both {he meanings of ambiguous
sentences are non-selectively accessed to begin with, there
follows as MacKay. (1970) has argued an interaction between
the two meanings involving a process of suppression. However
the perceptual suppression process cannot go on
indefinitely. At some point, choiée éf a single’meanihg has
to be made either by suppressing, more or 1§ss permanently,
one of thé ﬁeanings or, as in the case of appreciétion of
puns, integrating the meanings iht6 one ggﬁot@er. ‘In any

event, interaction among the meanings finally leads to what

can be cailed a perceptual closure. But such perceptual’
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closufe dbes not necessarily have to occur immediately at
the end of a clause boundary (cf. Bever et al. 1973); 1t 1is
a process which occurs over a period of time the length of
vhich depends on a number of factors including relative bias
of the meanings.‘In other words, exhaustive computation of
the meanings of ambiguous sentences leads to a selective
unitary process sooner or later depending upon how long it
takes to arrive at a perceptual closure. In the case of low
bias ambiguous. sentences, perceptual closure follows a
relatively long proces; of perceptu;l suppression because it
is ha;dar to drop a meaning which is‘nearly as likely as the
'otAer. At the same time, the longer it takes to suppress a
meaning the easier it 1is to retrieve that meaning from
memory should it be necessary to do so. This might »xblain

why the RT to Y:n-d type of probe words is less in the 1low

bias conditions compared to the high bias condition.

In conclusion, it 1is observed that the high bias
ambiguous sentences are percéived unitarily. The less likely
“meaning of such sentences is not accessed until it 1is
justified byh_a subsequent context like the one provided by
the probe words related to less dominant méanings. In such a
case the sentence is reprocessed and the other ‘neading is
also perceiveq. The low bias ambiguous sentences, on the
other hand, appear to be procesi?d exhaustively and both the
meanings, accessed in a non-selective manner; interact with
each o?her. The .results of the RT task wvas expléined by

assuming that this interaction most likely involves a



perceptual suppression process, which finally results in a
more or less permanent suppression of one .1 ti meanings or
in an intégration of one meaning into another. At this
point, the perception of the ambiquous sentences can be said
to have become unitary. Howvever, should an occurrence of a
context beyond this point make 1t more likely, the
suppressed meaning has to be retrieved. The longer it takes

to suppress a meaning the easier it is to retrieve when the

i
3

context 1s changed.



( CHAPTER TIT

EXPERTMENT 2

Ambiguous sentences have been widely classified into
three kinds: those with ambiguities at 1lexical, surface
structure, or deep structure levels. Is the perception of
one type more complex than the other? No conclusive answer
can be obtained by revieying the existing studies. Bever et
al. (1973) argqued that the degree of complexity of different
types' of ambiguous sentences depends on the task
characteristics =-- on the point of initiation of the task
performance relative to the processing of the sentence and
on the nature of the " response requirements. However, as
pointed out earlier,”it is bbth lbgical and possible to
determine the relative degree of perceptual complexity of
the three types of_ambiguous sentences independeﬁtly of any
task performénce by the use of electrophysiological changes
such és HR, 'EEG etc. The first experiment provided ' a
‘methodolbgy and demonstrated the use\ of HR measures, in
comparison of rceptual complexity of sentences by varying
their degree ambiguity. The results of the Experiment’1
also indicated. that the bias of the meanings must be

. N
controlled in any eapt tolﬁyompare the perceptual

complexity of ambiguous
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possible that the conflicting findings in the literature
reqarding the perceptual complexity of the lexical, surface
structure, and deep structure types of ambiguous sentences ¢
can be attributed partly to the laék of contrbl for the bias
level of these sentences and also pﬁrtly to th= use of

different experimental taS&s. . The purpose of this

exper iment,  therefore, ‘uasﬁwtO\\éompare the effects of

lexical, surface structuxe\>§Q
g ‘

,\.,l.‘f‘ AR

N deep structure types of

ambigquity Qﬁifhé;ﬁércesggﬁi{gomblekity of sentences all of

which are in thé&loﬁ biasugggge;
< : :

As in the previous experiment, the low bias ambiguous

sentences were those for which 50 - 70% of fhe subjects

paraphrased one of the meanings the rest fparaphrasing the

other. Percentage of HR acceleration and deceleration were

used as directly related indicies of difficulty in

processing while comparing the different types of sentencegﬁ
The results of Experiment 1 showed fhat low bias ambiguous
sentegces of the 'lexical type, are most likely perceived
exhaustively, that is, both the meanings of such sentences
are noﬁ;selectively accessedﬁ making their perception more

complex than the wunambiguous sentences. For the present

'

experiment, also, a similar effect was expected. In regard
to the percentage of HR acceleration and deceleration scores

the following were, therefore, hypothesised:
Hypothesis 1. 1: HR acceleration . following the
presentation of low, bias ambiguous sentences of
lexical, surface structure, and deep structure types is
significantly greater than that following the
presentation of unambiguous sentences.



Hypothesis 2.1: HR accelerations due to the effects of
lexical, surface structure, and deep structure types of
ambiguity are significantly different from each other.

Hypothesis 1.2: HR deceleration - following the
presentation of low bias ambiquous sentences of
lexical, surface structure, and deep structure types is
significantly greater than that following the
presentation of unambiguous sentences. .

Hypothesis 2.2: HR deceleration due to the effects of

lexical, surface structure, and deep structure types of
ambiquity are sjgnificantly different from each other.

In summary,' significant Ambighity X Sentence-Type
interaction and Ambiguity main effects were expected. In the
event of 'significant Ambiquity X Sentence+Type interaction
paired comparisons for aqbiguity efféct in differené
sentence~type conditions were also planned without any‘g

priori hypothesis regarding the direction of the

(o]

differences.

A reaction time task similar to the one in the first
experimént~was also used. But, unlike the first experiment,
only two typeé of probe vwords, viz, related and unrelated
types, vwere given. The results of Experiment j1‘ showed a
significant effect. of ambigquity on the RT to p:obe words.
RT; to related and unrelated prbbe words in the 1low bias
condition. were greater than the RTs to similar types of
pr be words for the unambiguous sentences although the
general trend of RT to probe words of different types
suggested that at some point after +the initial exhaustive
computation there is perceptual closure with the selection
of a single meaning or integration of the meanings into a

unitary perception. Thus, the following were hypothesized:
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i

Hypothesis 3: RT to probe words following low bias

ambiguous sentences of lexical, surtace structure, and
deep structure types are significantly lifferent from
the RT to probe words following the unambiguous

sentences.
}

Hypothesis 4: The effects of ambiquity on RT tu probe
vords in lexical, surface structure, and deep structure
types of ambiguous sentence conditions are
significantly different from each other. '

.
Again, 1in reqgard to ‘the RT task, significant A.biguity X
Sentence-Type interfction, and Ambiguity main effects were

expected. Comparisons were planned to find out the specific

differences among the three sentence-type conditions.

Method

detho

RN
Stimulus sentences and‘pggQ} words

For this experiment 18 low bias ambiguous sentences --

I
six each from lexical, surface structure, and deep structure
"types -~ and their respective pair of controls were used.
The criteria for selection of these sentences and the

(

norming procedure were described in the previous chapter.

Only related and wunrelated types of probe words were
used in the unambiguous sentence.condition (Y:un, N:un) and
in each of the three‘types of ambiguous sentence conditions
(Y:am, N:am). Within each}gbndition the probe words vwere
balanced for related and unrelated types. Probe uords§of the
Y:am type were related to both the meahings of ambigubus
sentences eiqept for tvo sentences in which case they vwere

related only to the dominant meaning. \
(S
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Desigu of the experiment

The d.sign of ‘the experiment was the same as that of

the Experiment 1 ¥iih oily the bias conditions replaced by

sentence-type conditions. The ambiguous sentences were

divided into three "lists -- each with clusiers of two .

lexical, two surface sgructure, and two deep structure“types

of ambiguous sentences. The pair of' unambiquous control
!," N

sentences corresponding to the amhiguous sentences ‘were

randomly assigned to tvogllsts other than the cone in which

the respective ambiguous sentence‘abpeared. Thus, each 1list .

had 18 sentences six of which were ambiguous. Within each
sentence—type condition a list had ' a cluster'lof”. two

ambiguous sentences, a cluster of two unamblguous cOntrol

v

sentences corre&pondlng to the amblguOUS sentenceS' (of the
same type) 1in the second llst, and another Cluster of "two
unambiguous ccntrols correspondlng\\_to tie ambiguous'”

Senténces in. the thlrd list. As in Experiment 1, the

related-unrelated probe words (i.e. th . .yes-no resgggfe

—

types) were balanced within each list fdr ;amnigubus‘

sentences of dlfferent types and for unamblguous ‘sentences>

s -

The probe wordslfor amblguous sentences Here also used for

one of the correspondlng pa1r of controls._ﬁlner' Plan 12

repeated, measures Latin square design, similar to Experiment

1, was followed with Ambi§uous Sentence Type-(T)} Ambiguity

.oon

(A), and Sentence-cluster (C) factors repeated and subjects

‘(P) nested wlthln the llStS. N
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Arrangement of intra-trial events and the intervals
vere the same as in FExperiment 1. An experimental session

nsisted of 18 trials one for every stimulus sentence in

Q
o}

the list to wvhich the subjects were randomly as§igned.

The subjects were 30 male undergraduate students fronm
the University of Alberta. WNone of the subjects had
participated in Experimént 1. All of them were native
speakers of English and were unilinguals. The average age of
the subjects was 21.57 years and the the range was 18-27
years. All the subjects\uere right handed except one Wwho
preferred’ use of the 1left hand. ©None of the subjects
reported any sensory—motor impairment. Subjects were paid

$2.50 each for parficipation in the experiment.

Apparatus :

Experimental events and the recorging of HR and RT were
controlled by the same equipment and set)uﬁ as in the first
experiment. .

- Procedure

The experimental procedure was similar to Experiment 1.
Since there were more trials in the present experiment the

-x; Timental session including a brief post-experimental

interview took approximately 57 mirutes per subjgét.
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Results and Discussion

The records of subjects*' heart rate were scored uaing
the same procedure as in Experiment 1. The Heart Rate
Blocking and Analysis Program was aléo used in computingvthe
pre-stimwlus HR, percentages of acceleration and
deceleration, and second-by-second changes in the BPM
scores. The average pre-stimulus HR for all the subjects was
719.28. There was no significant difference among the- three
groués in regard-to the pre-stimulus HR (F<1). The average
second-by-second BPM changes over the pre-stimulus HR for.
unambiguous, and lexical, éurface structure, and deep
structure types of ambiguous sentences are shown in Figure
2; HR‘ changes 1in all the sentence conditions follow a

similar accelerative and decelerative pattern. Amount of

change 1is generally larger for the deep structure type of

e

ambiguous sentences.

The percentage of acceleration and deceleration scores
and theﬁ RT data were analysed in Groups x Ambiguity x
Cluster x Sentence (Ambiguity) Type analyses of variance for
" the Latin square designf/winé;;E\KJQ71, Pp. 745-748) two-
stage procedure, des;fibed in Chap£é£ II, was followed for

these analyses. : .

HR Acceleration

The néans of the percentage of HR acceleration were
7.321, 7.261 and 8.387 for the lexical, surface Structure

and deep structure types of ambiguous sentences,
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respectively and 5.581 for unambiguous sentences. The
summary of the analysis of variance for the percentage of HR
acceleration are presented in Table 6. As predicted,
Ambiquity x Sentence-Type interaction and Ambiguity main
effects were both signifiéant,_2(4,108)=u.96, p<.01, andv F
(2,54)=62.07, p<.01 respectively. The interaction effect was
further analysed in Scheffe tests of planned comparison. The
effect of ambiguity, in terms of th difference between the
ambigudus and the respective unambiguous control senteﬁces,
was significantly greater in deép structure ambiguity
condition than in surface étructure ambiguity condition (F
(1,216) =12.59, p<.01) and in lexical ambiguity condition (F
(1,216)=7.11, p<.01). The ambiguity effects in lexical and
surface structure types of ambiguity conditions di

differ significantly (F<1). Scheffe tests for ambiguity

effects revealed significant ambiguity effects within
lexical (F(1,216)=36.28, E<.01); surface structure (F
(1,216) =22.81, p<.01), and deep structure (E(1,216)=95.?2, P
<.01) sentence.condibions. Thus, both hypotheseé 1 and 2
were supported by the results. The percentage of HR
acceleration. due t§ perceptual complexity of ambiguous
sentences of deep structure type seem to be greater and also
significantly Qifferent from those of surface structure and
lexical types. Thé difference between lexical and surface
structure ambiguity. conditioqf was not significant. The
percentage of HR acpeleratipn‘data further indicated that

ambiguity makes the perception of sentences more complex in



Table 6
ANOVA summary table
for
the percentage of HR Acceleration scores
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for
216

Scheffe
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Pooled us
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‘e@ach of the three ambiguity-type conditions.

)

“Ssgnificant Ambiguity-Type X Sentence-cluster

(

interaction efﬁect (F (4,108)=3.06, p<.05) and sentence-
Cluster main effect (F(2,54)=6.94, p<.01) were obtained in
the . analysis of variance for percentage of HR acceleration
scores; As pointed out in Chapter II, an advantage of this
design 1is that the effect of differences among the specific
sentences ubgd in this étudy and their interaction with
other variables can be separated from the rest of the main
and interaction effec)s. As such, the main effect of
:‘ambigqguity and its interaction with ambiguous sentence type
.are not confounded in this analysis with the ;entegce-
cluster effects.? However, the significant effect of
sentence-cluster and its interactions with other variables
should be of concern becauée it indicates that besides the
ambiquity of lexical, surface structure, and deep structure
types of sentences other factors might'aléo cause processing
complexity for sentences like the ones used in this study.

In the wusual experimental design of comparing unambiguous

9 When the percentage of HR acceleration data were analysed
in a 3(Groups)x18(Trials) repeated measures design and
Ambiguity main effect and Ambiguity x Sentence Type
interaction effect were tested by Scheffe planned
comparisons the decisions in regard to the hypotheses of the
experiment remained unchanged. However, it is interesting
that 1in spite of the obvious disadvantages of such analyses
(see Chapter 2, Note 6) the probabilities associated with
‘the significant F ratios for Ambiguity and Ambiguity x
Sentence Type effects were smaller than those in the present
analysis. This may be due to the fact that in former
analysis the 'significant effects were confounded with
Sentence-cluster effects. .
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sentences and ambiguous sentences of various types it is,
therefore, -possible to misintefpret an effect of sentence
. 5

diffefence as ambiguity effect.
Interactions of Sentence-cluster with Ambiguity and
Séntence-Typé ((AC}lf) and with .Ambiguity ((AC)1!) were also
,significﬁnt. These effects, however, are based 'only on
partial " information available in this design and .according
to Winer (1971; p. 748), these sources of variation cam bev
considered to be a function of the particular Latin square

selected for use.

HR Deceleration

The meaﬁ percentage of HR deceleration scores were
3.992 for ~the unambiguous sentences and 5.510, 5.653, and
6.125, respectively, for lexical, surface sfructure and deep
structuré ambiguous sentences. The summary of analysis of
variance is given in Table 7. The "ambiguity main effect was
significant, P (2,54)=8.72, p<.01., Purther Scheffe tests
revealed that the percentage .of"’HR deceleration for
» lexically ambiguous sentences was not significantly
different from those for the correspondiné unambiguous
controls, F(1,216)=3. 714, B>-05; Within surface structure
and'deep structure conditions, however, the differenges were
significant, F(1,216)=4.051, p<.05, and F(1,216)=11.426, p
<.01, respectively. The analysis of percentage 'of  HR

2celeration daté, thus, confirms the findings of Experi;ent

that this measure may be related to subjects' attention



Table 7
ANOVA summary table
for

the percentage of HR Deceleration scores
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and readiness to respond to the probe words in the reaction

time task.

The mean RTs were 1374.67' msecs. for unambiguous
sentences and 1373, 28, 139&.55, and 1437.98 msecs.,
respectively, for 1lexical, surface structure, and deep
structure ambiguous sentences. The results of the analysis
of variance, summarized in Table 8, showed that the effect
of ambiguity is not significant (F < 1). So, hypothesis‘ 3
was not supported by the results. However, significant
Ambiguity «x Sentencé-Type interaction effect was obtained (F
(4,108)=4.41, p<.01) in support of the hypothesis 4, showing
that ambiguity effects in the three sentence type conéitions
were differént from each -ther. The interaction effect was
further examined by Scheffe tests of planned contrasts. The
difference between the mean RT for the ambi%}ous and their
corresponding unambiguous control sentence-clusters was
significantly greater in deep;struCture condition than in
lexical condition (E(1,216) =4.43, p<.05). The other pairs
of differences'between deep—and surface structure conditions
(F < 19, and bétveen su;face structure and lexical
conditions (F(1,216)=1.32, p>,05) were not significant.
Within the sentence type conditions ambiguity‘ effect was
significant only for deep structure type of ambiguous
'senﬁences’(§(1,216)=4.13, p<.05) but not fér lexical and

surface structure types<,(g <1 for both). The results show
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Table 8
ANOVA summary table
for
the Reaction Time Scores {in millisecs.)
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Note: All the Residual sums of squares and their respective
degrees of freedom were pooled to obtain the Pooled us
* error which was used for Scheffe tests. Pooled §s
error= 42676. 15,  df = 216. )
**p < .01 .
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that the ambiguity of sentence'doés not affect the RT to
probe words except for deep structure type of sentences. Tt
Séems, dﬁring the interval betweén the stimulus sentences
and tge probe words the subjects were able to resolve the
lexical and surface structure types of ambiguity most
likely, as Experiment 1 showed, following a process of
pé:c$ptu§l suppression, Since only‘relateé (mostly to both .
fhelﬂmeaningS) and unrelated types of probe words were given -
(as opposed to the probe words related to the less dominant
meaning in Expt. 1) such resolution of ambiguity does not

create any additional problenm.

Significant Ambiguity-Type X Sentence~cluster
interaction effect (F(4,108)=8.87,  p<.01) and sentence
cluster main.effect (E(2,54)=10.86, p<.01) were‘obfained. As
bointed out eérlier, these -effects nmay be due tq the

uniqueness of the sentences used in the study.

The resultsl‘of HR acceleration measure support the
conclusion drawn fronm ﬁxperiment 1.that lexically ambiguousv
sentences of the 1low bias range are most likely processed
exhaustively and also extend this conclusion to the lbu bias
ambiguous sentences of surface and deep structure types.
Further, the degree of complexity of deep structure type of

ambiguous sentences seem to be greater than lexical and

'surface structure types. The perceptual complexity due to -
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lexical and.surface structural ambigquities do not differ
significantly. These results are consistent with the
findings of Bever et al. (1973, Expt. IT). 1In their study
-sﬁbjects were asked to complete senténce fragments; some of
the fragments were incomplete Clausesﬁ(e.g. Aggé taking the

he ...;) and the others were complete clauses

ur at

—_———— .-

Light

fer
et

(e.q. After taking the right turn at the intersection ....j.

The underlying structure ambigquity increased the RT in >the
in -omplete clause condition. Althbugh the measures of
perceptual complexity in the present study are independent

/ ,
of any overt task  -performance, similar results were

obtained. :

The significant effect of ambiguity for the percentage
of HR acceleration and deceleration measures supports the
hypofhesis of exhaﬁstive compqt;tion~ for the 1low bias-
ambiéudus sentences of .the three types. Ambiguity effect,
however, was t significant .for' the RT to the probe words.
Analysis ogPaxhe significant Ambigu;ty X Sentence-Type
interaction efféct indicated that within th. Sentence-Type
conditionsv mean RT +to deep -structure types of amblguous
sentences wvas significantly greater than lexical type. The
results’ for the RT task, thus, suggest a unitary perqeption
‘process for the léxical :and surface structure types of
ambiguous sentences, ana an exhaustive computation procesé
for deep structure type of aﬁbiguous sentences, This

apparent conflict between the results for the HR measures

and RT task can be resolved, as pointed. out earlier, by
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assuming that, over é period of timé, the perception Bf
ambiquous sentences changes in a unitary direction either by
a choice ‘of one of the meanings or by a process of'
integration of one meaning into another. Further, it seeps,
a perceptual closure occurs at some point of ©processing of
ambiguous sentences but it does not always oééur immédiately
at the ambigﬁous Clause boundary; most likely it follows an
interaction among Ehe meahings and may occur at different
points dJdepending upon the nature of the sehtences. In this
case, thé closure seems to take longer for sentences . with
underlying structural ambiguity qthan for sentences with

lexical or surface structural ambiguities.

In conclu@ion, the results or Experiment 2 lénd further
support to the hypothesis that low bias ambiguous sentences
are perceived exﬁaustively making them more complex than
unambiguous sentences. Underlying structural ambiguityiigems
to make the perception of sentences most . difficult whereas
surface structural and lexical ambiguities do not differ in
this respect. Furthe;; even when ambiguous ' sentences are
perceived exhaus:;vqugthere is a tendency toward a ﬁni;ary

perception which occurs at various points depending, among

other things, on the type of ambiguous sentences.



CHAPTER IV

GENERAL DISCUSSION AND CONCLUSTION

The purbose of the study was to find out the:gffgkfs of
bias and sentence type on perception of ambiguoué sentences
in viéw of different models for such perception. Changes 1in
HR wére used as indices of processing complexity of
sentences. Effect of biaé was shown to significantly change
the nature of perception of lexically ambiguous sentences.

Type of sentence ambiquity was also found to be a

significant varwgble affecting the perceptual complexity of

sentences. The probe word task given 21 seconds after the

off set of the sentence stimpuli-sindicated that w&en both
meanings of ambiguous sentences are perceived there follows

‘an interaction among the meanings leading to a resolution of

ambiguity. These three aspects of the stud§ will be *

discussed in this chapter. Some implications of the study
will be shown and its major conclusions will be summarized.

Perception of Ambiguous Sentences and the Language User's

———— c—

. )
Knowledge of the World
P

Results of the first experiment ,sﬁpport the
hypothesised effect of bias on perception of ambiguous
isentences. When an ambiguous serftence is considerably biased
toward one interpretatipnkover the otherponly one meaning is

perceived as suggested by the unitary perceptibn model. 1If

1 s

PR



the sentence is relatively unbiased toward either
interpretation, 1its meanings are exhaustively computed
making its processing more' difficult than unambigquous

sentences. Results of the second experiment support the
exhaustive computation mcdel for the low bias ambiguous

sentences,

The lexically ambiguous sentences used in the study
were defined as those in which one of the words has two
distinct meanings. The sentenceé in Experiment 1 wére thus
ambiguous from a linguistic point of view. The bias of these
sentences were varied so that, in the context of the given
sentences, the meanings were more or»‘less likely. 1In the
high bias condition probability of more likely meanings of
the sentences was higher than 80% and in the 1low bias’
condition it was less than 70%. The results show that in fhe
high bias condition perceptioﬂ of ambiguous sentences is no
more complex than unambiguous control Sentences; in both
cases ohly one meaning 1is processed. thé - makes the
perception of high bias ambiguous sentences less co;plef\
than low bias ambiguous sentences? The angier obviously does
not lie in the linguistic properties of the sentences. The
perceiver of an utterance; it seems, must make a jddgment of
the likelihood of occurrence of a ‘meaning based on his
knowledge of the world..Perception.of ambiguous sentences is.
a cognitivé phenomenbn. Although- the scope pf a formal
ambiguity may origin&te in ‘the lingu}stic nature’ or

Y

. L .
syntactic properties of a sentence, the perceiver of such a



sentence will have to decide, on the basis of his world
view, wvhich events, objects or rela%ions among them the

speaker must have referre: to. Consider the following

v

sentences:

(1) There .was an apple in the box and he ate it.

(2) There was an .apple in the box and he opened it. .

(3) There was an envelope in the box and he opened it.
According to the linguistic rules of pronominalization it in
all of the sentences above may refer to either of the two
nouns. Strictly speaking, therefore, all the sentences can
be considered linguisqégélly ambiguous. However, hardly any

<
one would find (1) and (2) ambiguous because we know that

ate it in (1) must refer to an apple and opened it in (2) to

refer to both an envelope and the box. An utterance may, at
times, . leave -‘more- than one alternative open but it becomes
functibnaliy ambiguous only when it does not 1leave the
hearer with a clear choice among these alternatives on the
basis of his knowledge of event proﬁgbilities. Support for
the cognitive view of sentence &pmprehension is growing
since Olson's (1970) cognitive fheory éf semantics in which
he pointed out +that “the semantic decision (such as the
choice of words or sentences) is based on cognition, the
knowledge df the intended referents, not on the rules
~internal to language (p. 259)." In other words, a speaker -
" uses an utterance to differentiate “eferent from a set of

possible or perceived alternatives. Lenneberg (1975), in a

posthumously published work, claimed that the linguistic



properties of utterances "interact inexéricably with general
problens of knowing (p. 23)." To take Lenneberqg's examples,
among the following phrases --

{4) the jailing of the thieves

(5) the bullying of the thieves

(6) the stealing of the thieves

(W) the stealing of the women

(8) the stealing of the infants
the most ambiguous are (@LJaﬁd (7), whereas (4! end (8) can-
hardly be considered ambiguous. The degree of ambigvity in
these phrases is based on pur knowledge of the world and not
on any. absolute linguistic criteria. 1In fact, - the
‘unambiquous' phrases in the examples above can become
“ambiguous inen a different context in which the judgment of
the probabilities are a_tered. Thus, perception of ambigquity-
depends on the perception of available alternatives as much
as it‘does‘von . the lingdistic nature of the utterance.
Lenneberg (1975) further went on to say that the use of
language involves a differentiation of the cognitive
information about the world. An utterance helps the listener
to perceive the differentiated meaning or reference intended
by’ the speaker. However, when in some cases due to the
nature'of‘the total'conéext_in which an utterance appears,
or - even due to a discrepanéy between the speaker's and the-
hearer's cognition of the available alfefnatives, the hearer
fails to make a clear choice among the meanings available'

from the utterance. In such wf perceives more than
one meaning and the utterance 1s functionally ambiguous.

However, the fact that some other utterances. like the high



bias ambiguous sentences in this study can be linguistically
analysed into two or more different propositions does not
create any ambiguity for the hearer or éhe reader as long as
in his <cognitive process the reference made by these
utterances i clearly differentiated. A listener's cognitive
views df the i1lternatives may have a blinding effect on his
perception of an utterange; he may perceive one meaning and
ignore another potential’ meaning. This phenomenon comes
close to Léshley'sv (1951) idea of ‘*priming' of an
association and .,to the Wurzburg school's concept of
'determining tendency', which sets the perceiver ta perceive
only one of the available alternatives. Sometimes such
perception may occur in spite of the linguistic structure if
the event probabilities are predominantly in favor of a
particular perceptual set. Clark and Clark (1977) call this
the 'reality principle; of sentence comprehension. We tend
to make a linquistic input match our existing cognition of
the world as. much as possible in deciding what the speaker
must have had in his mind. Fillenbaum's (1971, f97a a, b)
works bn ‘pragmatic normalisation! illustrates this

phenomenon. In his studies sentences like:

(9) John dressed and had a bath
(10) John finished and wrote the article on the week
" end.

sTwere paraphraéed inaccurately because in most cases people
tended to *‘normalicse' the utterance to fit their view df how

*~~ things work in the world in which people normally dress



after a bath and write something before finishing it.10
Thus, in some cases,’hearers or readers perceive a meaﬁinq
that is normally more likely, in some others, the nature of
the context, or rather the kno@ledge of such context, forces
more than one meaning as possible alternatives and the
hearers or readers perceive all the meanings. It is only in
the latter case where a sentence becomes truly ambiguous. In
summary, the following words from Olson (1970) clearly
states the cognitive view of sentence ambiguity:

(The) sentence specifies a perceptual
context which then has the effect of
eliminating one of the alternatives....,
thereby disambiguating the sentence. If
this 1is true, it follows that ambiguity
is a function of the perceived
alternatives to the intended referent,
not of .the rules of language.... an
ambiguous sentence 1is one that, within
the alternatives established by the
intent of the speaker, leaves more than
one alternative available, that is,
fails to specify the intended referent
{p. 260). .

Perception of Ambiquous sentences and the Type of Ambiguity

Results of the second experiment extended the results

o

“or the low bias ambiguous sentences in Experiment 1 to all
the three types of aﬁbigupus seﬁfences..The percentage of HR
acceleration data showed ége perception of low biés lexical,
surface structure, and deep structure types of ambiguous

sentences to be significantly more complex than their

10 Tt is interesting that when this was given to the typist
she first typed the sentence (10) as John wrote and finished
the article on the weekend. '




corresponding unambiguous control - 'sentences. Further,
processing of deep structure types of ambiquous sentences
wascshown to be more complex than - processing of surface
structure and lexical types. The 1lexical and surface
structure types however did not differ in this respect. The
linguistic distinction between ‘deep strﬂcture) surface
sgructure and lexical ambiguities was nfaken as a
conventional <classification of sgntence ambiguities and iﬁ
view of the conflicting findinés of previous studies, an
éttempt was made _to compare thé relative processing
complexity of these types of ambiguous sentences with their
bias %evel controlled at less than 70%. It must be pointed
out that a demonstrafion of a “diffegence between deep
‘structgﬁg' and surface structure types of}ambiguities should
not be construed as a proof of the so called 'psychological
reality*' of this 1distinction because such demonstr@tion
hardly shows anything about the actual processing strétegy
‘used by a language user. Further, the classificatory.system
itself is only a matter of definition, it does not follow

directly frcm any particular version of the theory of

transformational generative graammar. In fact, in Aspects of

the, thegrx of: syntax (1965) Chomsky suggested that all

/
ambiguities are mecessarily resolved at the deep structure

level. sSince the conventional classificaiton of sentence
ambiguity adapted in this study is not directly related to
nor motivated by the - logic of the deep- and surface-

structure distinction it is hard to explain ‘the obtained
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differengf in terms of any percebtual trategy that might be
involved;\ at least, there 1is nothling” in the results to
suggest any. The perceptual theory of ambiguity, suggested
by Bever et al. (1973) claims that different types of
ambiguous sentences differ ‘
....in the ‘extent to which the perceptual mapping
operations used to perceive one interpretation are
identical with those used to perceive the other
interpretation. 1In lexical ambiguities, the perceptual -
rules for the two meanings are virtually identical;  in
surface structure  ambigquities, they may differ
slightly; in underlying structure ambiquities they
differ consiferably (pa 282). S
However, the so ‘called perceptual‘mapping operations are
themselves described in terms of transformational rules
creating a circularity in the argqument. Bever et al. (1973)
also refer to *independence of the meanings' as a factor
atfécting any task performance related to the perception of
ambiguous sentences of different types, but they do not
provide any system to measure the ‘independence' of meanings
of ambiguous sentences. At best, omne can say,_thete is
evidence for different levels of complexity of perception of
the three types of ambiguous sentences but the specific
nature of perceptual process involved is not yet known. The
issue 1is further complicated by the fact that the
conventional tripartite classification of sentence ambiguity.

may not be suitable nor exhaustive for a theory of ambiguous

sentence perception.
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Interaction among the Meanings £ q Exhaustigg

The results of the RT tasks in both the experiments
show that whén both the meanings of ambiguous sentences are
computed, there is a tendency, following such perception,
toward a unitary proéess. Mean RTs to different.types of
probe words could be best explained by the assumption that,
once the two meanings are ccmputed, thére is an interaction
between them involving a mutual suppresgion. As a resulf of
such interaction one of the meanings is either suppressed
or, in some cases, integ:éted with the other meaning giving
rise‘ to a tentative acceptance and retention of the other.
Time taken to suppress one wmeaning may depend on the
difficulty of the cognitive decision and also may vary from
one type of sentence ambiguity to.another. The results of
Experiment 2 suggest that itiéakes longer to resolve a deep
structure ambiguity than the other types of ambigquity. It
must be pointed out, hbwever, that the ;E}erpretatin of the
results of the RT task is limited by the fact that we do not
know at what point of processing the comprehension of a
sentence ‘ends and its retention begins. This distinction is
important in view of the long interval between sentences and

probe words in the present)study.

Implications

The findings of the present study have both theoretical,

and methodological implications. The study shows that
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sentence ambiguity itself is as much a cbgnitive phenoménon
as a linguistic one. In view of the fact +that the
distinction between a functional and linquistic definition
of sentence ailbiguity has created interpretation problenms
for earlier studies (see, for example, Garcia, 1976), the
present findings are significant. From a methodological
point of view, the results of Experiment 1 also demonstrate
the necessity of considering and controlling for the bias of
the meanings in‘any .study‘ of ambiguity.‘.The results of
Experiment 2 show that processing of deep structure type of

t
ambiguous sentences may involve a differént perceptual

.mechanism or, at least, a differe >vel of complexity from
processing of lexical and surf - tructure types. The
nature of the. perceptual proces: 1: volved in this

difference, however, is not yet known.

Review of conventional procedures whic L ive been used
to study the complexity of sentence procgssing (see Olson &
Clark, 1976) reveals a number of problems. The use of
autonomic respbnses-as indices of procesSing difficulty may
prove to be a more useful technique than the conventional
measures of'proceésing complexity. As pointed out earlier,
such ' measures are, in most cases, contaminated by
interference of the task 'performapce and - task
characteristics with the processing of the sentence ifself
and also by other faétors likewfading of memory,‘ perceptual
€errors ahd SO omn (see Olson §& <cClark, 1976, for_ a

discussion). In the present method, the measure .-of

s
L7
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processing complexiéy of sentences is relatively independent
of any such task related factors although a task orientation

could not be compt?xetY‘ggiminated.

Conclusion

e e e

In conclusion, the results of the study, supporting a
dual process hypothesis‘ig regard to perception‘of high- and
low-bias ambiguous sentences and showing: a difference
between the three types of ambigquous sentences,‘ have
demoqstrated a neéd to consider bias and sentence type as
important parameters 1in developing a thecry of ambiguous
sentence perception. The study has also shown ”that the
phenomenon of sentence ambiguity is primarily a coéniti&e
one. However, the factors that affect the interplay betwveen

language users' views of the world or his cognitive

.processes and the perception of ambiguous sentences are not

fully known. ¥We d6 not know much, for example, about the
decision making process foliouing the perception of

>
ambiggity. quther, the mechanisms'invqlved in perception of
different' types ‘of Ambiguous sentences are yet to be

explored. In othér vords, issues in ambiguity are far fron '

settled.
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"PART 1

This is a study to investigate how English speaking adults
analyse and understand sentences. Given here is a list‘of sentences
which can occur in any conversation. We are inte}ested in your re;
action to these sentences when presented in isolation as this might
shed light on the way sentences are normally analysedr Please read
eaéh sentence carefully and write another sentence to paraphrase the
one given. Your paraphrase should intérpret the sentence clearly.
If.some sentences seem ambiguous.to you, give the intérpretation that
comes to you first. Work at a fairly high speed. It is your first
impression, the immediate 'feeling' about the sentences that we want,
On ﬁhe other hand, please do not be careless because we want your true

p

impression. Please make sure to paraphrase all the sentences.

(Write your paraphrases starting from the.next page)



10.

11.

12.

13.

14,

15.

“16.

17.

18.
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LIST OF SENTENCES
(Please write your paraphrases in the space below each sentence)

THE ANSWER SEEMED CLEAR IN THE CHEMISTRY CLASS.

—————————————————————————————————————————————————————————
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'1.

2.

7.
5

9.
10.
11.
12.
13.
14.
15.
16.

17.

18.

LIST OF SENTENCES
(Please write your paraphrascs in the space below cach

THE DELIVERY BOY REFUSED TO TAKE OUT THEF ORDER.

———————————————————————————————————————————————————————
——————————————————————————————————————————————————————
______________________________________________________
——————————————————————————————————————————————————————
——————————————————————————————————————————————————————
——————————————————————————————————————————————————————

~..THE GRADUATINC DOCTORSIWERE THE ONES TO STAND.

----------------------- o . - - —— = _— - 4>~ - —

THE COLD OFTEN BOTHERS THE DOCTOR'S PATIENT.

W s . - on = - e 4 v o o - v - . T~ . - - -~ - — - - " - — - s - =

- O8 e  — r D P n T . . e P M . B U - e - A . = = . - . fm . - - . S e A8 = -

. - - - n e . A G et S = = - - . "~ - = == G V= v - - .

. e e e e s e e o o 0 e e e o et S e e e o e o - Bn "o e e > =

- " - T - - o - T - . P e S S S T e e = = " = - " - " - - - -

- e s st 0 v > > o - - - _ . - So - - . " = - = =

THE CUSTOMER INSISTED THAT THE CHARGE WAS UNJUST.
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THE. OLD MAN WAS LYING WHEN THE DOCTOR CAME. .
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‘sentence)
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10.
11.

12.

14,
15.
16.
17.

18.
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LIST OIF SENTENCES
(Please write your paraphrases In the space below cach sentence)

THE SALESMAN WANTED LOTS OF THE SAME SIZE.

-------------------------------------------------------------
-------------------------------------------------------------
-------------------------------------------------------------
_____________________________________________________________
-------------------------------------------------------------
e e e e e e e e e e e e e e e e e e e e e e e e e e e R e e e m e —————
--------------------------------------------------------------
-------------------------------------------------------------
-------------------------------------------------------------

THE GIRL BROKE THE MIRROR IN THE BATHROOM.

------------------------------------------ 9% e - . o - e ot o an

THE SOLUTION SEEMED CLEAR IN.THE CHEMIS™  "T.ASS.

- - - - - o = = - PR = - . = = — B R e

THE PEOPLE WERE SURPRISED AT THE MAYOR's ..: JECTION.
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VISITING THE RELATIVES COULD BE BOTHERSOME FOR THE COUPLE.

JL__-_----___-; ........................... [

EICHMAN WAS TALKING WHEN THE LAWYER ENTEREE.
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10.

11.

12.

13.

14,

15.

16.

17.

18.

-

LIST OF SENTENCES
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(Pleaee write your paraphrascs in the space below cach sentence)

MARCI: BOUGHT THE NEW RYE-GLASSES LAST WEEK.
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PART II

Please refer to the list of sentences once more. For each

sentence, note in the form given;

1) whether the sentence seeméd ambiguous to you on your first

reading? -
i1) whether it seems ambiguous to you now, and if the answer to
elther 1 or i1 is 'yes':
1ii) write a paraphrase to ;how the meaning of the sentence other
than the one you have paraphrased earlier,
Further,
iv) hép;te each sentence on a 7-point scale of Ambiguity like the

one given below:

Non-ambiguous : 1 : 2 : 3 : 4 :5 :6: 7 : Ambiguous

If you think that the sentence is not ambiguoﬁs at all, you should rate
the sentence as 1; if you think itthighly ambiguous rate it as 7. If it
seems fairly ambiguous to you rate it as 4 and so on.~ Remember: The
more ambiguous a sentence is the higher is its rating in a 7—§oint scale.
Again, work fairly &uickly.

Thank you very much' for your cooperation.
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For each scntence pleasc answer the following:.

1 ii 114 iv
Sentence Did it scem Does it seem If the answer to either i or 111s Rating on 7-poiunt
Number - awbiguous ambigdaua\ggf 'yes', write a paraphrase to show scale of Ambiguity
to you on you now? the meaning of the sentcnce other
first read- than the one you have paraphrased
ing? earlier, :

(Circle one)

(Circle one)

1. yég/no yes/no
2. yes/no yes/no l;)
3. ies/no ) yes/no \\j .
Y.
4; yes/no yes/no - , S
‘5. yes/no yes/no
6. ~yes/no yes/no
7. yes/no 28/no
8. yes/no yes/no
9. yes/no yes/no
10. yes/no yes/no
11, yes/no yes/no .
12.. ygs/no yes/no
13, yes/no yes/no
14. yes/no yea/no b
15. yes/no ‘ yes/no
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e i A1 114 iv
Sentence DAd 4t scem Docs it scem I tho answer to edther 1 or {iis Rating on 7~point
Number ambiguous anbiguous to 'yes', write a paraphrase to show scale of Ambiguity
to you on you now? the meaning of the seutence other .
firsi recad- than the one you have paraphrased
ing? earlier.

(Circle one) (Circle one)

16. yes/no yes/no
17. yes/no © yes/no .
18. yes/no yes/no

3
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"APPENDIX: B

Stinulus Sentences and Probe Words used in™the study
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EXPERIMENT 1

qentencesl
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(List 1)

The worker was continually bothered
by the cold.*

The office was flooded due to the
heavy rain.

The chemical liquid seemed clear in
the chemlstry class.

The businessman became rich because
of his industry.*x* '

The realtor wanted plots of the samne
size.

Sylvia dropped a playing card on the
table,

Jim's friends have misplaced all the
records.

The driver took a correct turn at the
intersection.

The roar of the fans dlsturbed the
chess players.*=*

The lawyer insisted that the price
was unjust. -

Jack put on another jacket before
evening.

The chairman of the department has
tvo jobs. :

(List 2)

The driver took a .right turn at the
intersection.* ,

The answer seemed clear in the
.chemistry class.

The land was flooded due to the heavy
rain.

The realtor wantedVlots of the same
size.*

Jim's friends have mlsplaced all the
record albums.

The roar of the ventilators dlsturbed
the chess players.

The lawyer insisted that the
accusation was unjust.

The chairman of the department has
two appointments, **

[

" CONCENTRATION

WINTER (Y:d)
DANCING (N:un)
-COLOR (Y:un)

SKY ¢N:am)

.
.
\Vs

DAY (N:un)

GAME (Y:un)

TﬁEE (N:am)

HELP (N:un)

. (Y: b)
COSTLY (Y:un)
HARBOUR (N:un)

ADMINISTRATION
(Y:un)

TRAFFIC (Y:b)

HEALTH (N:un)
WATER\(Y:un)
DAY (N:am)
MUSIC (Y:un)
GREEN (N:un)
PYICTURE (N:wun)-

MOUNTAIN V:am)
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Jack put on another coat of paint

before evening. : BRUSH (Y:un)
Sylvia dropped a spade on, the :
table.,*x* N GAME (Y: 4)

The businessman became rich because - ‘

of his factory. SKY (N:un)

The worker was continually bothered

by the weather. ) WINTER (Y:un)
(List 3) .

The realtor wanted many items of the

same size. BUSINESS (Y:un})
The bank was flooded due to the heavy :
rain.** DANCING (N:am)
Sylvia dropped a spoon on the table. BOY (N:un)

The solution seemed clear in the

chemlstry class.*x* COLOR (Y:n-4q)
The driver took a left turn at the

intersection. . TRAFFIC (Y:un)
The chairman of the department has

twvo engagements, MOUNTAIN (N:un) -
Jack rput on another coat before

evening.x* HARBOUR (N:am)
The businessman became rich because »

of hard work. MONEY (Y:un)
The worker was continually bothered

by the disease. - TELEPHONE (N:un)
The lawyer insisted that the charge

¥as unjust.* COSTLY (Y: n -d) v
The roar of the spectators disturbed oo
the chess players. CONCENTRATION (Y:un)
Jim's friends has misplaced all the '

books. ~ . TREE (N:un)

Note 1: Sentences are listed in the order of
presentation.

* High ‘bias ambiguous sentences.
** Low bias ambiguous sentences.
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—_——

(List 1 :
General sent the troop more than a
month ago.

The cook knew how beef tasted good.
Visiting relatives could be
bothersome for the couple.*xx

On rememberance day the president
gave a lecture.

The pharmacist could not find any
correct answver.

Marcia bought the wine glasses last
week,

Only the young people laugh at the
church, *x*

John is the one to help us today.
Fred is the youngest person in the

party.x

The disease often bo*hers the doctors
patient.

Bill claimed that Don was easy to
please.

The salesman vanted lots of the same
size.*

The new ballet dancers are fﬁhny
people.

The old man does not like smoking.**x*
The graduating doctors were the ones
to get attention.

The police wanted to open the
investigation.

Tom asked me to go without
hesitation. **

The mayor requested the police to
forbid drinking.

(List 2

The pollce wanted to open the brief
case,

Fred is the youngest person in the
meeting.

The pharmacist could not find any
chemical mixture.

GAME (N:am)
MEETING (Y:un)
BOY (N:un)
DRINKING (Y:un)

RELIGION (Y:anm)
VOLUNTEER (Y:un)

SKY (N:am)
HARBOﬁR (N:un)
SATISFY (Y:un)
BUSINESS (Y:am)

DAY (N:un)
CIGARETTE (Y:an)

ICE {N:un)
STEALING (Y:un)
CLOUD (N:am)
BRUSH (N:un)
B
MOUNTAIN (N:un)

c

GATHERING (Y:un)

" LIQUID (Y:un)



The new ballet dancers are amu51ng
people, x*

Only the young people dishonor the
church.

The cold often bothers the doctor's
patient.*

The gereral sent over the troops a
month ago.

Bill claimed that Don was quick to
please, **x*

The visiting relatives could be
bothersome for the couple.

The old man does not allow smoking.
The graduating doctors vere the ones
to stand.

Marcia bough the new glasses last
week, *

The pre51dent gave a lecture about
rememberance day.

John is the one to need help today.
The cook knew how good beef tasted.x*x
The salesman wanted many 1tems of the
same size.

The mayor requested the pclice to
stop drinking, **x

Without hesitation Tom asked me to
ga.

(List 3

The salesman wanted plots of the same
size.

The pre51dent gave a lecture on
rememberance’ day.**

Fred is the youngest person in the
organization.

The graduating doctors were the ones
to watch.,**x*x

The weather often bothers the
doctor*s patient.

The mayor requested the police to
quit drinking.

The police wanted to open the case.x*
The 0ld man does not like to smoke.
The cook knew how fresh beef tasted.
Bill claimed that Don was. eager to
please. .
Maria bought the new eyeglas-~« last
wveek, .

Tom asked me to go without him.

The general sent the troops over =
month ago,**

The new ballet dancers are amusing
the people.

DAY (N:am)

RELIGION

(Y:un)

WINTER (Y:am)

BATTLE (Y:un)

TRAFFIC

GUEST (Y:

(N:am)

un)

PICTURE (N:un)

MEDICINE

(Y:un)

TREE (N:am)

WATER (N:
GREEN (N:

un)
un)

MEAT (Y:am)

DANCING

(N:un)

BEER (Y:am)

CLOUD (N:

BUSINESS

un)

(Y:un)

MEETING (Y:am)

SKY (N:un)

MEDICINE

(Y:am)

WINTER (Y:un)

BEER (Y:un)

MOUNTAIN

CIGARETTE (Y:un)
MUSIC (N:

TRAFFIC

(N:am)
un)

(N:un)

TREE (N:un)
REQUEST (Y:un)

COLOR (N

PLEASANT

zam)

(Y:un)
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Visiting the relatives could be

bothersome for the couple. GAME (N:un)

The pharmacist could not find any

solution.x* B LIQUID (Y:am)
Only the young people laugh in the N

church. TELEPHONE (N:un)

John is the one to help today. *xx* GREEN (N:am)

Note 1: Sentences are listed in the order of
presentation.

* Ambiguous sentences -- Lexical.
** Ambiguous sentences -- Surface structural.
¥** Ambiguous sentences -- Deep structural.

[Nk
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A copparative summary of the
models
of Ambiguous Sentence Perception
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!
Models of Ambiguous Sentence Perception

Unitary Perception

A comparative summary

Perceptual Closure

Perceptual

Model Model Suppression Model
1. Unitary 1. Exhaustive 1. Exhaustive
perception by computation; both computation; both
selective access to meanings are non- meanings are non-
one meaning of selectively selectively
ambiguous accessed. accessed.
sentences. '

2. Processing of
ambiguous sentences
'is not more complex
than unambiquous
ones.

3, When two
meanings are
perceived,
perception of one
is independent of
perception of the
other.

.

4., a) Prior
context, bias,
set etc. help
priming one meaning
that is perceived.
b) Subsequent
context justifying
the second (not
perceived) meaning
initiates
reprocessing of the
ambiguous
sentences,

and

2. Processing of
ambiguous sentences
is more complex
than unambiguous
ones.

3. Both meanings
are processed until
a perceptual
closure at the
clause boundary.
Beyond this point
only one meaning is
retained.

4. Context, bias,
and set factors
probably help
selection of one of
the two meanings
but do not affect
perceptual
complexity due to
access of two
meanings.

2. Processing of
ambiguous
sentences is more
complex than
unambiguous ones.,

3. Both meanings
interact in a
mutually
suppressive manner
until one is
activated and the
other meaning is
released from
inhibition. In
effect, there is a
perceptual
fluctuation from
one meaning to the
other.

4. As the
probability of one
of the two
meanings increases
due to the effects
of bias, context,
and set etc., the
processing
difficulty
decreases.



5. Tasks given
during the

. processing of
sentences do not
differentiate
ambiguous and
unambiguous
sentences.

¢

6. For different
types of ambiguous
sentences
processing is not
more complex than
similar unambiguous

- sentences.

5. a).

Pre-closure
tasks differentiate
ambiguous and
unambiguous
sentences; post-
closure task do not

‘do so. .

b) Tasks requiring
a response for
which any one
meaning is
acceptable show
facilitative effect
of ambiguity,
whereas tasks
requiring a choice
among the meanings
show performance
difficulty due to
sentence ambiguity.
6. a) In the case
of tasks for which
perception of any
one meaning is
suitable (e.g. }
sentence production
task),
due to ambiguity is
greatest for the
deep structure
type, followed by
surface structure
and lexical types.
b) In case of tasks
requiring a choice
among the two
meanings (e.g.
sentence completion
task) performance
difficulty due to
ambiguity is
greatest for deep
structure type,
followed by surface
structure and

"lexical types.

facilitation:

147

5. Tasks given
during the
processing of
sentences show
greater difficulty
due to ambiguity.

6. No specific
relationship
between perceptual
complexity and
type of ambiguous
sentences.,




