o

ST
S
. R
"
o
DL,

32060

e thbque ot o CANADIAN THESES THESES CANADIFNNES
A ON MICROFICHE SUR MICROFICHE
AN

,—\

J— N
&\JCO;“‘;YC: \,c(niyw Q%L‘)C

_A m\Q&\\&C&*«x‘ A"‘}h__kA_V\ \.cf&; m*a -

N i&wm&n&_ «S&y—lﬁu\

u\h W < (\\“L“\ -‘; A\KQQU*%

oot
iy
¥ LA
A [ RS SN NN ¥
. i i
Nl :
NI S EE Y

e :;T‘E}\[: 7( :“:A:"»,‘A L] \AA'O&\&GLJI g(l { CwQ,_Q

TN A L LR \C’E:{’:&’

e o ks Do Q-««L%Dt P\Liokec«w}c

T BRARY [t 2% (i s i f
yd ¥ 1 JE N ATION AL A0 )0l e
Y. /r Ty, /) )
1tion s » it AN il / i
~ ~ae D ol ot e e r ’ b
T
1 [ gt o'l gisod ’ Wi 7 ) oSy
. —— -~
¥ o328 L2245

EC&MWJY:M , AAA\\DCA:%K
C)—ﬂww&%




. ‘ Natronal Libiraery of Canada

Cataloguinmg Branch
Canadian Theses Doagron

Ottawa Canada
1A (N4

, NOTICE

The quahty of ths e rofiche s hoavily dependent upon
the quality of the orapnal thesis subentted for mocrofilm
ing Lvery effort has heen made 1o encyre the hgheat
quahty Hf reproducthion possihle

It pages are migsna  contact the goverat, which

granted the degreed g
‘;.)
Some pages may Cave mdistinet preet onpecraily
the onginal pages were typed with 2 D007 typewriter
shbon o it the university sent gs g oo obatacapy
P -

Proviousty copyrabied = oteadis caurnas ot

Dublisted testa ote are nat g

Reproo ctionie foiie o nant of tmas iimas aoverrnog

Oy the Canadan Copyiight Act B SC

Cotateoooan
D aace ey b s L S [ PN
Tedse reda e :,\‘wgv:;dn:uw ST Vi WIICH Al iDdny

this thesis

/

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

Fabl- ot que ot e S o arada

Dhres tion da cataingage
Divisror des theaoos canadienne.,

i

Lo qualite de cotte me rotiche depend grandemeot ety
qualite de b these sounmaae au mrcrofitmage Nouas vons
toc! ot pour assdrer one quahite supereure de repre

duction

Sl manque den pages vewlles communigquern aveo

Fumverste o a confore e gradge

Caoqgquaihite d mpression de certames paqes peot
Lraser g e crer ayrtogt s les pages orginales ont ete
dactyoa aphees al ade d anruban use ou st universite
nous atatparvenir Lne photocope de mauvarse aualits

Les documents qanrfont deja i oojet d ur groet 4 an

toLrarticipade revs examens puhies ofc ) ne sontpas

macr e \

Mmome pactelie de co microfim et

’ Larepracu.
Soumien ala Uor caradienne syt le droit ¢ auteur SKRC

1975 o O s Veunes prendre connaissance des for-

Tutes Tagtonsation quoacen™mpagnent cette these

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L AVONS RECUE

3



THE UNIVERSITY OF ALBERTA

AMBIGUTTY ANI UNCERTAINTY: An Experimental Study

by

<;£l// GEOFFREY TOBIN =OWE

A THESIS
SUTMITTED 7O THE FACULTY CF GRADUATY STUDIES AND- RESEARCH
IN PARTIAL TULFPILMENT OF THE E+ UIREMENTS FOR THE DEGREE

OF MASTEP OF ‘TENCE
PSYCHULINGUISTICS

DEPARTMENT OF LINGUICTICS

ZDMONTON, ALEERTA

SPRING, 1977



FACULTY OF

The
»

recommend to the

for
UNCERTAINTY :

acceptance,

+

submitted by

in

THE

Faculty of Graduate

a thesis

GCeoffrey

Aaster of Scicnce.

March 14,

1977

UNTVERSTTY

GFADUATE

undersigned certify that they have

AN EXPERIMENTAL

@ 2 % & 4 6 0 e @ s 0 4 0 P e 4 e s s s e e s et e e e 0 e s s e s e

Tobin

partial fulfilment of the requirements for

entitled ...

OF ALBERTA

STUDTI®S AND RESEAPCH

read,

Studies and Rese.

AMRICITITY AND

4 0 & o s 4 s e 0 06 P 00 e s s e

STUDY

e e ® 4 s a0 e e 0 s e e 2

Rows

L i
I

/S (‘L‘“‘Qj‘ \ )
i Supervibor

e

- < - -7

9

N .
2 .
’ n e L g -

« et ss e s e s e eeae

AT Ll

® @ 6 e e e s 5 a e s 00 0o

.. M{az.u s W‘;m

Examiner

A A

[N

~xtcrnal
L

DAL G e e esoesoscssoseasssnssesanasesn

the degree

and

of



ABSTPACT

The relative difficulty (as represented by variations
in response times) that speakers have in identifying the
alternative interpretations of ambiguous sentences has been
represented as an instance of grammatically rule governed
sentence comprehension processes. Prowinent amuing such
research 1: the MacKay - Bever (1967) study. MacKay and
5ever'svpaper purports to establish:

1. a direct relation tetween grammatical sentence
properties, as characteri-ed by transformdtional grammar,
and comprehension response times,
and

ii. the empirical status ;f a axonomy of ambiguity,
for which the theortical distinction between types depends
on a process interpretation of transformational grammar.

In respect to the latter aim, it was noted that it assumed
that the hypothetical distinction between the grammatical
constructs, 'Surface Structure' and 'Deep Structure',. have
special psychological as well as formal statué. Thus, it was
concluded that MacKay and Bever's arqument was circular and
their interpretation of their results was in jeopardy.

This thesis was intended to replicate and extend the
MacKay - Bever study. Their procedures were modified to take
into account seve-al perceived weaknesses, among ..ich were:
(i) the absence of nonambiguous control sentences in the

stimulus set, (i1) the absence of control 1.r the semantic

¢



and syntaétic heterogeneity of the stinmulus ttems, anl (iii)
the inadequacy ot their statistical analysis.

The experimental procedure involved presentation of the
stimuii to subjects under a computer B:naged regime. The
presentation prog?am included automatic randomization of
stimuli and automatic recording of the response data. The
stimuli were adapted from MacKay and Beveir's stimulus list.
However, each ambiguous stimulus was modified to contain a
set number of words and to have tuwo distinct clauses. Por
each ambiguous stimulus, a corresponding nonambiguous
-Sentence was constructed having an analogous syntactic
Structure. Six stimulus lis*c were compiled. In each list
there wvere equal nuubersvof instances of the stimulus types:
Lexically Ambiguous, Surface Structure Ambigquity, Ui erlying
Ambiguity, and Nomambiguous. Three of +he lists contained
stimuli with their clauses in one order, while the other
three lists contained the same stimuli bvt with their
clauses in the reverse order.

The results of the experiment reported in this thesis
have not born out the MacKay - Bever interpretations of the
sentence comprehension process. The follwing discrebancies
were identified:

i. The major source of variation was ihtersubjective,

i1i. noc single profile cf Tesponse times across sfimulus
types was charateristic of the subject«' responses, and thus
Do unique response strategy could be iaferred.

iii. no empirical basis was found for distinquishing,



oo

1n terms of response times, beétwveen the types of structural
ambiquity i1dentified byvnachy and Rever with *'Surface!' and
(Donp' structure,

1v. evidence was found of a relation between speed and
accuracy of response that is characteristic of statistical
decision-making proceses rather than o! detersinistic rule-
gov-rned processes.

An examinatinn of the experimental paradigm and of the
theoretical basis for this type ot research led to the
implication that the behaviour was related to the subject
matter. of Choice Redaction Time Theory. The importance of so
associating the research with establi-hed psychologicul
theory lay in the recognition that the behaviour need not be
construed as an exclusively laanguage-related phenceenon,
independent of more general human information pProcessing
abilities,

It was concluded tnat as with se¢ many other information
précessing tasks, the problem cof interpreting a sentence's
meaning involves decision under uncertainty. This effect
appears to be sufficientiy general to suggest that from the
point of view of a hearer every sentence must be regaré;d as

potentially ambiguous.

vi ’



Acknowledgement =

This work would have been jimpossible Without the
contributions and long-suffering patience of my supervisor,
Dr. Gary n. Prideaux, and +*he other members of my thesig
committee. | would barticularly like to thank Dr. John T.
Hogan for nils invaluable assistance 1in da+q analysis, and to
thank Dr. Anton Rozsypal vho provided p ‘th the stimuius
presenfation Program. P:. 10ois Marckworth deserves special
credit for helping *o Jul i¢ me thr&hgh the stylistic
quaqgmire of the preliminary drafts. I wvould also like to
thank the remaini%g member of By committee, Dr. wWilliam T.
Fagan, whc provided insightful criticism.

¥Y study towards the masters degree was Suprorted by
the University of Alberta and the Depi~-tment of Linguistics

through graduate assistantshigs and intersession bursaries.

vii



TRATTE o aNTENT

DA

Thante:r Ope - Yontiroluctiorn

\
4

A B I T T R

Ao Cverview of rhe Teaane L0 ... e e e.... U

(
bl
-
z
4
s
B
=
-
—
>
Z
)
-
bl
bl
-
o
.
.
.
L]
-

Sramnma* 1oal Anal
Me an g and "Norpal' Droceceing Lo e e e T

Tran: formatioral Srammar: oand oo Claasi ficatiog

OF ATDPIGUITY ittt e i ee et s e e e aee ceeeeneeeeeea. 11

e
.
.
.
0
.
.

Jurr sty oati1on of Transformational GCrammar i

-+

Clarcifica*1or arnd Judaement of Ambi g

c+rac 10 0of Txnerimentyl

T
B}
e
1
-

Probleme for +*he Inte

- 4 T e e e e e s s e e ae s e
L MacTAv-Rever FYXDETITE MY L e i e i iee e aeae .. 1R
Purrores ardl Procedure L. il i e i iee e e .18

13 T T S AR

£ Critaaae of the Yac¥av-Tever Exreviment ......22

b
-
ol
e
.

.
.
.
.
.
.
.
.

.
.
.
.

.

.

.

.

.

.

.

.

N

[y

trilvels and De:

Yethodolody .o il .. A o

DS SR R b alt SR T W T 2
T Cheirac+er of *he Hepen on+ Variable ........2R8

The felation Letween Stimulus Ca*egorization arnAd

D e o P B

N
oY
—
2
3
,

.

.

.

.

.

.

.

.

.

.

.

.

.
.
-

Tic Cheice Peactiffn Time var
Cr T PrNCPECING YO LT ie i it e i et snseameeeenneaws U

tTIlcuity anéd fhe CPT FTaradicl veevsieneeenana.37

Wl

.40

Vo]
ford
t
-+

<
.
.
.
.
.

“sycholinavistic Pesearch on Amni

viii



1.

T. Chap*eor

"Y‘Ulf“j Wy -

Py periment 1oL
cul tects oLl eea.
| 3 AR S 75 IDANE Thall § K
Matoriale .....
Procedure o.....
NOCTOIN 4o eoe amas
Pxperiment 2oL ..
Suﬁﬁvrt{ e e
Materials .. ....
Proceiure o . e...
Three
Preliminaries ..
A

Fecponee Time

Muitivarila*re Ana

-

0

h

NT

1\1

..
..
..
..
..
oo
..

Niscriminant Func*lon

pPnalysir cf Tova

The CrvaTiliaTes .
ﬁu]firlﬂ Tegrerss
Chaoter Tour -
Sen*tence Process

Amriquity Tvpe 2

Nrler of Drocec:s

Procescing

r

[

late

o}

job
e

oY)

ot}

n

i

b

Dynamilcrs

riscu:

b
t

=
[h

<%

b=
>

1

N

IS

Pl

‘-

<

L

CONTEN

Q
R
J
]
o)
a
0
n
,
i
)
0

O
1
U
L
ol
jog
oy

Literature .....

incuie*ic Theory

ya

-0

n
O

6HE

a1

X
joy

57

iy

Vel
(A



—

TABL® OF CONTUNT. oM puurn

<

V. Chap*ter Five - “uammary and Concivoran ... .....101
PR R B 2 RS B ¢ Y
pepTix A - Fxserdimental IRt T Ot 10N L d e e i e e e VL

Appe - ity 0 = Ctamnluc Ceb o e e

ADDOT T1 X U = 0f a1l om0l s e e e e e e e e




1

(

Sroup

f

o~

LS DR

PToup 1
‘toup ?
iy i
T

tfructare
DI *riminator:
Pacrponce
Forponae
Responoe
SR DONae

L1

LieT or

[iw::p,

Pro o
Tirotile
Protile
Profite

Freagenoy

Fronnee

Prof
N1 tr

N



-
=

infor

cantr

slternatyve

oo,

crALpTRE

e

TNTEONHCT TON

elyminaziern
The purpose o thpa Yhoeras gt
et ime it (NacKay o ang neve o, 1l )

VLo in¢he poveholinaguisric

rce comprehonsion. Thye

vitiorns of time

recponrce

meanin o of

ambilaguou«c

XN Imen

lead:ng

n*lon *ha*t lincuic*trcally lefined
neoo l‘ﬁll‘fibll"“'l ,11:"‘,(7’1" A NE S S PEY

timeo,

of

1 hasive the

TART A 1A

cagle: were 13ontifiet as heinag
nicien nf +hres uynicuelv criered

-~

~tate cerresroniing to o1 level

*hl1e oxperiment was 3

centence

—~

of

forma*ion2]l derivation of *he ~en
Acsrociyzted with categcries of art
ively, coull cnly le resclved .-

sise. Thus, *he stagegs nf rroceszi
¥y cal, su-face s ructure, arnd dee
MA*icn processins,

By wav of in*zofuc*tion, Tive raa
oversy will bhe discuc e These s

reeriyoate

\

recearch o«

ard o oxse
played o

el Wit h

t oinvolve?

¢ 0

Sentencooa,

‘prn‘n\lr* i.’

VT

S Onc

17u

0
= [
I

1

rrehensio;

[N

-

coappnrehepsion

1*10n

A

Tt

ont

17n

Mpior ¢

At +he
SoAronL g the
18 ra2veylaina

e o,

nroc

nroces~ing,
in 2

€ e aTer
w(‘h’
L0t
Pe tientzfya?

Tt aTe

Ty e

ense

& <

]

-

rTorersiec



\ C Yyove DN U A SR WU AP Yoot HERRS
t L -
) by L ¢ + '
1 £ e R O O A P BV

A R TR B P R AIA R RESTR RS I

LY ST X pmeen

-
c

YT com e b v ar s dnvolue b

‘ i o g Pont e re gt s P
YT 1T et T

o Th I A AN TR B T IPRU IS IS SRR B
\”‘7 :

DAL U rcally o dnt et o iy ot~

—
<
2]
.
.

clovant antae:
Arvons the conclucrar e e, N
YO rt lat 1on anon e e fornal oo

pternces alone ooy

Vioenr.s Tnorerme o v enng e s e :
v
PEreat o tach ) 4t Gros
?,‘ ¢ o€ O L'.l'—, Cvi“ﬂ,' 0 5. v
Ve, oot ect 1o ot pecoeaarity oL

uzively artrtaned g, +h-

TeTEYIos o Sontences
. . ) - .
Poowlll ot sl ewn that o the tpaeeatig

3 - 3 A . PR i .
Ini=ed v Mac¥ay and bever (hertoatte-

VST P v E 3 3
) Lrats giiate f o tledir o rarrose:s in

b v 5N 132 5 : 33
DOWGL TLE T neorv 15 sudagetd gae af G

CAatEGoTrIes of



predict that difterential response mtst he exhibited in
Tesponse times (other than Ly attribution to undetfined
totron: of ditiaculty) . Secondly, even the formal vilidity
o! the dictinction between MEB*S 'aupta. o G4 ‘underlying!
categories ot ambigulty 1$ in doubt.

(

Aoclone examination of the manner 1n which MER
intvrpret their reculd reveals g numaber of implicit and
unsuprorted ascamptions. Mos prominent amonqg these are the
assumptions that speakers' bhehaviour is o deterministic
tunction ot grammatical properties, that all speakers!
(vi*hin a lanquage ccmmunity) share the came vrogram, and
that 1 a conusequence 1t may be taken for granted that no
systematic differences will exist among speakers.

There are several levels at which the MEB experiment
may be cviticized. In the most general terms, these are the
degree *o5 which their ascumpticns are consis*en* with the

formal principles cf transfcrmational theory, the degree to

which their procedures and ar ~ *ical technigques are
adequate to the experimenta. .: . ‘m posed, and ultimately
whether the essenticlly sta- © r than dynamic view of

human choice behaviour is acc - The introdu;tlon of
the Choice Reaction Time paradigm is in*ended tc provide an
interpretive framework that is essentially dynamic. In *hese
terms, the experimental :rcblem may be re-exgressed as
involving two queétions; first, whether the ratterns of

response correlate with levels of analysis or with types of'>\
. —~ . . . . . - - ’/' \
inrormaticn (1.«. is there a significant difference betw {

A

{
~



surtace and underlying ambiquities), and cecondly, whether a

“ingle 1(3}>nj:,«\nt‘xtive pattern of responce could characterize
. { .
the ' havioar of all subjects.
"
!
) i
Au Uverview pi the Issues
The &;g\n IDitficulty of Processing!
The Mup eky@rimont conslists simply of the observation

of response latg\cies, given presentation of an ambiguous

\
n

senten e taken erQ one of a number of formal categories of
ambiquité\\There is, however, no necessary relationship
between the formal categories and potential for temporal
discrimination among the categories. For interpretation, the
MacKay-Bever experiment requires an ancillary theory of
processing to reiate the stimulus variable to > dependent
variable. An adequate processing theory must be more
compiicated than a simple identification of levels of
processing, since the formal categorization of the X
ambiguitiles is not based on mutually exclusive properties of

ser.tences. If temporal discrimination were revealed

een lexical and structural ambiguities, such that
lexZcal ambiquities were characteristically discovered
first, this could not be explained by claiming that lexical
information is processed first. If there exist distinct
levels of processing, then no sentence can be comprehended
until processing has been completed at eéch level.

The explanation of the relationship between

experimentally observable teapcral discrimination and
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categories of ambiquity has typically been couched in terms
of the difficulty ot processing that the presence of an
ambigulity causes. The nature of this nc m of difficulty is
ambiguous, however, if one takes into account the MEB
res=arch and subsequent research based on it (Bever,
Garrett, and Hurtig, 1973; Bever, Garrett, and Hurtiqg,
1976) . Two interpretations of difficulty appear to be

1) difficulty due to processing mode,

2) difficulty due to stimulus properties.
The first interpretation seems to be associated with the
1dea of 'computational options', and in its strongest form
could be said to assume that all associations between
sentences and their meanings require equal time to process,
variations in time result trom the sheer number of possible
associctions that have to be examined before the meaning s of
an ambiguous sentence can be identified. The second
interpretation deals with putative differences in the kind
Of perceptual 'rules' necessary to relate a sehtence to its
meanings as a functicn of the category of ambiquity to whict
it belongs. This interpretation assumes that the properties
of some types of ambiguity inherently result in greater
difficulty than for cther types. |

There would seem to be a confusion about the object of
study. In one case, the effect seemc to be attributed to
speaké} behéviour and in the othe: case, to the properties
of the stimulus. Sim~ rly, Lty neglecting to exanmine

critically the manner in which ambiguities are categorized,



an overly simplified impression of the relationship with

speaker behaviour is given.

The character of formal analysis involves the '
identification of those fproperties that are necessary to
dfﬁw distinctions between categories of sentences. Thus,
with an ambiguous sentence u categorical distinction may be
drawn between the grammatical structures found in the
various interpretations. This could be said to be equivalent
to a specificatioh 0f the kind of information required to
resolve the ambrguiﬁy. The sentence *'The boys ran out of
boxes' may be resolved by noting the structural alternatives
Verb-Preposition and Vetb;Particle. This, however, overlooks
the fact that the existeﬁce of the Verb-Particle description
depends upon a fortuitous idiomatic interpretation of this
specific lexicql pair.

In an expefimental situation, the very fact that
subjects are naivé may introduce é response.orientation
which conflicts with the fcrmal basis on which the stimuli
are distinguished. As noted above, semantically unique
effects may be.confounded with conventional and apparently
regular grammatical structures. Such an effect might reflect
a conflict between the differing terms in which grammarians '
and speakers evaluate sentences. For grammarians' purposes,
the important features that sentences have are those that

. =

are maximally gemneral in their relation to other sentences;

one might characterize the speaker's point of view as having



a closer relation to informaticn theory, in which the most
meaningful features of a sentence would be those that are
least expected. This distinctiocon could pose ser u= pLoblems
for an experiment doxlihg with ambiquity and thus, having a
unique involvement of meaning. The strategy alternatives
could résult in a confused response or in responses that
might appear to be caused by something other than their true
cause, the fact that a stimulus set must in any case be
largely a grammatical and a semantically mixed bag will aid
interpretation.

Meaning and 'Normal' Processing

i

It appeared in M&B to be an assumption necessarily
associated with the notion of processing difficulty, that
the general form cf processing was invariant. Since the goal
of processing is to extract meaningful information from
sentences, one may ask whether or not oﬁr knovledge of
meaning is compatible with the idea of an invariant form of
processing. In very general terms, three types of theory of
meaning can be identified (Harnan, 1968) ,

a) Meaning as connected with evidence and inference,

b) Meaning as associated with ideas and messages,

Cc) Meaning as it involves social behaviour, speecQ
acts, and communicative conteit.

Type (a), particularly when givén a rigourous basis in logic
or truth evaluation,:is ill-equipped even to admit to
’ambiguity, as it appears to lead to paradox (Parsons, 19%3).

Type (b) 1is the level at which grammarians most commonly

.
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deal and is typically concerned with the issue of synonymy.
The treatment of ambiguity at levels (b) and {(c) seems to
<‘hflict; at least to the extent that sentences labelled
ambiguous by the criteriq of (k) may be disaﬁbiguated by
context, while undecidability of meaning or nonuniqueness of
meaning at level (c) stems'from more than just conventional
ambigquities (as in Quine®'s (1960, 1964) notion of
'vagueness!' ).

In the absence cf any comprehensive theory of’meaning,
it would seem fair to identify (a), (b), and (c) aé
indegendent‘aspecté of thé complex phenomenon of meaning.
Likewise, there does not seem to be any principled basis on
which to object to the idea that a speaker normally
evaludfes meaning with respect to all three levels. Mehler
and Carey (1968) reported that the trﬁth conditions of a
sent;nce with respeét to a picture display (a conjunction of-
levels (a) and (c)) bave a sfstematic effect on-respdnse
time, Carey, Mehler, and Bever (1968) report that there.is
an interaction effect between the ténth conditions of the
alternative interpretations of ambiquous sentences and
response time (f%réy, Mebler, and Bever, 1968). Similarly,
evidence has been reported of positive correlation between
the ability to correctly disambiguate sentences and a
nonlinguistic dimension og tfield-dependent/independent
(analytic/nonanalytic) cognitive style, gssodiated with
personality differences, (Lefever and Ehri, 1976) .

Two pdints seem to emerge; first that the notion of the



) |

'normalcy*' of processing must be a relative notion, subject
to context and goal of processing (which level of wmeaning is
critical to thﬁ evaluation of the sentence's information);
second, that to isolate the effects of grammatical

dif ferences, influences due to other 1evgls of meaning n st
be controlled.

At this stage, the conclusions that may be drawn are
limited to certain caveats concerning the expected source”of y
influence that might te regarded as a determinant of speaker
{(or subject) béhéViour and thus, concerning the limitations
on the scope of inference entailedAﬁy the expefimental
observation of latencies associated with meaning-related
fecisions. The potential for ccnfounding of influences
assncia~-ed with the levels at which meaning can_ be evaluafed
seems "0 be . herent even to the extent of admitting a
componen’ ° susjective judgement in attributing ambiquity
to any jiven .=n .emce. The assumption that 'all things being

equal' one -inc t ambiguity might be expected to be more

difficult tham an "%~ " :quires a non-relative concept of
normal processinc Ce "herwise the equivalence of'
circumstances woulé - . an--:qle 5. The question of
processing is an empiric - "he alternative to a
strictly deterministic ~oc : . n° np which the
categories of ambiguity‘coz Opz:rvable pat terns
of response, is a flexible -¢ “=fsing " allows
for a variety of strategy c; ~or ~ter ¢

‘25 e -cise an

n

either the formal distinc.
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indirect control over the range of optins (rather than
direct 1nflu9n(e over the pattern of response) or they are
irrelevant to the determination of response:

Thus, the‘most tfundamental criticism that might be
levelled against the MacKay-Bever experiment is that by
taking the apparent rigour of formal linguistic theory E;o
seriously, they have been led to introduce the unjustified
assumption that the stimulus items represent homogeneous
classes, as indicatea by behavioural response to them.‘Even
less justified, they assume that the subjects' responses are
uniquely regimented in some Banner, corresponding to the
principles of formal linguistic theory. 1In analytic terms,
their experimental goal, is to test the hypothesis that a
difference in 'difficulty' exi§ts between categories agdinst
the hypothesis that no difference exists; however, if
processing is relative, then so‘is difficulty and a third
hypothesis of conditional difficulty potentially exists. As
a conséquence, the rejection of the null hypothesis does not
lead to acceptance of. a unique alternative hypothesis.

The problems outlined above are general to any research
involving behavioural response to the meaning of sentences.
The specific issues relating to ambiguity must be considered

o

in the ¢49ht of a detailed examination of the way ambiguity

is handled in formal grammars.
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Justification of Transformational Grammar

Transtormational grammar (TG) has appeared to equip
linguists to U® able to characterize ambiéuify as a coherent
‘phenomenon, and ambigquity has likewice been used to motivate
fundamentally the form of the grammatical theory. At least
as presented in Chomsky (1965), TG has as one of its basic
tenets the assumption that semantics is interpretive: N
meaning 1s independent of the representation to the same
extent tHAt a message 1is independent of the form of a code.
There is assumed to be an interpretive funchion mapping
Beanings onto their representations, but the interpretive
function must ‘lie at least pagtially outside the province of
a lanquage specific grammar, containing as it must
contextual, experiential and extraiinguistic pred}cates.

Iﬂ a manner bearing a close resemblance to the bi-
uniqueness conditicn of structuralist nhonemics, TG treats
the interpretive function as requiring a direct
correspondence beﬁwgen meanings and their representations
and thus assumes that one of the adequacy criteria of a .
grammar showld be to allow this correspondence to be as
diréét as possible.

Given the existence of classes of sentences that are,
judged to be mutual paraphrases, the relation between

reanings and their representations would appear to be one-



12

to-many. Given aambiguity the relation between meanings and
their representatiéns must alsc appear to be many-to-one.
Thus, the first approximation to a meaning-representation
mapping function ;ould have to be nany—to-many; despite the
recognition of regular structural conditions that might be
used to specify whether, in a given instance, a one-tc-many
or a many-to-one mapping is required. From this rough
characterization, 'the §tep frowm a taxonomic grammar to one
involving represeptation of the systematic relations among
sentences by an abstract and autonomous canonical structure
appears to be motivated by t+he existence of paraphrase
classes and ambiguities. Deep structure allows an |
intermediate stage ontd.ﬁhich heterogeneous representations
may be mapped and which nay‘be mapped one-to-one onto
peaninges. '

Independently of the relation between rep§ésentations
and their meanings, Chomsky (1965, 1966) has supported the
notion of an autonomous deep structure by arguing fhat only
at such a level could the logical relations among sentence
elements be directly represented (i.e., relations of the
.type: '*subject of' and 'object of'). It was on this basis
that M&6B (1967) proposed a new category of_ambiguity. Their
claim was that two distinct types ofastructural ambiguity
could be identified, one that coulr resolved by assigning
the appropriate surface structure, aLu another reqi iring
specification of the deep structure.

The underlying structural. level of sentences
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tepresents the essential "logical"™ relations
between words and phrases ... Ambiguities at the
underlying structure level involve neither a
change in meaning of individual words, as in
lexical ambiguity, nor a change in the apparent
grouping of words, as in surface structure
ambiguities, but only a change in the logical
relations between words. (MacKay and Bever, 1967,

p. 193, original emphasis)

This néu cateqgory marks a significant departure of TG
theory from the structuralist taxonomy of lexical,
structural and phonological amktiguity. If the notion of
logical relations is interpreted strictly, it may represent
a different level of meaning from that commonly exploited in
grammatical analysis. In the lattef sense, a confounding may
have been introduced, since while by definition each
structural ambiguity will te associated with more than one
deep structure, it is not clear that they will not also be
éssociated with more than one distinct surfacCe structure.
Prideaux (1972) has argueq convincingly that in the major
class of examples identified as underlying ambiguities by
M&EB there would be distinct 5urféce structure labelled
bracketings. Thus, the fecrmal validity of the category is 1in
jeopardy. Garcia (1976), in-a critique of M&B's research,
has further noted that the inclusion of this nevw category
results in non-umique classification of ambiguijties (i.e., 2
structural ambiguity may meet the criteria of both surface
and underlying ambiguity) and that the npotion of an
underlying éategory is misleading, in that it does not
exploit the full range of properties represented by deep

structure ("Why not ... relabel 'deep structure amblguities!
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as ‘'ambigquities involving subject sobject~verb relationst 2n
(Garcia, 1976, p. 202)).

viven the character ot formal analysis, the issue
concerning the underlyingzbatogory of ambiquity ;rimarily
concerns the degree of generality involved. Any formal
category may be represented in terms of less general
subsets. However, the empirical finding that subijects
respond differentially tc the surface and underlying
categories cannot be adequately answvered in fcrmal tgrms.
Suffice it to say, at this point, that if the experiﬁéntal
findings are the prime justification for distinguishing
between the catejories and are also one of the only sources
of evidence for a behavioural iﬁpact of the anderlying
level; then the argument‘is circular and it has not been

established that the underlying level is the source of the

experimental effect cbserved.

‘§;g§§ification and Judgement of Ambiquity

]
sApart from the question of the pature of the categories

of ambiquity associatédézith a grammatical theory, there is
a question about the appropriateness of regarding all
instances of one type of ambiguity as being homogeneous.
This probler is essentially that of thé type~t;ken
relationship and was firét raised with respect to embiquity

by Ziff (1965, 1967). ziff's pcsition is illustrated by the

comparison of the follcving sentences,



(1) 1T saw the shooting of the hunteys. \

(R)‘ I saw the shooting of the vlephants,
Tt i Zitt's claim *hat in absclute teras (1Y can Le
regarded ag hoing.a}biguuus, but that (2) cannot be, iven
the discrepancy in potential fer real-world reference
between the two. He does no* dispute that bhoth share some
potential tor ambilguity, hut redjects the dssumption that
amblguity arises uniformly froam the tork. . His claim, asg
baraphrased by Patel (1474), i« that:

*-- L4@BRMATS can only specify the types of

morphological and syntactie structures whose

tokens can be ambiquous in certain contextr-. The

crucial variable which determines whether a token

of a given type of graaratical structure can ne

assigned more than one interpretation is its

semantic state cf affairs. {(p. 32)
Gleason (1965) raises g4 similar pragmatic abjection to
prem2ture identification of ambiguity in tokens. He draws on
the idea of semantic ‘redusdancy ' amony the lexical items of
a sentence. Thus, if *chairt! may refer to furniture or a
professorial position, arnd '*afkle? way refer to furns-ure or
data; then, in the folleowing sentences,

(1) He gave the university a table,

(2) He gave the yp: =7sity a chair. .

(3) He gave the universit§ a table and a chajir.
(1) and (2) could be termed amtiguousf but (2) could not.

In these terms, an issue is raised about whether
ambiguity, per se, is a Property of tokens or a property of

Cclasses of sentences. TG by its nature must treat ambiguity

as a Class phencmenon -- it jis incapable of doing otherwise.



it 15 also clear that frem a behavioaral (judgemental) point
ol view thilg approdca may not be appropriate. As oa class,
ambilguities ident 1fied by TG or other grammatical ¢ri terla,
can be analyzed and classified in terms of their similarity,
without the need to take.account of their ditferences. This
cannot he taken to quarantes a homogeneous behavicural
response. Even the nction of sharing potential tor aml. Gulty
may require spe fication of a notion of 'grammatical
similarity®' in order that it be taken seriously. To arque
that ambiqguity 1s not primarily a token eftect, it is
hece.ssary (d4) that the presence or absonce ot ambiqgulty 1in a
Aoken ot a particular type with potential :or ambiqulty must
be associited with interaction be*ween other general
grammatical effectis (e.g., 1in Ziff's example, ambiquity
does not arise it *he final NP‘iS nonhuman), (b) that if the
conditions relevant tc two sentences of the = - : o
similar, then the alternative interpretation: o 50
similar, and (c) that the number of dir ferent Ki.
interaction that might play a role in ambigquity will ner+ be
unlimited. The problems may be illus*-ated by examining the
sentences below, eac:1 of which lbears a superficial
resemblance to Ziff's examples.

(1) I saw the dying of tEe day.

(2) T heazd the answeiring of the question.

(3) . saw The Taming .f the Shrew.

(4) 1 saw the painting of the Madonna.

It can Le seen that the criteria listed above may be



violated, these sentences share the came syntactic form as
Zitt's examples, but differ in typé and number of
Interpretations but it the notion. of sharing potential tor
amblquity 15 to be meaningful, thén these sentences must

soare the pame potential for the same amblguity.

Y

The following general problems can be identified in the
MEB experiment.

(1) ~ "ven the lack of - xplicitness about the precise
refation between the stimulus properties and the dependent
1easure, the level d£ which stimulus properties miqght bé

afluential in the process under observation must be
regarded as an undecided empirical issue.

(2) The gquestion of tho potential for, and influences
on, unifirrnity of sukjects! responses is an empirical issue.

{3) The classification ofkambiguity, both in clarifying

type-token relationship and distinguishing bhetween

:»s of structural ambiguity, 1s an issue that has not

res& ‘1 1n the linghistic literature. .

It seew. c-lear that to expect to arrive at definitive
conclusions about the behavioural impact of stimulus
properties, the character of sentence processing, or the
appropriateness of drawing cer::in distinctions between
types of language materi:' {wiTh the implications that this
might have for the interpretation of grammatical theory) is
likeiy to be over optimistic, if following from the results

I



Of a4 single experiment.

Purposes and Procedure
The stated purpcse of MacKay and Bever's study was,

--. to study some of the factors influencing ease
of perception of the interpretations of various
kinds of ambiguous sentences ... (p- 193)

-~
’
&

and the studv was motivated by:
--. the hope that by determining how subijects go
about discovering the twc me.nings of a sentence,
some insight could be gained as to how subjects go

about discovering the one meaning of non-ambiquous
sentences. (p. 193) -

The latter motivation was given some elaboration in terms of
a grammatical theory that might distinguish between lexical,
surface, and underlying ambiguities. The distinctions were
taken to imply ordered differences in the complexity of the
Categories, and this in turn was taken to suggest an ordered
sequence of processing ofperaticns that a subject must carry
out 1imn orc "0 resolve the ambtiqguity. Thus the second aim
was resfated:'g

So the second purpose of this paper was to

determine +hether the dogical order of processing

of levels, postulated by linquists, corresponds to

the actual or psychological order in which t hese

levels are processed, on the assumption that

amniguities at thcse levels which are processed

first should be discovered first, and ambiguities

processed later, shculd be discovered later.

(pp. 193-4)

M&B's experiment was organized in the following

manner. Subjects were presented with 80 ambiguous sentences
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typed on index cards, and the experimenter instructed the
subjects to respond 'yes' as scon as they had identified the
alternative interpretations of each Senhtence. The index
Cards were handed to the subject one at a time, face down.
As oon as the subject had turned the card over, the
nxperiﬁenter started a stopwatch which was stopped when the
subject responded. The subject was required to describe the
amblquity immediately, and the +time required for this was
also measured. The two me€easures were termed 'Percept: Time
(PT) ' and 'Verbalization Time (VT) ", respectively. The index-
cards were presented to each subject in a different order.
Of the 80 sentences presented, 45 could be classified
accofding to the syntactic taxonomy and were retained in the
study. The remaining 35 sentences either contained ofher
types of ambiguity or were disca;ded OWing to extreme
difficulty. Subjects were'allowed a maximum 6} 90 seconds to
respon {; if they did not respend within that period, their
PT was recorded as 90 secs. and the cne interpretation that
they could identify was noted. Of the total 1600 responses,
only 15 of the interpretations were judged to be
"ungrammatical, extremely idiosyncratic, or based on a
misreading of the sentence" {p- 194). 0On the assumption that
some of the interpretations were inherently more obscure or
improbable than others, a measure of se%tence bias was
constructed by having the subjects report which
interpretation they had'recogniéed first. The percent

frequ>r - of the interpretation that ¥as most -commonly



reported first was calculated from the resulting frequencies

for the alternative interpretations.

Results reported indicated significant differences
bétween‘median PT*'s for each pair of categories of
ambiguit;i using a sign test. The rank of the categories in
order of increasiné median PT was -lexical, surface, and
underlying. Bias was found to interact with ambiguity type.
In independent comparisons PT4uas found to be long if bias
wvas extreme (either, high or low) in the lexical and surface
categories. While for ghe underlying categqory, PT appeared
to be short given initial recognition of the less likely
meaning, but long given therinitial recognition of the more
likely meaning. The graph used to summarizebthis finding
could be interpreted as indicating that for the underlying
category, PT was a linear increasing function of bias; while
for the lexical and surface categories, PT was a nonlinear
(guédratic) function cf bias.

The position of ambiguity in the sentenée, the number
of words ih the sentence, the number of syllables in the
sentencg, and " " were all found to be unrelated to the
ambiguity type temporal discrimination efféct. Trends
indicating generally decreasing PT as a function of trials
were found in the data for each ambiguity type, suggesting a
practice or iearning‘effect- Scme evidence drawn from

responses to stimuli that included multiple ambiguities
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indicated increases in PT as the ambiquity occurred later in
the sentence. The interpretation given was that lexical and
\surface material wa., processed left to right, but that a
different manner of processing was indicated for underlying
structures. The grammatical category of ambiguous elements
was found to ke related to PT, which was taken to be an
effect of the relative salience of nouns and verbs as
opposed to adjectives and adverbs. Surface structure
complexity, as measured by the node to terminal node ratios
of tle surface structure trees of the stimhii, was found to
be related to PT.

The results were interpreted as being generally
consistent with the idea that sentence processing followed a
pattern similar to the distinctions drawn by grammatical
theory. An important deviation was, however, noted in the
order in which the\response to ambiguity type were ranked.

Although the orde. f processing of levels

'postulated by linguist: is the logical order

(underlying, derived, and then lexical levels), it

is not necessarily the psychological .order in

which peopl= actually process and understand

sentences ... These results could be interpreted

to suggest that the lexical level is processed

first since ambiguity at this level was discovered

first, and that the underlying structure level is

processed last since ambiguities at the underlying
level were most difficult to uncover. (p. 198)

Relative difficulty for interpretation was associated with
the assumption that interpretation of ambiguous elements
would be suspended until the remaining context of the
sentence;codld-provide a kias for one alternative

interpretation; it was assumed that this process would be
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especially fast for lexical ambiguities, since they would be

biased by semantic rathér than grammatical relations.

A Critigque of the MacKay-Bever Experiment

Analysis and Design

The most salient weakness of this study was the
inadequacy of the statistical techniques used in the
anal-sis. Given a dependent variable thaf is notoriously
skeued; the‘authors opted for exclusively nonparametric
techniques rather than the use of a normalizing
transformatio@ that would have allowed the use of parametric
"analysis. As é consequence, their énalysis lacked power and
more significantly, they were unéble to test for crucial
in£eraction effects.

The test used to determine the significant différences
between median PT measure for ambiquity cat gories was thé‘
two-tailed sign test. The use of this technique requires
that comparisons be made on twc variables at a time; thus, a
test of joint independence on all three categories was
impossible. Furthermore, the test assumes the signs of the
différences between Cbservationé to be binomially
distributed; this can only be the case if no subject by
treatment interaction is present, and using this technique
such an interaction cannot be tested (Siegel, 1956; Brédley,
1968; Sokal and Rolf, 1969).

The design used by M&B is essentially a repeated
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measures analysis of variance design. Given the assumption
that no subject by treatment interaction exists, the
validity of this design is contingent upon cegtain
assumptions about the nature of résponses to the ambiguity
categories. These assumptions are related to the assumptions
;
of compou 4 symmetry and homogenéiti of the variance-
covariance matrices associated with the repeated measures
ANOVA design (winér, 1971) . These assumptions, interpreted
in terms of MEB's experiment, correspond to the requirements
that, (a) the between subject variance will be constant for
all categories, because the same factors are involved in
explaining subject differences in responses to each type of
ambiguity; and that (b) subject strategies are regimented so
that treatment‘differences will have constant parametric
values, independent of.subject differences. Thegs
assumptions are necessary for valid application of the sign
test; but their compatability with the data is ih quéstion,
given what MéB regard as evidence of differences in thei
charaéter of processing between ahbiguity types. Similarly,
a ‘subject ﬁy ambiguity type interaction, exactly thé effect
that the use c¢f nonparametric techniques prevented the
testing of, is precisel; the effeét_uhose significance is
crucial to éstablishing the validity of a unique
'psychological order of processing', regardless of what that
order might be. » N

The assumption cf a unique psychological order is, of

course, open to question in principle. It requires that
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decisions concerning the presence of ambiguity be
independent for each putative level of processing. However,
in sentences like 'They played with her"present', it can
readily be seen that the recognition of the full ambiqguity
is continant upon the recognition of both a lexical and a
syntactic component of the ambiguity. It is an empirical
question whether anicptimal strategy exists for uncovering
all types of ambiquity, or whether a strategy which might
optimize the discovery time of only one type of ambiguity
might not have the effect of interfering with the éiscovery
of other types. |

MEB1S treatment of the ¢ nificance of their bias
measure 1is similarly flawed. They report relationships
between ambiguity category and PT, between bias‘and PT, and
between bias and ambiquity categori. Thus, the correlation
betveen bias and PT can not be intergreted, since it
confounds the relationships kncwn to exist betveen those two
variables and ambiguity catégory. Interpfetation would
require the evaluation of the partial correlation between
bias and PT with the effect of ambiguity category held
constant. :3

The inclusion of bias is a positive featurejof this
study, since it carries the implication that detection of
ambigaity is more than just passive recognition. HOreover,.
the significance attributed to bias in the proposed

.processing model (in which interpretation of ambiguous

elements is suspended until bias can be evaluated), in
——
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principle,, seemns to allow separation of type and token
eftects. The temptation to interpret the statistical
relationship between bias and PT as revealing token effects,
while the relationship between ambiquity category and PT
revealing ¢t pgﬁszects must be avoided. This interpretation
impliﬁf/_ at the data are consistent with the assumptions of
Analyéié of Covariance, in which it would be assumed that
bias would vary independently of ambiguity category.
Howexlr, a differential bias by type effect is reported;
which suggestgithat MEB's ias measures confound type and
token effects with the consequence that an'evaldztion of the
significance of these observations would be ‘impossible
without the use of Multirple Regressionﬁ

All criticisms of the treatment of 'subsidiary
results?*, déaling with order of pPresentation, sentence
leﬁgth,_syllable ccunts, parts of speech, etc., as
independent influences on PT would 20llow the lines of the
cgiticism of the treatment of bias. The joint evaluation of
the influences of all of these factors necessitates the use
of Multiple Regregéion, wvhateve: - he intercorrelations, and
in its absence the réported results are rendered almost
meaningless. As a case in point, Garcia (1976) noted that
underlying ambiguities almost exclusively involved noun-verb
relation;hips, and M&B report a p -t of speech effect which
appeared to arife from the differential effec£ of noumns and

verbs as opposed to adjectives'and adverbs. It would be

important to determine whether or not the part of speech

5
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effect could explain the Category effect or vice versa,wor
whether the effects were after all independent.

In summary, Mé&B's analysis cannot lead to decisions
concerning factors influencing the variability of PT. In
each case, there seems to be a stronc likelihood that
multivariate analysis would have been more appropriate than
the nonparametric techniques used. These considerations are
apart from the questions cf pfobable skevwness of the ’
dependent variable distribution, or heterogeneity of
variance among subjects or stimuli. In ény case, MEB's
analysis is either invalid or has not been shc a1 to be valid

with respect to fundamental statistical and theoretical

considerations.

Hethodology
Similarly, sericus méthodoldgical deficiencies exist,
particularly as reégrds thé task definition and stimulus
préparation. The requirement that Subjects identify
ambiguities from among a stimulus set that is known to be
composed entirely of ambiguous sentences will not
necessarily require them to prccess these sentences in
anything like a conventional manner. Ome need only posit a
relationship between some lexical ambiguities and the
metaphoric or idiomatic use of language to recognize that
the task might sometinmes simply involve scanning stimuli for
superficial properties of phraées wvithout any comprehensive

analysis of the sentence as a whole. Nor would the
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requirement that sub jects ‘describe th. ambiguity' control
for this; since the subject:s were only required to give an
explanation of those aspects of the sentence that were
Lelev?nt to thn ambiquity. Clearly, nonambiquous sentences
ought to have been included as a control.

Likewise, the grammatical construction of the stimuli
was found to contain a bias. an examination of the stimulus
materials reveals that roughly 21 per_ent of the lexically
ambiguous sentences contaih twe clauses, while the
Corresponding frequencies for the surface and underlying
Cateqgories are 13 and 60 percent, respectively. Thus, the
experiment was likely to have Leen biased toward finding the

longes't response times for the underlying ambiguities, for

reasons that are wholely independent of the putative nature

of that category.

Interpretation

Finally, two aspects of the interpretation of the
expe;iment are questionable. It is not clear that the <
notions of 'sentence perception?, 'meaning perception', or
'perceptual rules' have any meaning, since perception can be
regarded as direct Iesponse to physical sensation, and
meaning, rules, and sentences are not physical entities. The
use of these ternms c¢an only be regarded as an indication of
the extent to which the authors re;ara a subject's behaviour

to be regimented.

Most prominent amonqg the assumptions that the authors

(



brought with them into the study is the assumption ul
uniquely ordered levels of processing. The tentativeness of
the assumption of umiqueness has previously been discussed;
however, the assumption can also be criticized for its
simplicity. When it 1is interpreted in association with
difficulty, one is faced with the implication that sentences
differ in difficulty along a single dimensién. Thus, for
instance, the combinations of obscure or common lexical
material and simple or convoluted sentence structure would
produce four classes of sentence each with a unique rank on
thé dimension of difficulty. It is not clear that such a
generalized nction of difficulty is meaningful, though it is
likely that the interpretation of temporal discrimination
amonc¢ ambi¢uities in terms of difficulty might be analogous
to the claim that draving a car from A to B is technicq}ly
more difficult than flying, because it takes more time. The
question is empirical, and once again raises the guestion of
whether or not the response space should be
multidimensional.

The Character of the Dependent Variable

I+

Thus far, discussion has dealt with technical and
theoretical aspects of the experiment per sé, not with
broader questions of the use and interpretation of latency
as a dependent measure or with the implications of more
general issues ftrcwm experimental psychology.

Essentialilly, M&EB's procedure is a +est of what must be

:
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assumed to be g deeply enqgrained diccriminatjive mbility ot
English speakers. But, while the existence of g qeneral
abllity might be taken for granted, the nature of the
diser iminat ive Frocess cannot Le. As Kling and Rigqs (1971)
noreds:

I't should pe apparent that discrimination or
differential Tesponeivity, 15 +the obverse of
Jeneralization. When an organism responds in the
Same way, or similarly, to twe or DOore stimuli it
may be said that generalization existe among the
stimuli -- for that organisam executing that
Tesponse. Discrimination involves the absence or ‘
dimunition of generalization ... :

BeCcause an orqganism's discrimination isg always
assessed through the mM€asurement of rome
particular response rroperty, discrimination
performance can he at the same time both excelient
and poor, even with Lespect to the same set of
stimuli. Thus, a Subject might choose AN incorrect
stimulus as often A4S a correct stimulus, but take
longer to choose the incorrect ope. "Percent
Correct!' would shdw n. djscrimination, but
"latency' would. Thus, discrimination capacity of
the subject aust always te defined in terms of the
response meacsuyres that are used. (pp. T47-8) .

Two crucial points, bearing on the Mgn experiment, are
made in the characterization atove, First, one is led to ask
what the relationship might be amcng stimuli for whick no
temaporal discrimination is found. If responses to lexical
ambiguities are hcmogeneous, the implied generalization
amoﬁg lexical ambiguities cannot be construed as a relation
among properties cf this kind of ambiguity. Rather the
generalization must imply a conmmon strategy for identifying
this form of ambiguity, since in terms of\seméntic or other

features, lexical amblquities are ap inherently

heterogeneous class. Thus, the most direc+ ‘nference leading

=
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from “re tinding of temporal discrimination bet ween lexical
and I torms of ambiqgui vould bhe that the processing
mode or strategy diffoers.

Secondly, since the po rion lu\tw(nrﬁ simple stimulus
properties could not be the ba. 5 for stimul us
generalizatioi and differ . uy broces:ing modes arc implied,
then difterences in the .accuracy of processing between modes
1s likely. Thus, it discriminat on is tound '1n latencies,
then it would likely be tound in errors of ldentification as
well. However, MER's experiment is reported as being
essentlally error free. This teing the case, there is no
discrimination in accuracy of response and this tinding
contlicts wi‘n the idea that ambiguitips are be*ng ranked on
a dimension cf tdifficupsye.

It the aszsumption of a series of distinct levels of
processing is the least tenable, then it would fol low

(~; - .
that 1t processing time”were cut short an increased
likelihcod of orror in identification would r-sult. This was
the basic dssumption/undorlyinq an experiment reported in
Pridea&x and Baker (197¢), in which subjects were presented
uithydgih ambiguous and nonambiguous sentences on a computer
controlled CRT screen. Stimuli were displayed for a fixed
period of seven secs., anc subjects were instructed to
decide whether or not each ééjmulus was ambiguous during
that time. I here were 32 sentences in the stimulus set,

compused ot eight nonambiguous and ©1ght each of lexical,

surface, and underlying ambiguities adapted from MER's
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stimulus list. The sentences had been balanced for longth,
and each had tvo clauses, Within the set of ambiquous
sentence:s, half had the ambigui! 1 the first clause, halt
1p the second clause. An ANOVA ou the errors in
identification revealed significance onlv for the ambiquity
Category mailn efiect. 3 subsequent series of t-tests for
correlated meéns revealed significant differences between
the lexical and surface, and the lexical and underlying
Categories. There was no significant difference between the
surtace ard underlying categories.

The obvious cenclusion is thoc discrimination can take
hldce on the basis of error in identification, and that the
pattern o ghree way discrimination among the Cagggories
does not carry over from MER's latency study. Morgover,
comparison of MEB's error free study with the error rate of
this rapid Lesponse experiment is suggestive of a
;geed/aécuxacy trade-off in thevresponse process.

The Relation between Stimulus Cateqorization angd Latency

@}

The major theqretical prob&em encountered thus far has
been the interpretation of +he notion of difficulty in
processing. Attempts to predict temporal discrimination in
terms of cthe nature of stisulus processing have led to
ambig.ous conclusions[TAn alternative would be to attribute

a runctional "elationship between latency and the strength
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of association between the stimulus and the apprepriate
response. One could in this case Fosit an inverse relation
between associative strength o difficulty. In cases where
the response task is well-estabiished, so that little
learning would be anticipated as one would expect with
language behaviour, interpretation of processes as inferred
trom laténcy data falls within the tramework of the CRT
paradigm.

Smith (1968) cites a variety of studies in which the
stimuli were composed of complex perceptual features, and in
which verbal respcnses were chosen on the basis of -
concertual association between those features_and the
response set. In such §asks, 1t was frequently found that
response time varied directly with the size of the stimulus
set, consequently with the number of distinctions between
stimuli.

Examples of the kinds of tasks involved in this
research include colour naming, association between colours,
and naming letters, faces. inimals, geometric symbols,
etc. (Catell, 1947; Woodworth and Schlossberg, 1954; Morin,
Konick, Troxell, and HcPherson, 1965). These studjes appear
"o indicate that the effect of the number bf disparate

rements in the stimulus set diminishes as the associational
strength between the specific stimuli and the appropriate
reshonses increases. sroadbent and Gregory (1962)
investigated sorting-time for a set of cards with familiar

place names printed on them; the task required either
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sorting on the basis of typeface characteristics or
4ss50ciations between the plqée Names. No siqgnificant
difference was tfound betueéﬁ'tbese two types of task, except
when the Lequired association tetween places conflicted with
the subjects! expectations. They concluded that "when a set
of stimuli are grouped together by comﬁon Usage the response
time is ... independent of the response/stinulus ration

(p- 1315).

In an example of 4 numeral-naming experiment, average
response time for naming a subset of the numerals chosen as -
stimuli decreased when the appropriate response. to numerals
that were not in the subset was thov rather than the
numeral's name (Porrin & Morin, 1966), this ... interpreted
in terms of "generalized response competition", It is
consistent with a finding for the a priorg. Tobability o
the stimulus (Dillon,-1966), and the findingi in a motor
Fesponse task, that ug Beasuratle portion of the reaction
time interval is consumed by processes associated with the
inhibition of competing incorrect alternative response"
(Kornblum,'1965, p. 595).

Thus, the psychological literature, in general
identifies three Tain compcnents of the reaction‘time
Deasurement, each of vhich could be €xpected to contribute
to the difficulty of stimulus Processing. The ma jor
contrioutor is the size of the stimulus set; "this could be
likened to a general indicatio: of the difficulty of the

task. Secondly, a high associative strength can facilitate
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the choice of the correct respcnse to a given stimulus, or
competition among response alternatives be detrimental to
rapid response. In any event, the basic idea underlying the
CET model is that response time can be related directly to
the information content of stimulus preséntations, where
information is measuréd in terms of the number of
distinctions necéssary to distinguish the entire stimulus

set (Welsford, 1960; Hick, 1952).

CRT Processipg»uodelg

In order to account for the variety of empirical
results obtained from CRT experiments, three bésic forms of
processiné models.have been specified. The major difference
between the models is that of global vs pieceuise processing
of stimulus information. This distinction is expiessed in
terms of the distinction between Template Matching (TM) and
Feature Testing (FT) models; A second overlapping
distinction rests on the question of whether or not a
decision is reached in a deterministic fashion, or
alternatively whether a decision is made with only a certain
probability of being correct. This allow§ the possibility of
a Statistical Decision-making }SD) modei; which may bear
similarities to either the FT or TM models. Each model
assumes that the process can te divided into three stages,
though not necessarily altogether disjoint stages: Stimulus
Preprocessing, aséoc;ated with perceptual recognition,

Stimulus Categorization, associated with the identification

a



of fhe stimulus, and Responsé Selection, involving selection
of the appropriate response contingent upon the
indentification ¢ the stimulus.

The TM models assume that the most important stage of
the CRT process 1s that of stimulus preprocessing in whiéh
internal repfesentations,(replicasi of the stimulus are
constructed. Having constructed fﬁe replica, the subject is
able to compare this with templates stofed in memory in
order to identify the stimulus; thus, the TM model is
basically a memory search. A number of different detailed
predictions about response time may be made, dependent on
whether the time required éor a comparison is a cénstant or
a random variable, whether comparisons are made in sequence
or simultaneously, and whether the process is terminated
when a match is found or when the total number of possible
.comparisons to be made is exhausted. In an{ case, a general
prediction is that a direct relationship yiil exist between
mean reaction time and the number of stimulus alternatives
set forth in the task.

The FT models assume that identification of the _|
stimulus may be achieved by adverting to certain specifiable
propertieg which the stimulus may or may not have.
Underlying this assumption is recoghition that for a given
task d11 of the information carried by a stimulus need not
be relevant to categorization of the stimulus. Thus, in
éontrast to the global processing ofvthe TM model, the FT

models have more in common with pattern detection and do not
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rely as heavily on‘acccssing memorial informatidn, For the
purposes of making predictions about reaction time, it aust
be assumed that the tests for relevant features are carried
out in sequence. If the tests ére considered to be a
sequence of dichotomizing tests on 'n' relevant features,
then the number of stimuli that could be distinguished on
the basis df these features is nz ang the number of tests
required to identify one of the stimuli will be the log of
the number of stimuli. Thus, assuming that the time réqﬁired
for a given test is a constant or a randon variable Wwith
constaﬂt'variance, Leaction time for FPT modeig will increase
proportional fo the log of the number of stimulus
alternatives.

The general differences befween the FT and TM models
are that TM is in copéeption simpler and implies a more
direct relation between the cbmplexity of the stimulus and
CRT than does FT. On the other hand, FT nodels are
potentiélly more flexible and could be adapted to account
for learning or practice related effects. It may be arqgued
that in relation to identification of ambiguity, the only
way in ;hich dichotomizing tests could be taken seriously
would be in terms of a transformational model, whereas a TM
model could involve extra—liﬁguistic factors.

The basic principle underlying the Statistical
Decision-making model (5D) is that if one conceives of
Processing as repeated sampling of stimulus information,

then Ehe greater the number of samples taken the more



accurate!the decision is likely to be; However, since
sampling requires time, an increasé in accuracy will Lesult
in a decrease in speed. The terms in which SD models are
expressed are generally related to sequential statistical
procedures and the evaluation bf the log likelihood ratio
(Stone, 1960). 1t is/neCGssary that the subject have clear
@&lternatives of Lesponse, although the stimulus information
that he samples may be fallible. It jis assumed that the
subject can forn distinct hypotheses to be evaluated and cap
set criteria which will represent the limits necessary for
acceptance of a.h{pothesis, Or in cther words, stimulus
categorization or.identification. The criteria are
independent for each stimulus or LeSponse alternative, and
can be blased dlfferentlally for each hypothesis
(2ssociative strength), and changed with experience
(learning) . Thus, the major feature that distinguishes this
general form of model from deterministic counterparts is
the existence of a systematic relationship between error

rate and reaction time.

Ambiquity and the CRT Paradigm

The implications that reséarch into CRT have for.
ambiguity research are various, but foremost is thé
Véharacterization éf what reacrion time measures. The CRT
literature reveals that even in straightforward motor tasks,

the nature of the response causes a Beasurable effect on

reaction time. It is not necCessary to look any farther to
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Sée that the interpretatioﬁ of reaction time to ambiquities
in studies involving a completely open-ended response can
not bhe interpreted in terms of complexity of processes
leading to cdmprehension. If a subject's task requires that
he have the form of his explanation of the ambiguity in mind
before responding, ghen reaction time measures a complex
stimulus identificatio Drocéss and a complex response
selection process. That is, both the Processes of
comprehension and of expression are being measured. If
variations in the associative strength contribute to
reaction time, then so would reséonse competition, not
simply between competing incorrect alternatives but also
among the many ways of expressing the correct response. If
the CRT literature is taken as seriously as it should‘be,
vuen the only way in which any reliable indication of
variations in reaction time aésociated with compreﬁénsion
procesées could be observed would be strictly to limit the
Cesponse alternatives. This could be accomplished by
requiring the subject to identify'tpe‘kind of ambiguity that
a given stimulus represents; or givgn a mixture of ambiguéus
and nonambiguous stiwmuli, the subject could be required to
identify the presence of ambiguit}. Thus, responses could be
limited to either *lexical’, 'surface’ or '‘underlying!' or to
a simpie 'ye. ' or 'npo'. A
The notion of difficulty associated with the CRT
literature is not a nction of relative processiag difficulty

Letween pcpulations of stimuli. The problem cf temporal
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discrimination does not arise, Since CRT theory seems to
assume that for a given subject reaétion times will largely
reflect overall task difficulty.yoﬁv possible way in which
temporal discrimination could be accounted for without
introducing an ad hoc "fudge" factor would be to allow for
more thanm one form of stimulus information processing. Thus,
tor example, lexical ambiqui:y might require an appeal to
memory; while structural information might be more)
efficiently handled by a feature testing model. In such a
case 1t would be difficult to formulate a model which would
be compatible with temporal discrimination between surface
and underlying ambiguity, since the distinction is so
closely tied to the grammatical framéuork.

As a final point, it should be noted that in CRT
experiments the overall task difficulty is fied to the
average information carried by therstimuli. Information in
this sense is a relative concept, in which bits of
information can be used to distinguish classes of stimuli
from each other. In an cpen-ended ambiguitf task, <ach
ambiguity represents a uniqﬁe class. One can not expect a
subjéct to dnticipate any of the.stimuli, and thus, one
can not expect .that the subject has assigned subjective
proﬁabilities £u the occurrance‘of stimuli, then it is not
possible to talk meaningfullv about the average information
or difficulty. From the information theoretic point of view,
the amount of information :eq:ired by the subject is the

“amount necessary to distinguish all pcssible ambigquous
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sentences from each cther. In this sense it can be seen that
a task which requires the identification of the unique
meaningfrepresentation associations‘ot ambiquous sentences
lays 'ttself open to maximum inconsistency of response, and
the maximum variability due to unique semantic and
subjective influences. Furthermore, the notion of diffigulty
under examigation has to be¢ one in which categorical
differences in difficulty are hypothetical. If the long
history of CRT theory has any substance to 1t, it must imply
that if subjects are not aware of categorical differences in

the stimulus set then the experiment can not be said to be

properly controlled.

Psycholinquistic Research on Ambiquity

Because of the unique position of transformational
grammar uit% respect tc aﬁbiguity, most psychqlinguistic
research on ambiguity has been flavoured’by its grammatic |
principles. A theéretical position which has been given much
artention may be characterized as "a general theory of
Sentence perception ... which emphasizes the processes of
clause segmentation, recoding clause by clause, and the use
of direct mapping rules to assign internal relations to
surface Séquencesﬁ (Bever, Garrett, and ﬂhrfig, 1973,

'P- 285). Tt is in this sense that the speaker/hearer is said
to7compute the meanig§5of a sentence (Garrett, ,970). The
fact that certain ambiquities might require that such

computation reach a certain stage before the ambilcvity can
»
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be identifie% is the theoretical basis for accounting for
temporal discrimination among types of ambiquities. There
dre two basic weaknesses to this Characterization. First, it
sentence comprehension processes proceed in stages, then all
stages must be analyzed before the sentence can be
understood. Thus, all sentences regardless of whether they
are ambiguous or what type of ambiquity they might contain
must be brocessed to the same level in order to be
comprehended. Discrimination must now be explained in terms
of the fact that the ambigquity was hypothetically located at
one level rather than another; that is, it must be explained
in terms of the differences in the nature of the level, the
kind of proce$sing inQolvod, or the ature of the
information processed at that level. Secbnd, insofar as the
characterization draws on grammatical en-ities (e.q.,
Clauses, surface and underlying structures), then it nust be
Consisteut with the grammatical theory that is the source of
these concepts. However, the grammatical principles are
violated, unambiquously, in the stipulation that "within
each "erceptual unit (clause], the underlying strncture
relations are assigned y direct projection fror the lexical
sequences™ (p. 272). It is precisely one of the motivations
for an underlying structure level, that it can be used to
repres Systema%ic relations between interdependent
‘clausesc

Many of the experiments dealing with differential

fesponse to ambigquity have used as dependen* variable the
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time required to complete potentially ambiguous sentence
fragments cr to produce a sontence following an ambiguous
stimulus sentence (MacKay, 1966; Mistler-Lockman, 1972;
Bever, Gérrott  and Hurtiq, 1973). These studies are
particularly sensitive to the criticism that they primarily
involve observation ¢f response selection and can not{b@
given interpretation with regard to comprehension proéésses.
It 1s noteworthy that no theoretical hasis exists for
predicting discrimination associated wWwith processes of
“xpression, unless the process is conceiveﬁ of as making‘use
of transformational grammatical principles operating in
reverse.

However, Foss, Bever, and Silver (1969) devised a
semantically oriented task which circumvertod he need for
the subject to respond with his own characterization of the
content of the stiwmulus. Ambiguous and nonambiguous
sen%ences vere displayed to the subject along with a picture
uhiéh might represent activities described by the sentence.
For each nonambiguous sentence in the stimulus set, there
was only one sentence-picture pairing that was Appropriate
semantically, for each ambiguous sentence there were two.
The subjects were required *o indicate whether or not
randomly paired pictures and sentences were semantically

ted. The results yielded discrimination befween
embiguous and nonambiquous, and between lexically and non-
lexically ambiguous stimuli in terms of responsé times for .

correct responses only. It is of interest to note that while
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the experiment meets the task definition (riteria for a CRT
experiment, the pattern of diScrimination reported in M&EB
(1()07) 15 contradicted. The results are consistent with the
only other studv known to meet the CRT criteric, Prideaux
and Baker (1976).

The Foss, Bever, and Silver results were inteirpreted as
emphasizing tﬁn importance of bhias: "Ss typically assign
only one immediéte interpretation to an aambiguous sentence.
Only if that 1nterpretation is found to bhe correct does S
reinterpret the sentence" (p. 306). However it was found
that bias was not accurately estimated by pretesf evaluation
of the relative saliency of the alternative meanings; a more
tccurate assessment was obtained by questioning the subject
about his immediate expectations. This latter procedure
corresponds to the procedure used by M&B, and casts doubt on
the inherent, normative relationship between the stimuli and
associated bias measures. If bias is nof a function of the
expected semantic state of affairs of a sentence, but is a
function of semantics and the "sposition of the subject;
then it can not be used to exp.:it subject behaviour.

In general the existence 0Of temporal discrimination
among ambiguity types, as a phénomenon, can pot be dealt
with by current characterizatiftns of the nature of sentence
processing. It may be accepted that reEponse time
discrimination exists, but no theory of sentence processing
necessarily implies that this must be the case. In order to

account for the phenomenon, it is not sufficient merely to

——
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establish that a difterence among types exists. The theory
nmust imply that tor soundly based reasons. discrimination
will arise in pesponge timey,
The general theoretical treatment of ambiguou: sentence
Processing has r1<;t reached the stage of identitying the
ma ;oI sSources ot variation, let alone the stiructure of “at
variation. A number of pertinent i1: 105 have been 1ailsed,
however . ()ho 1850 1S whe\fho‘r 4 subject analyzes both
interpretations ot an ambiguity and chovoses between them, or
Ghaiyzes one first (prosumably the most heavily biased) and,
on heing torced to reconsidgx, rroduces the alternative
tnterpretation. Garrett (1970) notes that onl> in the tormer
case would tho‘ndfuro Ot processing ambiguous sentences
ditfer generally from the processing of ncuambiquous
sentences. T o 1ssue has been characterized as
distinquishing'betueen an Exhaustive and a Unitary model ot
pr&cossing. The Unitary model is in part motiva*ed by the
«w-called 'Garden Path' phenomenon, where (as in Lashley's
(1¢991) example) conditions similar to Gleason's (196%)
'semantic redundancy ad to standard expectations about
the 1nterpretation ot ambiguous elements. It is not c.ear
that similar effects 'St carry over 1n experiments in which
the subject actively searches cut ambiguity, but the.common
assumption that processing is Jdeterministic has led to .the
expectation that it ould. The Exhaustive computation mo
requlres an Ancillary theory to account for the tinal

decision to opt for one interpretation or another. One
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possibility, discussed by Bever, Garrett, and Jurtiqg (1973),
is the Perceptual Closure model. 1t predicts than an
interpretation will be arsigned independently to the first
clause analvzed and the interpre ation of the subsequent
clause: st be consistent with 1t. The usefulness of this
model 1g minimal, in that it does not account for the wmanner
in which the choice 1s made, wxcept by vague reference to
perceptual rules. An alternative ancil’ary theory involves
incorporation of the Percertual Suppression process,
trequently encountered in +he theory of visual perception of
ambiqguous figures. Ia this model, the importahce of bias is
made most evident. MacKay (1970) outlines the basic
assumption as beiny that "in order tc perceive one meaning
Of an ambiguous sentence, the other medaning must be
suppressed and the time tc suppress a meaning varies with
the salience of that'meaning in the context of a4 sentence"
(p. 66;; The measure of salience is associated with the bias
Of a sentence, which measure was noted before as Fotentially
involving speaker judgements. This model seems to have
similarities to the response competition effect reported in
tne CRT literature, and in that sense reveals a weakpess in
the modelling orientation. There seens to be a basic {
confusior between an interpretétion and another sentence. If
comprehension is demonstrated by uttering a paraphrase, this
does not imgply that comprehension is regarded as the
creation of raraphrases. It may be that the analcgy to

visually am'iguous figures has deceptively obscured the
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proces:s transition from sentence comprehension to response
selection.
£

It iﬁ*iﬁtoresting 0 note that the Perceptual Closure
nodel carried with it the assumption that processing of
ambiquous and nonambiguous sentences involved the same
mechanismes; while the Perceptual sSuppression model
introduced a parameter which would specifically complicdte
the analysis of ambiquous sentences (unless cdmpetition
qung alternative interpretqticns of greater or less
semantic ditferentiation i=- posited for nonambiguous
sentence processing) . Machay (1970) raises the question of
interpretations being entertained wvwith varying degrees of
likelihnod. This issue, termed the Tentative Decision Issue,
in intrcducing aspects of signal‘detection theory would
invert the usual assumptions. There is no necessary reason
for the normal prccess to be the computation of the most
likely meaning rather than the elimination of unlikely
interpretations. }n such a case€, processing ambiguous
sentences would be the standard, and it might be expected
that a unique interpretation, in the case of nonambiguous
sentences, may be hard to achieve.

In summary, it may be said that few experiments

involving differential response to ambiguity have managed to

control the -~ . ~d resronse selection processes which
c2lmost ine’. laminate vecesrch in *his area.
Furthermore, o nC. pr¢:essing has

incorporated predicat. Sy predict discrimination
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among types ot ambiquity in terms of response time. No
theory has adequately dealt with the potential variétion in
accuracy of response, or the potontiai trade-off between
speed and accur:cy. No clear or unambiguous characterization
of the nature ot relative difficulty exists.

The current linguistically oriented *“heories have been
50 concerned with the minutiae of stimulus differences
(foken effects) as tb be predisposed fo assume an
essentially passive, uniquely determined response on the
part of subjects. The whole area of general task complexity,
subjective bias, and the range of potential sources of
heterogeneity of responses‘have been neglected. It would
seem appropriate to revise the direction of research in this
area to take into account the human.subject, in a manner
similar to the practices of CRT theory.

In the following chapters, two gxperiments dealing with
ambiguity will be reported. (uese experiﬁents will attempt
to replicate M&B's results, but with the following
provisions: (a) that the overt subject responses will be
reduced to a simple yes/no identification of the presence of
ambiguity, (b) tha  -ronambiquous stimuli will be introduced
as a control. and (c) that where ever necessary the
appropriate multivariate analytical techniques will be usecd.
Chapte. Two w1ll deal with the experimer ai design and the
methods used. The Jirect results of staticsvical analyéis
will be reported i. Chapt r Three. The discussion, presented

in Chapter Four, will attempt to reconcile the finding: with
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MEB's results, with cther literature on the subject, and o
draw directly on the implications of CRT theory. In the
conclusion, Chapter Five, the implications of this study
will be summarized and note will be taken of 1implications

for further research. | '



CHAPTER TWO
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The attempt to 1 plicate and extend the M&EB experiment
vas undertaken in two parts. The logical distinction between
type and token effects suggested that observations of
ambiguity identification response kimes ought to be made
independently of the estimation of token bias. As a
consequence, the experimental methods will be outlined as if
for two experiments, although ultimately bias will be
treated as a covariate of respcnse times, rather than being
analyzed independently.

Expefiment 1 dealt with subjects! fesponse times to
ambiguous sentences. Its ftasic aim was to attempt to
estimate‘the effects on\response time due to general
semantic heterogeneity, subject differences, clause effects,

and ambiguity type. Experiment 2 in' ‘lved collecting

judgements of the bias in the stimuli used in Experiment 1.



sSubjects

The subjects were 42 undergraduate students fro;
iﬁtroductory psychology classes. Tﬂeir participation in the
experiment was part of their class requirement, in lieu nf a
lab, and copnted 5* towards their final grade. They were
given a free choice from among a variety of experiments to
participate in, and given the negligible contribution to
their\final grade vwere free to choose not to participate in
any.
| By the nature of the task, subjects had'to be run
individually. In order to organize this, booklets containing
session times weré made availalkle to the classes and
subjects sioned up for the times most convenient to them.
fhe séssions were run over é period of two weeks, with
subjects being assigned to experimental conditions in the
order in which they appeared. As might be expected, a
certain amount of confusion tock place with some subéects
mistaking their appointment times and others not makiﬁg an
appearance. As a consequence, although the subject set was
balanced across expériqenfal conditions and between the
sexes, *here was.anauneven distributicn of the sexes across

the experimental conditions.
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Stimulus presentation was computer controlled, and tor
this purpose a program was written for the Linguistics
Department's PDP-12 by Dr. Antcn Rozsypai. The program
incorporated the‘fbllouing features:

(a) Individual stimulus lists and assembled versions ot
the presentation prcgram were stéred'on LINC tape. i

(b} Each timc¢ the program manaa’ E any one of the
stimulus lists was loaded, a randomi- i q routine was
initiated, resulting in a unique stimulus order for each
session. | i |

{c) For testing purposes the stimuli were displayed on
a remote cathode ray screén; eXtérnal lines to the computer
allowed the experiment to be run and controlled by the
experimenter in a room éway frce the computer.

(d) The presentation of each stimulus involved the.
foliouing sequence of events.

| i. Initiation was indicated by @ three second warning

display of asterisks.

ii. The stimulus display followed immediately and the
clock was simultaneously initiatcd.

iii. Timing ceased 1if ei‘%ér one minute lapsedvor the
response bﬁttcn was pressedgd. <j£

iv. If the one minute time limit was ex;;éﬁeg, the
stimulus sentence was removed from the screen. Otherwise,

the sentence remained -~ the <creen cntil the identification

was registered as correct or incorrect and the next
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presentat ion initiated.

(¢) Throughout each sessicn, the computer kept a
running account, printed on the teleprinter, of the trial
nuabers, the stimulus item associated with éach trial, an
indicatioﬁ ot the correctness c¢f response or whether the
time limit had been exceeded, and dvrunning total of the

’

number ot correct responses up to and including that trial.

ategials
The examples of ambiquity used in this experiment were

drawn from M&B's list of stimulus maté;ials, subject to an
informal survey of the Linguistics Department members?*
lmpressions of the relative obscurity and acceptability of
eacﬂ example. The basic stimulus set from which presentation
lists were drawn uomprisedku2 distinct sentences. Of thoée,
24 sentences were ambiguous and 18 were nonambiguous. Within
each of the categories (Lexical, Surface, and Underlying) of
ambiguity, there were eight instancesvrepresenting the most
uniformly acceptable examples from M&B's materials.

anh of the examples drawn from the MEB list were
modified to meet the following criteria-

(a) each sentence was to have two distinct Clauses;

(b) each sentence was to consist of 12 words.
The latter condition was relaxed when it was judged that
strict adherence to thé criterion would result in -
superfluous padding with adjecti‘es, or 1in a.stylistically

awkward construction. As a consequence, two instances were
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left with 11 words_and three uith 13 werds. In any event,
since the purpose of maintaining a constant sentence length
was to dttemp; to control for basic variations in reading
time, 1t was not telt that a margin of one word would be
unacceptable.

Initially, 24 nonambiguous sentences were constructed,
so that for each ambiguous sentence there was a nonambiguous
sentence with a corresponding surface syntactic pattern. On
the basis of a subjective judgement of stylistic
acceptability, six ncnamltiquous sentences were discardec.

Six presentation lists were then constructed from the
basic stimulus set, in the following manner:

(a) each presentaticn list was tp contain si1x 1nstances
of each of the categories (lexical, surtace, underlying, and
nonambiguous), totaling 24 StimuliAper'list.

(b) for each list containing a specific sample of
stimulus sentences, there was to be a corresponding list
vhich would be identical e¥cep£ that the relative bositions
of the clauses would be reversed.

(c) for the categories of ambigquity, maximum
differentiation between the lists was to be achieved by
ensuring that each pair of lisis had only four items in
common, but that the four would be unique to each pairing.

(i) each list containing a specific sample of ambiguous
stimuli was to have a unique set of nonambiquous stimull.

These conditions establish three fuily crossed

factors: List, presenting each of tae three pairs ot
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semantically identical samples of stimuli; Position,
tepresenting the alternative orders ot the clauses:; and
Type, representince the stimulus categories.

It was realized atter the experiment was underway that
due to an oversight ccndition (¢) had not been tfully
sdtisfied. Within the surface category, the Lists wer. found
to have three instances ot ambiquity in common: one pair of
Lists had five ambiguities in common, and'consoquently, one
ambiguity appeared in a single List only. This flaw had
potential for introducing an unintended bias in the

difterences between the Lists.

Procedure

The instructions given to the subjects (see Appendix A
tor the full text) explained that the stimuli were composed
of b th ambiguous and nonambiguous sentences, but that there
were more ambiguous than nonambiguous. They were told to
respond 'yes® or 'no', the moment that- they had decided
whether or not a given stimulus sentence was ambiguous. The
experimenter then pressed the respounse buttan to record the
time taken to reach the decisibn. If the response was 'yes!,
the subjects werg/required to write a sentence corresponding
to each interpretation they saw, in a booklet provided. The
sentence remained on the screen for reference during the
paraphrasing, and was removed cnly when the experimenter

pressecd the buttons indicating a correct or incorrect

response. At this stage, correctness of response represented



correct cateqorization and not correet luterpretation or

paraphrase.,

The basic analysis of variance design was a five-way
factorial (List, Position, Type, Subjccts, Replicates) with

Li<t and Position fully crossed with Type, with repeated

Measures on each subject acrose g. levels of Type, with
."\- ’

subjects nested under List“an?

ly and with =six

L

v 4
. . ., Sy - . .
observations within each Terl% Structure i

illustrated in Figure' 1 :, i L .
R i “
The basic exper ‘uwental hypot%gses under test are as
tollUwde
1. Main effects: .
Ligt: Are response times to seémantically
differing sots'heteroqeuoous? Care must be exercised in
ins rpreting this tactor, since the unbalanced distribution
between sexes, and thé nesting ot subjects opens the way for
contounding with subject effects.
Position: Are there systematic differences in
Lesponse to semantically identical material differing iun
terms of clause order? This position effect will not
directly represent a clause effect, since each level of
Position contains items with the ambiguity in bh~'' the
initial and final clauses. This was Decessary in order *o

brevent learning cr formation cf clause related strategies

which ignore the irrelevant clause.
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Type: Are there significant ditterencés in the
siipeed ot response, dependent on stimulus type?

Subjects (nested within List and Position): Are
there significant differences ket ween subjects presented
with the same stimulus material? :

1i. Interactions:
o 5 x T: Are there significant differences in the
Jpattern ot Subjects' Lesponses t6 ambiquity types, that
{
might represent differing strategies?

L x T: ,S5ince there is no semantic correspondence
between levels of Type, differences in response associated
with true differences in semantic material would be
Associated with this effect.

P x T: since variation in clause position for

: , ‘;‘; A
nonambiquous stimulf bﬁght o have no offect on the

detection of ambiguity that could be attributed to clause by

Clause processing; a clause effect which might imply

oy
* 3

involvement of clause ordef\in processing will be associated
with the significance of this interaction.

1ii. The interpretation of all other effects must be
con*ingent upon the pattern detected by a posteriori tests.

A note of uncertainty concerns-the approgpriate
structural model for the analysis of variance. There can be
00 question that List,‘Position, and Type are fixed effects.
The question of whether subjects can be considered fixed or
raadom, depends on whethec vt’noé their responses are

considered to be highly conditioned by the experiment. If a
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variety of strategie: is indicatedq, then‘tkv subjects might
be: sa1d to have adapted their Iesponses to the experimental
situation, Iu that case, the population would be fully
represented by the subjects and‘they could be treated as a

fixed et, t.

Subjects

The subject: were a total of 105 undergraduates, taken

/
)

from a number of Introductory linguistics classes. The
Subjects were tested prior to having been intrqduced to
tformal syntax or any senteﬁce level-gramhatical a;alysis,
and thus, conld still be considered naive. 0f the sfudents
who pagticipated in the task, the responses cof 10 were
discardéd as being either non-native speakers of £nglisk or
g@edkers of non-North American dialects of Englis;. As the
classes were overwhelmingly composed of females, it was

decided, not to distinguish between the responses of the

~
sexes.,

Materials

All of the ambiguous stimuli from the response tine
. 4 )
task were assembled. Only one of the alternative clause
orders wa. selected, and Looklets were prepared in which

each ambiguous sentence was licted together with a pair of

appropriate disambiguating sentces or phrases. Thus in the



HH

booklet, ecach ambiguous stimulus was represented 1n a torm

stmrlar to the tollowtng:

1) The car kept stalling while they diccuse od
their problems with che mechanic.
A. They had problems wi' o the car.
Boe They had problem:s: with the mechanic.
The booklets contained the ambiguous stimuli in one
order only, and all of ae disambiguating phrases Wore

1dentical tor a given ambiguity in all bookléts,
N

/

Procedure

The subjécts weie given the booklets during o class
period, and were verbally instructed to read ocach ambilguous
sentence caretully, then to read the disambiquating ' - ases,
and to circlie A or B depending on which interpretati
occurred to thew first, o1 was judged to be the more natural

interpretatiop of the ambiguous sentence.

.

N

SRR . -
that- A And B were cipcled, for each ambiq.ity. The total of

.

“The data werea score By counting tbo number of times
] g e o Y J

the-gore troquénﬁtof the two was then divided by the total

:

number of?responses. This score, representing the proportion

“af reﬁponsﬁs associated with the preterred interpretation,

wvas takepn.cto be a measure ct the bias ot the dambilquity. The
blas Score wou&& be near 1.0 11 cases where one
VR L

e

interpretation was h. :ly implausible, and near 0.5 in cases

»

vhiere both interpretations were equally plausib’e

5o



CHAPTER THRELR

RESUITS >

Pre iminaries

The results ave divided into two general areas of

interest; the tirst being the examination ot response times
in accordance with the experimental desic., and the second
being the joint evaluation ot covariates ot response time.

The analysis of response times took the foram of

indiwidual analyses ot variance of *he responses under each
stimullus category, and two multivariate analys t
variapce, one including all stimulus catey

independent varlabies and another involvin NHEE itegories

ot ambljuity. Two conclusions are derived; . , that ege

r . evidence that subjects responded >

1s no e
different tc the sufface and underlying categories of
ambiguity, and second, that the major source of variance was
the differences among subjects. No significan~e was detected
due to variation in clause order'or of semantic mat;rial.
Subsequently, an attempt was made to determine the general
-properties of subject strategies. This involved a
waisééﬁﬁfkgnt function analysis incorporating lexical
;}Qﬁbiguity, structural ambiguity, and nonambiguous sentences
as eLAsSification sroups, while individual subjects were

treated s independent sources of variation. It was found

that nc¢ overall pattern of response could be attributed to

[@a]
e}
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the :;ui):joct:: as a whole, that the signiticant result:.
ebtained in the analysis ¢f variance Were as: tatd with a
Gistinct subset ot subjects who responded differentially
{termed 'discfimixmfors'), and that these discriminatore:?
strat gies were best descrited in terms of the pattern o
respouse ot tour distinct subgroups. Finally, it was n
*h*& none of the subgroups of discliminators responded
‘ditrbantidlly to all three stimulus cldssificatidns; in
vach case the pattern. o Lesponse was essentially
dichou nuus; although a different dichotomy for each
: Ubk}l_‘OU_I‘. i

The analysis ot the covariates of response time was
avcomplished by means of a set of related multiple
regressions. The gcal of these regr'ﬁs‘.ns‘vas to evaluate
jointly the potential contribution of variables representing
(a) learning or practice effects, (b) token effocts
(semantic bias), (c) Ssubject ' g (propensity to respond
'yes' or 'no'), (d) sex effe. . . and (e) errors in
cateqgorization or pafaphrase, together with 6léssification>
variables repre-enting the results of the analysis of
va . nce. The results obtained indicated sigﬂificant
independent contributions frosm three types of variable: (a)
subject related variables, compriéing sex, subject bias, and
Strategy group, (b) error retated variablers, includingéerror
in Categorization, error in paraphrase, and :n error in

Categorization by ambiguous/nonambiguous interaction, and

(c) stimulus type effects, including a siample
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ambiguous/nonambiquous effect, and a practice effect on the

lexical/structural ambiguity dichotomy. The overall

proportion ot variance explained by the Igression was low
(about 15%) suggesting either a verv poi 1nder1yiﬁg
Process, or failure to identify  .port 1t sources of
predictab’ 'riation. If the lat e the case, it would

seem likely that given the exhaustive treatment of error and
tvhe related eftects, significant aspects of inter- P

subjective difference remain unidentified.

Response Time Analysis
Prior to subjecting the data to analysis, two
transformati-ns were applied to them. In the first instance,
the fesponse time observations were found to have a highly
skewed distribution and in order to both normalize the
distribution and stabilize variance, the data were subjected
to a loé tradsformation- Subsequently, ar analysis of
variance reve " 1 cnly subject differences as a siqnificant
effect. Howev theée results were not given credence, as

. _ |
Bartlett's test revealed highly significant heterogen®ity of

variance among subjects, chi-square (41) = 1779.8 p <
J.000r. On the assumption that basic regularities in
response coul. be masked by simple subject differences in
mean and standard deviation, the data for each individual
shbject were standardized. The variance-covariance matric.s

assocliated with the stimulus categories were exami »~ ¢, in

light of this transformation, in conforming to the

-

%



62
Aassumptions of repeated measures analysis of variance. fhe
conditions of Compound symmetry and homogeneity which would
justify the bPcoling of information required by repeated
Reasures analysis (Winer, 1971) were found to be violated.
Following Winer's suggestian that inp such situations "the
nultivariate analysis of variance wWill often be a pmore
informative approach than.the univariate approach"™ (1971,
p. 282-3), subsequent analysis hinged on multivariate

analytical techniques.

ﬂgizizgzggze Analysis of Variance
The multivariate analysis carries with it the
assumption that the levels of stimulus type must be
considered distinct (though) correlated variables. The o
P
procedure 1is, essentially, a test of differences among
profiles of means, vhere the profiies are composed of the
: i
means of responses to Stimulus Ccategories. Thus, for
instance, th ultivariate test of a subject effect will be
a test of differences in the subjects' hean responses to the

categories, and in that sense, 1s related to the univariate

subject by type interaction. Statistical considerations

~

apart, the relatiodabetween univariate interactions and
multivariate main effec?; is a distinct advantage, since the -
primary theoretical qqeetions involve the effect of
manipulation of the stimuli éh the differentiat response to
stimulus categories.

Two analyses were performed on the Standaidized data,

|
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one involving alli stimulus categofios ané another including
only categories of ambiguity. At this point the issue of a
fixed effects or a random effects interpretation of subject
responses becéme pertinent. The use of multivariate
procedures had been justified by the peculiarities of the
variance-covariance matrices, the nature of these
peculiarities were primarily a highly significant
correlation between responses to ambiqguous and honambiguous
sti&uli. It this were interpreted as f§breééﬁting the
influence of the form of response required of the subjecf
(1.e. *yes' or 'no', depending on presence or absencé of
ambiguity), then a strong casé would exisg for arguing that
the behavidur‘was experimentally influeuced and that
subjects might be treated as a fixed effect.

The results of the analysis on all stimulus categories
revéaled a significant list effect, F (8, u1uj = 1.97, p <
-05, and a significant position by list interaction, F (8,
414) = 2.08, p < .05, under the fixed effects model. No

N

other effects were sigﬂificant, and under the assumption
that subjects were a random effect no'significané effects
were found at all (at the .05 level) . The results of the
analysi{fgn the categories of ambiguity revealed no
significént effects at the .05 level, under either model.

The interpretation of these results must be given in terms

of the profiles of means across stimulus categories. Thus,

3

one conclusion would be that awong the cateqgories of

ambiguity there is nc significqqtévariation frcem the profile
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of grand éeans for that category. The inclusion of the
nonamblguouq category, however, reveals significant
dlfferencpr betwany proflles across levels of lists by
position. At first sight, this might bear out the
implicaticn of a4 peculiar etfect on response associated with
the ambiquous/nonambiquous dichotomy.

Further interpretatiﬁn of these results requires
knowledge of the profiles. Prior to an examination of the
means, however, it is revealing to consider the resplt; of
independent anaiyses of variance on eachgindividual_stimulus
Category (see Appendix C for tables) . For the category of
lexical ambiguity, only the grand mean was found to bk a

significant effect, under the fixed effects model, F (1,

210) = 5.29, p < .028. For the ~surface amblgultﬁ category,

only list was found to be a significant effeﬁt F (2 210) =
2.69, p < .10, under the fixed effects model No 51gn1f1cant
eftects were found for the underlying category, at the .10
level. While for nonambiguous stimuli, significa&t effects,
under the fixed effects model, were revealed for the grand
mean, F (1, 210) = 5.93, p < .025, for list, F (2, 210) =
3.63, P < .05, and for the 1list by position interaction, F
(2, <10) = 4.55, p < .025. |

The results above have very strong implications. First,
the tests on the grahd means were tests on the difference
between the mean and zero; the analysis ua§ performed on

standardized data, in which case the mean for each subject

ACcross categories was zero. As 8@ consequence, the failure to
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tind significant grand mean effects for Q?fh the suftaco and
underlying ambiquity categories has the implication that the
response times to these categaries wer Jenerally equal to
he subijects' mean résponse time. Furthermore, the absence
:2 any siavificant effects in the MANOVA on ambigquous
Categorie: implies that the lict effect under the surface
Cateqgory may be neglectéd and that therefore no evidence
exists of a differentiél tesponce between the surface and
underlying categories of ambiquity. Similarly, the
significant grand mean for lexical ambiguity implies a
differential response bet ween that category and the two;

.

Categories of structural ambiguity, which, since the rean is
negative, may bc interpreted as indicating generally faster
response than to structural ambiguify. ~
‘The interpretation of the list by positiop interaction
in the MANOVA on all stimulus categories is a problem of
Some concern; interactions in BMANOVA are notoriously
difficul£ to interpret. The results of the ambiguity MANOVA
and of the univariate analyses show that the significance of
the interaction is contingent upon the bresence of the
nonambiquous Ccategory. The pattercAof significant effects
within the complete MANOVA anc the ANOVA for nonambiguous
stimuli is identical. Thus, whether or not the correlation
betveen'ambiguity and nonmbiguity plays an important role
in*the significance of this effect, the role of the pattern

of response to hohdmbiguous stimuli is crucial. However, the

relative order of clauses is meaningless with respect to



OO

nondmbiqﬁous stimuli. 1t might be possible thdf the relative
order ot occurrence of main and subordinate chusvé vould be
involved in a semantic etfect that would imply
interpretation ot the position by list interaction as an
expanded list (i.e., semantic) eft -t. However, the absence
of combarable effects among the ambiguous stimuli suygests
that the efféct has to do with speed of determining that no
ambiguity is present, which sutroduces an element of
subjective judéoment and raises the possibiiityrof_dn effect
vhich is essentially a subject effect. As a final note, it
should be stated that an a posteriori comparison of means
(Tukey 'a') revealed that the significant interaction in the
univariate nonambiquity analysis was associated with three
homogeneous groups of means, at the .01 level; P2L1
(Position 2, List 1) and P2L3, with relatively high means,
r1L1, p1L2, P1L3, vith intermediate means, and P2L2 with a
relatively low mean. If the sem;ntic relation between ﬁain
‘aud subordinate clause were,the primary explanation of this -
eftect (rather than subjects! judgements), then only two

homogeneous groups of means would have been v icipated.

Function Analysis

Thus far the results reported have been based on data
standdardized by subject. Since it has been determined that
the gffects due to the list and position interaction can not
excluae consideration of a subject contribution, it is

possible to make comparisons across subjects neglecting the
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hesting of subjects within levels ot list and position.
Furthermore, since the formal distinction between the
surtace and underlying categories ot dmbiduity was Kknown to
be unjustitied (Prideu;x, 1972), the absence of evidence of
a ditterentidl response between them provides motivation for
collapsing the twc Cdtoqo?ios into one category ot
structural ambiqguity.

A discriminant function analysis was formulated with
the following structure; each subiject was treated as a
‘distinct source of variaticn in response, and responses were
grouped undei the categories lexical ambiquity, structural
ambiguity, and nonambiguous sentences. The ainm of the
Analysis was to find the linear function of the subjects!®
responses that would maximize the distance between the
centroids of the three Categories. Given the multivariate
distribution, tvo significant functions (or dimensionsg)
uouldﬂge required to represent a joint differential response
to all three categyories. Thus, the results of the
discriminant function analysis would be profiles of
centroids which would represent the ch;racteristic response
yﬁf 4 populat.on of subjects, and would indicate which groups
Uueré responded to differe -ially.

The outline given above was couched in general terms
because it was quickly found that se%eral subanalyses were
required. An dtteawpt was made to determine the re sponse
protile that would characterize the complete set of

5ubjects; however no significant discrimination was found.

P
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This was attributed to the bPresence ot a significant -
proportion of subjects who did not in tact respond
ditforvntidlly to the Categories. A serjies of one-way ANOVA
Yere nertormed, ope Per subject; and it ¥as tound fhaé only
ei1ght ot the total ot 42 subjects had Slyniticant Category
ettect F-ratios at the .05 level.\Using 4 very liberal
criterion, that a subject's F-ratio must be greater than
1.0, a subset ot 20 subjects (termed 'discriminators') vere
selected for turther analyesis,

The calculation ot the discriminant function tor the
discriminators revealed ohl; 4 sangle significant dimension,
at khe -05 level. 1n contradiction with the results of the
MANOVA, differential Lespronse was indicateq between
Structural ambiguity and the pPair lexical ‘mbiguity and
nonambiguous. Sinke the mean response time for nonambiguouys
Sentences was greater than any ot the other Categories, this
fesult appears to have the implication that by veeding
wondiscriminating Subjects out, responses to Nonambiqguity
become comparable to that of lexical ambigquity. In order to

examine this question, the subject standardg 5COore means for

~x
DS

vach category were mpltiplied by th Jpropriate
discriminant function ¥elght and th, Aesuiting scores
graphed (see Fiqure 2). 1t is immediately apparent that the
centroid profile is not Fepresentative of overall subiject
Lesponse and that the significant dimension of

discrimination is likely due tc a Small number of comparable

>

outliers,



Having found that a fatistactorily representative
responsie profile was not obtainable fronm either the full set
of subjects or the tull set of discriminators, the
discriminators were further subdivided. The standardized
subject protiles were submitted to a hierarchical clustering
routiné, that utilized Ward's ‘adaption of the veldman
algyorithm (DERS, Test 10). The optimum clustering .o ~ed
to be that which involved subdivision into four gioups.
These « ‘ups' responses were danalyzed, and fhe distribution
of welghted subject means about centroids were graphed as
above.

The largest group of subjects (Group 1), seve aall
and graphed in Figure 3, had a single significant nsion

. ,

ot discrimination, at thé§.1 level. The relatively low level
of significance might be explained by the inclusion of two
subject - whose resgonses appear to be marginally de;iant
srom the other subijects in the clustér. The pattern of
res: - nse implied by the centroid protile indicated a
dichotomous response with relatively rapid identification of

: - [
lexical ambi@uities with a slower response to all other
stimuli. |

The second largest group (Group ), comprising six
subjects and graphed in Figure 4, had a single significant
dimension at the .1 level. This group appeared to have a
generally rapid responsevto ambiguity with.a slover response
to nonambiguous stimuli. |

The third group (Group 3), containing five subjects and
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graphed in Figure 5, had a single siqniricaﬁt dimension at
the .03 level. This groeufp appears to have reversed the
Strategi of the second «roup, having a relatively slow
response to categorivs of ambiguity and a quicker
identification of nonambiguous stimuli.

The final group (Group 4), graphed in Figure b,
contains only two subjects. The justificatfon for
attributing group status to these subjects was that addition
to any of the other groups.vould have involved an
unacceptable increase in the within—group error calculated
by the hierarchical clustering routine. The pqttern ot
discrimination, a single dimension sigﬁificant at the
level, appeafé;to be similar tc that of Group 1; inveiring
differential response hotween lexical and structura.
.amb;guify. However, 1in .his case, the use of the
discriminant function to reclassify the responses would have
resulted in a proportion of the response to nonambig%pus
stimull being misclassified as either of the lexical type or
of the sfruct&rdl type. In the case group , responses to
nonambiguous ;timuli and to structural ambiguities ‘ould
have »>een grouped tugether. |

These results may be interpreted as indicating three
general patterns of response, each one being dichotomous.
Groups /7 and 3 that responded differentially to the
ambiguous/nonambiguous dichotcmy represent the cor%eiation
observed in the earlier stages of analysis. It does not seenm

unreasonahle to intergret this correlation in terms of the
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‘onsequences ol bidas for or against detection ot Ambiquut,,
given se sitivity to ghn ambiguous/nonambiquous dichotmy.
The other two qroups appea:r to have been relatively
insonsitivo to the ambiguous/nonambiguous dichotomy,
Nevertheless their respective treatment of nonambiquous . \\\
stimull is crucial to a characterization ot their Losé%nsk
troup 1 responded uniformly to both structural ambigu and
nonambiquous stimuli, which might be interpreted as a
“exical dmbiguity/'other"dichctomy; The tendency ior Group
4 to respond to somé nonambiguocus stimuli in a maaner
similar tc¢ the structural Category, suggests that these two
vsubjects were the only ones genuiﬁely responding

differentially to the gramratical dichotomy between the

S b
N .

types of sg%iguify.

Since the original experimental design nested subjects
under levels of listvand Fosition, it was possible'to
identify the luiwi with which thesé subjects had been
associated and to attempt to relate tho patterns of response
to the list by positioh interaction that had bee. founu to
be significant in the overall MANOVA. The subjects were
ident .ied as being drawn from one of the high, low or
intermediate grougs of'list'by position means within the
nonambiguous category..lt was then assumed that the
hierarchical clusté}fi§: """"
sampling without replacement from these three ngups. On
this basis, using the hypergeometric sampling distribution,
it was possible.to Calculate exact probabilities that

j



subjocts who were clusiterod togethel o oso woere asisociated
with the same ot by porition group. 1t sas found that the
two group: ot sl cteowho dad vot appear to respond to the

anbigquity/nonambiquity dichotomy had a relativel high
probability of representiuog a random sawple frem the JUoups
o list by position means (the probabilities were .1918 for
Group 1 and .14 Or Group 4) o However, Gcroup P was (if;\ul\
tiom the bhigh range _ist Ly position group (5 ou. of o
subjects), and the probability ot this OCCurT ing dﬁ:gandom
Wil .Ollq\ Sitmilarly, sroup 3 was ldrqvly'drdwn trom the low
N .
range list by position rroup (. dt ot 5 subjects, with 2
tr ot the oid range), and the exact probability of this
samaple was Q0070 mothis bas:rs, the oxtremoe (eithor high »r
Tow) responses to aonanbiguous stimuli seen to be associated
¥ th subjects who were responding to the
ambiguous/nonambirguous di}hotomy. This result would suprort
the view that sensitivity to this dichotomy is associated
with 1 task bilas, since the responses o1 these $ubjects to
nondmbiuuvuu stimui Qotv Callemd Yy comparizon to the

subjects seusitive to the other dichatomieos. 1% is

noteworthy that the totential for such a task hias night

e

“

have been iutrdduced by instructiag the subijects to irve

2
1

A R .
special. care in thelir responses, since there were more
ambiquous stimuli than nonambiguous with the implicatiod

that .5sing would generally result in error.

\

'W‘
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The (ovapiates

Given substantial information about type eftects on

73

react ton taime, the goals of the multiple regression analysis

were to consider jointly cther sources of variation and

their interactions with the tyre effects. The other sources

Of variation to be considered were broadly related to either

subject ditterences ¢r error in response. The justification

tor ronsiderinyg sources of subject difference was the
hoterogenoifywoi sub ject variances in the response time
dpalysis. Moreovér, even atter standardization the re-
effects vere seen to be associated with* differences b

subjects. Thus, subject effects were known to be a

s

systematic source of variation in response time.
: N ,
The use of covariates which would,reflect the orror

response was theoretically motivat@ﬁiiglrst, it‘vas‘of
interest to see whether the resultsfreé&;ied in Prideaux
llaker (1976) concerning the distriﬂ?tion ~f errors ‘with
respect to stiaulus tjpp had been replicat;d in this
experiment. Additionally,:the 1 lications of that
experiment taken in the- context ~i ... implications of a
speed/accuracy trade-off as outlined inWCRT theosry, make
investigation of the relatiogship between error and time
crucial to a characterization of the processes 4t work.

The folloving are descriptions of the independent

variables whose covariance with reaction time was to be

in

and

the




1. gated:
<) sequence (SEQU) : Since édch subject was presented
with a uniquely randomized stlmulu crder, the sequence
OLtOLf could, be Odelnedklndopondently of the nature of the
stimuli. It sxgnlficdpgg this . .fegt would represcent changes
e S :
in subject response qéggy{%ted with lodrning.or practice.
b)bthiquous/nonam%iguous di(ho£omy (AHB): The
dichotomous OffPCtNQGfGCth in the previous analysis.

<) Amblgulty !%po dichotcmy (TYPE): as above.

d) List by Position by AMB intéxdctiony;._qéAHB): as with

(b) and () above, this effect represents the reéﬁltsfof‘tho

4\\,, g
Frevious analysis and is known to be 51gn1f1c4nt. The |,

5-'!

1nclusion of these variables is 1ntended to*prevent
spurioudly redundant predictions and to ensQre that ‘the ¥

inform. '+ on gained by this analysis is new ihjformat'ion.

Jtihﬁluq'categorization (ERROR) : Thig variable
Lot

L

Lep[@b@hf* the correctness or 1ncorr(ctnesé,of the qubjocts'~

1dent1£1cat&00 of a- stlmulus as PlthOL ambiguouq or
nonambiquouys.
g 3

1) Swmantxc 1nterpretaticn (PARA) : In thlb instance,
the coLrocéness of the paraphrase Or semantic dlStlnCthn
that the/ﬁubject deswribed was repreqented i “ -

g) Semantic bias (BIAS): This variable represented the
results of the preferen&ial judgement task qutlined as
experiment 2 in the Methods chapter.‘The percentages that

vere estimated from that task were normalized by the arcsin

transformation, and all nonaqbiguohs stimuli were treated



havirg 100% bias.

h) Sex (SEX}): Given the tlexibility of nultiple
Fregression analysis it was now possible to deterniee whether
some of the intersubject difference could be attributed to a
sax differenue-

i) Subject bias (LKRT): This variable was the most
complicated of the covariatesg, involving a non-linear
transformation of relative propo%tions pf error, but seend
to be justificd by the Sdggestions‘of a. subject bias effect
in the prevlouq analysis. The ext: emqg§95g§§<b times to
nonambiquity appeared to represent a tendency'to opt for
identification of one recponse category in preference to:

dnother, in ﬂpendently of the propertlks of the stlmulus

-

S
\’;J

inrolved.. SUeh an effec:. can be modelled 1n‘termc of the £

prin—-iples of Slgnal Detectlon Theory, in which t e

o~

probablllty ‘of a correct %esponse to a 51gna1 can only be

megnlngfully evaluated relative to the probadility of the
. ey
g% n the present

4"," §. o - ,
identifyi embi@dity correctly relative to the probabiligy

case, thi- may beéé?terpregEd as the probibrlity Qf

of claiminmg to have detected an ambigqguity in a nonambiguou;
stimulus. Fo%lowing the techniques of Signal Detection
Theory, likelihoodgratios uere‘celculated for each of the
categories of ambiguity, by taking the ratio of the
pfoportion of correct ambiguity responses to the proportign

of 1incorrect nonambigquity responses for each subject and

category (in those cases in which the proportion was zero,

e
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the value 1/2n was use . In order to adjust tfor the
nonlinearity of the ' .elihood ratios, the natural
logarithms of the r .0s were used. In order to make the

nost efficient usr t this data, a repefé%df easures anova

was carried out ‘lving ambiquity cate
factors. The re ce ! measures assumptions ot homogeneity
and cvepound symmetry were satisfied at the .25 level. On.y
thé ambigJity category effect was significant, at the .10
level, and a 'Tukey at* proceddf§/;eveafed a significant
difference b 2tween lexical and underlying ambiquities, with
the implication that lexical ahbiguit} was less subjept‘fo
this bias than the stimuli categorized as undexi?inq. Since
the surface category was intermediate be(weeﬁ lexical and

deplying, it wusvassumed that the previous justificat;on
;Ei>disregarding fhe putative distinction between surface
ard anderlying ambiguity could also be applied in this case.
Thus as: data, each subject's®bias was dividediipto-a log
likelihouod ra§}0 for lexical and strugtural amb;guity, and
an. add..cional l1og 1likelihood ratio uas'ca{pulated to

4

represen  .ie deviation of incorrect nonambigucus respanses -

from random. Sufficiengyvariety had thus been introduced to
avoli spuriqg§.co§felation between t;e log l%kelihood ratios
and differehées between simple subject mean responde times.
in addition tc the vériables!describgd above, the
é:;euaction between all of the independent~variables’and-ghe' ‘
stimulw§/type eff« :ts AMr and TYPE) were inccrporated into
the analysis, with the wXxception only of interacfioné with

\ \

\

~,
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SEX and LKRT. There was no theoretical basis for including
or interpreting an interactiou vith SEX, and 1in the case of
LKRT, 1t wasi judged that as a consequence ot the preliminary

analysis, it already constituted an interaction effect.

Hultiple Regression

The overali reyression resultg were signiticant, F (15,
992) = 11.998, %k( .001; however, the proportion of variance
of the log respouse times accounted fdr by the regression
was'felatively small (modified R2 = _14076). The individual
§aiiables that were found to be significant predictors ot
loy rn@ygnsé time were: LKRT,'E < .0RY SEX, p.< .001;

ERRON,)E“>¢.001; LAMB, p < .0257 PARK, p < .001; AMB, p <

PN A 3
N :

i S

-10; SEQU"by TYRE, p < .10; and ERROR by AMB, p < .OO1.QA
more detailed account of the results may'pévfonnd iﬁ the
statisticai appendix (C). A number of #ncillafy analyses were
performed in crder tc¢ ensure that none oOf the effects Eited
above were spurious.’Thesg analyses, involving an
investig§iion of the ef{eét of interaction ternms aﬁd an

-

1nvestlgatlon of the interrclations ameng Lndependent

.,..\

variablesy’ are detdiied in Appéndlx .C. No reason was found'
to doubt the valldlty of these results ftor thengiven data.

Y

The 1nterpretatlon pf the significant effec in terms
0f the assdciated regression coefficients were as follpvs:
a) LKET: The ex1stence of a positlve .Jegression

coefficient 1nd1uates ‘that as llkellhood ot correct response

increases the response time also increases. The effect for a
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given suhjgct will in general be ditterent depending on the
cAtegory ot stimulus involved, since this variable
‘represents both snbjéét specific bias and a differential
ambiguity type effect.

'b) SEX: This effect may bexinterpreted as indicating a
gJenerally longer mean response time for females than for
males. Ancillary analysis indicated redundancy between SEX
and LKRT, which may indicate a sex effect in error sScores as
well, or possibly might suggest +that females ueré generally
more rosppnsive subjects. . !

¢) ERROR: The approfriate iaterpretation of this

| .
effect was that the mean response time for incorrect

Arediction of a
\ ,

speed/accuracy trade-offr. - ﬂ#@'f*
d) PARA: As with ERROR, the interpretatioﬁ of this
‘effect>associates longer response times h incorrect
responses. Howeveg, the compatibility of the results for
ERROR and PARM may be taken as evidence t?at the processeg

" involved in identifying the presence of aabiguity have

by

sufficien% in common with the processes of ambiguity
interpretation to be used as an estimate of interpretat’
fagility. The regression coefficients of ERROR and PARA «re

nearly dentical (-0.15 and -0.12, respectively, for

stand. 2d scores) and the fact that,xhgy are independent
d PLI . ’“)3" . ., . A

predictors may be interpreted as reflectilig sensitivity to

A
/

different levels of 4 commcn process.

‘¢ -
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©¢) ERROR by AMB: The interpretation of this etfect

required ancillary analysis w  ch revealed that the effect

described for ERROR and PARA was o . .+ ‘ial depending on
whether a stimulus was ambiguous Cons juous. After the
removal of simple ERROR and PARA e ' o the relation

between ERROR and response times to nonambiquous stimuli was
not significant; however, incorrectﬁresponsos to ambiguous
stimuli were smill associated wifh.loﬁgor mean re<p6nse

t imes. than correct responses. The dlftoxentldl amblqulty
type etfect Leprébented by LKRT must be horne in mind when

the relevance of this effect is evaluatud, ancillary

ed a relationshiprbetween these two

ridblés. o
'ding that %IAS vas not da signiticaht effect was
of theoretical interest, partlcularly since 1t had been
signi: ‘ly correlated with responsé time. The fact that
the relationship had been partiélled out suggested that

°

another variable or variables repreéénted the effgcts to be
accounted for by BIAS more/directly than BIAS aid. The
variables involved could be identified by. calculating the
pdrtialvcorreLatioAS between BIAS and the other independent
Vdriables,.this was done neglecting interactions with BIAS.
One of the variables identified as being involved was® AMB,
the reason for_thfs involvement was post likely that
noﬁambiguous stiékli were coded'witg 100% bias; Hére J

1nterest1ng vere the contributions of TYPE (p < .001) and

PARA (p < .06). Based on the sign of the partial

L
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r _‘Q\
cnrrelation,‘tho interpretation tor TYPF would be that a
higher bias tended to be assoadated with lexical
ambiguities, or dlternativvly'QMbjects wvere more vdariable in
their preference judgements with structural ambiguities. The
interpretation of PARA would be that excluding t‘he‘}.m
covariance associated with all other independent variables
there was a tendency for subjects to correctly pdr;phrdse

those stimuli associated with high bias. These conclusions

are not. inconsistent with the assumptions about the
(.
- .. '3’ . .
information that the blds measure "was supposed to represent.

However, 1t appears that the variable 1s wholely redundant
and the informaticn is more directly ropresel#ed by other

varilables. It is noteworthy thqtztﬁé relationship between

TYPE and BIAS is the only effec¥*s *¥Eﬁppedrs to be

";Aﬁ‘ ‘@
consistent with the results of the MN6R study, and as Ssuch

sugyests that their simplo‘correlation between bias and
résponse time vas a conscquence of a mutual relationship
uifh;ambiguity category.

A final note on this analysis, an analysis of the
residuals ot the regression indicated a sig&iiicant Durbin-
Watson statigtie (Draper and Smith, 1966). Infgaperal, this
couid come abou. 'n ggg.of three ways: (a) there could be an
undetected noulinear ;elatiou Let ween the dependent variable
aﬂh at least one of the independent variables; (b) there is
Q genuiné stochastic dependency between successive response
times; or, (c¢) that a sigﬁificant source of variation

(another variable) has not been identified.

S



CHAPTER FOUR

DISCUSSION

&

Three aspects ot MgRvs Characterization of sentence
bProcessing can be evaluated in Light ot the results of "this
study. They are the assumptions (1) that the taxonomy of
dmbrguit10§ corresponded to stages of processing, (2) that

.

there exists a unique ‘psycholcgical order: of the

Processing ot stimulus material, and (3) that processinq vas

cgarried out as 4 rule governed function of grammatical
dtalysis. The results of the analysis of data from the
Pregent study dPpear to conflict with each of these

aséumptidns, and the nature of each conftlict will be

oxanineg in the following sections.

. Ambiguity Type any ~wddes of Processing
.

There are two aspects to.the comparison of iesponses to
different categories of<ﬁiimulus; the tirst is the direct
comp%rison of weans unde£ sfimulus categories, and second is
the cbmparison of variqbility~dmong subjects within
c;tegories. The results of the HANOVA on standardized data
anong ambiguou ;rﬂs_appedr to justify the acceptance of
the ove;dll ©an .tar ard scores&gs the basic response

brotfile, afte . “HCeS in base response times and

degrees of varia: 11ty between subjects were accounted for.
hY

-
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On this basis, no signiticant difference was {Sﬁnd between
the 'undﬁflylnq' and the 'su; cace? catoqorie%§§! ambiguity.
o ¢
LI cL@f&‘d that these two categories represent distinct
Stages of processing, whereas in this sfﬁdy theig\rQSpective
means were both found to be equal to the standardized
fubiject mean response time. Since #t was noted ih_the outéet
that no formal argument could show the necessity tror the
distinction between these two Categories of ambiguity, it
W¥as assumed that they could be collapsed intc a general
category of *structural ambiguity. At this point the stage-

ot-processing explanation for the differential response

between the categories breaks down, since the two categories

could equally as well bhe said to represent digderences in

the *kind of information Frocessed a¥ ghe sta of
processing. ) R

e

Since the overall mean of *structural? ambiguity is

I

related to the subject mean response time, the goostion of

vhether th}s category might Lepresent an individual stage of
processing can be settled by determining wheth§r subjects:!
standardized meand are consistent estimates ofthe overall
rean, If‘subjects did not restond consist;ntly to the
Stigulus.category, it could not be claimed that they wvere
proéessing at a characteris;ic,staqe. The average
COn;iSténcy of response is @glated to the significance of
t;e intra-class correlation“coefficient (Haggard, 1958),
uhich,is related to the F-ratio in the following. manner: (a)

“if responses are consistent, the varijances associated with



an ettect will b? pa[fltionod 50 that Hs-within;ui}l be
smaller than B ber&eon (b) it 1esponses are random, MS-
uifh%n will approximately equal MS-between, and (c5 it
responses are inconsistent, MS-within will be greater than
MS-between. The lattot:rdse could be considered as a test on
the F-ratio to determine whether it is signitficantly less
than 1.0. Us2ike more common correlations,: the intra—cl&ss
corvelation o . a lower bound which is determined by the
humber of wWwithin-class observations (calculated as -1/(k~1)
ugﬁrv A-1 1is the within-class degrees ot treedom). For the
present co - the lower bound was related to the number of

-~

subjects and wvas calculated to be -0.0277. The intra-class
@
correlations between subjects were found to be significant

: oo " ’ , ®
tor <ach ot the ambiguity categories: Keical, g = 0.0993,.p '
- e . . JJA .
. - ‘_’,s;' . R TN
< L0050 surtace, y o= -0.0243, p < .001; underlying, g 2, e g

P
o

0502 uO p < J001. Tn the case of both forms of structural

ambiquity the correlation coefticient is uear its lowver
S 0 -

k)

bound; similarly, a test on within-subject consistency gﬁ B
revealed signiticant inconsistency under the structura&

ambiguities (at the .05 level) and randomness under the

o

-lexicdl category. Thus, despite \taﬁdardlzat}on of Ldata,
the variability botR between and within Subijects ca6:§;t be
'gtnributed to randoh variaglions in response to structural
ambiguity. Therefore, the grand mean of structural ambiqguity
-can net be a parametric estimate of standard response time,

as if would be were it associated with a distinct stage of

processing. It seems necessary to conclude that the crucial
f
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distinction Fepresented by the ambiquity'taxonomy LS the
distinction between types ot information (e.49. lexical or
structural relations), and that the prougssinq of Structural
information hay inconsistent sub iect fve Désponﬂv t.me
effects asgoCiated with it.

Qrder of Processing
The theoretical Position adopted by MEBR implies that

the notion of pProcessing difficulty is directly related to

the order of brocessing as inferred from the résponse times.

As difficulty was assumed to be typologically invariant, so

the order of Processiny was assumed to be unique.,Héuevﬁff/

since the MR hypotheses were directed ekélusivé&} towards

the:distinctions betwveen ambiguity types, it does not seen

Justified to reject their cl. 'm as 4 consequence of the N

ntinding that strétegies diffef with respect to the ,

involvement of nonahbiguous stimuli. Thu;, the two Jroups of ?

subjects who were tound to tespond to the |

,amg;guous/nonambiguous dichotomy (Groups 2 ang 3) arou

irrelevant go this issae.

”'Tho two remaining»groups (Gfoups 1 and t) were

characterized as respondiné to a lexical/other and a

lexical/structural dichotomy, on the basis of their

treatment of nopambiguousl$tinuri. However, it 2y not
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cases that ambiguity 1s not found the structural information
is processed as an alternative. This strateqgy would
correspond to a word-level processinyg with subsequent phrase
level processing, and would imply that group 4, who
tesponded as fast to some nonambiguous stimuli as to lexical
stimuli, would likely have more incofrect responses to
nonambiguous stimuli thanhgroup:1. The la ter prediction was
borne out, although Con::iderable“riskfﬁ involved in

attaching signiticancgﬁto the responseg of only two
o R $ g

-,

subijects.

o

On the'gther hand, the regression -analysis revealed an
vy . [N ot .

dmbiguity‘%ybe eﬁieqi\only in interaction with the sequence

. . N . .
of presentation over the course of an experimental session.

Bt the regression coefficient is that the
O '

The . interpretatio
®&3\in response times between lexical and

structural ambiguitin§¢}pc£eqse as the éfporimental'session

M LI ‘ .

‘progr "sses. This effect might be interpreted to 'mean that
o+

the word level tollowed by phrase level processing strategy

Brent, but only acquired with practice in this

typ "ERSR. However, MBEB explain the £95pohse time
discri:inAtion effect in’terusyéf difficglty, and when
ihtefpreted with respect to difficulty the fegression‘efféct
implies that structural ambiguities become relatively noée
difficult as the experimental session progresses. fﬁis |
latter interptetation; though seemingly Qontréd;ctory, might
have an explanation. The sequence by ambiguity type: 3

interaction was found to be significant only ifipartialled

<

e ¢



1

Prho e b s vyt o 0 s eguenee by oamboa g u:/nn».’mmhllqnnu,‘,
Perao s oo Thi 0 O TS I O O S A nlix o) mavy
poT e e he anvolveront (t.e., 1L el terelce) of the

vl atpon b noenamlbor Lousn e by ocao i no ot he
tar et ron o a strategy o voack leads to S he Tt St
GOl e AL choambiyg. - Thir anvolvens a* mioht hoas

¢ ¢ wi o charac e subs et wele a3y aware ot the
ter h more ambiagnrties wounla be precented <o them than
nonarbiououns staimull, thue o an s ttect thew werse weted ot
e ian:d oY in omere than H0k of the YTardalco; 1t pear the
entoot session, o cubdject d1d pet feel that he hal
resvonded tyest' o cutfilcient number of ciwmes, *his couldd
teprenent cvaiden. e to ham o tnat there wis a Jreater a4 proori

o
rrotebairty or the tinal c+1zull helns ambigduous and
concecaently he weuld loek hagdor and speni moge time. If 1n
ceneral 1 15 nere aiftsculr o4 surjece co A
Petveen LOnarhiIucus and st Jral ;ti%ui; tharn betlweer
UORAR. sCuous and lex1cal stimuli, then rela*ive diffecelves
between amiliuity types lncreasing icrass trials would b+
rrelicted. If respeonse c1mes tc lexical stimull are assumed
*y regaxr constant ard ornlv these for struc*turzal stimuli
ircrsease, +*rnere woul” be an explanaticn for fhe
inconsictenc oL tubfect responsers withln *he oructur |
caeegcry. Furthermore, <he 1dea +thn. structural and
NCLAMLIIUCUS stlimull are relatively 417f1cult te d1stincuich
2ay Le concistent with the relaticn Letween EBEIAS anc TYPT.
7
“tructural ambiguitles were found tc nhove greater inter-



cul jectave vartabalaty L preterted ante pretation thao
Lexiondl ambrgurtaes . Tt o would e rearoncole *o accume *hat
1 varaiatiorn in o anterpretation ot nonambhiguit ie:s oxioot,
these wold ado > be anter -subjective ef foet o
The exnlanation ot difrvlvn?xnlvchynh:v o aulus

catesorles 1n fermse of o antrinsice ordering ot FIOCes0e s 1,
not borne ou* o these reculta, From the preceding coc*1on,

w - :
' s o xrown that such orderine would »ne unlikely to be an
orderineg of distinct ctages of processing. The alternative
i ordered processes anvelving distinct types of intormatiorn

can o not o be o gliven ap unge ‘i1fled intervroetation. At oach
poins iu_thv anilysis, 1t emerced ther influences from all
stimulus categories interferred witn response te anv given
stimulus. Whether +this Telativity of response is an
exrorigental artifac* or ipherent to the rrocess is a

o

questror tlhat requires meove infcrma*ion abou* the nature of

The az:umr“ion *hat cen*ence preccessing is

i

y I

/
deter#inistl . ir character underlies the whole
'veychological order' model ac proposed by ¥&3, as well as
beilig lwplicit in the use of such terms as 'meaning
rercepticn'. 77 be *aken sericusliv, +th- ‘=ump*icn would
recgulre that the rrocessing of 2 give: ~ulus -e

¥

inlepenien- of *he decisicns reached for other s+imuli, be

O
o+
0
~
oy
=
.
-
oY
ot

iree of sul-ective effe errors be due to randéor

influences. It has become clea. .rL the rreceding sections



a4 iocesrng ot structaral arbil urt jo; 1 rartioular
teo not andesondent of the Flocecanag ot nonambtquou:
stimelio A camvl dependent respon: ot lvxiﬁdl ambl guities
L Lepieented vt sulb jects, Uh} testonded to the

amt rguon: Jnonasby g s d1-hotomy. The nehaviour of *hece
dlodpsoof sub cccte maait be charactverized in terme of 1
Cearch o strategy s oat o cubjecs happened +o0 have . subjec* iy
Plas dagainst detecting vrhigulty, he m1gh't lelay decistions
G1ven ambiquous stimula (atd vice versa, given a biac for
cetecsaon of amb . ocuity) . The interpreta*ion ¢ ha+ processing

1: 1n part qoverael by . preferred Cesbonse 15 cousicstent
v -

<
—
-+

he finding that resatively long response times to

abi tous «¢ mul dre . icrificantly correlated with

v

1NCOL 1 Ct jes; rnses (as Letivnente by the significant

Eh: "R, PAFA, and FAMFE Ie€Cre€sz1ion « 'Cts) . These etfec+s
11ve the ~“haracter cf a seaioh the oo that processinag

Tiy In iart involve finding « :dence <o Justify a
predeternined ~referred resnonce. I+ lav,. however, pe =
f !

consequence c¢f the fcrced-che ce c.aract: = 0f the task anid

“hat gquite differsn* picture -ould emer-o 1% subdjectat
responses wer ia * torm of cernfidence ra*incs of their
L gement of lio "lincod of a given c-igulus hein -

LZbijuous.

“ince a3l ¢ +he sur“ects for whom -hLere i- -viderre of

i

A F

“*

]

[

er-ntial

Ft
o8]

esronse were fcuwd ¥ have Tespons
dicho<-orcusly, *he potential for a r€l3*lcnship be=wsen +ha

na~ure of *te zc~essing and th- resronse Alternatives
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aritses. It is pdsﬁihlo that these dichotomous strategies are
exclucively dichotomcus because the respon: e i1s dicnotomouss,
which suggests that subjects have generally processed only
sutflcient informaticn to draw the distinction required of
them. The cuspicion that those subjects (*discriminators?')
who were included in liscriminant function analysis
Lepresent a dictinct . ..s of subjects, and tha+ the
remaining subjects may have misunderstood the task 1s
contradicted by an examination of each subject's intra-clase
correl.tion. On this basis (at the .05 level), it was found
that nine subjects responded consistently, 25 responded
randoaly, and.the remaining eight responded inconsistently.
such a distribution might imply that subjects were drawn
trom a random population (as regards respouse consistency) .
¥hen the Lpecific kind of strategy 1s considered and the
vorrelation be*ween subjects is taken into account, then the
subjects fall into distinct groups. On this basis, it may be
legitirate to conclude that the *discriminators' - not form
¢ special case (they are sampled from a random population)
and therefore the Frcpensity to respond dichotomously is a
populatior characteristic not a property of the distinc+
stratégies associated with sub-groups. Thus, i* would be of
interest to carry out further experimentaticn in order to
de*- .m. e whether increase. in *he number of response
alte~n - 1ves would result in greater conmplexity of
iifferential response. An increase in the numter of respornse

alternatives might be achieved by requiring subjects, after

a
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appropriate ‘raining, to either name the cstimpolus type
(:.02., lexical, st:uactural, or ronambiguous® or to rankﬂ
Caelr responses in terms of contidence about the presence ot
ambig ity (perhaps with scales of varying intervals).

The direct interpretation ot *he character of
brocessing based on the relation between errors andg response
time may have oniy iimited validity. The comparison of *hese
two sets ot observatio ns ic essentially a comparison of
atimulus associated eftects, wo.le proc¢<ssing 1s a subject
characteristic. FPor this reason an apparent contradiction in
the regression results is .erable. The error/response time
comparison suggested that incorrect resronses were
associated with long respronse times, while *+he
interpretation of the LKRT variable + 5 that correct
responses relative to the respcnses to other categories were
generally associated witn csubjects whose resecnse times were
relatively long. This lat= Zinding is of particular
interest in that it is consistent with the Statistical
Decision-making model proposed by CRT theorv. The
Statistical Decision-making (SD) wmodel predicts that if
response time interval represents the size of an information
sample ﬁhat a subject processes, correct respcnses will
generally inérease as a functicn of the sample size. The SD
model predic*s a direc+* relation between etrdrs and respronse
times for a given £ 5ject who is free to set his ows

criteria for decision-making. The criteria are represented

in terms of likelihood ratios, where the magnitude of the

‘-
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critical values (¢ *eria) of the likellhood ratios wiltl

determine the average sample s1ze required by a qgiven
sub ject towrvdch a correct decision. “hus, the LKRT variable
uill<70prosont an. estimate of the criteria that a subjeo
may have used 1un decision-making, an:d 1t 1. the dpprbptidtﬂ
variable to test the hypothesis that a yroup of subjects
with diftorihq-criterid responded in a manner consistent
with the SD model.

The assumptions above require some gualification, since
the analysis of variance on likelihood ratios revealed a
significant difference hetween the lexical and underlying
categories (as consistent with Prideaux ar'%ﬁ&xer's (1979)
analysis of response errors). The inclusion of independent
values’associated with lexical and structural types for each
subject suggests fhat these wer= 1ndependent criteria -~ ~
thus, that indevendent SD tests vere carri@dycu‘ an the
differegt stimulus categories. This would, however, c¢onflict
with the implication‘&?at may te drawn ‘rom the general
dichctomous responses, that subjects for the most part
considered only two alternati es in examining the stimuli.
The investigation of relationshiy: among independent
regression variables revealed sic:ificant mutual enhancement
.0of LKRT and LAMB (which was the variable representing
subject group effect). This relationship ralses the
possibility that underlying the Zikelinood ratio analysis of

vary 'ce effect was a subject Lty type 1:teraction which

caorresponded to the subject grcupir s represented in the

'
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I alte ot the discriminant function analysrs. Due to the
peucity i tata, such a relationship c&nno{ be tested for
fnos; subdect s responses; however, it is noteworthy that 1in
"he two groups that responded to the ambilquity types, the

group of two (*hat seemed *o respond 1nconcis*tently to

-

nonambicuous ¢ 1muli) had low LKRT scoros tor nenambil quous
stimulil, while he other group haa high sccres:; and in
qeweral, subject: cojoared *o have a lower likelihood of

correctly identifying nunambiguous .. timuli, than amblquous.
The latter effec’ may be associated wi*h the relationship
tound between LKRT and EAMB, and ®ay 1in part be explained by
the possibility of - relationship betveen a subject's
response bias and the (relative ragnitudes of the) criteria
1mputed to ~he (respcnse alternatives of the) SI process. It
should be ftorne in mind that the SD model has much in common
with a general search strategy, with *he difference that it
aliows termination of a search wi*h an uncertain conclusion-
It would seem that much ot the interpretation of the
resuits of this study points tcwards a non-deterministic SD
model of processing. This tein¢ the case, subjgct behaviour/
might be better characterized as signal detection than as
computation based on gramma*ical rules. If a signal
detection paradigm were the mcst appropriate paradigm for
this *ask, it would follow ghat the results of this
experiment would be inadequate for a comprehensive
description of sentence processing in this context. Among

the weakest features of the experimental design would be the

L
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ack of oo pol ver sui ject expectancies about the
croportion of ambigucus te nonambiguous staimuli. T+ wvould be
ot 1nterest to see whether inter-subiject variability could
e reduced by explicitly c+ating the proportion. Similarly,
1t would be of 1nterest tce know what oftect 1t weuld have it
cubjects were leliberately misled about the vproportion.

[+ 1= possible, on the basic ot these 1lts, to
propose a p}ocossinq model wh:ch 1. considera:ly different
from that postulated by MSE. + *he tirst instance, the
notion of *iifficulty' may be introduced, but only as a
relasive_term; that is, two stimulus édfegories may be more
difficult to distinguish than enother pairi. ; cf stimulus
categories. Thus, difficul+*y wculd not completely explain
differential temporal respocnse. In order tc explair
differential response, at the least 1nformation about
accuracy of response, respcnse bias cor preference, and
subject characterizatiocn cf alternatives must be provided.
The latter consideration arises from the difficulty of
expressing the differences that might have led to the
different dichotomies to which subjects respcnded. In terms

of *he SD model, the explanaticn of the difference between

to the ambiguous/nonambiguous

[of}

‘the croups tha* responde
dichotory as a differing response tias is perfectly
acceptable. An explanation of the responses of the other
groups might include a teriency to regard ambiguity as being
primarily lexical, which would ﬁe consisten*t with seemingly

greater accuracy 1in response tc lexical ambiguities for
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these groups (which was not the case tor the
amblqulty/nonamoni juous dichotowny) . Thue, a4 ditferential
temporal respon:e 1 a tunctior ot context sensitive ot
experitentilally based biases, ratnue: flulii uniquely ordered

stages ot processing; and the fundamental process involved

would he7informed cuessing.

“« . )
Evidence has been descrited tor effects of a totally
different character from the mcdel devel yped by MEh.
fiowever, two more general lissues given frequent comment in

>

the literature need to be examined. Thpse are the status of
token eftects, as'represented Ly BIAS, and the issue of the
relative complexity of processing amblgucus over
noi.imbiguous sentences.

The analysis revealed no systematic effects whatsoever
that could be a*trivuted to tokens. This was found both for

th semantic bias

D

at

varirations in presentation lists apé fo
measures gathered. The analysis seemed to suggest *hat
insofar as variations 1ia semantic bias +-re regular, they
}
rerlected the effect of the *v:e cf information on - which
/

they sere :-sed and thus, the ambiguity type. The firdincg
that BI' was not a significant inderenden*t predic*or of
response time was of particular interes: in 1igh* of 6he
manner 1in whicg “he measures were obtained. The semantic
blas measures were gathered in a manner which assured t+ha+

these token-like effects woulé te inherent properties of



cach token. The faylure . ¢ these estimates to pred

rtesponse taime replicadates the tinding ot Fors, Bever, and
Srlver (1968) that pre-test ovalugti(un()r semant 1o bias o4
not yireld estimates that correlated with . response time. They
found, on the oSther hand, that ectimatec of svﬁanfir bias
dathered during the test were Lelated to response time. Thi:
would be consictent with the ccntext sensitive behaviour
observed in the present study, and would lend support to the

1T;rcssion that *he rresent -&sul*s are not aberrant.
Several of the models broposad in the literature rajse
the question o: whether amblgucus sentences areo inhb;ently
more or eagually complicated to process than nonambiyious
séntences, and in general it is understood that complexity
- .
would be reflected in response time. Given thece
breconditions, the answer trat would be inferred from the
present results would be tha+ depending on *he subject,
nonambiguous sentences can be more, less, or equally as
complicated *o process as one or alil ~1 the *ypes of
amblguity. Such an answer night well be taken to suggest
*hat the question wac ill-conceived. The kodels have for the
@most part drawn heavify cn the structure of transformational
graamar. However, from orne pein* cf view, *ha+ structure
deals only with well-forkedness constraints and not the
reiation be+ween reanings and Tepzesenta~ions. It 4ds a well
accCepted principle of interpretive semantics that the

mappings between representastions and weanings are governei

J

»

by both +the structure of the representations and



9t

biesuppositions, yet, by the nature of +;. CXperiment s
pertormed, the contextuyal quideline:s foj Interpretation gre
BIsSing. ough the effoct +hats thie mign* have on response

times nroredictable, 1t might e rea:onable to intervret

the complexity of the brecent results ac heing in iItself ~

sUtport for the notion . ap 1nterpretyve swmautiés. It i@
Particular recponse tias - related to the notion at W
Presunpositions, the: the bPresent resuits might directly
tetlect *he interaction betvweer ' he *uo components of
Interpretive seman' fos, Tr thi1s sense, it Blght he suggestod
that “here would be much gained frop constructing
Psychological models which conform to the spirit rathe; than

the term of Grammatical theories,

Difficulty and CRT Theory

‘'The explanation that has teen propcsed for +he 3
differenti. - "esponse between ambiquity tyves in this thesis
1ncorporate’ : no+_on Ot difficulty whic@,is nct absolute
processing A1fficulty, osut is instead the relat:ve
difficulty 3 subject would have ip distinguishing cne or

othe~ of the ambicguity types frcm the honamriguous controjl.

‘urthereore, i+ jc broposed -ha* the differen+tial responsce

R3]

€ffect that arises from this relative difficulty will itselft
oniy be evident ac 4 concequence cf a recponse hiae varying
AaCross trials. It is notevorthy that _pge responses of

subjects for whor there 1s no evidence of discriminratior

would fror this rerspective te regarded as unbiaced

<
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Th1s notion ot Ai1fticulty tearc much 1n common with the
general task ditticelty developed an CFT theory. “ne
predirctiong derived ftrom CRT - eory would cuggerct *hat
difficulty and theretfore me tesponce time 15 directly
rel vted o *he number of stimulis catoqgories: iteplying *hat
Ll dvnf'xl, tto1s rosre d1ffiacult to distinguish bhetween
three categories *han 1t is between two. Fwrthermore, it 1<
possitble, given certain assumptions ahout rhe nature of
rrocessing, to derive predictions abou* whether i1ncreases in
the number ot stimulus c.tegories woul! lead to increases in
tesponse time as a linear or a logari*hsic fuanc*ion ot the
rumber of stimulus categories. Since it would be possitlé to
train subijects to respcend to the three clarsos of <+1muli,
1t would re of interest to divcover what scrt ot increase in
difficulty this wculd entail. N

However, the general question of difficulty, as 1+
arises 1in CFT theory, does not cnly bear on the gquestion of
tre relative magnitudes of response'timps. There a2-e in
eddition predicticns ceoncerning the form ¢f randcs
distribu*icn that responce times car

-.+. 1t 1s a relatively ccaomon ¢ .tion *hat as

certain decisi~rn situations are mdae more and more

sieple, the ob..wrved latency is better and Letter

#pprroximated by an exponen+ial dis¢ribution

siightly displaced freom the origin. (Christie =

Luce, 1963, . 25)

in order to examine the present data 1n this lighg,

his*tograms were constructed rerresenting the number of times

=
L
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that subjecrs tailed *o make a4 decio o vithin cuccee oy,
tvo second Lontervals (see Figure . Sving a Tl ete
counterpagxt of the exponential diastiibution , 1Y owac

Ve

obrerved that a relatively adeqguate tit gouid be achiv ved.
-
Tt o noted by Chrastic and Lace that ¢ e deviation of the
emirIlcal f1om the theoretical curve will an par* depend on
1

wWhether proecessing could involvwve ser1al or parailel
Procebsing. o aeh relationchipe would be usefuyl 1D COmpArilson
with results ot -furt her experiments to cettle the question
ot oipder 1n sentence processing. Neverthelegs, +he
relatively slicut deviatior frem the theoretical curve may
be accepted e evidence tha* the number of elementary

¢
declsions invelved in t»aching the stimulus categorization
17 swall. This would be consis*en* wirn *he intervretation
of the ‘present results in terms of the Sp rodel or more

generally in terms of a cearch strategy. However, +*ne

crucial test of more specific Froperties cf the processes

woild regquire examination ot the effec:= of increasinyg +he
1 sut. ject would have

nuernper of stirulus categories<to which

to explcitly respond.

ct

Processing Dynamics and Linguistic Theory

_——amsa o

.

If “1e results of this ex;erimedt are No* +o be *theougat
completely aberrant, then one ceneral 1imzl:ication emerges:
the processes whick underlie sentence cComtrehersion are
nigsly flexible, and mav even te consilered to be adactive

to a speaxer's infcrmaticrn requirements. he dyraeics of



e e bl e G MUl be T e Lo v b g
ettt le to o constiaants o O S O B T B O ATV SR O
At e et o whaon che anformat ton o wi il b pge. noth
e, 0t may ceven b gqustaf b le to i gt Lo Panla
SO e Ploces i ng s Conman ¥ 1NV, innw' tohe choyoe damaog,
s rple pecential interyreration, 4 chartacterivation wh
it suggest that Sentences Tegarded o imborGuous e omo
Neesr ly norueal than thore centonce: bty paaht untaritoaivy
tder v red g nonamblguoas .

P ode encourawging that “he ool of +hi: CXPeTa ol
dppear to e subject te the same corto of conaideratiops,
Potiiaan terns of the peychological concsrainsa *hat
conditich responses, aud 1n terme ot ot al de Lpt o
Paar are dealt with o in acre gener T psvon L0gice}
inforaatiorn processing theories (as tor instance Stigulus
Sampling Thwg}y (Nelmatr o & Estes, 1967y ine CET theo:r vy,
Th Mey CAarvy wi*h 1+ t%ﬂ implicat tha* oontence
preces:s ong o is verned by general reycholcgical principle
a0¢ NOT Drinclinliec Y are pecullar only *o lanJuaye. Fu
«* *he same tige, 1t would have 1aplicaticons foi liagquist
tneory. I, 4s a case in point, the 0 ~odel cof Froc-ssis
welre Yo pe tiken ceriously as 2 mode’ I cernternce
brecesoanc, 1 would fcollcw that the ~tipulus saarles or
wnitn o« sulbject fased hic decicions would have <~ e sanp
©f over* -timulus charccteristics. Thzt is tr gxv, *hat *
cubject gust re sagpling *he infe za+tior represented by +
surtace structure criracteristics of +he sentence. Tc cla

e
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CHAPTPE FIVE

SUMMARY AND CONCLUSTON

The goal et for *hic study was the renlication and
cxtention ot oan experiment dealing with the behavioural
17 pact ot eatence amblgulty as reported in MER. The
Lesults of that exporiment had been interpreted ao
fupporting the general hypothesis that the Frocesses leading
to sentence comprehension are rule governed 1in 4 manner
consistent with grammatical theory and that consequently the
di1tticulty ot comprehending the alternative lnterpre+ations
‘1 ambiguous sentences is directly retlected in the amount
Of time reqguired to iden- fy the al*ernativec. M of the
justification for MEER': conclusions rested on thre validity
oL posrtulating the existence of a distinct category of

ambiaguity, in which deep structure informaticn is necessary

(&3

°r the rezolution of the ambiguity. An examination of the
issues and arquments concerning this category suggested that
f- formal standpoint the category was not well-founded,
and that Mgartg study failed to prcvide empirical evidence of
the category's oputatively distinct, behavioural iméact.

Ir this study, M&B's experimental design was nodified
to include Ocrambigucus ccntrol sentences and a ccntrol for
the potential effects of semantic material. Nevertheless,
the major source of variation revealed was intersubject

variability. Examination cf the data revealed evidence that

ilntersupject variability in Tesgponse time was associated

101



with vartations in the Accuracy ot response, and with
response pirdases that might be associated with ditfering
trrate jles ot responce. Thus, in the Md L L JEB's assumpt ion
ot determinicstic processes (1.€., rule governed) was
contradicted. The cther assumption that difticulty of
processing cor'd be the cenceptual link between the
grammatical complexity of ambiguity categories and observed
response times was %ontradicted py the finding that there
wWas no empirical evidence to support the distinction between
putative types of structural ambiguity (i.e., between
'surface' and ‘*underlying" ambiguity). Furthermore, *he
analysis appeared to favour an interpretation of difficulty
in terms of structural ambiguity having greater similarity
to nonambiquitv than lexical Ambiguity had, under certain
response bias conditions.

At phe outset, five areas of po+ential controversy were
delineated. Two of thes-=, including methodology and the
relation between linguistic theory and the experimental
design, were concerned wit & critical exgmination of the
M&EE study and the present study has shoun the criticisme to
have empirical justificaticn. The remairning areas, idcluding
problems related to naive speaker behaviour, reaction time
as a dependent measure, and experimental control in
psycholinguistic research, have a muc: wider scope than
simply the study of the behavioural impact of ambiguity.

Nevertheless the presei study can serve to illustrate the

significance of *hese issues.
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The rbjoction Of MEB's precessing model, with its
yrammatically determined stagec ot brocessing, as a basie
for the explanation of the present results adds considerable
complexity to the theoretical Froblem. The pattern of
Lesponsers observed in this study seems to imply that a
characterization of sentence processing must include factore
such as the strateqgy options availablo'to a subject, the as
yet unpredictable varYations in dccuracy of a subject's
performance, and the nature of the response selection as
¥211 as the stimulus categorization task;

The general implications of the present results are
that the form of behéviour uncer chservation is a type of
choice behaviour rather than the deterministic rule-qgoverned
behaviour, postulated by M&B. The strongest indication of
this 1s that the Stimulus effect associated with difficulty
of discriminating between Structural ambiguities and
Nonambiguous stimuli under certain conditions might be
interpreted as imrplying that these two stimulus categories
are the two most similar Categcries. Thus, difficulty
represents the effect of interference in response between
categéries, rather than the effect of the properties or
processing requirements of a given categorv.

The combination of choice behaviour with variable
accuracy in subject performance has implications both for
the reiationship betweenrpsycholinguistics and grammatical
theory and for the design of further research into

ambiguity. In the first case, the fact that subjects nmake
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decislons with varying degrees of certainty suggests that
the Cétogorical distinctions made by grammarians are not
necessarily distinct for subjects. The Stimeign Xuo my
with which this stud: lealt was inherent: . hieipavchical;
{haf 1s, the major ditinction was between ambiguousness and
nonambiqguousness, while the lexical and structural
distinction was nested within ambiquousness. However, the
labels 'lexical' and 'structural? Ray represent the
existence of a potential for ambiguity at some locus within
@ sentence, while the arguments of Ziff (1965, 1967),
Gleason (1965), and Patel (1974) would fuggest that a global
evaluation of the senten'ce need Dot necessarily reveal
ambiguity. Thus, the categorization of sentences nee’! not be
hierarchical, sentences may contain lexical or structural
potential as within-sentence properties and independently
may Lbe ambiguoﬁs ¢r nonambiguous as global gen*‘mce
broperties. For ccmpleteness, ocne mi1ght wish to speculate
that the distinction between simple nonambiguous sentences
\and sentences that are in Quine's sense 'vague! couid be the
distinction betveen ambiguous and nonambiguous sentences
that contain no (grammatically\identifiable) rotential. Such
4 Cross-categorizaticn could be the basis fqn,an explanation
of the dichotomous responses of subjects, as opposed to the
potential three—way.discrimination associated with the
hierarchical nested categorization. =

It is with reference to the categorization aboye that

it may be most clearly seen that identification of ambiquity

-~
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does not simply involve jdontificatién of grammatical
broperties within the sentence. Thus, the uncertainty of
sJ’jocts' general pertormance seenms los§ 1nexplicable. It is
not necessary to infer from incorrect responses fhat
subjects responded without understanding either the stimulus
sentence or the experimental instructions. The existence of
uncertainty raises the question of whethker the forced choice
dichotomous lesponse was appropriate. If the categorization
outlined above has any validity, there is no necessary
Leason to suppose that degrees of ambiguity do rnot exist or
that SUbjPCtS identifications might not more appropriately

be recorded in terms of degrees of confidence. That

'recogniticn would be the crucial step in designing a new

type of experiment to investigate the sentence comprehension
processes, following fhe signal detec*ion paradigm. Stimulus
pairs should be érawn from sentence types possessing
potential for amb gquity, such that for each ambiguous token
there is a corresponding ncnamtiguous token. Use of
semantic redundancy should allow this to be done with
sentences involving both lexical and structural -nonalies.
Selected groups of su@jects should then be instructed to
respond by stating their confidence in detecting ambiguity
on some scale (e.g., 1 to 5). Each group of subjects would
be told to expect a different Froportion of ambiguous *o
nonambiguous stimuli. Such an experiment could detect
different response bias effects relative to lexical or

structural types of information, and by comparing confidence
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/
ratings with response time might suggest the processes
involved in distinguishing between ambiqguity and

nonambiquity.

A similar test design;d to cenform to the hierarchical
cateq;rizatioh s1ght make use ot the names 'lexical.s,
'structural', and 'nonambiquous' as responses. It the cross
categorization hypothesis is appropriate, then this change
in form of res» nse should not make it any easier’'for
subijects to respond differentially in terms of both crossed
factors simultaneously. Subjects uQuld still respond
dichotomously in terms of either pFotential or actual
rresence of ambiguity.

It seems appropriate to conclude with speculation,

sini: e rosults cf this research have raised more
questiung : ¢y have answere. It has been noted that in
this ar~a 2arch, probiems have arfYsen out of an

uncriticel acc t:1ce of formal description and analysis.

One could cc¢ =luc that ~~re healthy scepticism is %alled

for; however, tha-+ . be carrying things far enoﬁgh. If
the hint *hat has .ee: . -+ 2¢ Irom these results has a
firm basis t*at the -o-r. ‘;‘atién involved does not
rerresent the categorie- . >r in which subjects are
aware of them, then the #o. Rels - ought to be -
changed. The flow of infor-ec ‘2 be in tvo
directions; where possibl . L : Tl > oy be
given empirical verificat:i . cZizve. Ll &l

i
s
[}

¢

distinctions ought to be de, 7

I
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APPENDIX A

i

This 1¢ aun experiment o nvestigate bow o speakers of
Fnalish analyze sentences <o detormgae the o denjnqs:

Most sentences are NON-AMEIGUOUS - they have ouly one
meaning. For example:

Jerry 1s eatin: a4 haam sandwich.
Uther sentences, however, wmay ke AMBIGUOUS, tYhat je they
could ve 1nterpreted as having two or more possible
Geaninds. For example;

© falesmen are <ol o to hear a cai talk today.

which migh* refer to a 'talking car' or a '+alk atout
il g C

cars'.
In this experiment, we are interested in how di=s- 1t
~1* s t%e decide whet or or not o ser*ence is awbilguc n

orier tc determine this, we will measure the agourt of time
1t takes rpeople to identii,; Lhe awmbiquous sentences in-e
list composed of both azfiguous and nonarbijucus sentences.
The 1i1s* will be dis;layed.on @ videc screen, one sentornce
at a time. Just before each sen*~nce, *“here will be a
warning display of X's. Your task wil: he to decide as

cuickly as itossible whetler or nc+ €ach sentence is

amblguous.,



When vou have 1 vched yvour devi aon, aandio o te thg by
Tespomding YRS Or Hos Wt thico od: Ao e exXne: lm(‘Zl‘.;*I
Will preseo g o button and the time tasen to decide wili be
teeonded by the conputers It you recpond YRS, you are asck oo
to wiite a iontence cotresmonding to ocach of the
Inte wretation: that you saw, 1n the booklet Provio.od. The..
seltence wilioremaln on o the  creon ol oae long ac you o i,
wibtle you ape wi Ing the two interpretations.

It yen are unable to reach a decision Lefore one minute
ha: par ed, *he zentence will te removed from the cscreen ani
Woe o wilil go on to the next. 5o tleas respond as quickly as
you cunt bear ing 1n rind that most ot the oo p*vncec are
tablquons, but ot all .

Loyou have any questions, rlease ask them now.
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APPENDIX R

The tollowing list centalns all of t he stimulus
sentences used in both experimental procedures. In
Experiment 1 the tyo possible clause orders of theso

sentences were included.

1. We qgot ¢ letely lost afte: takiny the right turn at the
corneyg.

' He realized his blunder when he remembered that she
N dn't tear children.

was overly ccnfident in thinking that the paper would
07 I everything.

she put on a clean apron before she car-ied out the
ders.

[GY -
Mo

5. When the -olonel hag finally gone, the soldiers put down
tiwlr arms. o

6. Because She was short ¢f money, she borrowed from her
cl- friend.

-5 *he rain had storped, the painter put on
Jat. :

. .- traff. © liked his new FOsitiorn, although it
involved some da.. =T,

1. I+ didn't cause auch emkarrassr<-: 2ven when he laughed
at the funeral.

2. Although ~ asked how olc gecrge was, 1 wasn't really
interested.
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- She was having a 1ect while I was reading her mystery
stories,

4. When he looked over the cda:, John noticed a larqge
bloodstain. 1

. The car kept stalling while they discussed their problems
with the mechanic.

6. The stout doctor's wife stayed at home because the
babysitter couldnr't come .

7. Because of its lmportance, she sent the contract over a
week ago. ‘

8. Hoping for a big tip, I served +he man with a smile.

Underlying Ambiquities

1. Although visiting relatives can be boring, 1 try hard to
be patient. .

2. I decided to go outside because I disliked smoking in +the
roon.

3. He was exceeding his authority in ordering the police to
stop drinking. :

4. When they outlineg their plans for us, we gave our
complete approval.

5. 0f all those told, the €tory of the salesman was the
funniest.

6. Contrary tc ular opinion, the French like opera as
much 1§ Italians.

7. Though he always left things in a mess, she liked his
cooking.

8. Despite the surgery's success, the sight of *he fireman
was still awful.

N¥onambiguous Sentences s

". He couldn't get a job after flunking out of school in the
winter. o

2. She remembered bis name when she saw that he had 1 scar.



J. It didn't have the expected eftect when they streaked
during the ceremony.

4. They were robbing my house while I was working in the
Lackyard. '

5. T often miss my classes because T en joy talking in the
caf. 'eria.

L. She was éxaggerating his importance in telling her
friends about his jok.

- Despite the team's optimism, the injuries to the linemen
wvere very serious .

8. He put on his new suit before he went out last nig

9. When the sun broke through, the game was 1in the fipal
quarter.

10. When she looked at tre thermometer, she saw that his
fever had risen.

11. The fuses kept blowing while he ués trying to fix the
TV. ;

12. 0Of the few seen the birds at “lave Lake were the R
biggest.

13. When theynexamined the signature more closely, it was
clearly a forgery.

14, He was always in debt to scmebody because he couldn't
Save money. .

15. The young couple like their new house although it had no

16. Trusting to luck, I asked the police about ny lost
credit cards.

17. Because of jts weight, he trieg carrying the suitcase o
his shoulder. :

18. Though he appreciated the help they offered, he
preferred doing it himself.



APFENDIX C

/

&; UNIVARIATE ANOVA'S ON TYPE USING SMBJECT STANDARD SCO§§§

1

A. LEXICAL AMBIGUITY

SOURCE SS DF MS F (MIXED) F (FIXED)
MEAN 4.949 1 4.9492 5.63 *x 5.29 *x%
p | 0.7014 1 0.7014 0.80 0.75

L. 0.7542 2 0.7542 0.43 : 0.40

PL 2.4672 2 1.2336 1.40 1.32
S(PL) 31.6492 36 0.8791 0.94 0.94

R (PLS) 196. 4540 210 0.9355
B.- SURFACE AMBIGUITY

SOURCE SS DF Ms F (MIXED) F(F. ED)
MEAN 0.0024 1 0.0024 0.0 0.0
P 0.0276 1 0.0276 0.04 0.03

L 5.7924 2 2.8962 4.29 *x# 2.69 %
PL R 3.8389 2 1.9195 2.85 * . 1.78

S (PL) Yo 24.277s 36 0.6744 0.63 0.63

R (PLS) 226.1708 - 210 1.0770

C. UNDERLYING AMBIGUITY :

SOURCE - SS DF Ms F (MIXED) F (FPIXED)
MEAN 0.0108 1 0.0108 0.02 0.01

P 0.0020 1 0.0020 0.0 0.0

L 1.5732 2 0.7866 1.12 €.78

PL 0.6783 2 ©.3391 .48 0.-34

S (PL) 25.3448 36 -7040 0.70 _ 0.70

R {PLS) 211.5656 210 1.0075

D. NONAMBIGUOUS STIMULI )

SOURCE SS DF NS - F (MIXED) F(FIXED)
MEAN 5.2005 1 5.2005 7.35 x= 5.93 xx
2 0.5119 1 0.5119 0.72 0.58 .

L 6.3600 2 3.1800 4.50 *x 3.63 *x%
PL 7.9710 2 3.9855 5.64 %% 4.55 *x
S(PL) - 25.45u6 36 0.7071 0.81 0.81

R (PLS) 184.1423 210 0.8769

+ 0.25 > p, * 0.10 > P, *% 0.05 > p, **%x 0_01 > p
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416
416
623

P
0.05
0.199
0.102
0.901
0.103
0.921
0.034
0.169
0.002
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REGRESSION

RESIDUAL

THE RESULTS FOR EACH

DF
15
992

SS
69,731
384.353

MS
4.6u87
0.3875

F

11.998 *=*x*

VARIABLE WERE AS FOLLOWS:

VARIABLE %VARIANCEF B BETA STD ERROR B F
LKRT 0.631 0.07418 0.08382 0.02748 7.286 *%x
SEX 1.165 +0.07305 -0.10884 0.01992 13. 449 *%x
BIAS 0.002 0.00C29 0.0060u4 0.00214 0.018
ERR( ° 1.424  -0.10236 -0.15053 0.02525 16.436 *%xx%
LAMEB 0.522 0.02885 0.14953 0.0117s 6.028 *x
PARA 1.004  -0.10971 -¢.11743 0.03222 11.594 *%x
AMB 0.255 -0.12086 -0.15594 0.07038 2.949 *
TYPE 0.016 -0.06556 -0.08099 0.15417 0.181
SEQU 0.062 0.00287 0.02958 0.00339 0.717
STYPE 0.254 0.00619 0.108u8 0.00362 2.931 %
SAMB 0.070 0.00306 0.05924 0.00339 0.812
ETYPE 0.079 0.02418 0.03118 0.02530 0.913
EAMB 3.571 0.15606 0.23213 0.02431 41,224 *%xx
BTYPE 0.001 -0.00016 -0.01381 0.00215 0.006
PTYPE 0.003 0.00605 0.00587 0.03278 0.034
CONSTANT 2.58286

B. 'MAIN EFFECTS MODEL

VARIABLE B BETA STD ERROR R F

LKRT 0.05230 0.0591¢ 0.02774 “3.555 =
SEX -0.06592 -0.09821 0.02030 10.545 *x%x%
BIAS 0.00030 0.00633 0.00218 0.019
ERROR -0.18493 -0.27195 0.02139 T4.775 *%x%
PARA -0.07919 -0.08476 0.03086 6.583 *x
AMB 0.05406 0.06976 0.03552 2.317 +
TYPE 0.01118 0.01381 0.02580 0.188

SEQU 0.00080 0.00828 0.00292 0.076
CONSTANT 2.63643

C. PARTITIONED ERROR BY STINULUS TYPE INTERACTION

VARIABLF B BETA STD ERROR R F

S X ERROR -0.22739 -0.23919 0.02811 65.422 *%xx
L X ERROR -0.28994 -0.21390 0.04015 52.146 *%x%
N X ERROR 0.05025 0.03723 0.0u07¢0 1.521

SEX -0.06630 -0.09878 ,0.01971 11.381 *%xx%
PARA -0.11938 -0.12779 0.02868 17.329 #%x
CONSTANT 2.66176 '



Murual relarione amonag +he Tndepondent variabled of
full rearecsiion mode) Yere evaluatel in tepm of the
5

redundancy and Tuppression of fecss deccribed in Cohen

Cohien (1975%) 0 These offocts wele 1dentifiod firstly by

120

nering whether +he hefa coefticient o Any of *he variatlee

S

. A ) ‘ .
lay outs=ide the theore+1¢al bounds ce- by 0.0 and +he si1mple

‘

correlation betwoen that variable and the dependent

variable; secondly, *he +hirteen*h order par*ial among *he

independent variables were ovaluyated., [n the nresent cacge,

*he following paire of variaebles were found *o he
Siqnifican*lf Tela*ted (at the .M level)y: 1rpT:cwy,

TKRT: TAMR, S?OU:FTYDF, ANMB:LAMER, ANMBoRAME, TYPE:STYDR,

LaMs:LrrT, LAMP:-PAT), LAMB:TYPF, LAMR:PTYDPT, anpa STYPRE:SAMR,

Following *he nrocedurec deccrined ir ‘ober & Cohern (1975,

P-460) the followin- Pairs were ident9fied e mutually
enhancing variahlec: LE?T:FA 4B, LANR:L: "7, 1LAMB:PAFA,

STYPF:samt,, and TYP®:3TYPF. All other rela*tionships were

)

ldentified 2 exhibiting redundancy eff

(T

Lo*h *he cuppression and redundancy effec*s could te

cts. In most cases,

explained in terms of the relation by virtue of the coling

of *he resveckive variables. arn exception is *he relation

between SAMP and STYP®", since it suggests that partialirg orn

“he dis*ributior cf nonambiguous s*imuli acrocs *riales 1is

3
v

necessary before tie sequence hy PF discrimination
interac*ion may be detected. This interpreta+tionr ie

supported by recollection that the lists were uniquely

randiomized for each experimental cession.

-~
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