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ABSTRACT

PROCESSING OF LEXICAL AMBIGUITY 

IN PATIENTS WITH TRAUMATIC BRAIN INJURY

by

Karen L. Chobor 

Advisor: Distinguished Professor Loraine K. Obler

Most words possess some indeterminacy in their meanings 

(Burgess and Simpson, 1988), so ambiguity may be a  characteristic that 

pervades natural language processing (Simpson, Burgess and Peterson, 

1987; Swinney, 1982). In English, it has been estimated that over 50% of 

words have more than one meaning (Ziff, 1967).

The majority of lexical ambiguity studies in normals have been 

interpreted according to a multiple, or exhaustive, access  model, which 

refers to the access of all meanings of an ambiguous word upon 

presentation of that word. In studies using brain-injured subjects,
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interpretation has centered on localizing the neurological substrate for such 

linguistic processing rather than determining the necessary cognitive 

mechanisms. Right hemisphere function has often been determined as  

necessary for successful processing of lexical ambiguity.

A comprehensive review of research in lexical ambiguity does 

not reveal such clear-cut interpretations, however. There are, in fact, a 

substantial number of studies using normals that speak to access according 

to context or frequency effects- referred to as  “selective access”, rather than 

“multiple access”. Further, results of studies using brain-injured subjects 

reveal much evidence suggesting cognitive difficulties traditionally assigned 

to the frontal lobes as  responsible the handling of multiple meanings.

The goal of this study was to determine the type of cognitive 

functions required for the successful interpretation of lexical ambiguity, and 

this was carried out using a  lexical decision (reaction time) task and a 

matching task, presented to brain-injured and normal subjects. Three 

categories of ambiguous words were used: homonymy, polysemy, and 

metaphor. The most striking finding on the reaction time task was that 

patients evidenced significantly slower reaction times on metaphor as 

compared to the normals.



On the matching task, patients achieved accuracy rates which 

were comparable to those of the normals, a  finding that suggests relative 

intactness of the semantic representations of these words despite a  retrieval 

deficit.
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CHAPTER 1

INTRODUCTION

Most words p o ssess  som e indeterm inacy in their meanings 

(Burgess and Simpson, 1 9 8 8 ) ,  so  ambiguity may be a characteristic  

th a t  pervades natural language processing (Simpson, Burgess and 

Peterson , 1987 ; Swinney, 1 9 8 2 ) .  In English, it has been e s t im ated  

th a t  over 50%  of words have more than  one meaning (Ziff, 1967).

A significant am ount of research  has been  done in the  field of 

lexical am biguity  com prehension  in bo th  normal and brain-injured 

sub jec ts , using th e  d istinc t c a tego ries  of homonymy, polysemy, and 

m etaphor. Results of th e s e  investigations have been  in te rp re ted  

according to  models of se lec tive  or multiple access ,  th e  form er 

referring to  th e  access  of a single meaning of an ambiguous te rm  

over o th e r  m eanings according to  word frequency a n d /o r  co n te x t  

e ffec ts ,  and th e  la t te r  referring to  th e  access  of all meanings of an

am biguous te rm . In practice, it is no t  always c lear into which

ca teg o ry  a given ambiguous word falls. The reason is th a t  both

etym ological and psychological fac to rs  are  relevant, and th e s e  may

som etim es con trad ic t  each  o ther. For example, words th a t  are 

readily perceived as having quite  d is tinc t senses ,  such  as port 

(harbor) and port (alcoholic drink) turn  o u t  to  have a ( to r tu o u s  but
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meaningful) link in a com m on Latin source  (Durkin and Manning, 

(1989).

The majority of lexical ambiguity s tud ies  in normals have been 

in te rp re ted  according to  th e  multiple, or exhaustive, a ccess  model.

In s tu d ies  using brain-injured su b jec ts ,  in te rp re ta t io n  has c en te re d  

on localizing th e  neurological s u b s t r a te  fo r such linguistic 

processing ra the r  than  determ ining th e  necessa ry  cognitive 

mechanisms. Right hem isphere function has o f ten  been  assum ed to  

be n ecessa ry  for successfu l p rocessing  of lexical ambiguity (Gardner 

e t  al., 1983; Brownell e t  al., 1984 ) .

A com prehensive review of th e  research  in lexical ambiguity 

using bo th  normal and brain-injured populations d o e s  no t reveal such 

clear-cu t in te rp re ta tions. There  are, in fac t, a su bs tan tia l  num ber 

of s tud ies  th a t  speak  to  se lec tive  access  in favor of multiple access  

in normals. Further, resu lts  of s tu d ies  using brain-injured su b jec ts  

reveal much ev idence  su g g e s t in g  cognitive  difficulties traditionally 

assigned to  th e  frontal lobes as responsible for th e  handling of 

multiple meanings. Such cognitive abilities include th e  conscious 

manipulation of dual meaning and th e  ability to  shift from one 

ca teg o ry  or c o n cep t  to  another, functions o therw ise  subsum ed  under 

th e  ca tego ry  of abstrac tion .



3

The purpose of this s tudy  was to  clarify th e  cognitive functions 

required for th e  successfu l in te rp re ta t ion  of lexical ambiguity. 

Brain-injured and normal su b je c ts  se rved  a s  th e  s tu d y  populations.
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CHAPTER 2 

REVIEW OF THE LITERATURE

Lexical ambiguity is a phenom enon w hereby a single word may 

have more than  one meaning. The tw o m ost com m on forms of lexical 

ambiguity are homonymy and polysemy, followed by m etaphor. 

Homonymy is defined as one word having tw o or more d istinct 

meanings, while both  polysemy and m etaphor refer to  an instance 

whereby one word can have two or more related meanings. A finer 

distinction be tw een  the  la t te r  tw o reveals th a t  m etap h o r  is seen  as 

in s tan ces  of elliptical simile, w here  "like" o r "as" is implied for th e  

purpose of using one thing to  s tan d  for another. Thus, polysemy is an 

a s p e c t  of m etap ho r  while remaining a d istinc t phenom enon.

Beardsley (1 9 6 2 )  s t a te s  th a t  a te rm  may have a central meaning 

(its  ordinary designation) and a marginal meaning (its  conno ta tion) . 

The s ta n d ard  designation  of wolf, for example, m ight include 

“mammal", "four legged" and canine", w hereas th e  marginal meaning 

would include "fierce", "voracious", "clever", e tc . Meanings o th e r  

th an  th e  central, or dom inant, meaning are th o se  which c o n s t i tu te  

polysemy and m etaphor. The tw o divergent m eanings of homonymy 

are, of course , bo th  central meanings, such as  th e  m eanings for ball
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("toy" or "a formal party  for dancing").

Lexical Ambiauitv: General Review

Simpson (1 9 8 4 )  d iscusses  th ree  models which have em erged  

m o s t  prom inently  from  th e  research  in lexical ambiguity, as  follows: 

(11 The C ontex t-D ependen t Model claims th a t  th e  initial 

activation of a meaning of an am biguous word is sensitive to  the  

c o n te x t  in which it occurs. In its s t ro n g e s t  form, it p red ic ts  th a t  

only th e  contextually  appropria te  m eaning receives any processing  

w hatsoever. Simpson (1 9 8 4 )  c ites a num ber of s tud ies  th a t  reveal 

ev idence  of activation  for con tex tually  inappropriate  m eanings as 

well (Conrad, 1974; Onifer and Swinney, 1981 ; Seidenberg,

Tanenhaus, Leiman, and Bienkowski, 19 82 );  (2 )  The O rd e red -A c c ess  

Model em phasizes the  fac t  th a t  for m ost  ambiguous words the  

various meanings are no t e n co u n te red  with equal frequency, 

contending  th a t  when an am biguous word is p resen ted , its m eanings 

are re tr ieved  in a serial se lf-term inating  search , with th e  m o s t  

f req uen t meaning ac tiva ted  first and evaluated  based  on th e  con tex t. 

Limited su ppo rt  has been found for this model using se n te n c e  

com prehension  (Holmes, 1 9 7 9 )  and lexical decision ta sk s  (Simpson, 

1981); (3) The Exhaustive A ccess  Model s t a t e s  th a t  th e  occurrence  

of an am biguous word a c t iv a te s  all of its m eanings in memory. This
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activation is com plete ly  independen t of th e  frequency  of th e  

meanings or th e  con tex t. Context, if p resen t, is th en  used  to  se lec t 

among th e  meanings, allowing only th e  contextually  appropria te  one 

to  com e to  consciousness. Simpson (1 9 8 4 )  p resen ts  much evidence 

which su p p o r ts  this mode! as th e  m o s t  likely, citing resea rch  using 

a varie ty  of experim ental ta sk s , including se n te n c e  com pletion 

(Olsen and McKay, 1 9 7 4 ) ,  recall following rapid serial visual 

p resen ta tion  (Holmes e t  al., 1 9 77 ) ,  phonem e monitoring (Cairns and 

Hsu, 1 9 8 0 ) ,  lexical decision (Onifer and Swinney, 1 9 8 1 ) ,  word 

naming (Seidenberg e t  al., 1 9 8 2 ) ,  and S troop in terference (Oden and 

Spira, 1 9 83 ) .

One study  (Holmes, 1 9 7 9 )  th a t  manipulated co n te x t  and meaning 

frequency  in a series of m eaningfulness ju d g m e n t  experim ents  drew 

so m ew h a t  d ifferen t conclusions, however. R esponses w ere  slower 

when th e  less f req u e n t  m eaning was appropria te , indicating fa s te r  

access  to  th e  dom inant meaning. As the  con tex tual bias tow ard the  

su bord ina te  m eaning was increased , com prehension  latencies 

decreased , suggesting  th a t  s trong  co n te x t  may be able to  overcom e 

th e  e f fe c ts  of meaning frequency.

Lexical search  sp eed  is re la ted  to  w ords with multiple 

meanings, as su g g e s te d  by th e  results  of a s tu d y  by Jastrzem bsk i
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and S tanners (1 9 7 5 ) .  T hese  authors, along with Rubenstein and his 

co lleagues (Rubenstein, Garfield, and Millikan, 1970 ; Rubenstein, 

Lewis, and Rubenstein, 1 9 7 1 )  found th a t  words with a high num ber 

of m eanings produced  reliably sh o r te r  decision tim es in lexical 

decision tasks .

Jastrzem bski and S tanners  (1 9 7 5 )  in te rp re ted  th e s e  results as 

indicating th a t  w ords with multiple m eanings have multiple m em ory 

entries , and th e  search  p rocess  te rm in a tes  with d e tec t io n  of one of 

th e  entries. However, they  pointed o u t  th a t  th e re  may no t have been 

an ad equ a te  d ifference be tw een  th e  words Rubenstein e t  al. chose  

for hom ographs and nonhom ographs. This possibility is su ppo rted  by 

th e  fac t  th a t  only one of four ty p es  of hom ographs resu lted  in 

reaction tim es significantly f a s te r  than  th o s e  for nonhom ographs 

(Rubenstein e t  al., 1 9 7 1 ) .  Thus, th ey  su g g e s te d  th a t  a more 

meaningful com parison was be tw een  words with a high num ber of 

m eanings and th o se  with a low num ber of meanings. Jastrzem bsk i 

(1 9 8 1 )  examined this question  in a series of experim ents  and found 

th a t  th e  num ber-of-m eanings e f fe c t  Is independen t of th e  frequency 

effec t.  Second, for th e  range of word frequency o ften  used  in word 

recognition experim ents, it was found th a t  th e  e f fe c t  of num ber of 

m eanings can be larger than  th e  e f fe c t  for word frequency. Thus, 

Ja s trzem bsk i (1 9 8 1 )  s u g g e s te d  th a t ,  ju s t  like word frequency,
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num ber of m eanings m ust be regarded  as an im portant variable 

affecting word recognition (c.f. Gernsbacher, 1984 ) .

Additionally, working m em ory capacity  constra ins  a reader 's  

ability to  maintain multiple in te rp re ta t io n s  of a lexical am biguity  

during reading com prehension of s e n te n c e s  (Miyake e t  al., 1994 ) .  In 

this study, when th e  ta rg e t  hom ograph had one highly frequen t 

meaning, high-span readers  (i.e. large working mem ory capacity) 

show ed little e f fe c t  of ambiguity on encountering  the  

disam biguation. This o ccu rred  irrespective  of which in te rp re ta t ion  

of the  homograph (dom inant or subdom inant) tu rned  o u t  to  be 

correc t,  suggesting  t h a t  th ey  had bo th  in te rp re ta tions  readily 

availab le .

In con tras t ,  low-span readers  show ed a large ambiguity e ffe c t  

when th e  disambiguation w as in favor of the  subdom inant 

in terpretation , suggesting  th a t  th ey  had only the  dom inant 

in te rp re ta t io n  available.

Lexical Ambiguity: Studies Using Homonvmv

As discussed by Simpson (1 9 8 4 ) ,  it has been found th a t  sub jec ts  

take  longer to  com plete  a se n te n c e  fragm en t th a t  conta ins a
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homograph than  one th a t  does  no t (Olsen and MacKay, 1 9 74 )  and th a t  

th ey  take  longer to  judge w he ther  an ambiguous se n ten c e  is true  or 

meaningful (Holmes e t  al., 1 9 77 ) .  Holmes e t. al. (1 9 7 7 )  also 

employed a task  whereby words forming a se n te n c e  were 

sequentially p resen ted  a t  a high rate , and th e  su b jec t  was instructed  

to  recall as much of the  se n te n c e  as possible. Recall of se n ten c es  

t h a t  con ta ined  ambiguous w ords w as consis ten tly  poorer than  recall 

of th o se  th a t  did not, regardless of th e  co n te x t  of th e  sen tence .

Simpson (1 9 8 4 )  s ta te s  th a t  th e  logic underlying such m ethods is 

th a t  th e  increased response  latencies (or poorer recall) occur 

because  th e  com prehension p rocess  is m ade more difficult as one is 

forced to  decide be tw een  tw o in te rp re ta tions of th e  sen ten ce . If th e  

o th e r  sen ten tia l  fac to rs  are held co n s tan t ,  th e  am biguous word is 

identified as th e  source  of th e  increased processing  load, 

presumably because  more than  one  meaning has been  retrieved. This 

is in su p p o r t  of th e  exhaustive  acc ess  view of lexical ambiguity.

Both co n te x t  and frequency influenced retrieval in a s tu dy  by 

Carpenter and Daneman (1 9 8 1 )  where sub jec ts  were found to  be 

more likely to  retrieve th e  more f req uen t meaning of a hom ograph 

when it was more strongly primed by th e  con tex t. In this study, 

su b jec ts  were asked to  read  aloud se n te n c e s  which conta ined
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hom ographs for which th e  tw o m eanings differed in pronunciation.

The co n te x t  e f fe c t  can take  its usual form in sen tences ,  though 

th is has also been obse rved  a t  th e  single word level (Schvaneveld t e t  

al., 1 9 7 6 ) .  Using lexical decision tasks, th e s e  au tho rs  found th a t  

when th e  first and third w ords were re la ted  to  th e  sam e meaning of 

th e  ambiguous second  word (e.g. save-bank-m oney), th e  reaction 

tim e to  recognize th e  third word decreased . However, when th e  first 

and third words were re la ted  to  d ifferent meanings of th e  second  

word (e.g . river-bank-m oney), th e  reaction tim e for th e  third word 

w as no t reliably d ifferen t from  a control seq u en ce  with unrela ted  

words. T hese  au tho rs  concluded th a t  this first word led th e  su b jec t  

directly to  th e  meaning of th e  ambiguous word th a t  was co n s is ten t  

with th a t  meaning. T hese  d a ta  favor the  selective  access  

hypothesis; one meaning is always retrieved and, in th e  absence  of 

co n te x t ,  th e  se lec tion  will be  random.

Holley-Wilcox and Blank (1 9 8 0 ) ,  however, m ade a direct 

com parison be tw een  words primed by re la ted  ambiguous or 

unambiguous words. In th e  absence  of con tex t, and with 

equiprobable hom ographs, Schvaneveld t 's  model would predict th a t  

th e  facilitation following am biguous w ords should be half of t h a t  

s e en  following unam biguous primes, becau se  th e  appropria te
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meaning is retrieved, on the  average, half of th e  time. The equal 

facilitation found by Holley-Wilcox and Blank in th e s e  conditions led 

th em  to  conclude th a t ,  in th e  absence  of con tex t, bo th  m eanings are 

re t r ie v e d .

Simpson (1 9 8 4 )  reports  th a t  one of th e  m ost frequently  used 

processing  complexity ta sk s  is phonem e monitoring, w here  a sub jec t  

listens to  a se n te n c e  for com prehension  and sim ultaneously 

m onitors th e  se n te n c e  for a particular phonem e. Increasing th e  

complexity of th e  se n ten c e  and thu s  th e  am ount of a tten tio n  th a t  

m u st  be given for com prehension , resu lts  in longer la tencies to  

respond  when th e  t a r g e t  phonem e is p resen ted . An initial s tudy  in 

this area by Foss (1 9 7 0 )  show ed th a t  ambiguous se n ten c es  led to  

slower phonem e d e tec t io n  th an  did unambiguous sen ten c es .  Cairns 

and Kamerman (1 9 7 5 )  show ed th a t  when th e  ta rg e t  phonem e was 

delayed until several syllables a f te r  th e  o f f s e t  o f th e  am biguous 

word, th e re  was no longer any  difference in monitoring tim es for 

am biguous and unambiguous se n ten c es .  T hese  s tud ies  indicated th a t  

all o f  th e  m eanings of an am biguous word w ere initially ac tiv a ted  

and in a su b seq u e n t  decision s ta g e ,  c o n te x t  se lec te d  th e  appropria te  

meaning and m ade it available for fu rther  processing.

Similar phonem e monitoring latencies for ambiguous and



12

unambiguous se n ten c es  were found by Swinney and Hakes (1 9 7 6 )  by 

the  use of co n te x t  th a t  s trongly  predicted  one meaning. They 

concluded t h a t  predictive  c o n te x t  will successfu lly  re s t r ic t  a ccess  

to  a single meaning, while with w eaker con tex t, or in the  ab sence  of 

con tex t,  exhaustive  acc ess  will be observed .

Onifer and Swinney (1 9 8 1 )  asked  their su b jec ts  to  listen to  

se n te n c e s  th a t  were biased tow ard  th e  primary or a secondary  

in te rp re ta tion  of a lexical ambiguity th a t  occurred  in each  sen ten ce .  

(For example, a primary se n te n c e  was: "The posta l clerk pu t the  

package on th e  scale to  see  if it had enough postage" , while a 

secondary  se n te n c e  was "The dinner g u e s ts  really enjoyed th e  

specially p repared  river bass, although one g u e s t  did g e t  a scale 

cau g h t  in his th ro a t" .  Simultaneously, su b je c ts  m ade lexical 

decisions ab o u t  visually p re se n te d  words, as follows for th e  above 

sen ten ces :  weight, source, fish, and coal. Decisions to  words rela ted  

to  bo th  the  primary and secondary  m eanings of th e  ambiguity were 

fac ilita ted  when p re se n te d  im m ediately following o ccu rren ce  of th e  

ambiguity in the  sen tence . This e f fe c t  held under each  of th e  two 

biasing conditions. However, when they  were p resen ted  1.5 sec 

following occu rrence  of th e  ambiguity, only visual words re la ted  to  

th e  contextually  re levant m eaning of th e  am biguity  w ere  facilitated. 

T hese resu lts  also su p p o rt  th e  exhaustive  acc ess  hypothesis , i.e. th e
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au tho rs  argue t h a t  lexical a c c e ss  is an au tonom ous su b sy s tem  of th e  

se n te n c e  com prehension  routine in which all m eanings of a word are 

m omentarily acc essed ,  regard less  of th e  fac to rs  of con tex tua l bias 

or bias a ssoc ia ted  with frequency  of use.

Priming : A M ethod for Investigation Lexical A ccess

Priming is a m ethod  th a t  allows d irec t a s se s s m e n t  of the  

m om entary  a ccess  of th e  individual m eanings of am biguous words.

It is o f ten  assum ed  t h a t  priming ta sk s  are purer t e s t s  o f  lexical 

a cc ess  and are less likely to  be con tam ina ted  by postlexical 

p rocesses  than  on-line ta sk s  (Simpson, 1 9 8 4 ) .  A t leas t  one priming 

ta sk  (lexical decision) is sensitive  to  a decision s ta g e  th a t  

com pares th e  t a r g e t  stimulus with th e  c o n te x t  (Forster, 1981; W est 

and Stanovich, 1 9 82 ) .  Simpson (1 9 8 4 )  considers th e  p u res t  tasks  to  

be th o se  th a t  m easure  a response  only to  the  ambiguous word itself, 

and n o tes  th a t  such s tud ies  have been  influential in th e  developm ent 

of word recognition models (e.g. Jastrzem bski, 1 9 8 1 ) .

One of th e  m o st commonly used m ethods in word recognition 

research  is th e  lexical decision task , in which th e  su b je c t  m ust 

decide as rapidly as possible w he th er  a visually p re se n te d  le t te r  

string re p re se n ts  a word. Usually half of th e  stimuli are  nonwords
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and require a negative response , serving as foils. It has been shown 

th a t  lexical decision sp e ed  is typically higher for a word th a t  is 

p receded  by information to  which it is re la ted  (Meyer and 

Schvaneveldt, 1 9 7 1 ) .  Simpson (1 9 8 1 )  found g re a te r  facilitation for 

w ords re la ted  to  th e  dom inant meaning than  for words rela ted  to  th e  

subord ina te , relative to  unre la ted  words.

The model th a t  em erg es  from the  lexical decision experim ents 

d iscussed  thus  far su g g e s ts  th a t ,  in th e  ab sence  of con tex t, all 

m eanings of an equiprobable, ambiguous, word are activa ted .

Despite the  criticisms concerning th e  various p rocess ing  complexity 

s tud ies , th e  conclusion of m o s t  s tud ies-  th a t  all m eanings of an 

ambiguous word are ac tiva ted  to  som e degree-has  been  corrobora ted  

by a num ber of sem antic  priming experim ents. However, in the  

ab sen ce  of co n te x t  or with neutral con tex t, it ap pears  th a t  th e  more 

f req u e n t  meaning may enjoy som e advan tag e  in accessibility.

Studies typically show th a t  th e  contextually  appropria te  meaning 

(or th e  more f requ en t meaning, depending on which variable is being 

exam ined) resu lts  in th e  g r e a t e s t  am oun t of facilitation (Simpson, 

(1 9 8 1 ) .  The o th er  meaning (con tex t  inappropriate or less frequent), 

a lthough still leading to  f a s te r  re sp o n ses  than  unre la ted  stimuli, 

show s so m ew hat less facilitation. The experim en ts  th a t  th is
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p a tte rn  describes include Conrad (1 9 7 4 ) ,  Onifer and Swinney (1 9 8 1 ) ,  

Swinney (1 9 7 9 ) ,  and Underwood (1 9 8 0 ) .  The difference in 

facilitation for th e  tw o re la ted  m eanings is o f ten  small and non 

significant, bu t th e  p a t te rn  holds acro ss  studies .

Many task s  have been  used  to  investigate  w he ther  all meanings of 

an ambiguous word are retrieved  or w h e ther  access  favors th e  more 

frequ en t meaning. It appears  th a t  a simple distinction be tw een  

selective  (w he the r  frequency  or c o n te x t  based) and exhaustive  

access  is no t tenable . Instead, s tud ies  have consis ten tly  shown 

th a t  more than  one meaning will be activated, bu t  th e  deg ree  (or 

ra te )  of activation  is still sensitive  to  th e  dom inance of th e  meaning 

and th e  c o n te x t  in which it is p resen ted , if available.

A nother fac to r  to  be considered in examining th e  role of co n tex t  

is th e  associative  s t re n g th  be tw een  primes and ta rg e ts .  Tsusuki 

(1 9 9 3 )  found evidence in su p p o r t  of th e  transition from multiple 

access ,  which is influenced by c o n te x t- in d e p en d e n t  assoc ia tive  

s tren g th ,  to  c o n te x t-d e p e n d e n t  access  in the  p rocess  of resolving 

lexical ambiguity. This s tu d y  used  a phonological priming paradigm 

betw een  polysem ous phonographic Kana words (primes) and 

com pound ideogramic Kanji words ( ta rg e ts )  in Japanese . At 3 0 0  ms 

SOA, resu lts  of reaction  tim e show ed a facilitation e f fe c t  for both
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contextually  appropria te  and inappropriate ta rg e t  words. At 5 0 0  ms 

SOA, while th e  facilitation of reaction  tim e held for contextually  

appropria te  ta rg e ts ,  th is e f fe c t  was no t ob ta ined  for contextually  

inappropriate ta rg e ts .  Results of error ra te s  indicated a g re a te r  

co n tex t- ind epen den t facilitation e ffe c t  a t  3 0 0  ms SOA than  a t  5 0 0  

ms SOA.

However, Burgess and Simpson (1 9 8 8 )  conducted  a lexical 

priming experim ent in which ta rg e ts  re la ted  to  am biguous primes 

were p ro jec ted  to  th e  left and right visual fields in a lexical 

priming experim ent with SOAs of 35 and 7 5 0  m sec. For right visual 

field p resen ta tio n s , facilitation was found for th e  more f req uen t 

meaning a t  bo th  SOAs and a d ec rease  in facilitation for th e  less 

f req uen t meaning a t  th e  longer SOA. Left visual field p resen ta tion  

resu lts  indicated a d ecay  o f  facilitation for th e  more f req uen t 

meaning a t  the  longer SOA, while activation for th e  subord inate  

meanings increased. The au th o rs  sum m arize the ir  resu lts  by s ta ting  

th a t ,  while au tom atic  processing occurs in bo th  hem ispheres, only 

th e  left hem isphere en g ag e s  in controlled processing of am biguous 

word meanings. In addition, th ey  s ta te  th a t  th e  right hem isphere has 

a special role in ambiguity resolution and th a t  th e  right hem isphere 

lexicon p o ss e s se s  a richer endow m en t than  earlier though t.
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There are tw o possible accoun ts  of multiple acc ess  models th a t  

are distinguished by the ir  frequency  constra in ts :  f requency  

independen t multiple a c c e ss  and frequency  coded  multiple access  

(Burgess and Simpson, 1 9 88 ) .  Simpson and Burgess (1 9 8 5 )  claim th a t  

a frequency coded  multiple access  model can acco un t for the  

activation  p a t te rn  in th e  processing  of am biguous words in isolation. 

They also s tud ied  intervals be tw een  th e  o n se t  of th e  prime and th e  

ta rg e t  SOA ranging from 16 to  7 5 0  msec. The results show ed th a t  

th e  tim e-course  of sem an tic  activation varied as a function of 

meaning frequency. Dominant m eanings show ed facilitation a t  all 

SOAs. Subordinate m eanings show ed no facilitation a t  low SOAs, bu t 

activation built as SOA increased, so  th a t  by 3 0 0  msec, th e  

subord ina te  meaning show ed th e  sam e level of facilitation as th e  

dom inant. So, th e re  is multiple a ccess  of m eanings of ambiguous 

words as both m eanings are available by 3 0 0  msec. A fter 3 0 0  msec, 

th e s e  au tho rs  found th a t  facilitation for th e  subord ina te  meaning 

declines, bu t  t h a t  facilitation for th e  dom inant m eaning was 

m ain ta ined .

Lexical Ambiauitv: S tudies Using Polvsemv

In comparison to  homonymy, polysemy has received relatively 

little a t te n t io n  in th e  l ite ra ture  on lexical ambiguity, y e t  th e s e  tw o
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word ty p e s  have much in common. For example, to  determ ine 

w he ther  an instance  of th e  polysem ous word m outh refers to  a facial 

apertu re , th e  en tran ce  to  a cave, or th e  place where a river m ee ts  

th e  ocean  involves bo th  sem antic  knowledge and th e  use of con tex t. 

Polysemy has in com m on with hom onymy th a t  c o n te x t  m ust be 

implicated a t  som e s ta g e  of successfu l normal processing, bu t 

differs from hom onymy in t h a t  th e  possible m eanings of a 

polysem ous word are no t com plete ly  mutually exclusive (Durkin and 

Manning, 1 9 8 9 ) .  By definition, a polysem ous word is one in which its 

d ifferent se n se s  susta in  a shared, or core, meaning (Colombo and 

Flores d'Arcais, 1984 ; Deane, 1988 ; Durkin, Crowther, and Shire, 

1986; Grober, 1976).

On th e s e  grounds, it would be worthwhile to  investigate  language 

users ' processing of polysem y by m eans of m etho ds  similar to  th o se  

curren tly  em ployed widely in s tu d ies  of lexical am biguity  using 

homonymy, such as lexical decision and word naming tasks. T hese  

ta sk s  m easure  recognition tim e for t a rg e t  w ords th a t  are  primed by 

am biguous words. T arg e ts  are e ither  re la ted  to  th e  dom inant or 

subord ina te  meaning of th e  prime or are unrela ted to  th e  prime. 

Generally, th e  evidence from such ta sk s  indicates th a t  m ore than  one 

meaning of a hom onym  is ac tiva ted  initially (Simpson, 1984 ; bu t see  

Glucksberg e t  al., 1 9 8 6  for an a lternative  accoun t) .
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In the  case  of polysemy, however, the  dom inant sen se  is related 

to  th e  subordinate  sense(s) . Caramazza and Grober (1 9 7 6 )  have 

argued th a t  it would be uneconomic to  s to re  every sen se  of a 

polysemous word as an independent word and th ey  propose th a t  

lexical p rocessing  m u s t  involve a co n s tru c t iv e  p ro cess  exploiting 

som e relatively narrow co re  m eanings plus co n tex tua l information 

G ernsbacher (1 9 8 4 )  found th a t  num ber of word meanings 

(opera tionalized  as dictionary  co u n ts )  did n o t  influence lexical 

decision latency. However, G ernsbacher herself claimed th a t  the  

num ber of dictionary definitions may no t accu ra te ly  ref lec t the  

num ber of m eanings th a t  are  rep re sen ted  in m em ory In response  to  

this, Miliis and Button (1 9 8 9 )  a t te m p te d  to  de te rm ine  w he th er  more 

psychologically valid m easu re s  of polysem y a f fe c t  lexical decision 

time. Three m etrics were used  to  rep re se n t  th e  m eanings th a t  

su b je c ts  actually acc ess  from  m em ory (accessib le  polysemy): (1) 

th e  first m eanings su b jec ts  think of when asked to  define stimulus 

words, (2 ) all th e  m eanings su b jec ts  g e n e ra te  for words, and (3 )  the  

average  num ber of m eanings su b jec ts  g en e ra te .  The resu lts  show ed 

th a t  th e  second  and third m etrics  of polysemy influenced lexical 

decision time, w hereas  th e  first m etric  ( rep resen tin g  m ostly  th e  

access  to  dom inant m eanings for words) only approached 

s ig n if ic an c e .
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Some su g g e s t  a tw o -s tag e  model of ambiguous word recognition, 

w hereby  word m eanings are  f irst a c t iv a ted  autom atically , in order 

of their frequency, followed by a s ta g e  in which a t ten t io n  is 

allocated to  th e  dom inant meaning. Once a tten tio n  is d irec ted  to  the  

dom inant meaning, additional tim e is required to  reallocate  

a t te n t io n  to  th e  subord ina te . This difficulty in reallocating 

resou rces  resu lts  in inhibition for re sp o n ses  to  w ords re la ted  to  th e  

subord ina te  meaning (Burgess and Simpson, 1 9 88 ) .  This implies 

active , capacity-lim ited  p ro c e ss e s  as well as a u to m atic  spreading  

activation  com po nen ts  of am biguous word processing. This appears  

to  be t ru e  for phonological ambiguity as well, i.e. he terophonic  

hom ographs with tw o m eanings and tw o pronunciations (Frost e t  al., 

1990).

Lexical A m b ig u ity  an d  Brain F u n c t io n  

Right Hemisphere Function and Lexical Ambiguity

The right hemisphere has traditionally been considered to  be 

responsible for th e  com prehension of meanings secondary  to  th e  

central meaning of a word (Gardner e t  al., 1983 ; Brownell e t  al., 

1 9 8 4 ) .  This includes a lterna tive  m eanings (Chiarello, 1 9 8 8 )  and the  

appreciation  and in tegration  of relationships in verbal d iscourse  and 

narra tive  m aterials (Brownell, Po tter , and Michelow, 1 9 8 4 )  as well
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as th e  understanding of jo kes  (Gardner, 1994 ) .

Patien ts  with right hem isphere brain dam age  exhibit a striking 

am o un t of difficulty in handling complex linguistic material. They 

exhibit clear difficulties in ab s trac tin g  morals and in acquiring a 

se n se  of th e  overall g e s ta l t  of linguistic en tities; th ey  seem  unable 

to  apprecia te  the  relations am ong key points of a s to ry  or joke. They 

may exhibit difficulties in in te rp re ting  phrasal m e tap h o r  or using 

verbal c o n te x t  to  make linguistic judgm en ts .  C onfronted with 

complex linguistic en tit ies , th e s e  p a tien ts  exhibit c lear and 

recurring difficulties relating to  th e  abilities to  con cep tua lize  th e  

unit as a whole, to  app rec ia te  its purpose and form, and to  in tegra te  

specific e lem en ts  appropria te ly  within th e s e  forms. Many of th e s e  

p a tien ts  seem  insensitive to  th e  c o n te x t  in which th e s e  linguistic 

en tities  are produced and utilized (Burns e t  al., 1 9 83 ) .  The 

insensitivity to  non literal meaning has also been  observed  a t  th e  

single word level (Gardner e t  al., 1 9 83 ) .  The right hem isphere also 

m akes som e contribution to  language com prehension and reading 

p rocesses  (Krashen, 1976 , Searleman, 1 9 77 , Gazzaniga, 1983 ) .

Though th e re  is overlap be tw een  right hem isphere functions and 

ta sk s  of lexical ambiguity, it is c lear from a sum m ary of th e  work in 

this area (se e  below) th a t  dichotomizing th e  functions o f th e  left
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and right hem isphere  will n o t  suffice in explaining brain-dam aged 

p a t ie n t s ’ difficulty with such  material. In analyzing th e  cognitive 

p ro cesses  th a t  are  necessa ry  for th e  in te rp re ta tion  of ambiguous 

words, particularly th e  "ab s tra c t"  dem ands in th e  accessing  of the  

multiple meanings of a lexical item, it appears  th a t  th e s e  may be 

more localized to  th e  frontal lobe. Thus, th e  an te rio riposte rio r 

d ichotom y of brain function may be of equal im portance or o f g rea te r  

im portance  than  (left:right) hemispheric asym m etry  when 

inves tiga ting  lexical am biguity .

Frontal Lobe Function and Lexical Ambiguity

Traditionally, dam age  to  the  frontal lobes has been  assoc ia ted  

with impairm ents in a b s t ra c t  thinking (Goldstein, 1 9 4 8 ) .  It has been 

argued th a t  abstrac tion  and m etaphoric  thinking depend  on a comm on 

underlying m echanism  of part:whole relationship (Brown, 1 9 9 5 ) .

This s tu d y  investigated  th e  relationship be tw een  the  

com prehension  of lexically am biguous words and th e  ability to  

apprehend an item as belonging to  more than one category , the  

ability to  sim ultaneously hold more than  one ca teg o ry  in o n e 's  mind, 

and th e  ability to  shift from one ca tego ry  (or concep t)  to  another. 

Such concep tua l or categorica l thinking skills, f irst described  by



23

Goldstein (1 9 4 8 )  as an " a b s tra c t  a tt i tud e" , have traditionally been 

assigned to  the  frontal lobe (Luria, 1 9 66 ) .  In co n c re te  behavior, the  

ca tego ry  canno t be accessed  from th e  instance, e.g. th e  color "red" is 

no t a b s tra c te d  independent of a red apple. If th e  pa tien t  can 

accomplish this task , he may no t arrive a t  tw o or more ca tego ries  

from an instance, e.g. t h a t  an apple is a m em ber of th e  ca teg o ry  of 

shape  (round), of color and of food. The impairment of abstrac tion  

can be relatively selective , as in d e fe c ts  of color naming or sorting, 

or it can be generalized and a ffec t a g re a t  many perceptual tasks.

In th e  la t te r  cases , th e  deficiency is th e  basis for impairm ents on 

t e s t s  such as th e  Wisconsin Card Sorting T es t  (1 9 4 8 ) ,  in which th e  

p a tien t  is required to  so r t  o b jec ts  along several dimensions. Given 

an instance of a category , e.g. shown a round red ob jec t and asked to  

group it with similar ob jec ts ,  th e  pa tien t  cann o t derive th e  t a rg e t  

ca teg o ry  from th e  m em ber items, nor can th e  pa tien t  so r t  along 

several dimensions (color, shape, e tc .) .

Lezak (1 9 9 5 )  d escribes  conceptual difficulties, or problem s with 

abstrac tion , as involving a t  least (1 )  an in tac t sy s te m  for organizing 

percep tions even  though  specific percep tual modalities may be 

impaired; (2 ) a w ell-stocked and readily available s to re  of 

rem em bered  learned material; (3 )  th e  in tegrity  of th e  cortical and
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sub  cortical in te rconnec tions  and in te rac tion  p a t te rn s  t h a t  underlie 

thought; and (4) th e  capacity  to  p rocess  tw o or more m ental ev en ts  

a t  a time.

It is p roposed  th a t  th e  basis for difficulty with lexical ambiguity 

involves problem s with m ental shift- considered  a cognitive 

(concep tua l)  function a sso c ia ted  with th e  frontal lobe- ra th e r  than  

th e  reduced  utility of th e  right hem isphere  with linguistic items. On 

this view, brain dam aged  p a tien ts  who have difficulty 

(d isproportiona te  to  perform ance  on o th e r  s tandard ized  m easures) 

on t e s t s  which require th e  ability to  app rec ia te  tw o 

co n cep ts  a t  a single time, to  shift from one in te rp re ta tion  of a word 

or co n ce p t  to  ano the r  or to  inhibit one in terpreta tion  of a word or 

c o n cep t  so  as to  em phasize a d ifferent one, would be ex p ec ted  to  

have difficulty handling lexical ambiguity.

In sum, it is p roposed  th a t  the  sam e m ental p rocess  is responsible 

for (a) appreciating lexical ambiguity and for (b) m ental shift tasks. 

The prediction is th a t  a su b je c t  who perform s poorly on (a) will also 

perform  poorly on (b). It is also pred ic ted  th a t  su b jec ts  who 

perform  well on (a) will perform  well on (b). However, it is no t 

ex p ec te d  th a t  p a tien ts  who perform  poorly on (b) will necessarily  

also perform  poorly on (a). Thus, while in tac t  m ental shift is
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necessa ry  for lexical am biguity  task s , it is a general cognitive 

function th a t  is n o t  only applied to  such tasks.

Effects of Brain Injury on th e  Com prehension of Multiple Meanings

It is commonly known by clinicians th a t  brain dam aged  pa tien ts  

w ithout aphasia  have difficulty with polysem ous words. For 

example, given a t a rg e t  word such as bank, and asked to  point to  

words such as money, river, e tc .,  t h a t  go with th e  t a r g e t  word, th ey  

will o f ten  se lec t  only one meaning. O ther cases , asked  th e  color of 

an orange, may say  v e l lo w  or red.

A similar phenom enon occurs with verbal nouns, e.g. "w hat do you 

shovel snow with? Such p a tien ts  are unable to  deal with more than  

one meaning or in te rp re ta tion  a t  a time. There is an inability to  

retrieve th e  a lternative  co n cep t,  perhaps due to  blocking or 

p e rs is ten ce  of th e  initial in te rp re ta t ion  o u t  of which th e  am biguous 

item  develops.

There have been relatively few s tud ies  th a t  speak  to  th e  question 

of lexical am biguity  in th e  brain-injured population, and findings 

among th o se  th a t  do exist have been  inconsistent. It is likely th a t  

th is  arises from  (1 )  difficulty in drawing d is tinc tions b e tw ee n
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hom onym ous, polysemous, and m etaphoric  words which resu lts  in a 

lack of uniformity-within and ac ro ss  s tu d ies -o f  th e  se lec tion  of 

stimuli, and (2 )  d ifferences in th e  m anner of p resen ta tio n  of a task  

and th e  required response  mode. T hese  issues are illustrated below.

Winner and Gardner (1 9 7 7 )  p resen ted  task s  of metaphoric 

com p e ten ce , i.e. m atching m etaphoric  phrases  to  p ictures followed 

by verbal description, to  groups of normal and brain dam aged  

sub jec ts . For th e  right hem isphere  brain dam aged  (RBD) patien ts , 

43%  of th e  initial respon ses  were m etaphoric , with th e  m ost 

f req u e n t  e rroneous choice being th e  literal picture, chosen  

approximately as o ften  as th e  m etaphoric one (40%  of th e  time). 

However, when asked to  describe  m etaphors , th e s e  pa tien ts  did quite 

well. The ieft-hem isphere  brain dam aged  (LBD) p a tien ts  se lec ted  

th e  m etaphoric  picture in the ir  initial choice 58%  of th e  time, with 

literal p ictures chosen  18%  of the  time. T hese  pa tien ts  had 

difficulty in describing m etaph o rs .  This double dissociation of 

pe rfo rm ances on th e  tw o m e tap h o r  ta sk s  clarifies th e  contributions 

m ade by each  hem isphere to  linguistic and a e s th e tic  functioning.

More importantly, however, c o m p e te n t  perform ance of th e  RBDs on 

th e  verbal descrip tion  condition invalidates th e  com m on assertion  

th a t  th ey  are insensitive to  m etaphor.
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Brownell e t  al. (1 9 9 0 )  exam ined m etaphoric  sensitivity to  single 

polysem ous words, w hereby  su b jec ts  were asked  to  judge  sem antic  

re la tedness  am ong a s e t  o f com m on adjectives: warm, loving, cold, 

and hateful. Non-brain-dam aged su b je c ts  based  their re la ted ness  

ju d g m en ts  primarily on an tonym  association  and on m etaphoric  

equivalence. RBDs show ed normal use of antonym ic association, bu t 

less than  normal use of m etaphoric  equivalence. LBDs show ed the  

opposite: their resu lts  revealed a normal use of m etaphoric  

equivalence b u t a dec reased  use of antonym ic re la tedness . Both 

groups of pa tien ts  perform ed more poorly than  th e  control su b jec ts  

in both m etaphoric  adjective and th e  non m etaphoric  noun condition. 

The LBDs’ impaired perform ance  in this language task  is not 

surprising, however, th e  poor perform ance by th e  non aphasic RBDs 

su g g e s ts  a general deficit in th e  appreciation of a lternative  

m eanings th a t  ex ten d s  beyond th e  non literal in te rp re ta tions  of 

words and phrases  to  include hom onymous nouns whose secondary  

meanings are no t metaphoric. (Further, th e  LBDs1 spared  

perform ance on m etaphor ta sk s  su g g e s ts  t h a t  m etaphor 

in te rp re ta tion  d o es  no t fall into th e  traditional realm of language 

processing .) T hese  resu lts  su g g e s t  a qualitative difference in the  

m anner in which left- and right- b rain-dam aged p a tien ts  p rocess  

certain  a sp e c ts  of word meaning. The au tho rs  point o u t  th e  striking 

finding th a t  relative to  th e  LBDs, th e  RBDs do no t apprecia te
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m etaphoric  meaning fully even  a t  th e  single word level. This is 

inconsis ten t with th e  s tudy  by Winner and Gardner (1 9 7 7 )  since in 

th e  la t te r  s tudy, th e  RBDs could use language to  in te rp re t m etaphor.

Tompkins (1 9 9 0 )  p resen ted  an auditory lexical decision task  to  

LBDs and RBDs, in which th ey  heard a priming phonem e string and 

then  a t a rg e t  phonem e string, e ither a real word or a non-word. 

Subjects  were asked to  indicate w he ther  th e  t a r g e t  string was a 

word or not; accuracy  and tim e d a ta  were collected . Critical ta rg e t  

words were am biguous ad jec tives  (e.g. sharp), which were paired 

with four prime types . Valid m etaphoric  primes w ere  ad jectives 

describing human a ttr ib u te s ,  and reflected  th e  t a r g e t ' s  m etaphoric  

meaning (e.g. sm art-sharp ) . Valid literal primes were an tonym s of 

th e  ta rg e t ,  and re la ted  to  its literal m eanings (dull-sharp).

Unrelated primes were o th e r  ambiguous ad jectives  th a t  had no 

association with th e  t a rg e t  t h a t  followed (e.g. w arm -sharp).

Results of this s tu d y  show ed th a t  brain dam aged  sub jec ts ' auditory 

lexical decisions for am biguous t a r g e t  w ords can be facilitated by 

primes re la ted  to  th e  m etaphoric  or literal m eanings of th o se  words. 

Brain d am aged  su b jec ts ' perform ance  in conditions conducive to  

au tom atic  processing  resem bled  th a t  of con tro ls  in all ways, ex cep t 

for abso lu te  speed . Of no te , RBDs did n o t  have difficulty accessing 

m etaphoric  a sp e c ts  of word meaning, perhaps because  access
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p ro ceeded  relatively au tom atica lly  in th is  task .

Gagnon e t  al. (1 9 9 4 )  questioned  th e  contribution of th e  right 

hem isphere in sem antic  processing  of th e  m etaphoric  meaning of 

ambiguous words as su g g e s te d  by Brownell e t  al. (1 9 9 0 )  and o thers . 

Subjects were given (1) a word triad task  in which th e y  had to  

m atch  words according to  th e  secondary  m etaphoric  or secondary  

neutral meaning of ambiguous t a rg e t  words, and to  (2 ) a word dyad 

task  where they  had to  d e te c t  the  p resence  of sem antic-m etaphoric  

and sem an tic -neu tra l  relationships within pairs of words. The triad 

task  t e s te d  the  preference  to  se lec t  a sem antic  meaning over 

ano th e r  while th e  dyad task  was used  to  evaluate  th e  capacity  to  

perceive th e  p resence  of a sem antic  link within a pair of words.

The results of Gagnon e t  al.'s (1 9 9 4 )  study  did no t indicate a clear 

disparity be tw een  LBD and RBD pa tien ts ' ability to  handle m etaphor. 

The RBDs perform ed similarly to  th e  LBDs for th e  m etaphoric  and 

neutral triad task, bu t significantly w orse  th an  th e  contro ls  on the  

m etaphoric  triads. The LBD group  always perform ed significantly 

lower than  the  controls in th e  dyad task. However, th e  RBDs 

perform ed similarly to  the  con tro ls  and much b e t te r  than  th e  LBDs 

when they  had to  perceive th e  p resence  of a primary meaning and an 

a lternative neutral meaning in th e  dyad task . The RBD group
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perform ed like th e  LBD aphasic  g roup and were significantly worse 

than  th e  control group when they  had to  perceive th e  presence  of an 

a lterna tive  sem an tic  m etaphoric  meaning in a pair of words.

Milberg e t  al. (1 9 8 7 )  s tud ied  th e  processing of lexical 

ambiguities in W ernicke's and Broca's aphasic p a tien ts  on 

perform ance of a lexical decision task. They were to  decide w he th er  

th e  third word of an auditorily p re sen te d  trip le t series  of words 

w as "real" or not. The first and third words of each trip let were 

re la ted  to  one, both, or neither meaning of th e  second  word which 

w as semantically ambiguous. The perform ance p a tte rn  of the  

W ernicke's aphasics was similar to  th a t  of normals; th ey  show ed 

selec tive  a ccess  to  d ifferen t meanings of th e  ambiguous words, as 

d e m o n s tra te d  by the  fa c t  t h a t  th e  c o n te x t  provided by th e  first word 

a ffe c te d  sem an tic  facilitation on th e  third word. In con tra s t ,

B roca's aphasics show ed no sem an tic  facilitation in any priming 

condition. T hese  resu lts  are  c o n s is te n t  with previous findings, 

suggesting  th a t  sem an tic  rep re sen ta t io n s  may be largely spared  in 

W ernicke's aphasics. The au tho rs  s t a te  th a t  the  com ple te  failure of 

B roca's aphasics to  d e m o n s tra te  sem an tic  facilitation in any 

condition in the  experim ent su g g e s ts  th a t  th ey  may have a deficit 

e ither  in th e  underlying rep re sen ta t io n  o f words or in access ing  this 

information via au tom atic  p rocessing  routines. The la t te r  is
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c o n s is te n t  with th e  idea t h a t  impaired processing  of lexical 

am biguity  requires in tac t  fron ta l function.

In co n tra s t  to  th e se  findings, Katz (1 9 8 8 )  found th a t  on an 

audito ry  lexical decision ta s k  with stim ulus pairs containing 

am biguous (sem antically -re la ted) or unam biguous (un re la ted ) words 

as primes, Broca's aphasics p roduced a p a t te rn  of resu lts  similar to  

normal sub jec ts ;  namely, f a s te r  reaction  tim es for t a r g e t  words 

p receded  by sem antically  re la ted  than  unrela ted  w ords (i.e. sem antic  

priming). T hese  results do n o t support Milberg e t  al. (1 9 8 7 )  bu t 

ra th e r  su g g e s t  th a t  th e  su b jec ts  in th e  Milberg e t  al. (1 9 8 7 )  s tudy  

had difficulty with th e  word tr ip le t paradigm  used.

It is clear from th e  s tud ies  reviewed here th a t  th e re  is no 

con sen su s  on th e  neurological or cognitive localization of lexical 

ambiguity. However, th e re  is ample evidence th a t  questions  th e  

contribution of th e  right hem isphere  as  n ecessa ry  for this realm of 

language processing.
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GENERAL SUMMARY

While th e re  is con tro ve rsy  concerning m o s t  a sp e c ts  of lexical 

ambiguity and its neural rep resen ta tion , som e points can be made 

from th e  preceding discussion. First, all known meanings of a word 

are available to  normal su b jec ts  (Simpson, 1 9 8 4 ) . Context, if 

p resen t, th en  constra ins  in te rp re ta tion  (Onifer and Swinney, 1 9 8 1 ) .  

There is con troversy  over how long c o n te x t  e f fe c ts  take , w he ther  

meaning frequency or dom inance a ffec ts  the  order and s t re n g th  of 

meaning selection  and w h e ther  meaning selection  occurs 

autom atically or under the  contro l of th e  subject. However, once a 

meaning has been  se lec ted , additional bu t  non relevant meanings of 

th e  am biguous word are sup p re ssed  o r eliminated within a third of a 

second  so  as no t to  in terfere  with th e  appropria te  in te rp re ta tion  

(Swinney, 1 9 79 ) .

While neuropsychological s tud ies  are contradictory , dam age  to  the  

right hem isphere do es  not produce  a c o n s is ten t  impairment on ta sk s  

of lexical ambiguity, nor d o e s  dam age  to  th e  left hem isphere result 

in its c o n s is ten t  relative sparing. There is, however, evidence in th e  

clinical lite ra ture  th a t  th e  fron tal lobes play an im portan t role in 

word meaning in te rp re ta tion  or in th e  underlying ability to  scan 

multiple in te rp re ta t io n s  serially or s im ultaneously .
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RESEARCH QUESTIONS

The purpose of th e  p resen t  investigation is to  examine th e  

possible contributing fac to rs  for th e  observa tions  do cu m en ted  

above, particularly th e  inconsis tency  of brain-dam aged pa tien ts ' 

abilities to  a c c e ss  a lte rn a te  word meanings. This includes th e  lack 

of any c lear-cu t d isparity  in th e  abilities of left- and right- 

hem isphere dam aged  p a tien ts  to  perform  such ta sk s  and the  

uncerta in ty  of any difference in th e  au tom atic  and conscious 

processing  of am biguous words. The following specific questions 

will be addressed :

(A) Do pa tien ts  with abstrac tion  problems (as m easured by 

neuropsychological t e s t s )  show reduced  priming for ambiguous 

words and their multiple m eanings, relative to  unrela ted  words, 

desp ite  their ab s trac tio n  problem s? To answ er this question , 

su b je c ts  will pa rt ic ip a te  in a lexical decision ta sk  t h a t  will 

m easure  speed  of response  using ta rg e t  ambiguous words paired 

with the ir  multiple m eanings, along with unrela ted  words and non­

w ords.

(B) Are problems with abstrac tion  (as m easured  by 

neuropsychological t e s t s )  re la ted  to  d e c rea se d  ability to  perceive
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lexical ambiguity of th e  th re e  ty p e s  t e s te d  here, i.e. homonymy, 

polysemy, and m etaphor?  To answ er this question, experimental 

su b je c ts  will be adm inistered  a m atching ta sk  w hereby  th ey  will be 

required to  m atch  ta r g e t  am biguous w ords with their multiple 

meanings, p re sen te d  along with unrela ted  word choices.

(C) Comparing brain-injured and normal sub jec ts , are th e re  

d ifferences in perfo rm ance  on ta sk s  of lexical ambiguity of th e  

th ree  ty p es  t e s te d  here, i.e. homonymy, polysemy, and m etaphor 

(with specific a t ten t io n  to  m etaphor, given th e  g re a te r  abstrac tion  

dem ands on this word ca teg o ry )?
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CHAPTER 3

METHODOLOGY

S u b j e c t s

Two groups of sub jec ts  were se lec ted  for this study. One of 

th e s e  groups co n s is ted  of 16 traum atically  brain-injured (TBI) 

p a tien ts  se lec ted  from an area  o u tp a t ie n t  rehabilitation c e n te r  

according to  th e  criteria listed below. The o th e r  group co nsis ted  of 

22  normal su b jec ts  drawn from  th e  sam e rehabilitation se t t in g  

(personnel and visitors), also according to  th e  criteria listed below. 

Ages ranged from 19 to  45  years. Monolingualism was determ ined  by 

having su b jec ts  ra te  the ir  general experience  with languages o th e r  

than  English according to  a Likert scale (see  Appendix A). Those 

scoring 2 or below (range: 0 -4 )  were included in the  study. All 

sub jec ts  were right handed; handedness  was de te rm ined  by A.J. 

Harris 's T e s t  of Lateral Dominance (1 9 5 8 ) .  Education level was 

determ ined  by asking the  su b jec t  to  indicate th e  h ighest deg ree  

a tta ined  by th e  tim e of tes ting , and only th o se  su b jec ts  with a 

minimum of a high school education  were included in th e  study. All 

sub jec ts  had normal or co rrec ted  vision and audition. The TBI 

su b je c ts  co nsis ted  of p a tien ts  who had su s ta in ed  a single traum atic
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brain injury over six m onths  ago, with no o th e r  history of 

neurological or psychiatric disorders. The normal su b jec ts  had no 

h istory  of neurological or psychiatric  disorders.

In order to  ensure  a d eq u a te  com prehension of the  experimental 

p rocedures, su b jec ts  were required to  achieve 100%  y e s /n o  

reliability fo r six personally  re levan t o r genera l information 

questions from th e  W estern  Aphasia B attery  (Kertesz, 1982). 

Subjects  were required to  perform  a t  a minimum of 90%  accuracy on 

a 4 0 -i tem  practice run on a co m p u te r-g en e ra ted  reaction  time task  

to  ensure  th e  ability to  perform  Task One. They were also required 

to  d em o n s tra te  a t  least 90%  accuracy in matching 4 choices to  a 

t a rg e t  synonym  arrayed in th e  m anner in which Task Two was 

p re sen te d  so  as to  indicate th a t  v isual/reading  ability was 

sufficien t to  p ro cess  p rin ted  stimuli physically similar to  th a t  task .

The age range for th e  experimental group was 19-45  with a mean 

o f 3 6 .8  years. Twelve of th e  16 pa tien ts  in this group g radua ted  

college, while the  rem ainder each  had a high school education. Eight 

of th e  16 were male and 8 were female. Duration p o s to n se t  ranged 

from 8 to  4 8  months.

The age range for th e  normal controls was 19-45  with a m ean of
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30 .5  years. Sixteen of th e  22  contro ls  g rad u a ted  college, while the  

remainder each  had a high school education. Twelve of th e  22 

contro ls  were male and 10  were female.

T e s t  P r o c e d u r e s

Each TBI sub jec t was required to  perform  Tasks One and Two (see  

below) in addition to  undergoing a neuropsychological evaluation 

described  below, while each  normal control was required to  perform  

only Tasks One and Two, in addition to  receiving th e  Raven 's 

P rogressive Matrices (Raven. 1 9 6 0 )  and the  Shipley In s ti tu te  of 

Living Scale (Zachary, 1 9 9 1 ) ,  bo th  of which can be converted  into IQ 

sc o re s .

Half of the  sub jec ts  underw ent Task One followed by Task Two; 

th e  o th e r  half underw ent th e  reverse . Further, stimuli for bo th  Task 

One and Task Two were randomized. The following ensured  a tten tio n  

to  th e  task: (a) su b jec ts  w ere  visually and auditorily a le r ted  to  Task 

One by a large c ross  p re sen te d  in th e  c e n te r  of th e  screen, along 

with an audible tone; (b) only th o se  su b jec ts  with accuracy  sco res  of 

80%  or above on Task One were included; (c) sub jec ts  were given 2 

ten -m inu te  breaks a t  equal intervals during Task One; and (d) only 

th o se  experim ental su b je c ts  who were able to  sus ta in  4 0  m inutes of
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th erapy  were included in th e  study.

Task One (for both  groups of sub jec ts)

Task One consis ted  of a lexical decision task . Subjects  were 

asked to  indicate w he ther  a le t te r  string was a word or no t  by 

pressing a key on the  com puter 's  keyboard designated  "yes" or "no". 

Each sub jec t  was se a te d  in fron t of a Macintosh Quadra 6 05  

co m p u te r  with a 14 inch colored m onitor which p re sen te d  stimuli a t  

regular intervals, described  below. Stimuli w ere  p re se n te d  in black 

on white background via th e  so ftw are  package, Mac Probe, which 

collects  reaction  tim e and accuracy  data .

The task  was introduced to  su b jec ts  with the  following 

in s t ru c t io n s :

"You will hear a sound which will a lert you to  pay a tten tion  to  

th e  com pu te r  screen. At th e  sam e time, you will se e  a cross on the  

sc reen  which is also in tended to  hold your a tten tion . Then you will 

s e e  tw o d ifferent words on th e  co m p u te r  screen , shown one a f te r  

th e  o ther. The first will be shown for only a sh o r t  while, and may or 

may no t be related to  the  second word. Do no t pay a tten tion  to  the  

first word. When the  second  word com es on th e  screen, p ress  the  

"yes" key if you think it is a word in English and th e  "no" key if you 

do n o t think it is a word in English. Press th e  chosen  key as quickly
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as possible."

T hese instructions were followed by:

(a) An audible "beep" lasting 5 0 0  m sec which served  as a warning 

signal in tended to  d irect th e  su b je c t 's  a tten t io n  to  the  co m pu te r  

sc reen .

(b) A "priming" word (e.g. “beam ”) was p resen ted  for 100  msec.

(c) The ta rg e t  word, th a t  is, a word related in meaning to  the  

prime (e.g. “light” or “plank” for “b eam ”) was p resen ted  for 3 0 0  

m sec.

Interstimulus intervals (ISIs) were 5 0 0  msec.

There were 6 0  lexically ambiguous primes, each  paired with 1 

non-word and 2 rela ted  words, which served  as ta rg e ts .

Additionally, th e re  were 6 0  non-am biguous primes (shown in 

Appendix B), each  paired with 1 non word and 2 real words (chosen 

from th e  list of re la ted  w ords which were paired with th e  

ambiguous words above), which also served  as ta rg e ts .  Non-words, 

shown in Appendix D, were c o n s tru c ted  by combining one syllable 

from each of tw o primes into pronounceable  le t te r  strings. Words 

and non words were random ized for p resen ta tion .
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This priming task  was chosen  to  address  th e  au tom atic  levels of 

p rocessing  lexically am biguous stimuli. The rationale for its use 

was to  explore th e  pe rvasiveness  of ab s trac tion  deficits  on handling 

such material, i.e. levels of processing th a t  are  p resum ed  to  precede 

more conscious com prehension  such as  is required by a matching 

task . Thus, if p a tien ts  with ab s trac tio n  difficulties w ere  found to  

have longer reaction  tim es for lexically am biguous material, then  

th is would serve  as ev idence  for impairment beyond  th e  level 

usually tap p ed  by s tud ies  o f this topic.

Task Two (for both  groups of sub jec ts)

Task Two consis ted  of a word m atching task  th a t  required 

su b jec ts  to  de term ine  w h e ther  4 choices m atched  a ta rg e t  word in 

meaning. Stimuli consis ted  of a single ta rg e t  word printed a t  th e  

to p  c en te r  of a 5 x 8 index card. Four o th er  words were printed 

undernea th  this t a rg e t  word, spaced  a t  regular intervals.

This task  was in troduced with th e  following instructions: "You 

will se e  a single t a rg e t  word followed by 4 o th e r  words. Circle 

th o se  th a t  are rela ted  to  th e  ta rg e t  word in meaning. There may be 

more than  one co rrec t  choice."
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This m atching task  was designed to  address  conscious processing 

of lexically am biguous material, and so, to  provide converging 

evidence to  d a ta  from the  priming (au tom atic  processing) task  

described  above. In o th e r  words, th e  combination of th e  priming 

task  with a m atching task  aimed to  make th e  ex p ec ted  s tudy  

findings more robust than  if one or th e  o th e r  task  were used.

M a t e r i a l s

For this study, the  stimuli used to  investigate  th e  understanding 

of a l te rn a te  meanings of w ords were of tw o types , as  follows: (a) a 

priming word followed by t a r g e t  words of th e  following types : 

e ither  of tw o of th a t  (real word) prime’s multiple m eanings, 

unrela ted words, or non-words, p resen ted  on a com pu te r  screen , and

(b) a single t a r g e t  word or non-word followed by 4 choices, 

including tw o or th ree  of th a t  ta rg e t 's  multiple meanings and 

unrela ted words. Stimuli for part  (b) were p resen ted  on 5 x 8 inch 

index cards, with words prin ted  in black lettering.

The stimuli for Task One and Task Two are included in 

Appendices B, C, and D and consis t  of th e  following types: 

polysem ous words, hom onym ous words, and m etaphoric  words; non­

words; and unrela ted words. There are a to ta l  o f 2 0  primes for each
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of the  first th re e  ca tego ries  (homonymy, polysemy, m etaphor)-  

to taling 6 0  ambiguous words. Additionally, th e re  were 1 2 0  non 

words and 6 0  unrela ted w ords which se rved  as  ta rg e ts .  Note th a t  

for the  priming task , th e  words listed in Appendices B, C, and D 

served  as the  primes. For example, th e  t a rg e t  word "chicken" primed 

th e  ta rg e t  word "coward".

Most of the  polysemous and hom onym ous words were se lec ted  

according to  a list provided by Durkin and Manning (1 9 8 9 ) ,  compiled 

from a varie ty  of sources , mainly from previous norm -gathering 

s tud ies  (e.g. Gilhooly and Logie, 1989 ; Gorfein, Viviani, and Leddo, 

1982 ; Nickerson and Cartwright, 1 9 8 4 ) ,  with th e  majority of words 

chosen  from th e  Gilhooly and Logie (1 9 8 0 )  list as this list conta ins 

th e  m o st extensive norm ative d a ta  ab o u t  the  frequency, imagery, age 

of acquisition, familiarity, and c o n c re te n e s s  of each  am biguous 

word. Word choices for th e s e  were m atched  for part of speech, 

length, and frequency.

The m etaphoric word list was g e n e ra te d  by th e  investigator, 

along with tw o a s s is ta n ts  ( s e e  acknow ledgm ents) by using th e  

c o n ce p t  of elliptical simile, described  in c h a p te r  2. Further, tw o 

normal su b jec ts  (m atch ed  for educational level and age) were asked 

to  choose  2 0  m etaphoric  w ords from th e  to ta l  list of 6 0  lexically
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am biguous words, given instructions to  "find th o se  w ords in the  

"choices" column th a t  can be used  to  s tan d  for, or in place of, their 

corresponding  ta rg e ts " .  T here  was high in te r ra te r  reliability: one 

ra te r  correctly  identified 19 item s and th e  o ther, 17 items. One 

ra te r  m ade 1 false positive response  and th e  o ther, 0, while one 

ra te r  made 1 omission and th e  o th e r  ra te r  m ade 3 omissions.

Word lists were c re a te d  according to  th e  following rules for 

selection: All of th e  polysem ous and hom onym ous words had a t  least 

one noun meaning and verb  meaning each. For Task Two, four words 

in each of th e  polysem ous and hom onym ous word lists had th ree  

choices t h a t  were potentially  co rre c t  (i.e. m atching in meaning); th e  

remainder had only tw o potentially  co rrec t  choices. For th o se  th a t  

had a verb  meaning as a co rrec t  choice, a t  least one foil was also a 

verb. Though many words in th e  to ta l  list had more than  tw o 

m eanings, viable synonym s were considered  only th o se  which were 

assigned a minimum re la tedn ess  score  of 1 .17  and a maximum 

re la tedness  score  of 4 .0  as assigned by Durkin and Manning (1 9 8 9 ) ,  

w here available. Eighty-five p e rc en t  of th e  w ords used  had this 

in fo rm ation  available.

As th e  fea tu res  (i.e. frequency, imagery, age of acquisition, 

familiarity, and c o n c re te n e s s )  considered  for m atching  hom onym ous
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and polysem ous words were no t available for th e  m etaphoric  words, 

th e  la t te r  ca tego ry  was t r e a te d  as a se p a ra te  ca tegory . Six of th e  

m etaphoric  words had verb meanings. The m etaphoric  words as a 

group had two synonym s th a t  were considered  potentially co rrec t  

choices for ta sk  two.

N e u ro p s y c h o lo g ic a l  T e s t  B a t t e r y

Given th e  prediction th a t  p a tien ts  with abstrac tio n  difficulties 

(traditionally  a sso c ia ted  with frontal lobe im pairm ent) will show  

less sensitiv ity  to  lexical am biguity  than  norm als, a

neuropsychological t e s t  b a t te ry  was used to  a ss is t  in determ ining a

possible correlation  b e tw ee n  th e s e  fac to rs .

Patien ts  with frontal dam age, and thus, su sp e c te d  abstrac tion  

deficits, typically have difficulty in forming c o n ce p ts ,  in

maintaining th e  use of th e  principle for forming c o n c e p ts  while it is

in e ffec t,  or in shifting from one  principle to  an o th e r  according to  

situational dem ands. T hese problems may occur to g e th e r ,  or they  

may also exist separa te ly  (Lezak, 1 9 9 5 )  and are easily a sse sse d  by 

neuropsychological te s tin g .

The t e s t  b a tte ry  described  here was aimed a t  establishing
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cognitive profiles for th e  p a tien ts  te s te d .  P a tien ts ’ sco res  on each 

of th e  t e s t s  in th e  b a t te ry  were com pared  against age-co rrec ted  

norms. A s ta tis t ica l  analysis was con d u c ted  to  co rre la te  fac to rs  

derived from th e  neuropsychological b a t te ry  with sco res  on Tasks 

One and Two.

Following is a list of th e  individual t e s t s  th a t  m ade up th e  

ba tte ry . Note also Appendix E, which classifies th e s e  t e s t s  

according to  th e  cortical s i te (s )  which th ey  purport to  t e s t .

Wisconsin Card Sorting T e s t  (WCST) (Grant and Berg, 1948). The 

su b jec t  is given a pack of cards on which are printed one to  four 

symbols, triangle, s ta r , c ross , or circle, in red, g reen , yellow, or 

blue. No two cards are identical. The su b je c t 's  task  is to  place them  

one by one under four stimulus cards-one red triangle, tw o green  

s ta rs ,  th ree  yellow c ro sses ,  and four blue circles-according to  a 

principle th a t  th e  pa tien t m ust deduce  from th e  p a tte rn  of the  

exam iner 's  responses  to  th e  p a tien t 's  p lacem ent of th e  cards. This 

t e s t  was devised to  s tudy  a b s t ra c t  behavior and shift of s e t  (Lezak, 

1995).

Trail Making T e s t  (Trails) (Army individual T e s t  Battery , 1 9 4 4 ) .  

Given in tw o parts , A and B, th e  su b jec t  is first required to  draw 

lines to  co n n ec t  consecutively  num bered  circles on one w orkshee t
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(Part A) and then  connec t  th e  sam e number of consecutively 

num bered  and le t te red  circles on an o th e r  w orkshee t by alternating 

be tw een  th e  tw o seq u en ces  (Part B). The sub jec t  is required to  work 

as quickly as possible. This t e s t  is used  to  a s se ss  visual scanning 

and tracking, response  to  a visual array, m ental sequencing, and 

dealing with more than  one stimulus or th o u g h t  a t  a time (Eson e t  

al., 1 9 78 ) .  It also indicates how flexible one is in shifting the  

course  of an ongoing activity (Pontius and Yudowitz, 1 9 80 ) .  Overall, 

th is t e s t  m easu res  th e  e a se  with which th e  su b jec t  can shift his or 

her perceptual s e t  to  conform  to  changing dem ands; it is also a t e s t  

of concentra tion  (Lezak, 1982 ) .

The S troop T e s t  (Stroop, 1 9 3 5 ) .  This t e s t  consis ts  of th ree  

white cards, each  containing te n  rows of five items. Randomized 

color nam es-blue, green, red, and yellow-are printed in black on card 

A. Card B is identical, ex cep t each  color name is printed in som e 

color o th e r  than  the  color it nam es. Card C displays colored d o ts  in 

th e  sam e array of four colors. There are four trials, each  consisting 

of a d ifferent task. On trial one, th e  sub jec t  reads card A; on two, 

s /h e  reads card B and ignores th e  color of th e  print; for th ree , s /h e  

nam es th e  colors on card C; and on four s /h e  nam es th e  colors of th e  

print on card B. The sub jec t  is encouraged  to  work as quickly as 

possible. This t e s t  is sensitive  to  impairm ents in executive
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functions-particularly  th o se  relating to  m ental contro l and response  

f le x ib i l i ty .

Controlled Oral Word Association T e s t  (FAS) (Benton and 

Hamsher, 19 7 6 ) .  The examiner asks the  sub jec t  to  say  as many 

words as s /h e  can think of th a t  begin with a given le t te r  of th e  

a lphabet, excluding proper nouns, numbers, and th e  sam e word with a 

d ifferent suffix. This t e s t  is widely used  to  a ss is t  in making a 

diagnosis of frontal lobe dam age  (Lezak, 1983).

W echsler Adult Intelligence Scale-Revised (WAIS-R)

(Wechsler, 1981 ) .

1. S im i la r i t ie s :  This is a t e s t  of verbal co n cep t formation. The 

sub jec t  m ust explain w hat each  of a pair of words (e.g. orange- 

banana) has in common.

2. C om prehension : This s u b te s t  includes tw o kinds of open- ended 

questions: 13 t e s t  co m m on-sense  ju d g m en t and practical reasoning, 

and th e  o th e r  th ree  ask for th e  meaning of proverbs.

3. V ocabu la ry : This a s se sse s  the  e x te n t  of recall vocabulary and 

the  e ffec tiveness  of th e  su b je c t 's  speaking vocabulary. This s u b te s t  

has been identified as the  single b e s t  m easure  of bo th  verbal and 

general m ental ability (Lezak, 1 9 8 2 ) .

4. Digit Symbol: This s u b te s t  cons is ts  of four rows containing, in
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all, 1 00  small blank squares , each  paired with a randomly assigned 

num ber from one to  nine. Above th e s e  rows is a key th a t  pairs each 

num ber with a d ifferent nonsense  symbol. The su b je c t 's  ta sk  is to  

fill in th e  blank sp a ce s  with th e  symbol th a t  is paired to  th e  num ber 

above th e  blank space  as quickly as he can.

5. In fo rm a t io n : This s u b te s t  t e s t s  general knowledge normally 

available to  persons growing up in th e  United S ta te s .

6. A r i th m e t ic : This s u b te s t  includes oral and w ritten  arithm etic  

problem s ranging from simple one-digit addition problem s to  

com plex problem -solving.

7. P icture C om pletion : The su b jec t  is shown incom plete p ictures of 

human fea tu res ,  familiar ob jec ts ,  or scenes , a rranged  in o rder  of 

difficulty with instructions to  tell w ha t im p ortan t  p a r t  is missing.

8. Block Design: This is a construc tion  t e s t  in which th e  su b jec t  is 

p resen ted  with red and white blocks, four or nine, depending on the  

item. The task  is to  use th e  blocks to  co n s tru c t  replicas of two 

block construc tions  m ade by th e  exam iner and seven  designs printed 

on a smaller scale.

9. Pic tu re  A rrangem ent: This t e s t  consis ts  of te n  s e t s  of cartoon  

p ictures th a t  make up stories . Each s e t  is p resen ted  to  the  sub jec t 

in scram bled  o rder  with instructions to  rearrange  th e  p ic tures  to  

make the  m o s t  sensible story .

10. O bject A ssem bly: This s u b te s t  conta ins four cu t-up  cardboard
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figures of familiar o b je c ts  given in o rd er  of increasing difficulty. 

The su b jec t  is to  rearrange th e  pieces in as quickly as possible.

11. Digit Span : This s u b te s t  ev a lua tes  digit span  forward and digit 

span  backward. Both t e s t s  consist of seven  pairs of random  num ber 

seq u en ces  th a t  th e  exam iner reads aloud a t  th e  ra te  of one per 

second, and th e  sub jec t  is asked to  rep ea t  th e se  sequences .

Raven's P rogressive  Matrices (Raven, 1 9 6 0 ) . This t e s t  consists  

of a series of visual p a t te rn  m atching and analogy problem s pictured 

in nonrepresen ta tiona l designs. It requires th e  su b je c t  to  

concep tua lize  spatial, design, and numerical rela tionships ranging 

from the  very obvious and co n cre te  to  the  very complex and ab s trac t.  

Overall, it is a t e s t  of bo th  v isuoperception  and a b s t ra c t  reasoning.

It con sis ts  of 6 0  item s g rouped  into five se ts .  Each item conta ins a 

p a tte rn  problem with one pa rt  rem oved and from six to  eight 

pictured inserts  of which one con ta ins  th e  co rrec t  p a tte rn . The 

sub jec t  points to  the  p a tte rn  piece se lec ted  as correct.

W echsler Memory Scale-Revised (WMS-R) (Wechsler, 1 9 8 7 ) .  The 

Mental Control s u b te s t  requires th e  su b jec t  to  say  a series of 

num bers or le tte rs . On Figural Memory, th e  su b je c t  looks briefly a t  

a b s t r a c t  designs, and then  m ust identify them  from an array.

Logical Memory I exam ines th e  ability to  recall ideas in tw o orally
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p resen te d  stories . On Visual Paired A ssoc ia tes  I, th e  su b jec t  is 

shown six a b s t ra c t  line drawings, each  paired with a d ifferen t color, 

and is then  asked to  indicate th e  appropria te  color asso c ia ted  with 

each  figure. Verbal Paired A ssoc ia tes  is similar. The su b jec t  is 

read a group of e ight word pairs. Then, th e  first word of each  pair is 

said by the  examiner, and th e  sub jec t  m ust say  th e  second  of each 

pair. On Visual Reproduction I, th e  su b jec t  m u st  draw geom etric  

designs th a t  are exposed  briefly. Digit Span requires th e  su b jec t  to  

rep e a t  digits forward and backward. The tw o pa rts  of th e  Visual 

Memory Span su b te s t ,  tapping forward and backward, are 

adm inistered separa te ly . The examiner, using a card  printed with 

colored squares , to u ch e s  th e  squares  in se q u en c es  of increasing 

length. The sub jec t m ust reproduce th e  sequences , in forward and 

reverse  order. Following adm inistration of th e  above nine su b te s ts ,  

tw o  verbal and tw o nonverbal s u b te s t s  (Logical Memory II, Visual 

Paired A sso c ia te s  II, Verba! Paired A ssoc ia tes  II, and Visual 

Reproduction II) are given a secon d  time, thu s  providing 30-m inute  

delayed  recall m easures .

Boston Naming T e s t  (BNT) (Kaplan e t  al., 1983 ) .  This t e s t  

co n s is ts  of 6 0  ink drawings ranging in familiarity from  such 

com m on ones as t re e  and pencil a t  the  beginning of th e  t e s t  to  

sphinx and trellis a t  its end. When a pa tien t is unable to  name a
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drawing, th e  exam iner gives a stimulus cue; if he is still unable to  

unable to  provide a co rrec t  name, a phonetic cue is provided. (Note 

th a t  sco res  include the  num ber co rrec t  prior to  cueing.)

Boston Diagnostic Aphasia Examination (BDAE) (Goodglass and 

Kaplan, 1 9 7 2 ) .  The reading com prehension su b te s t  of this 

exam ination w as adm inistered  to  p a tien ts  only. This s u b te s t  

cons is ts  of simple p a ssa g e s  followed by qu estions  for 

com prehension .
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CHAPTER 4

RESULTS

TASK ONE: R eac tio n  T im e T ask

Prior to  analyses, trials on which reaction  tim e m easures  fell 

fa r the r  than  2 s tand ard  deviations from the  group centroid  (by 

com puting  Mahalanobis d -squared  for all raw sco res  within each 

sub jec t)  were eliminated, as th e s e  were considered  to  rep re sen t  

lapses of a t ten t io n  (a com m on practice  in s tud ies  using reaction 

tim es). Using th e  tw o standard  deviation guide, no more than  2% of 

th e  to ta l  num ber of trials for any one su b jec t  were eliminated from 

th e  analysis.

The first s t e p  in th e  analysis of th e se  d a ta  was to  calculate the  

d ifference  be tw een  th e  reaction  tim es for th e  p rim e-ta rge t  pairs, 

e.g. “ch icken-cow ard” (m etaphoric  pairing) and “chicken-bird” 

(literal pairing). For th e  m etaphoric  word ca tegory , th e  order of 

sub trac tion  was m etaphoric  minus literal values. As th e  two 

related  hom onym ous and polysem ous ta rg e ts  were m atched  for 

frequency, e tc .,  th e  order o f sub trac tion  was random. The next s te p  

in th e  analysis w as to  obtain  averages  of th e  above calculations by
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ca teg o ry  (homonymy, polysemy, and m etaphor) for each  subject, 

followed by averages  acro ss  sub jec ts . T hese  figures were used in 

all of th e  following analyses with th e  excep tion  of th e  final analysis 

of variance (ANOVA).

Initial simple correlations of all reaction  time sc o re s  show ed an 

unexpec ted  correlation be tw een  homonymy and m etaphor. Such a 

correlation be tw een  variables v iolates th e  assum ption  of ANOVA 

with re p e a te d  m easu res  and artificially inflates th e  chance  of 

finding spurious significance. T herefore , th e  initial m eth o d  of 

analysis w as a Multivariate Analysis of Covariance (with age  as a 

covaria te), or the  Hotelling’s T-Squared, which tak e s  into acco un t 

th e  d ep en d en ce  be tw een  variables when evaluating d ifferences 

be tw een  tw o groups. This is a s tr ingen t m easure  of th e  difference 

b e tw een  groups (p a t ien ts  and normals) across  th e  reaction tim e 

variables (homonymy, polysemy, and m etaphor). The overall 

m ultivariate resu lts  w ere  eva lua ted  using Wilk's Lambda (df= 3 ,2 4 )  

which resu lted  in a value of 0 .761 with p= .024 .

Since the  previous analysis d e m o n s tra ted  differences be tw een  

th e  groups, th e  next question  of in te res t  concerned  which of the  

variables th ey  differed on. Results of t - t e s t s  (displayed in Table 1) 

for each of th e  th ree  variables (homonymy, polysemy, and m etaphor)
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are d ep ic ted  in Figure 1. This figure show s a sta tis tica lly  

significant difference be tw een  th e  groups for m etaphors , with an 

ap p aren t  d ifference b e tw een  m ean difference for m etaphors  and th e  

o th e r  tw o variables in th e  p a tien t  group, i.e., it su g g e s ts  a 

significant slowing in responding  to  m etaphoric  p r im e-ta rg e t  pairs 

when com pared  to  polysem ous and hom onym ous pairs in p a tien ts  but 

no t  in normals. In fact, when com pared  to  the  unrela ted  prime- 

t a r g e t  pairs, th e re  was no priming of m etaphoric  p rim e-ta rge t  pairs. 

In o rder  to  sta tis t ica lly  exam ine this relationship b e tw een  th e  

m eans as seen  in Figure 1, an ANOVA with planned comparison was 

perform ed (as  it was hypo thesized  th a t  respo nses  to  m etaphoric  

pairs would be slower than  th e  o th e r  two word ca tegories):  the  mean 

d ifferences for th e  m e tap h o r  ca teg o ry  was com pared  with th e  

combined m eans for th e  homonymy and polysemy categories  since no 

difference was found be tw een  th e  la t te r  tw o (cf. figure 1). The 

resu lt of this analysis confirm s th e  significance of th e  d ifference 

be tw een  m etaphor and the  o th e r  two variables {F(df:1.36) = 4 .16 , 

p<.05}. Actual reaction tim e values (m eans and S.D.) for pa tien ts  and 

normals are shown in Table 2.

The next question  for Task One concerned  the  relationship 

be tw een  perform ance on th e  neuropsychological b a t te ry  and th e  

reaction  tim e d a ta  for th e  th re e  variables (word ca tegories) .  A
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canonical correlation  show ed  t h a t  th e y  are significantly co rre la ted  

with th e  following ou tcom e: R= .987 ; chi-square (d f= 27) = 4 3 .6 9 ,  

p= .02 2 . A more specific question  concerning th e  relationship 

be tw een  t e s t s  of a b s trac tio n  and reaction  tim e perform ance  was 

inv es tiga ted  using Backward S tepw ise  Multiple Regression Analysis. 

In th is analysis, reaction  tim e d ifferences for m e tap h o rs  was used  

as th e  d e p en d e n t  variable with sco res  on th e  neuropsychological 

b a t te ry  as predictors. The following t e s t s  w ere  no ted  to  con tr ibu te  

m o st to  th e  prediction of reaction  tim e d a ta  in th e  regression 

equation: WCST, Trails B, Verbal I.Q., Word Fluency (FAS), BNT, and 

Raven's. The resu lts  of th is  la t te r  analysis with th e  s tan dard ized  

b e ta  w eights are  p resen ted  in Table 3.

In o rder to  determ ine  th e  p resence  of overall priming, an 

ANOVA was perform ed and th e  resu lts  show ed a main e f fe c t  for 

re la tedness  of prime for th e  pa tien ts  (F =4 .92 , p= .032 ) ,  but no 

in teraction, th u s  d em o n s tra tin g  th e  priming e ffe c t  for p a tien ts  bu t  

no difference for normals. As expec ted , th e  pa tien ts  perform ed 

significantly slower th an  th e  normals with m eans as  follows: TBI 

group: 7 6 4 .0 4  and Normals: 6 1 2 .7 2 .  Figure 2 illustrates the  mean 

reaction  tim es for p a tien ts  and normals for unrela ted  w ords and th e  

th ree  t a r g e t  word types .
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TASK TWO: M atch ing  T ask

In c o n tra s t  to  the  reaction time findings, ANOVA show ed no main 

e ffec t  for group for th e  matching task  (F = .93, p > .05). On th e  o ther  

hand, significant d ifferences were n o ted  am ong ca teg o rie s  for both  

groups (F = 5 .63 , p= .01), also unlike th e  reaction time task. Note 

t h a t  even  tho ugh  th e  d ifferences are s ta tis tica lly  significant, th ey  

ap p ea r  to  be relatively small. T here  was a sta tisically  significant 

difference am ong th e  th ree  ca tego ries  for perform ance on th e  

m atching task , with perform ance on hom onym ous words more 

accu ra te  than  polysem ous and m etaphoric  words, and no significant 

d ifference be tw een  m etapho r  and polysemy (See Table 4). However, 

this may be a spurious finding due to  unknown variables, since this 

p a tte rn  was no t revealed in th e  reaction time d a ta , and since th e  

ac tual d ifferences are, indeed, small.
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CHAPTER 5

DISCUSSION

The goal of this s tud y  w as to  determ ine  th e  type  of cognitive 

functions required for th e  successfu l in te rp re ta t io n  of lexical 

ambiguity. The primary co n ten tion  held t h a t  p a tien ts  exhibiting 

problem s with ab s trac tio n  would d e m o n s tra te  im pairm ents in th e  

sensitivity  to  a l te rna te  m eanings of words and th a t  this would be 

ev iden t on bo th  th e  lexical decision (reaction  tim e) task  and the  

m atching task . Further, this was e x p ec ted  for th e  th ree  ca tegories  

of ambiguous words used: homonymy, polysemy, and especially for 

m etaphor, given th e  g re a te r  dem ands on abstrac tion  for this word 

type.

The experim ental procedures were developed to  evaluate  the  

difference be tw een  brain-injured and normal su b je c ts  on th e s e  

task s ,  and w ere designed to  allow analysis of any differential e f fe c t  

of word ty pe  (i.e. homonymy, polysemy, and m etaphor) on lexical 

access  and on a com prehension task.

There is sufficient evidence th a t  questions  th e  deg ree  of right 

hem isphere  involvem ent in lexical am biguity  in te rp re ta t io n  (Winner
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and Gardner, 1977; Gagnon e t  al., 1 9 9 4 )  and o th er  evidence th a t  

points to  frontal lobe involvem ent in th e s e  ty p es  of ta sk s  (Milberg 

e t  al., 1 9 8 7 ) . The results of this s tu dy  supp o rt  th e  latter, as is 

evidenced by th e  fac t  th a t  t e s t s  of abstrac tion  con tr ibu ted  much 

more w eight than  t e s t s  th o u g h t  of as  affecting  right hem isphere 

function to  predicting perfo rm ance  on lexical am biguity  tasks .

Task One

WAIS-R Verbal I.Q. sco res  con tr ibu ted  m o s t  heavily to  predicting 

reaction tim e perform ance for m etaphors , i.e. th e  higher th e  Verbal 

I.Q. score, th e  smaller th e  d ifference be tw een  th e  appreciation of 

co n c re te  and m etaphoric  m eanings of words in th is category , 

indicating approxim ately equal facility of a cc ess  of word meaning. 

The o th e r  t e s t s  found to  co rre la te  in this direction were WCST 

ca teg o ry  su b te s t ,  Trails B, Word Fluency (FAS), BNT, and Raven's, 

with Raven's showing th e  low est w eight of this group of te s ts ,  

which, save  for the  BNT are widely considered  to  be t e s t s  of 

abstrac tion . Note, however, t h a t  th e  s tandard ized  w eight of th e  

Raven's, while relatively small, w as still in th e  sam e  direction. It 

is no tab le  th a t  while th e  Raven's is a t e s t  o f  abstrac tion , it also 

requires in tac t  visuo-spatial processing, and may th u s  also be 

considered  a t e s t  of right hem isphere function.
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Reaction time perform ance for polysemy was m o st related  to  

perform ance on WMS-R Verbal s u b te s t s  and Trails B, and to  a lesser 

deg ree  with th e  WCST Perseveration su b te s t ,  Stroop, and Raven's.

For homonymy, reaction tim e perform ance was m ost rela ted  to  Word 

Fluency, Verbal I.Q., and BNT, and to  a lesser degree, WCST, Trails B 

and Stroop.

There was th e  expec ted  finding th a t  p a tien ts  perform ed with 

longer response  latencies on th e  reaction  tim e task  than  did 

normals. A nother e x p ec te d  finding was slower reaction tim es for 

words rela ted  to  th e  t a rg e t  in meaning than  for w ords unrela ted  to  

th e  ta rg e t  in meaning, for th e  pa tien t  group. The m ost striking 

finding on th e  reaction tim e ta sk  was th a t  th e  p a tien ts  evidenced 

significantly slower reaction  tim es on m etap h o r  than  on polysem y 

and homonymy both  within their own group and as com pared  to  the  

norm als .

Task Two

On the  matching task, which used  th e  sam e ambiguous words as 

th e  lexical decision task , p a tien ts  perform ed a t  accuracy  ra te s  

which w ere com parable  to  th e  normals. While th is finding is 

surprising, it is im portan t to  no te  th a t  th e  m atching ta sk  involved
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untim ed multiple choice. The finding th a t  pa tien ts ' perform ance was 

com parable  to  normals' perform ance su g g e s ts  relative in tac tn ess  of 

th e  sem an tic  rep re se n ta t io n s  of th e s e  words in sp ite  of retrieval 

deficits. It is no tew orthy  th a t  p a tien ts  and normals show ed higher 

accuracy for responding to  hom onym s than  to  polysemous or 

m etaphoric  words on the  matching task, desp ite  th e  fac t  th a t  th e  

hom onym ous and polysem ous words were m atched  closely in te rm s  

of frequency, e tc .  This s u g g e s ts  relative e a se  in discerning d iscre te  

multiple meanings such as for hom onym ous words as com pared  to  a 

relative deficit in fully apprecia ting  th e  marginal m eanings of th e  

polysem ous and m etaphoric  word stimuli. Recall t h a t  hom onym s 

consis t  of only cen tra l meanings, while polysem ous and m etaphoric  

w ords con s is t  of bo th  cen tra l and marginal meanings, which, within 

ca teg o ries ,  are no t  mutually exclusive.

General Issues

This s tu d y  has revealed num erous methodological difficulties 

con fron ted  in th e  field of lexical ambiguity. For example, divisions 

be tw een  polysemy and m etaphor are som ew hat blurred and o f ten  

arbitrary-indeed, Brownell e t  al. ( 1 9 9 0 )  inves tiga ted  brain dam aged  

p a tien ts ' apprecia tion of a lterna tive  word m eanings using a word 

list which con s is ted  of "m etaphoric  polysem ous" words. In
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considering th e  above findings in light of th e  widely held definitions 

of m etaphor, it would be p ru den t for resea rche rs  to  clearly define 

th e  ca teg o rie s  o f lexically am biguous w ords and to  contro l for their 

individual p a ra m e te rs .

In th e  classical litera ture  on this topic  which d a te s  back to  

Aristotle, m etaphor is seen  as  an instance  o f novel poetic  language 

in which words are no t u sed  in their normal everyday sen se  (Lakoff,

19 8 9 ) .  In c o n tra s t  to  language as  th e  central realm of m etaphor, 

Ortony (1 9 9 3 )  considers m etaphor to  be more in th e  domain of 

though t, or th e  mapping of conceptual domains. Thus, th e  locus of 

m etaphor is in th e  way we conceptualize  one m ental domain in te rm s  

of another, i.e. cross-dom ain mapping. For example, m etaphor can be 

seen  in te rm s of mapping from a source  domain (tabloid) to  a ta rg e t  

domain (rag). Here, th e re  is a conceptual co rrespondence  betw een  

one domain of o b jec ts  (new spapers)  and a very d ifferent domain of 

o b jec ts  (clo th). Such cross-dom ain  mapping requires cognitive 

opera tions  which are n ecessa ry  for t e s t s  of abstrac tion , namely, 

se t-sh if ting  (WCST, Trails B), flexibility o f th o u g h t  (Word Fluency), 

and conceptualization  (Verbal I.Q.)-all of which w ere strongly  

rela ted  to  perform ance  on reaction  tim e for m etaphor. Generally, 

then , th e  sam e cognitive functions are necessa ry  for m etap ho r  and 

t e s t s  of abstrac tion .
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To d a te , th e re  is g re a t  variability in th e  m ethods used in stud ies 

on th is topic, including su b je c t  selection, ta sk  requ irem ents , and 

resp onse  mode. Aside from  th e  obvious difficulties with issues such 

as th ese ,  th ey  raise special concern  with regard to  th e  intention of 

this s tudy. While th e  primary goal was to  isolate th e  cognitive 

func tions  responsib le  for lexical am biguity  in te rp re ta t ion , an 

ex tension  of th is would involve identifying its neurological 

s u b s t r a te .

Thus, it was presum ed th a t  p a tien ts  who exhibited difficulties in 

ab s trac tio n  would also ev idence  frontal lobe impairment, and thus, 

difficulty on th e  s tu d y  tasks . While m ost  au tho rs  claim to  use 

p a tien t  populations with d isc re te  right or left lesions, th e re  may be 

an inheren t bias tow ard  se lec ting  p a tien ts  with an te rio r  lesions, as 

a com m on exclusion criterion for right hem isphere  p a tien ts  is visual 

neg lect-a  sym p tom  asso c ia ted  with right poste r io r  dam age. Further, 

m o s t  s tud ies  do no t use th e  sam e lexically am biguous stimuli over a 

varie ty  of tasks , as this one  did.

A fu rther methodological d ifference in th e  literature on this 

topic concerns th e  use of s e n te n c e s  vs. words as  stimuli. Single 

w ords were chosen  for th is  s tu d y  as th is would a ss is t  in eliminating 

th e  possible influences of impaired a t ten t io n  or m em ory in th e  TBI
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su b jec ts .  Additionally, d iffe rences  ex is t am ong priming s tud ies  

which use sen ten ces .  For example, Onifer and Swinney (1 9 8 1 )  

show ed d ifferences in priming ability when word choices were 

p re sen te d  immediately following th e  occurrence  of th e  ambiguity in 

a sen tence , con tra ry  to  when th e se  word choices were p resen ted  1.5 

seco n d s  following occu rrence  of th e  ambiguity.

Additionally, m etaphoric  t a r g e t  ph rases  require significantly 

longer processing  tim es th an  literal t a r g e t  ph rases  if reading tim e 

m easures are taken  a t  th e  end  of th e  ta rg e t  phrase  ra ther than  a t  the  

end of th e  t a rg e t  s e n te n c e s  in which th e  phrases  are em bedded.

Given th a t  th e re  were dissimilar findings for both  ta sk s  in this 

study, this causes  one to  question  th e  validity of findings o f s tud ies  

which use one or th e  o th e r  typ e  of task. Indeed, th e  matching d a ta  in 

this s tu d y  revealed th e  relative facility of a c c e ss  even  in th e  brain- 

injured population, while th e  reaction  tim e d a ta  show ed this 

population to  be quite below normal levels of perform ance.

As th e re  is som e question  as to  th e  issue of how th e  num ber of 

m eanings for lexically am biguous w ords a f fe c ts  their 

com prehension, a sampling o f  perform ance of bo th  p a tien ts  and 

normals on th e  matching ta sk  was taken  in o rder  to  see  if accuracy
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was a ffec ted  by this pa ram eter . Of th e  sixty t a r g e t  items, e ight had 

th ree  potentially co rre c t  m atches , while th e  rem ainder had only two. 

A preliminary analysis of th is  d a ta  indicated th a t  p a tien ts  and 

normals perform ed a t  approxim ately equal accuracy  ra te s  (48%  and 

51%, respectively) for th o se  item s with th re e  potentially  co rre c t  

m atches, with much higher accuracies for th o se  item s with only tw o 

(92%  and 94%, respectively). Though this s tudy  was no t s e t  up to  

add ress  th e  question  of se lec tive  vs. exhaustive  access , this 

preliminary analysis would poin t in th e  direction of supporting  

selective access , w hereby th e  acc ess  of tw o meanings of an 

am biguous word may su p p re ss  th e  third. Certainly, this issue should 

be ad d ressed  in a more rigorous manner, as it raises im portan t 

qu estions  regarding th e  possible contributing  fac to rs  to  

d isam biguation .

Thus, in addition to  providing su ppo rt  for th e  cognitive 

localization of lexical am biguity  to  functions (such  as a b s trac tio n )  

re la ted  to  the  frontal lobe, th is s tu d y  has highlighted som e of the  

concerns rela ted  to  o th e r  investigations of this topic. The 

lite ra tu re  is rep le te  with s tu d ie s  on lexical am biguity , particularly 

with normals, and it is ev iden t th a t  findings using th e  brain-injured 

population would add new perspec tive  on the  topic, when such 

s tu d ies  are s tr ingen tly  controlled .
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CHAPTER 6

CONCLUSIONS

The m ost com m on way of investigating sensitivity  to  lexical 

ambiguity is th rough  th e  use  of ta sk s  which require conscious 

processing, such as th e  matching of words or phrases. The p resen t 

s tudy  differed in th a t  it used  bo th  a matching task  and a priming 

(reaction  tim e) task; th e  la t te r  was included in an a t t e m p t  to  

con tr ibu te  to  th e  ro b u stn ess  of th e  ex p ec ted  findings, i.e. worse 

perfo rm ance  for p a tien ts  with ab s trac tio n  difficulties. However, a 

d iscrepancy in perform ance on th e s e  ta sk s  was found, with brain- 

injured su b jec ts  performing as well as normals on th e  m atching 

task , though  performing with much slower reaction  tim es on th e  

priming task. This is im portan t in highlighting th e  s ta g e  of 

cognitive processing (au to m atic  vs. conscious) a t  which 

disambiguation tak es  place, and also points to  th e  necess ity  of 

careful design in s tud ies  on this topic.

Given th e  large discrepancies found in o th e r  s tud ies  of th e  topic 

o f lexical am biguity  using brain-injured su b je c ts ,  se rious 

consideration  w as given to  o th e r  possible confounding variables in 

th e  design of this particular s tudy . T hese  include su b je c t  selection,
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ta sk  requirem ents , resp o n se  mode, and selection  of stimuli.

While this s tu dy  s e t  o u t  to  isolate th e  cognitive p rocesses  

involved in lexical ambiguity com prehension, it did no t rely on a 

pa tien t  population with c lear-cu t lesion s ites . Instead, it used  th e  

p rocedure  o f evaluation to  de term ine  purported  lesion site, and 

provide findings regarding right hem isphere  and frontal involvem ent 

in lexical ambiguity. The findings provided su p p o r t  for th e  cognitive 

m echanism s underlying th e  com prehension  of lexical ambiguity, all 

of which are traditionally assigned to  th e  frontal lobes. T hese  

include th e  ability to  sim ultaneously apprehend  one or more item  and 

to  shift from one item (or m ental s e t )  to  another. A natural 

progression in the  s tudy  of this topic would be to  a t te m p t  to  

localize th e  neurological underpinnings for th e s e  

cognitive m echanisms, a ta sk  made simpler by the  use of a 

population o f su b jec ts  with focal brain dam age, i.e. left, right, 

anterior, or posterior.
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FIGURE 1. M ean differences in reaction tim es for three word types. For each prime, reaction 
times for two related targets were com puted and average ac ross trials and across subject groups. 
This depicts a  statistically significant difference betw een m etaphor and the other two variables, i.e. 
it show s significant slowing in responding to m etaphoric prime-target pairs when com pared to 
polysem ous and hom onym ous pairs in patients but not in normals.
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FIGURE 2 . Mean reaction times for patients and normals for unrelated words (wordunr) and 
the average of the Three (prime) word typos (homonymy, polysemy, and metaphor).
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APPENDIX A

LtKEBI SCALE FOR PROFICIENCY IN LANGUAGES OTHER THAN ENGLISH

Please ra te  your proficiency in th e  foreign language(s) th a t  you think 
you know b es t ,  using th e  following scale of 0  (poor) to  4  (excellent).

1. Speaking

0 1 2  3 4

2. Listening com prehension

0  1 2  3 4

3. W riting

0  1 2  3 4

4. Reading

0 1 2  3 4
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APPENDIX B

METAPHORIC WORDS

Primes (for RT Task _Targets (for RT Task)

Targets (M atching Task) C hoices (M atching Task)

BUG INSECT SNAKE PESTER RESERVE

B L U E COLOR SMELL SAD HAPPY

P IG SLOB FRUIT COMEDIAN ANIMAL

S H A R K BIRD THIEF SAILOR FISH

RAG CLOTH PILLOW TABLOID CHECK

N U T S VEGETABLES CRAZY RELAXED SEEDS

DO U G H BREAD MEAT TOWEL MONET

P E A N U T S SNACK SMALL WHEAT LARGE

LE M O N FRUIT FENCE MINERALS CAR

DOG PURSUE ANIMAL PLANT KNOW

B U T T E R F L IE S INSECTS FURNITURE FUNNY NERVOUS

S H A D E S CURTAINS SUNGLASSES EAT WATCH

EGG INDUCE FOOD FURNITURE g e s t u r e :

F R E S H OPEN NEW FRAYED BRAT

C H IC K E N BIRD REPTILE COWARD LAZY

W H E E L S BUTTONS HOUSE TIRES CAR

B O O T CHAIN KICK GLUTTON SHOE

T U  BI- STEREO TELEVISION CYLINDER STEM

B A N A N A S CRAZY SNEAKY FRUIT CRAZY

G REEN COLOR TEXTURE OLD NEW
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APPENDIX B. C o n t in u e d  

HOMONYMOUS WORDS

Primes (for RT Task  Targets (for RT Task)

Targets (M atching Task)________ Choices (M atching Task)

ROCK MINERAL GAME SWEEP SWAY

S C A L E FISH LEAF PAINT BALANCE

P L A N T VEAL FLOWER BUILDING CASTLE

FI L r: WATER TOOL CABINET BUSH

B A T STOOL VEGETABLE CLUB ANIMAL

B IL L TAIL DOLLAR SHOE BIRD

S T A B L L STEADY KITCHEN HORSE FAST

P O S T FLOAT MAIL AFTER WOOD

B A N K FREEZER VALLEY MONEY RIVER

D E C K ROLL SHIP CARDS DOOR

B O L T SCREW SPOON SWIM RUN

B A L I. DANCE PARADE CLOTHING TOY

C O U N T ADDITION NOBILITY SING NURSE

S E A S O N TIME BURN PEACE FLAVOR

D A T E TIME FRUIT CALENDAR POEM

P U N C H HIT DRINK READ ROSE

S H I P BOAT TRACTOR THROW SEND

C O A C H BUS TEACH HELICOPTER PAINT

P O R T HARBOR WINE CITRUS SUITCASE

P A L M HAND CABIN KNIFE TREE
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APPENDIX B. Continued 

POLYSEMOUS WORDS

Primes (for RT Task Targets (for RT Task)

Targets (M atching Task) Choices (M atching Task)

H I D E CONCEAL SKIN VENEER RUB

P A R T SECTION STAPLE ROLE COIL

M O U TH PEAK FACE RIVER ROOF

L A P SQUEEZE PAGES KNEES LICK

C H O P CLEAN SKIRT CUT MEAT

S T E P WALK DRIVE RIBBON STAIR

BOX TYPE CONTAINER STEP FLIGHT

L IG H T CABOOSE STEM IGNITE LAMP

S IN K RECEPTACLE SHED SUBMERGE IRON

T R I P FOUNTAIN FALL JOURNE SIT

N O T E MESSAGE SEED MUSIC PLAY

C H A R M QUALITY FLATTER JEWELRY DRESS

L E T T E R ALPHABET STAMP SPOKE OPERA

PLU G STOPPER PUMP ELECTRIC HOSE

S T U M P TREE LEG PUZZLE JOKE

B E A N LADDER SMILE PLANK LIGHT

B L O C K CUBE WOOD STOP DIVE

S H E E T PAPER UMBRELLA BRAID BED

F O R K ROAD CLOUD COMB UTENSIL

M A R C H JUMP PROTEST MONTH WALK
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UNRELATED WORDS

KNOB

CLOCK

FERN

CARD

A P P L E

PHONE

TREE

GLASS

TRUCK

SNOW

PIT

CUBE

F E R R Y

PEN

S H IR T

BOOK

H IL L

CLOSET

PACK

PEEL

BUN

LEAF

COCOON

P E P P E R S

NYLON

OAT

PA S T A

OAR

TUG

ONION

RUG

CLOCK

M ETAL

A N G EL

NOSE

SCARF

STOVE

DOOR

L A M P

R IN G

ROPE

HAND

STONE

FISH

SCREW

PETAL

STOVE

ROSE

FILTER

RICE

BENCH

FINGER

C L IP

CAMEL

GOAT

T U L IP

COMB

B ir r ro N S

Cl A W

SHELL
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NON - WORDS

BIACH

T A L IF

RANT

PI) M A R

POTE

BARCH

SCANK

c o u r it :

P L A F L

EBU R

P A  L A P

FIL A T

BOAP

E B IA L

BIST

BEMON

R U B E

GRUTS

q k x ,

B(X)SU 

P IN A S  

WHEEMON 

RLEELS 

B U TTA R K

M A R S T

K N I L P

NOTUG

T R I L

S H ID E

M E P

EBURG

GOCH

N A R T

S A N I P

EUNAB

C H O IT

SH IG H T

K R A TTU B

BLACH

GUTTET

T R E A M

T R A L B

P L U E

NECKOD

GRUG

B A N U TS

K R A R M

P IL T

M O N ir r s

PEA W

F L A L S

G R U S

BOUNT

BATSTRO

L A P A T

KNIIG

T R IL M

DEBLE

BLATS

BIJTTILT

S H E P

S C IW L

COURF

E D A L P

T R U P

G R E A M

BARG

B L A R M

T R I L

LETTU P

B LEA LE

N O IP



APPENDIX D. C o n tin u ed

NON-WORDS

ELADE

DEGG

SHNIITS

PEADFS

d o c k e n

p r a g

GRUBE

STURG

STIDE

TRID E

TROP

LEETUG

LICII

B L A R T

CHI A M

S H IN K

P U N K

COAMP

E IR T

BEA R K

E D IR T

APUNT

POTEP

THOHB

CHICH

B E M A S

DEFLA

SCABLE

NOSAD

P lI L M

R A M  U P

P L I L E

DEST

TROBATS

M O U RT

C H EP

SH E A M

P IB E

BOOMON

SH A R O U S

TA LPO A

BOUTH

T E R P

SCINTH

A R W I.

TOORE

CO U IA P

EDA EE

BAN U TS
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CLASSIFICATION OF NEUROPSYCHOLOGICAL TESTS BY 
THE SITE PURPORTEDLY ASSESSED  BY THESE 

MEASURES, i.e. LEFT HEMISPHERE, RIGHT HEMISPHERE, 
ANTERIOR REGIONS, AND POSTERIOR REGIONS

BOSTON DIAGNOSTIC APHASIA EXAMINATION (BDAE).Jeft, posterior 

WISCONSIN CARD SORTING TEST (WCST)...anterior 

TRAILS A+B...anterior 

STROOP...anterior

FAS (CONTROLLED WORD FLUENCY)...left, anterior

WAIS-R, VERBAL SUBTESTS...left

WAIS-R PERFORMANCE SUBTESTS...right

RAVEN'S PROGRESSIVE MATRICES (RAVEN'S)...right, posterior

WECHSLER MEMORY SCALE (WMS-R), VERBAL SUBTESTS...left

WECHSLER MEMORY SCALE (WMS-R), VISUAL SUBTESTS...right

BOSTON NAMING TEST (BNT).Jeft
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TABLE 1

T-Test values for Independent Samples comparing patients and 
normals on the three category types. These values 

correspond to Graph 1.

DEPENDENT
VARIABLE t d f

2-Tailed
P

HOMONYM -.606 36 .547

POLYSEMY .462 36 .646

METAPHOR 2.905 36 .006
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Reaction Time performance (Mean and S.D.) for patients and normals 
on the following conditions: homonymous pairs (H), polysemous pairs 

(P), metaphoric pairs (Ml)and literal (M) word pairs.

PATIENT MEAN PATIENT

H 721 269

P 746 281

M l 782 266

M 720 271

NORMAL MEAN NORMAL S.D.

H 597 I l l

P 610 86.8

Ml 639 134

M 605 125
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V ariable

VIQ.

BNT

TRAILS-B

FAS

WCST-C

RAVEN'S

Standardized 
Beta Values

-1 .836

1.151

.658

.506

.483

.377

TABLE 3 Results of the multiple regression analysis for 
neuropsychological tests and the "metaphor effect" (F=3.887, df=6,8, p>.05, 

Multiple R=.863). The metaphoric-prime target pairs minus the same 
prime-literal meaning pairs. This shows the significance o f the 

combined performance on tests of abstraction in predicting reaction 
time differences for metaphoric and literal word pairs, i.e. performance 

on BNT contributed the most weight to reaction time performance.
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Results of the Analysis of Variance for 
Matching Performance

df: MSeffect' F: p-level

Group: 1,36 88.81 1.88 0.18
Word Category: 2,72 29.09 5.63 0.01
Interaction: 2,72 04.82 0.93 0.40

M eans of p e rcen t c o rrec t for p a tien ts  and  norm als, by
c a te g o r ie s :

Homonymy Polysemy Metaphor

Patients: 93.9 92.1 93.2

Normals: 95.6 94.2 94.2

Table 4. ANOVA results for matching performance showed 
no main effect for group, though significant differences 

were noted among categories for both groups.
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