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’ S .Clinical neuropsychological research has generated conflicting
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langudage , The present study cons1isted of- four experiments designed to

-

<

Y T -
N assess the vérﬁgé\performance of the right hemispherg in “right-handed

a

7 s,individuals with normal intact brains A manual,reaction time (RT)
technique was used to measure the relative efficiency df-&éteral )

8 <
A

®  stimulus<response pathways (e g , left visual fleld%rlght hemisphere-

-

[y

.

Y b left hand) 1in processihg linguistic ainformation -

' Experiment 1 showed that)the right hemisphere uas unable to

{ v ‘

r : >
) recognize’abstract nouns in alword/nonword discrimination (lexica]
o

e e S
'

decision) task bui that it was ‘as efficient as the lefc hemisphere at

re%ognlzlng concrete nouns  Exgeriments 2 and 3 demonStrated the

Q9

right hemisphere's ability to detect semantic relatleﬁshlp between

concregi nouns and iheir superordinate categor1e4 Experiment 4

B U U

4

.

d ’ k_ ’ replicatgd the respilts of Experiment 1 and showed, in addition, @ﬁat
v the right hemiiy ere could recognizé.concrete adjectives butzyot
; %W [ abstradt #djectives or verbs . .
f . . These findings were discussed in terms of‘thelr:bon51stency with
]

. @

data from gplit-brain rosearch and thg}r implications for models of

¢ 8
. N ”

' ’ . the functional organization of language in the normal brain It was

,
} KKQ\ ! ’

1n processing language.

' [l

views reFardlgg the -ability of the right c¥rebral hemspheregto process
i & ' b B

proposed that tﬁ; right hemisphefe in the i1ntact brain can play a role

N,

o
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INTRODUCTION

-

The problem of cortical localization of function has puzzled

students of medicine, neurology, and psychology for centuries

I
Throughout the middle ages i1t was thought that the human brain contained
4

three ventricle$ each of which housed one or more different aspects of

the soul including sensation, reasoning, and memory Although Galen

N\
eventually placed the site of mental activities in the substance of the

t

brain, the notion of localized faculties and forces of the soul persisted

in various forms well into the nineteénth century
-Q &

It was not until the publlcatlon\gf Bouillaud®’s 1825 paper on the
behavioral effects of cortical lesions that the groundwork was laid for
the scientific study of cortical localization of higher functions
Bouwillaud devoted his attention to disorders of sensation, motion, and

speech” and reported that lesions of specific areas of the cortex were

\
related to specific deficit syndromes  Although Bouillaud expressed

B

e%e reasonably wcll substantiated by his

'

views on localization which w

lesion studies, he was not taken seriously by his contemporaries until

S

'1861. It was 1n that year, at a series of meeting of the Socigtie
d*Anthropologie, that Broca presented the autopsied brains of two

(épha51c patients revealing lesions of the anterior brain in th% third

The localizationist school

°

¢ frontal convolution of the left hemisphere.

+
'

i
© of brain function gained increasing respectability among neurologists
I

. A .
as a result of Broca's 'demonstration. These ecarly lesions studies

heralded a new era in the study of brain function, and 1t was assumed

that this approach would ultimately reveal the functional organization

a

-
,
. .
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of the normal brain

+ However, several controversial 1ssues soon surfaced and many, of —

these problems have remained unresolved over the past century One
1ssue concerns the extent to which the cortical control of language
processes 1s localized in the two hemspheres of the brain This

controversy arose originally from subtle differences in the interpreta-
Q
tion of the effects of cortical lesions on language Two positions were

taken The first, proposed by Broca (1965) and his followers, was that

. o

ve}bal functions are localized in a dominant hemisphere (the left
hemisphere in }1ght-handed people) This view was, based on the fact
‘that apha51as‘(1anguage disorders) were almost always accompipled by
left hemsphere lesions, fxcept 1n left*handers. The second view was
proposed by Hughlings Jacﬁson (1874) who, although agreeing that the
left hemsphere was ,dominant for language, held that the right
hemsphere, too, supported some limited language %unctlons Thas
.argument was based on the fact that residual language was observed in
most aphasic syndromes. \7 '

Additional evidence has recently been brought to bear on this
question from studi&s of other neurological preparations, most notably‘
hemisphere disconnection Although studies of the human split-brain

\

have largely supported the basic Jack3Qg£§£ pdsition, serious questions
remain regarding the appllcablllty of clinical findings to a model of
normal brain organization for language. For this reasop, there has
been a growing emphasis on studyaing functional lateralization in the
normal brain i1tself, a trend made possible by the development of

behavioral and electrophysiological techniques for testing brain

function in normal individuals.
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The pur%%gL of the present work was to assess the language -
performance of the rlgﬁt hemisphere 1n tight-handed 1nd1v1d&als vith
normal intact brains The description of this work and 1ts implications
for models of language lateralization i1n the normal brain will be

prefaced by a review of the historical development and current status

of the language lateralization problem s

s

The Brain Lesion Studies ;

Broca and the strict localization school  Broca's (1865) dictum,

Y s -
"On parfp avec l'hemisphere gauche," set the stage for a view of cortical

control of lénguage thaF was to persist for over a century The 4

initial impetus to the investigation of hemisphere differences in

language came from Broca's origlnal work (1861, 1865) in which he

conducted autopsies on the brains of aphasic patients He concluded

that disorders of articulated speech were caused by lesions of the brain
lying anterior to the lower end of_xhégieft mo%om cortex Because
language comprehension often remains 1nt§ct in such cases, later
investigators (e g , Geshwind, 1970) have regarded this area of the
brain, commoniy referred to as Broca's area, as important primarily in

the control of established movement patterns of the speech organs

q

-

Subsequent research on aphasia extended Broca's findings to the

point where 1t was commonly believed that the cortical control of many

v

linguistic functions, not just speech, was localized in the {eft
hemlfphere. Not long after Broca's discoyery Bastian 9&869) and Schmidt
(1é71) reported cases o% aphasia 1in whlch\both speech and comprehension
vere affected Wernicke (1874) cond?cted post-mor%em studies on such

cases and found lesions of the posterior superior temporal area in th

>

L]
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left hemisphere. Other specific’ language disorders have alsoObeen

6

linked to left henﬁgybfre damage In 1948 Goldstein described central
or conduction aphasia, a disorder characterized by fluent speech but

it
numerous errors in the choice of correct words, which results from

.

%
lesions of the arcuate fasciculus, the region comnectifg Broca's and, .
Wernicke's areas More recently, Milner (1967, 1971) reported that

- 13
lesions of removal of the left temporal lobe produce selective and

profound memory loss for verbal material. Thus, there 1s little doubt °
that many of the cortical areas in the left hemsphere are organized to

N

serve language

¢

Unilateral 1e51ows of the right hemsphere, on the other hand,

rarely disrupt language function, except in some left-handed people.1 p
n R I3

Instead, such lesioms are usﬁally related to deficits in nonverbal

B

.

visual-spatial functions such as the ability to orient oneself in

*

space (spatial agnosia), recognize nonverbal stimuli such as faces

@ 8

(prosopagnosia), or remember or rveproduce melodies (amusia). That the

right hemsphere may actually be domnant for these and simlar

-

nonverbal fpnctlons was first suggested in 1935 by Weisenberg and
McBride who assessed the abilities of right- and left-lesioned patients

with an extensive battery of performance tests They stated, "cases of

3 -
right sided lesions e almost the reveise of the aphasic changes

4

[in that they] involve the appreciation and manmipulation of forms and !

spatial relationships" (Weisemberg & McBride, 1935, p 329). There

] '

1Levy (1974) recently reviewed reports published between 1952 and
i972 on the incidence of right and left hemsphere lesions in right- and
eft—hanggd aphasics and concluded that approximately 44% of left-handed
and less”than 1% of right-handed-aphasics have right hemisphere lesions
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, have been occasional reports qf language disturbances following T1ght V‘W

N <

t
) hemisphere 1lésions, but such disturbances do not seem to be aphasic in
- ? ’ s

rature and are probably related to deflcits in n nverbal information

+
* « .

! proce551ng'n Weinstein (1964),.1in a review of early studies of )
: L - ;

b
,0 0 language deficits following right hemsphere lesions, characterlzed thesg
4 a A ~

deficits as "existential" in that they involve the way a persom talks

)

’ about or interprets his nonverbal perceptions  Some symptoms, such as
difficulty naming objects, can be associated with damage to either side

¢
. 3
of the brain~ According to Weinstein and Keller (1963) right hemisphere

. damage produces, a change in the person's perception of his environment

(1 e , an actual inability to recognize an object), whereas left

s 4 g
hemisphere damage results in an inability to attach the correct phone%lc
; - or semanggc reference t9 a recognized object. This evidence led to a
- school of thought that held that right-handed people had language
h fhﬁ:tlons represenféd exclusively i1n the left hemisphere and that the
. "r1ght hemsphere served no verbal functions
] - Jackson - Bilateral dlstrlb;tlon of language. Although the strict
ﬁﬁ localization view was originally proposed by Broca and achieved
. . 5 .
popularity among neurologists well before the turn of the cefitury, 1t
was challenged from the outset by Hughﬁ!ngs Jackson He wrote in 1874
that i )
Both halves [of the Praln] are alike 1n that each contains
’ processes for words They are unlike in that the left alone
M - »
1s for the use of;words in speech and right for other processes
\ in vhich words ;e;ve. (p 130) ‘ . ¥
Jackson did not dispute Broca's evidence that the left hemisphere
controlled speech, but he believed that the strict localization position
o A 4
d “
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was oversimplified Much of his writing was copc¢erned with detailing

~

the qualitative deficits and residual language functions associated

\

The main thrust of his argument was that the

4 I3

He noted that in practically all

with aphasic syndromes
’ aphasic patjent 1s seldom "wordless "
diagnostic types of aphasia patients retained some ability to comprehend

words or use words, even 1f inappropriately On, the basis of these

: ’ observations he concluded that a healthy left hemisphere 1s essential

for forming and articulataing 'propositional' speech and that the right

3

hemisphere contains words but cannot organize them in any usable -

(propositional) fashion  Jackson also believed that the right hemsphere

v
. o

played a part in imderstanding language input, what he called the

"automatic' use of ‘words “This position was supported many years later

by Goldstein (1948) who mnoted that a gross defect in ianguage
comprehension usually reququd, in addition to a lesion of Wernicke's

area 1n the left hemsphere, disconnection of the pathways connecting

the right and left temporal lobes

a
i}

The details of Jackson's aiguments were often obscure and sometimes

i
contradictory, and this may explain why his views were never seriously
o

1

adopted by later neurologists (although see Head, 1926; and Nielson,

»

) 4
1946). Yet, the essence of his position was clear, and, despite 1ts
unpopularity with the strict loca$1zat10nlsts} 1t was-never really

disprovéd The basic difference between the strict localization

position and Jackson's modification of 1t stemmed from differernt

hssumptlons about the cortical locus of residual language functions in

aphasia  The localizationiats assumed that since damage to the rlgﬁﬁ

~

hemisphefre did not affect language, any remaining language functions

1

following left-sided lesions,” as well as any recovexry of function, must
4

Magg
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be attributable to remaining healthy left hemisphere tissue Jackson,

-

on the other hand, assumed that the failure of left hemisphere lesions

to obliterafe language tota was a reflection of bilateral support of
;ome language # cé?;ns, PEtharily cgmprehen51on The fact that these
two theoretical p051t10nsFEEVeloped from the same basic data emphasizes
the dlffl%?lty 1%?aeve10p1ng}a unified view of language lateralization
on the basis of lesion studies\alone

Recent studies of the effects\of cortical 1eg}ons in infants and

young children have shed some new llgﬁt on the right hémisphere's
>

©

4

potential for developing language Seveyal au?hors have reported‘that
damage to either side of the brain early in ll%e can cause a transient
disturbance or delay in the development of normal language skills
(Basser, 1962, Krynauw, 1950, Lansdell, 1969) Recovery 1s typically
rapid and complete, particularly if Fhe damage occurs in the flrstpféw
years of 11fe  These findings suggest that both hemispheres begin lafe
with a potential for lgmguage2 and that damage to one ©iemisphere can be
compensated for by the opp051te‘hea1thy hemsphere regardless of which
one 1s damaged In the adult aphasic there 1S clearly not a complete
takeover of language functions by the right hemisphere when the left
hemisphere 1s damaged, suggesting that the left hemisphere’s dominance
for language 1s the result of a developmen%ﬁl process  However, i% is

not clear whether this developmental process culmnates in absolute left

i

hemsphere control of language or not

o

i 2Thls bilateral 1angﬁage potential does not necessarily reflect
equipotentiality of the hemspheres. Recent electrophysiological
CWOlfese, Note 1), behavioral (Entus, Note 2), and anatomical (Witelson
§ Pallie, 1973) evidence suggests that the left hemisphere may be more .
specialized for guage development than the right even at barth

o

t
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Despite the fact that Jackson's position on the right hemisphere's

role 1n language provided a reasonable alternative working hypothesis to

-

the strict localization view, 1t was largely disregarded for almost 100

years The clear and profound verbal disturbances related to

I unilateral left hemisphere lesions, and the virtual absence of aphasic

»

"N
disorders in the presence of right hemisphere lesions, was eyidence
K

enough to stimulate most investigatots to adopt the strict localization
)

et s,

/
) .
Language and the Disconnected Right Hemisphere

“

.As the preceding discussion indicates, 1t 1s difficult to localize

[

>
1}

< the cortical control of functions ‘solely on the basis of the

behavioral effects of cortical damage without imposing additional

v

) to assumptions It 1s true that lesion studies have revealed‘some general
»

' patterns of cerebral organization such as left hemisphere dominance for

¢
‘ language processes and right hemsphere dominance for visual-spatial

procegses Yet, 1t has become increasingly apparent that the correla-

\ tion of a deficiency syndrome with a neurological lesion is not
[:3

sufflc1ep;,£9§\gftr1but1ng a function to one specific region of the
°

brain Becdause of the exceedingly complex neural connections in the

human central nervous system it I's likely that a lesion i1n one part of

Y

the brain affects functioning in other areas of the brain as well and
! r
; may well cause widespread neural disorganization.
- f

For the above reasons, the lesioned brain provides a less than

optemal preparation for studying the>subtleties of hemsphere

positlon as an article of faith (e.g , Braim, 1962) ‘ ’/ﬁ\\\\

) Q
A {

v

1

!

\

[ .
I

!

¥

. b 3For a detailed discussion of this problem, see Luria (1964, 1970,
! 1972) .
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locallzatﬁgn of function. By constrast, Memisphere disconnection ___.-

o

constitutes a much simpler preparation vhich requires fewer "assumptions
in the interpretation of 1ts effects on behavior. Such a preparation

became available about 15 years ago in the/form of patients who had

<
undergone cerebral commiigprotomy This operation, which involves

N

surgical separation of the forebfain commissures to halt the inter-
hemispheric spread of epilepsy, 1solates the left and right cerebral

hemspheres from each other while leaving both intacty, and functioning

independently  This unique preparation brov1ded the opportunity to

ir

test the right and left hemisphergs separately and compare the
) . ? p

;é?ce on a variety of cognitive tasks within the same individual

perfo;ﬂn

“f
Thus, 1t became possible to conduct experiments on the language

»

processing abilities of healthy hemispheres directly without having to

make 1nferences about function on the basis of impairment alone.
d

-

An eﬁtenglve series of studies on these patients has been carrie

out by Sperry, Gazzaniga, and Bogen and their associates  Much of their 1

%) ,
work has been concerned with e

°

of the two sides of the brain (e g., Gazzaniga & Sperry, 1967, Sperry,

xamining the relative lanpuage capacities

§3zzan1ga, § Bogen, i969). Their basic testing procedure utilized thé
fact that information exposed 1n the right or left visual half fields,

‘ foasa period less than that required to change fixation (about 200 msec,
| according to Woodﬁorth & Schlosberg, 1954), projects exclusively to the
contralateral hemlsphe}e. Thus, by direciing verbal information only
to the right hemsphere 1t was possible to test 1ts abilaty to process

language. In one variation of this procedure subjects had to identify

a word or picture representing a common object projected

~ ﬁ
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tachistoscopically to the right hemisphere (Gazzghiga, 1970§yé:;zaniga'

b
.

& Sperry, 1967, Sperry et al , 1§69) Such right hemisphere
1

presentations failed to elicit either spoken or 'written responses In

*

fact, patients claimed that théy had seen nothing By contrast, words
presented to the left hemisphere via the r1ght'v1sua1 field were

readily 1dentified and described by the subjects.

.

, Additional tests suggested that this failure of Qhe‘rlghé

hemisphere to 1dentify words ,reflected an inability to express 1tself
- . e

verbally, rather ‘than an inabilaty td&cpmprehend‘lhnguage. When

nonverbal, answers to the visually presented verbal information were '
required, the “tight hemisphere ea51f§ i1dentified the words presented to
1t  Comprehension of verbéf information was tested by asking pathpts

-

to pick out the correct object from a group of unseem.objects behind a

o

Screen using the left hand, the coordination of whrch 1s controlled by
the right hemisplhiere For example, when the word |"peﬁncﬂ” was flashed
to the right henuébhere they were able to p}ck out a penc1%;%u51ng their
left hand Furthermore, they were able to carry out simple commands .
using their Teft hand, such as retrieving an object from 1ts verbal
<description (Nebes & Sperry, 1971), suggestlng that thé right
hemsphere was capable of comprehending spoken language as well as
written Additional evidence suggesting that the right hemisphere was

k3

carrying out these tasks on 1ts own, without help from the left , %,

b

-
3

hemisphere, came from the observation that patients could not vocally
1dent1fy an object correctly chosen by the left hand while the object
was still out of view In other words, the left hemsphere, which
contains the speech centers, had no knowledge of the visual information

that had been directed to the right hemisphere or of vhat was 1in the
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left hand.

The disconnected right hemisphere's comprehension of language goes

4

beyond the association of.objects with their names or ver%fﬁ descrip-

*

tions as demonstrated by 1ts abylity to recognize some adjectives  For
0 3

example, when a picture of an object, such as a steaming cup of coffee,

o

was flashed to the right hemisphere, the.subjects could point to a card

e
with "hot" written on 1t from among a ser1@$¢0f cards (Gazzaniga, 1970)
|

Comprehension of verbs, on the other hand, seemed to present a problem

.

A ¥
for the disconnected right hemsphere, at least in so far as translating

the word 1nto the action was concerned When single printed verbs were

flashed to the right hemisphere the subjects could not initiate the

action named (Gazzanléa, Bogen, § Sperry, 1967) Levy (N%te 3) conducted

a subsequent study to determine whether this failure was due to a lack

of comprehension or a failure to act She flashed verbs to the right

hemsphere and tested three different readouts (a) performégg the

act, (b) pointing to a picture of the act, and (c) tactually retrieving

an object associated with the act Again, subjects were unable to

£

perfbrm the action, and they vere only marginally successful at

pointing to a picture of the act from among a group of plcturgl -
! &
a

However, they were successful at retrieving an appropriate object

associated with the act, thus suggesting that some right hemisphere
1 |
%
comprehensipn of verbs was intact.

The recent development of a special contact lens which allows

f=3
information 1n free vision to be restrigted to one visual half field

'

(Zardel, 1975) has rendered the tachistgscopic procedure somevhat

obsolete 1n testing split-brain subjects on unilateral visual tasks.

4 ¢
With“chas device, information can be exposed for long perzods of time,

©
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while being confined to one hemisphere, making 1t, possible to

=4

*administer standardized language tests to the right hemvsphere

n

a

*(1976)  used this technique to administer a battery of pfcture

ak

[

Zaidel

vocabulary and word discrimination tests to two split-brain patients

»

All of y@e tests involved

1

pointing to one of several lateralized

- pictures-or words in response to a single word spoken by the examiner.
? u

.The re;ulf

a surprisingly good vocabulary
. , !
*  Boston Diagnostic Aphasia Examination (Goodglass &

right hem&@ghére scored well, on ol¥ject nound action verbs, and
v .

3

s of these tests revealed the right hemlspﬂere's command of

4

'

5

@

Q -+

/

On the Word Discrimination test of the

Kaplan, 19872) the

°

¢ geometrlcgéérms, although somewhat 1owe§ on ccolor names and poorly on

letters and numbers On the Peabody (Dunn, 1959) and -Ammons Picture

Vocabulary Tests (Ammons & Ammons, 1948), Jh%ch consist prigarily of

the mean vocabulary age of the disconnected right hemisphere was

g;ziﬁyyear old . As expected, left

commensurate with that of the avera

-

- »
hemisphere scores exceeded the respective right hemisphere s

matching a spoken word with a picture of an object noun or action verb,

&

Y

cores,

<N
however the picture-word recognition scores for both hgmispheres

" =)

folloved a similar function of word frequency, suggesting that their

lexicdons are structured in a similar way

b

nﬂAlthou&h the above studies have shown that the disconnected right

4

“

Y

hemsphere demonstrates a remarkable abilicy to recognize and comprehend

@

* words (primarily concrete nouns, @djectives, and action verbs), further

3

language processing

Using the tachistoscopic procedure, Gazzaniga and

.

Mo

?

"~

L3

N
studies have shoun that 1t 1s severely limited-in other aspects of

.Hillyard (1971) flashed in the Jleft visual field pictures of scenes

]

-

L4

b
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k depicting some activity. They then read aloud tuo similar statements

describing the activaity, and the patient had to indicate the correct

Y

i one by-a simple nod of the head They found that the right hemsphere

could not differentiate between the singular and plural, the active

Consequently, 1ts

[

and passive voice, or the present and future tense

knovledge of grammar was almost nonexistent,

Further def1C1encies were reporteg by Zaidel (1977) who administered

}

-

the Token Test (De Renzi & Vignolo, 1962) to the disconnected right

hemsphere (using the contact lens device) to test 1ts abilaity to

o

follow a sequence of auditory instructions The Token Test 1s a

7
~

standardized test in which the subject 1s présented with an array of 10~

to 20 small plastic chips or "tokens" of various colors, sizes, and

v

shapes, and asked to carry out oral imstructions of varying complexity,

[0 N

by manipulating certain chips. The right hemisphere had no difficulty

L e ¥

»
© recognizing or matching chips on the basi¥ of any single dimension, but

’ it showed a marked deficiency in response to the more complex test
* anstructions when compared to the left hemisphere The disconnected
A ) left hemsphere performed at the level of normal controls (equated for -

1 ' ' i
IQ), whereas the right hemsphere performed at the level of a four-year-

v old Chlld7 . < b L

At first glance this apparent failure fo decode fairly simple

bl
guditory messages 1s surprising in view of the right hemsphere's

'
r -

abaility to comprehend instructions in a wide variety of experimental

L}

A3
situations. However, the discourse in the typical cest situation 1s

) normally redundant and context-dependent, in contrast to the Token Test

T —
instructions vhich are semantically nonredundant and refer to

! ¢
1
»

i
o
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3

context-free visual information  Zaidel (1977) suggests that the latter
£

type® of auditory processing 1s more taxing-oh shozi term verbal memory

H

since the components of the reference phrises (size, color, shape) J
- e § R -

cannot be 1nxé§rated into a single higher percept. Thus, the right

hemisphere's poor performance on this task suggests a severé limitation

v

¢
on 1ts ability to order sequential bits of unrelated verbal information
13

<

in short term memory. This de§1c1t is remlnlstént of Jackdon's (1874)
garly ebservation that only the left hemisphere 1s capable of utilizing -

words to form progobltlons. The response or output phase of the Token

{re

Test clearly requires priox fprma%ig% or integration of the unrelated

-

verbal information into a useful proposition.
. .

Before considering the implications of these split-brain studies

for a model,of language organization in the normal intact brain, 1t 1%

f

worth noting some studies that p01n£ to basic diffexwences in the

s

disconnected hemispheres. which may underile,the differences in their
language abilitieés Many of the right hemisphere languﬁge deficits
discussed so far suggest é éef1c1ency at the phonetic-articulatory
level of flngulstlc processing. -The inability to articulate, the

inability to integrate sequential, nonredundant, auditory-linguistic

1

information in short term msmory, and the poor performance on fntermodal
B

(auditory-visual) matching of single letters all suggest thdt the right

hemsphere may be unable to decode phonetic feature infgrmation  Levy
/

and Trevarthen (cited in Levy, 1974) surmised that a defyciency in

processing phonetic features of language would render tife “1scomnected
a

right hemsphere unable to perform a test of rhymng object names, even

objects that it 1s cypically able to recognlie with no difficulty. They
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tachistoscopically presented split-brain subjects with chimeric (splat-
vision) stimuli composed of two pictures (¢ g., an eye and a bee), one
in each visual fiel/, and then gave a three-choice recognition test in
which the subject had to point to the plctﬁre of an object that rhymed
with what they saw (e g , a picture of a key, which rhymes with bee)
Correct thymng occurred 82% of theg time to right visual fieldsleft
hemisphere stimuli and only 8% of the time to left visual field-right
hemsphere ‘stimuli (chaqce being 33%) To determine whether the right

hemsphere's extremely low performanée resulted from competition between

the hemispheres, they tested the right hemisphere alone on the same

Fask, using only left visual field presentations Performance rose only

’

- -

to absolute chance level -

’ o,

The right hemsphere's .failure to make effective use of phonetic

-

feature information was alscd demonstrated in recent dichotic listening

a

studies by Zaidel (Note 4) and Springer and hazzanlga (1975)  When

' L * “a\ b
consonant-vowel syllables were presented dichotically, a different -
D 1 ¢ - -
syllable in each ear; and subjects had to choose from a visual set of

~ e

letters the sounds they .had heard, a massive right ear advantagp.was

- 1S ~

obtained Left ear-right hemisphere speech sounds were recognizgd®it ‘or‘

* )

b
beloy chance level, even when subjects were instructed to attend the

-

left ear (Sprlngé} & Gazzaniga, 1975) This failure to pefceive left

d

“ear language stimuli during dichotic competition appears’ to be unique -
to-nonmeaningful phonetic units, since 1t had previously been reported
(Mi1lngr, Taylor, & Sperry, 1968) that object nouns presented to the left

ear 1n a dichotic task were successfully retrieved by the left hand’

’

upon request

N

=14

v
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Thus, even though the disconnected right hemisphere can recognize

4 large number of words and decode redundant context-dependent speech,

4 1t’appears to lack the megiidnisms for processing basic phonig}c feature

In view of the above evidence 1t has been suggested
i

’ (Levy, 1974, Zaidel, Note 4) that the right hemisphere comprehends

: information

‘ language by matching meaningful orthographic and phonological units of j‘

b input with wholistic templates or gestalts in semantic memory

I

The Current Controversy

In view of the split-brain data reviewed in the prevrous sectiom,

‘1t seems certain that the disconnected right hemisphere has the

e Sem g

[’L E-2
' capacity to support some language functions However, whether the

* right hemisphere 1n the normal intact brain can perform the Same

s : functions 1s another question altogether

t
a

disconnected brain may be abnormal and not really refiect the true

The right hemisphere of the

language capabilities of the normal right hemsphere, or alternatively,

‘ ) 1t may provide an accutrate model for understanding the normal right

hemisphere's language skills

Two main arguments can be

The

The neural reorganization hypothesis

: advanced to support the notion that the split-brain 1is abnormal
first 1s the neural reorganization hypothesis, which is actually a

This

I

} ! corollary of the strict localization notion mentioned earlier

j hypothesis states that the 1eFt hemsphere develops exclusive control

L ’ over language, unless 1t 1s damaged early in life when the right
hemisphere 1s capable of taking over language fune%@ons, and that the
r1ght henuspheég normally plays no role in language. It follows from

¥

i
f this hypothesis that any language abilities demonstrated by the
)

——
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splat-brain right hemsphere resulted from an abnormal redistribution
p]

of language functions due to ecarly cercbral malfunction  Since

split-brain patients typically have a long history of intractable

epilepsy, 1t 15 not unreasonable to assume that, as in cases where

lesions occur i1n childhood, some language abidlities were developed

within the r522§\hemlsphere

However, there are several reasons for rejecting the neural
a

@

reorganization hypothesis as an explanation of right hemisphere

First, since the left hemisphere 1m split-brain patients

language.

-

demonstrates normal language capabilities, Yhe need for postulating

an early reorganization of language functions in these patients 1is

1
questionable Secondly, there are numerous reports of other neurologic-

al patients demonstrating right hemisphere language which cannot be

attributed to early damage to the left hemisphere For example, there

2

are cases on record in which left hemispherectomy was performed in
adulthood for late lesions leaving patients with only the healthy right

|
hemicortex (Smith, 1966) Invariably, those patients who survived the

operation demonstrated fairly good language comprehension, and some
4

*a

could even speak, tho%gh not fluently, despite the fact that their

preoperative left hemlsgiere lesions had rendered them severely aphasic

3

Finally; additional evidence for r}ght hemsphere language behavior

in adults has come -from observations of patients whose left hemisphgres

3

have been temporarily anesthetized by sodrum amytal. Under these

¥

conditions of "functional henuspherectomy,ﬁ the vast majority of

0

right-handed individuals tested were able tq comprehend what) was being
n 'Q ’

gxw
said to {hem, despirte the fact that they could not speak (Milner,

v
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Branch, & Rasmussen, 1964, Rossi §& Roséadlnl, 1967, Wada & Rasmussen,q

1960) Thus therd 1s ample evidenice for the existence of right f

»

%22i§phere language processing in cases where there 1s little reason”to
qu%ect early“néufal reorganizatron  In view of this evidence, t@e
notion that lanéuage develops exclusively in the left hemisphere in ,
right-handed people (barring early neurological trauma) seems untenable.

The model of functional localization A second hypothesis has been “\&::¢¢5¢%i

advanced to account for the right hemisphere behavior of both split- °

'

v

brain and left hemispherectomy patients without postulating the
~ |

existence of verbal behavior in the right hemisphere of the normal intact

9

brain. Th1§’hypothe51sf which Moscovitch (1973) has termed the model of

El

functional localization, states that
<
The verbal competence of the minor [right] hemsphere 1s the

IS

same 1n all right-handed people, including spllt-b}alns The
’ extent to which the minor hemsphere's performance on verbal
tasks reflects 1ts limited underlying competence. depends on
the degree to which the'domnant kemispherf canp control the
“verbal behavior of:the minor hemlsphere via the midline
commssures and other pathways (p 114) e, §\§
In other words, 1t 1s argued that in the intact brain the 1ef't‘i<

hemsphere normally exerts an inhibitory control over right hemisphere

verbal functions, and\the right hemisphere cannot demonstrate 1ts

g
This

Py

lamted verbal abili®ies unless this inhabition 1s removed
r

<
v

postulated interhemspheric inhibitory control mechanism 1s a specific
case of the more general coilcept of metacontrol, recently described by
-—-T——-———-—-— !

Levy and Trevarthen (1976) as “the neural “mechanisms that determine

»
’
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which hemisphere will attempt to control cognitive operations' (p. 300)
The apﬁeal of the model of functional localization lies in 1ts
ability to explain not only the display of language comprehension ?y
the 1591afed right hemispheres of the split-brain and left hemi-
* spherectomy patients but also the loss of vgrbal comprehension in some

aphasic syndromes In the case of the.isolated right hemisphere, the

N \ Y
sectioning of the cerebral commissures or removal of the left jﬁ?

o release the right hemsphere from the left .

Y
ory control and allows 1t to manifest its under%Klng

3

hemicortex ser

hemisphere’s 1

language competence In aphasic cases where left Hemisphere lesions

!

have produced severe comprehension deficits, such as in global aphasias

and pure alexias, 1t 1s assumed that critical Sections of }the healthy

neural tissue remaining in the left hamisphere ma1nta§?i}he normal
v q

P\ -
In support of this model of functional ldcalization, Moscovitch .
. o .
{1973) notes that different neurological syndromes manifest different

inhibitory control over the rlghtohenusphere.

¥

B
e U
levels of right hemisphere language performance which are consistent

\ W}th the release of function notiop He notes, for example, that ,

spherectomy patients seems to be

’ the langudge behavior of left h
T

a

&
supgrior to that of the d1&connected right hemisphere This, he argues,

\

’ lies that th% left henuséhere in commissurotomy patients can
!

bd o
maintain some measure of control over the right hemisphere’s verbal
9

' behavior by way of extra-commissural (subcortical) pathways, and that -

the right hemsphere's true verbal capacity 1s not released unless the

| ) entire left hemisphere 1s removed Moreover, Moscovitch argues that

- u - 3 !
the language performance of aphasics is often lorse than\xﬁat of the

‘
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split-brain right hemsphere because right hemlsghere language remains

largely suppressed in such gases

‘ﬁven though the model of functional localization provides a

convenient theoretical framework for explaining a variety of neurological

%

phenomena, alternative 1nterpretations are possible For/one thing, o

. .
profound loss of comprehension in left damaged aphasics xlth normal

right hemispheres may -not reflect continued left hemisphere suppression

>

of the verbal activi® of the right but rather a widespread effect of

the lesion 1tgelf (Sperry st al , 1969) Secondly, the model of -
3

functional localization assumes that the residual language in many cases

¢ but by remaining

of aphasia is mediated not by the right hemlsggfj

healthy left henusphere centers  Yet, Klnsbourne (1

that sodium amytal testing on three aphasics revealed that ‘their
L]

residual language was controlled by the right hemisphere} not the left

Fanally, the model depends heavily for i1ts suppo¥t on,the notion

that there are differences between the language behavior of aphasics,

left hemlaecortlcates, and split-brain right hemspheres lza1del

(1976) has recently quesﬁloned these alleged differences, suggesting

He compared .the right

that they may be more apparent than real

hemisphere scores of two split-brain patients and a left hemidecorticate

with the scores of several diagnostic group§ of aphasia on the Token

Test and picture vocabulary tests mentioned earlier. The right

hem.sphere scores were roughly comparable to the aphasic scores on all

of the tests, with all of the patients demonstrating a fairly good

2

auditory vocabulary but poor performance on the Token Test of extra-
lexacal audltofy comprehension The left hemidegcorticate actually J

»
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scored lower than the split-brain right heﬁuspheréaon auditory
vocabulary, and the mean aphasic¢ score was slightly higher than that of
the split-brain right hemsphere Zaidel (1976) concluded that,

since therells basically no real discrepancy between the aguditory,

comprehension of aphasics and the split-brain right hemisphere, 'there

Q
t

1s no need to argue  that left hemisphere control or inhibition masks
right hemsphere language comprehension ability in either the intact
4

brain or the left damaged brain" (p 15) However, one could argue that
comparing the "average aphasic" to the split-brain right hemisphere
serves to mask ‘the differences that do exist The fact that half of

* the aphasics scored lower than the split-brain right hemrsphere onhthe
language tests could be viewed as support for the notion that, in many
cases, the left hemsphere continues to inhibit right hemisphere
language as long as the commissures are intact.

Summary This section began with the question of whether the
limited language skills displayed by the splii-brain right hemisphere
actually reflect the language performance of the normal intact right*
hemlsphé;e This 1s tantamount to asking whether the split-brain raight
hemisphere's demonstration of language 1s normal or abnormal. Two
alternatives to a spllt-bféln model of right hemisphere language have
been coﬁﬁldered The evidence reviewed in this section has argued
against a neural reorganlzathp'explanatlon of right hemisphere
language which maintains that language functions are localized
exclusively in the domnant left hemlsphe}e unléss early damage to that
hemsphere causés the lateralization of these functions to the right

o

A
hemisphere The model of functional”localization provides a different

account of the neurouloglca,l evidence for right hemisphere language and,
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despite some limitations, presents an interesting alternative to a
split-brain model of normal right hemsphere veibal behavior This '
model, which 1s essentially a restatement of the strict localization

view 1in functional terms, draws a distinction between right hemisphere

verbal competence and verbal performance The critical question that

distinguishes the split-brain model from the functional locallzation
model 1s not whether the right hemsphere p%ssesses the capacity

.(competence) to process language, but whether this capacity 1s

i

-

demonstrable (performance) in the normal brain, the split-brain model

claims that 1t 1s (Zaidel, 1976), and the model of functional

i

localization claims that 1t i1s not (Moscovitch, 1973) A true test

of the predictive value of these two models must ultimately rely on an

assessment of the right hghlsphere's language performance in the normal

D
intact brain itself, The next chapter reviews some relevant data from

studies of language lateralization in the normal brain i

£
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. >  CHAPTER 2 ' -
BEHAVIORAL MBASURESQOF FUNCTIONAL ‘
. ASYMVETRIES IN THE 'INTACT BRAIN
) The neurological evidence reviewed in the previous jhapter leaves
little doubt that the mechanisms underlying som?jaspects of language \

i
processing are distributed bilaterally ain the brain. It .is also clear

that the language capacity of the minor, right hemsphere 1s operational
at least under some rather unique neurological circumstances flremisphere
disconnectiom, hemldecoriigitlon, and perhaps even following left .
cortical damage in adultgs ‘The questlbn that must now be considered 1s |
whether the demonstration of right hemisphere language in thesé>cases 1s
abnormal (model of functional localization) Q$ whether 1t 1s an accurate
reflection of functional 1anéhage ski1lls in the right Pemlsphére of the
normal intact brain (spkit-brain model).

For the past 15 years or so, ,behavioral and electrophysiological
techniques have been used in attempts to assess the nature and degree of
lateralization of cognitive functions in normals  Attempts to assess

the lateralizati¥n of language processes in the intact brain typically

rely on hav1ﬁé§§ubjects perforg a verbal task Then, by a variety of

methods, differences in thy performance or activation of the two halves

of the brain are measured Broadly spe&klng, there are two behavioral
measures used to detect functional asymmstries in the intact brain One
approach 1s to present verbal information to either the left or right
hemisphere by way of lateralized visual or auditory sensory-cortical
pathways and measure the rvelative accuracy of recognition of the stimuli

direction to the tuo hemspheres (Kimura, 1967; White, 1969) The

!
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second approach uses similar procedufes, but the response measure 1S
reaction time (RT) (M5§cov1tch, 1973) The rationale behind both
a?proaghes 1s that performance differerices occurring as a function of
the hemisphere receiving the initial input are a reflectlen of g??fer—
ential eff1cfenc§ of the two hemispheres for processing language.

The purpose of this chapter 1s to provide a critical review of the
behavioral methods used to assess hemsphere performance in the intact

brain’ Some typical findings will be dlscussedﬁﬁhlch 1llustrate the

problems encountered when applying these ‘methods 'to an assessment of

gty s b

2

-

right hemisphere la?guage skills. The chapter will conclude with a

summary .of the various methodological and procedural factors which must

be considered in a ‘test of the central question of this thesis Can

L}

the right hemisphere in the intact bralg perform 1n accordance with the

language skills demonstrated by the disconnected right hemisphere?

\\\b/////Asymmetrles in Identification of Lateralized Verbal Stimulz

Dichotic listening studies The dichotic listening technique was

»

originally introduced by Broadbent (1954)4and involves playing two
différent auditory messages simultaneously, one to each ear In 1961,
Kimura discovered that the techﬁlque could be used to’'detect differences
between the two ears 1n reporting messages She reported that serial
dlglt#were recalled better when preser?ted to“'che right ear, whereas the
l?ft ear was superior for identifying nonverbal auditory material such
as melodies (Kimura, 1964) Since 1t had previously been shown that

the primary auditory pathways project from the ear to the auditory

cortex 1n the contralateral hemsphere (Hall & Goldstein, 1968;

Rosenzweig, 1951), Kimura (1961) claimed that these performance

-

r
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differences were due to the functional diffetrences between the two
~ . EREEEY
hemispheres for prdocessing verbal and nonverbal information  The basic

finding of a right ear advantage (REA) for recall and recognition of

1
verbal 1nf6rm%§i0n has been replicated many times using digits (Bryden,
1962, 1965, Zurif § Bryden, 1969), words (Dee, 1971), nonsense words

(Curry, 1967, Kimura, 1967), letters (Weiss § House, 1970), conson&gﬁ—

vowel syllables (Shankweiler & Studdert-Kennedy, 1967, Studdert-Kennedy
<&

& Shankweiler, 1970), and even backward speech (Kimura § Folb, 1968)

and morse code signals (Papcun, Krashen, Terbeek, Remington, & Harshman,

1974), . /

Although the REA probably reflects a left hemisphere superiority

for processing verbal input, the implication of the phenomenon for the

9

question of right hemisphere language processing 1s not entirely clear

.
o

The right hemisphere s clearly inferior to the left at processing

auditory verbal information for verbal report, but just how inferior

and at what stage(s) in the process the right hemisphere 1s def1c1enta\\

camnot be determined from the REA alone One problem 1s that dichotic

listening studies have typically required subjects to use a vocal |

response when recalling stimulir  Such a procedure may well bias

performance 1n favor of the left hemisphere solely on the basis of 1ts

-

control over speech output. In other words, the use of vocal responses

does not permit the right hemsplifre to express 1tself directly, and

information presented to the right\hemsphere may have the disadvantage

of being somevhat degraged i1n transcallosal crossing to the left

°

hemsphere for a vocal response to be'initiiated.
3

I
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o However, this left hemisphere output'blas cannot be the only factot
responsibie for the REA since the ;xtent of the left hemsphere's
T superiority (as reflected in the size of the REA) 1s also dependent on
the nature of the speech input being processed For example, Shankweiler
' and Studﬁert—Kennedy (1967) showed that the REA was greater fo% the
B 1dentification of stop consonants than for vowels in drchotlcallfh

presented consonant-vowel syllables Similarly, Cutting (1974) and

Darwin (1971) found that speech stimuli containing formant transitions
d o

- ot
.=

(1.e , rapid changes ip~frequency) produced significant REAs, whereas

speech stimuli without transitions yleldeé)nb ear advantage These

oy

results suggest that the REA may depend on a left hemisphere speech
mechanism that 1s specialized for analyzing phonet;c features and,
o

furthgrmore, ;that the acoustic properties of speech, such as frequency

/2
(steady-state vowels), may be processed by eirther hemisphere. This
L4

cenclusion 1s consistent w&th the neurologically derived notion

described earlier that phonetic feature processing 1s a left hemsphere

3

process ‘(Levy, 1974, Zaidel, Notd: d) )
n
But what of'%hf Tight hemsphere's ability to process meaningful

lingmstic units? The few dichotic listening studies that have used
"7 msaningful WQ&HF as stamuli (e.g , Kimura, 1961, Dee, 1971) have

reported REAs, but the amplicatior of thas finding for right hemisphere

T
lexical processing 1s not clear There are at least two reasons for not
o

¢

ruling out right hemsphere processing of meaningful speech on the basis
of the REA for recalling words. One is that the dichotic listening
task, as 1t 1s typlcélly employed, places a heavy load on verbal short

term memory (STM) and verbal expressive mechanisms,.thus bringing into
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play phonetic and articulatory processes  Since the recall of words, as

well as nonmeaningful speech, 1s likely to depend on these processes in
- ? ﬁ’/

4 o7
the dichotic listening task,. the REA for wérds may not be a reflection

)

of hemsphere differences in lexical competence per se, but rather of

the lateralization of phonetic-articulatory ﬁioce551ng in the left

a
] -

hemisphere .

-

A second reason for mot ruling out right hemsphere yord processing,

a

or even phonetic processing for that matter, 1s that it 1s not clear

¢ ’

vhether the REA 1s a measure of relative differences between the two
I

hemspheres or of absolute dominance of the left hemrsphere  For
¢ A

example, 1t 1s possible that verbal stimuli preSent@H to the left.

eaf—rlght hemisphere are reported less eff1c1entl¥\because the }1éht

hemisphere 1s merely less efficient than the left at processing verbal
i

information ?Alternatlvely, 1t may be that only the left hemsphere

procesres Yerbal information, and the stimuli presented to the right

hemisphere must cross the corpus callosum to the left hemsphere before

they can be analyzed at all and thus;suffer sqme degradation as a

function of transmssion time and distance.
?

For the above reasons, the REA has questlona?%e bearing on the

1ssue of the right hemisphere's verbal behaylor. The only justifiable

conclusion that can be reached on the basis.of the existing dichotic
y

listening data 1s that, in the intact brain, the processing of phonetic

features of language is lateralized, to an undetermined extent, in the

2
«
14

left hemsphere.

Visual field studies. Just as auditory stimuli can be ér03ected

9

via lateralized auditory pathways to the left and right hemispheres, so

a
N, -

A
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Due to the laus of

a

too can visual stimuli be projected laterally

physiological opt1cs°and the nature of retinocerebral neural projections,
information in the left half of the visual field fglls on the right
halves -of the retinae and 1s projected to the ilght hemisphere

) Similarly, 1nformatﬂon in the right hglf of the visual field falls on
the left halves of ghe retitiae and 1s projected to the left hemisphere

Thus, 1f a subject fixates on a central fixation point and a stimulus 1

presented 1n one half‘of his visual field, with an exposure duration
brief enough to prohibit foveation (<200 msec), the visual information

1s restricted to the contralateral neural pathways and 1s received by

-

the contralateral hemisphere ZJ

This technique has been used extensively in attempts to confirm
the dominance of the left hemisphere on verbal tasks. Severah investi-

3
gators have reported that when words are presented unilaterally and

- %

randomly 1in the two visual fields, those presented, to the right visual
‘ field-left hemsphere are irdentified with. greater accuracy (Harcum §

Finkel, 1963, Harcum § Jones, 1962; Mishkin & Forgays, 1952, Terrace,

1959)  Taken at face value (although see below), thes right visual

field advantage 1s-analogous to the REA in dichotic listening and, as

such, 1s subject to the same limitations when 1t comes to assessing

the apparent left hemlgphere

-

" the right hemsphere's verbal performance

advantage could be due to subjects’ use of a vocal i1dentification
o {‘

response and not to any inherent left hemisphere superiority for

-

[

identifying words.
4 ¢ > ¥

| Houever, some investigators have altempted to determne whether

Q@ ~
different visual field accuracy asymmetries exast for different classes

4

P ‘ ., \

c
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of words. The assumption here 1s that a smaller right visual field-left
hem.sphere advantage for a particular class of words would indicate
some ability on the ;ért of the right hemisphere to recognize such’
words  Ellis and Shepherd (1974) presented concrete and abstract nouns
bilaterally (simultaneousSly in the right and left visual fields) and
found that words projected to the right visual field-left hemisphere
were 1dentified more accurately than words projected to the left visual
field-r1ght henusghere, but they also reported a larger visual field
asymmetry for abstract nouns than for concrete nouns  They interpreted

s

this difference in visual field asymmetry to mean that at least some

*

concrete words must be recognizéd by the right hemsphere However,
attempts to repllcaté this finding have produced inconsistent results
Hines (1976) obtained the same results as Ellis and Shepherd (1974) using
both bilateral and unilateral displays of concrete and abstract nouns
and found, moreover, that the effect was limited to famliar words By
contrast, Orenstein and Meighan (1976) were unable to replicate the
effect using Ellis and Shepherd's exact procedure and word 'source In
fact, they found a left visual field superiority for both classes of
nouns T—
Orenstein and Meighan's (1976) }allure to replicate Ellis and
Shepherd's (1974) results calls into question the adequacy of visual
field recognition accuracy as a measure of hemisphere déminance  This
i1ssue has been discussed at length in reviews by White (1969, 1973) who
has noted that superior identlflcatlén of left visual field words 1s the
7

rule rather than the exception when vords are displayed bilaterally

This 1s 1n contrast to better identification of right visual field words



¢

30

_when random unilateral presentations are used This discrepancy has

-

prompted some authors to argue that visual field accuracy Q}fférences
actually reflect a learned tendency to scan verbal information in a
rightward direction, rather.than funcilonal differences between the
hemispheres (Bryden, 1967, Harcum, 1972, Heron, 1957, Whate, 1973)

Since words are typically read in a left-to-right fashion 1t 1s logical
» cw?
that the readout from a post-exposural trace of bilaterally presented

o~

words would began §h t%ﬁ left visual field and proceed rightward 1In
the case of unilateral presentations, the subject does not know on any
given trial which half-field will contain a word, and attention iEthfl

likely to be biased in any one direction Thus post-exposural scanning

1

would begin at central fixation, and in this case the right visual field

information would benefit from the tendency to scan to the right Thas

directional scanning explanation of visual field accuracy differences

-has been supported by data showing that native Hebrew readers recognize
1]

[

unilaterally presented words better in the left visual field (Mishkin §

v

Forgays, 1953, Orbach, 1953, 1967) Moreover, Harcum (1966) and Harcum

and Finkel (1963) have shown that whereas unilaterally presented
English words are better recognized in thg right visual field, their
mirror-images are better recognized in the left visual field, suggesting

that stimulus directionality also has an affect on visual field accuracy

In an attempt to overcome this scanning problem and produce a

* useful visual field recognition paradigm for testing functional hemisphere

differences, McKeever (1971, McKeever § Huling, 1971a, 1971b) introduced
a modifichtion of the bilateral presentation procedure which requires

the subject to focus attention on the central fixation area and not on
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the left visual- field. His method requires the subject to read ou% a
%

centrally displayed digit before reporting any of the bilaterally
presented information. Unlike studies that have not used this "fixation
control" procedure, McKeever's method typically results in a right

\v1sua1 field advantage and 1s explained in terms1of left hemisphere
domnance for word recognition (McKeever, 1973).\ . . *

Yet, as Orenstein (1976) and Kaufer, Morais, and Bertelson (1975)
have noted, McKeever's results are quite compatible with an g¢xplanation
based on learned scanning or reading habits  Since the sﬁbject must

first report a central digit, the next most likely item to report,
A

consistent with a highly overlearned reading respgnse, would be the one

to the right of fixation, hence, the right visual field recognition

< A -

superiority

[+

4

Despite the problems inherent in the visual field recognition .
method, 1t éay be thaE under certain circumstances visual field %ccurgéy
djfferences do reflect functional differences between the hemispheres
For example, Barton, Goodglass, and Shai (1965) presented Hebrew words
unilaterally, but in a vertical orlentatloé, and found bétter right
visual field recall, contrary to what would be expected on the basis of

learned scanning habits  Furthermore, McKeever and Gill (1972}, using .

»

the fixation control paradigm, found a right visual field advantage for

-

bilaterally presented vertical words, but they noted that the visual

field asymmetry was much smaller than that found for horizontal words

|
under the same circumstances. It may be that the right visual field

o

advantage for horizontally displayed words consists of both a left

2

hemsphere superiority for processing words and @ further right visual
{ < -4
[

-
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field advqytagg due to directional scanning (Fudin & Masterson, 1976).
The s?aller right vasual field advantage for vertical words may be due

to the elimination of the scanning component and reflect primarily the

4
1

left hemsphere dominance factor,

In view of the above considerations, i1t 1s clear that the evidence

2
for visual field differences i1n word recognition dccuracy has generated

more questions than 1t has ansvered The findings of studies that diad

not use vertical vord presentation are ambiguous because of the possible

’

ning tendencies to the visual field effect However,

&
contribution of scan

even under conditions which control for scanning, the right visual

f1eld advantage must be interpreted with caution As mentioned earlier,

the apparent left hemsphere superiority for identifying words may
simply reflect a greater stimulus-trace degradgklon of left visual
field-r1ght hemisphere words during interhemispheric transfer to the
left hemsphere for initiation of a vocal response, rather than a
right hemsphere deficiency or inability to identify words  Furthermore,
even 1f the visual field asymmetry does represent superior left
hemsphere processing of verbal input as well as output, there 1s no

way of determining whether the right hemlsghere 1s merely less efficient
or totally deficient at recégnlzlng words ' In other words, a simple
comparison of visual field accuracy scores will mot indicate whether
words presented to the right hemisphere must be transferred to the left
to be recognized, Because of thgse problems of interpretation,

investigators intefested in right hemsphere verbal behavior have

turned to a manual reaction time measure to assess hemisphere function.

A
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The Use of F action Time (RT) to Assess Hemisphere Function

The.reaction time (RT) approach té studying hemsphere performance
15 similar to the recognition accuracy approach in that stimuli are
pyojected via lateralized sensory pathways to the left ané right
hemispheres, but the speed, rather than the accuracy, of the response 1s
the major dependent measure. The RT measure has proved to be a powerful
tool for detecting functional differences between the hemispheres on
a variety of cognitive tasks For example, RTs to stimuli requiring
phonetic analysis, as in tasks which require matching letters on the

3

basis of whether they sound alike, have consistently favored rlghtﬁ

3
I

visual field-left hemisphere presenta%lons, whereas stimulil requiring
only visual-spatial anaiy51s typically favor the left visual field-right
hemisphere (Cohen, 1972, Geffen, Bradshaw, § Nettleton, 1972, Geffen,
Bradshaw, & Wallace, 1971, Gross, 1972, Moscovitch, 1973, Rizzolatta,
Umlta, & Berlucchi, 1971) Moreover, in contrast to the accuracy
measure, a right visual field RT superiority for verbal processing 1s
obtained regardless of stimulus directional characteristics (Isseroff,

Carmon, § Nachshon, 1974) or native reading habits (Carmon, Nachshon,

Isseroff, § Kleiner, 1972), suggesting that the RT measure of hemisphere

diffegences transcends scanning tendencies

»

Furthermore, the use of manual responses permits one to control or

manipulate the hemsphere emitting the response and thus ellmlnatﬁ the
possible bias in favor of left hemsphere performance inherent in vocal
responding Filby and Gazzaniga (1969), in fact, used RT to 1llustrate

that a vocal response can produce vhat appears to be a left hemisphere

superiority on a simple task which both hemspheres actually perform

-

/’ ¢
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equally well They required subjects to detect the presence or absence
of a dot flashed randomly in the right and left visual fields. When a
vocal response was used, RTs favé;ed the right visual field-left
hemisphere by 30 to 40 msec, but when a whole‘hand motor response
(which can be controlled by either the ipsilateral .or contralateral
motor cortex) was employed there was no visual field RT difference

Although manual RTs ?o lateralized verbal stimull typically favor
the rlgﬁt visual field by 10 to 50 msec (Cghen, 1972, 1975, Geffen et
al,, 1972, Geffen et al , 1971, Gross, 1972, Isseroff et al , 1974,
Moscovitch, 1973, Rizzolatti et al , 1971), the visual field RT
d1ffére;ce does not 1in itself provide sufficient information to deter-
nune}the level of the right hemsphere’s verbal performanﬁe Because

o

there 1s no way to restrigt the sensory information to the right
—

hemisphere once 1t has entered the central nervous system, the visual

field RT difference i1s ambiguous It could reflect eiEZ;;i;%ower right

hemsphere analysis of verbal information or the extra time required for

the transfer of the stimulus from a functionally nonverbal right

b

hemisphere to the verbal left hemisphere for analysis

However, Moscovitch (1973) has/described a RT technique for

determining whether or not verba) information presented to the right

to the 1efﬂ/Lemlsphere for analysis  The
i

technique 1nvolves: varying drthogon ‘y’the hemsphere receiving the

o

hemsphere does 1in facg trav

verbal input (via the lateraljzed visual pathways) and the hemisphere
emtting the response (via movgments of distal finger muscles controlled
exclusively by the contralateral motor cortex) This permits a

comparison of the efficiency (in.terms of %peed of response) of the
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Figure 1 shows a simplified

©

different sensory-cortico-motor pathways

drawing of the brain with 1ts visual and motor projections. According

{
to this diagram, stimuli presented to the hemsphere emtting the

timull presented to the

~

response should be responded to faster f

mes should reflect

opposite hemisphere, and the dlfferque 1n response
the amount of time “required for information to travel {rom one
hemisphere to the other Several investigators have recdrded times
mequl;ed to detect simple, lateralized auditory and visugl stimuli and
have repprted results which are consistent with/this model (Berlucchi,
Heron, Hyman, Rizzolatti, § Umlta, 1971, Bertera, Callan, Parsons, &
Pishkin, 1975, Braﬁshaw & Perriment, 1970)

A sample extension of this technique to tasks which require verbal
processing has made 1t possible to test the verbal performance of the
right hemsphere. Moscovitech (1973) had subjects perform a letter
matching task in which a glngle lettelr (memory letter) was presented
auditorily, and two seconds later a second letter (test letter) was
presented briefly in either the right or left visual field The
gubjects had to indicate, by pressing a button with either the rlghL or
left hand, whether the test letter had the same terminal phoneme as the
memory Létter FoT example, 1f the memory letter was B, the subject
andicated "yes" 1f the test letter was V or '‘mo" if th% test letter was
M  Moscovitch (1973) found that the time required toimake phoneme
matches was shorter when the test letter was presented to the right
visual field-left hemisphere than to the left wvisual field-right
gemlsphere. In addition to conflrmlng'the results of earlier studies

showing that verbal tasks are performed faster by the left hemisphere,
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Right Hand Response

L3

Left Right

Hemisphere Hemisphere

Right

Hand

ol

N A

LVF RVE

)

RTLVF = (M+T) msec

RTRVF = X msec

RTpye <RTpyg

1

A =T msec

Figure 1.

»

Left Hond Response

Left
Hemisphere

LVE

Right
Hemisphere

Left
Hand

RTLVF )( msec

RTRVFE(X4T)msec

RT vE<RTpyg

A=

T msec

Pathuay along which information from a visual stimulus

presented Lo erther the right or left visual field must travel before

1t evokes a manual response.

1

T-1s the interhemispheric transmission

time (msec)}, X 1s the transmission time from visual field to hemisphere,

LVF and RVF are the left and right visual fields.

Moscovitch, 1973)

(Mod1fied from
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a further analysis of the RT data made 1t 50351b1e to determine 1f the
s

right hemsphere was displaying any verbal skills in this task.
Figures 2 and 3 show schematic diagrams of the two alternative
1nterpretations of the right visual field-left hemisphere superiority

on this task If the right hemisphere was failing to perform the

>

phonemic matching task (Figure 2), then RTs should favor the right
visual field by equal amounts regardless of the hand used to respond,

since visual field RT differences with both hands should reflect the

stimulus crossing time (Ts) from therright to the left hemisphere \‘///r~

Alternatively, 1f the right hemsphere was performing the task, but less

efficiently than the left, then the visual field RT difference should

be different for the left and right responding hands Figure 3

\111ustrates this prediction by showing that visual field RT differences

for the left hand responses should be smaller than for right hand

responses  When the left hand 1s responding, the right hemsphere has

s

the advantage of Tr msec (interhemispheric delay) over the left

hemlsghere by virtue of i1ts direct initiation of the left hand response,

but 1t also suffers the disadvantage of Y msec additional (less

efficient) processing time Thus, the hemsphere RT difference can be

characterized as Y—Tr msec for left hand responding However, for the

right hand, the left hemisphere has the advantage of both Tr and Y

msec over the right hemisphere, so the hemisphere RT difference 1is

Y+Tr for right hand responding In other words, 1f the right

7
hemsphere does display some (even though less efficient) verbal skills,

then a visual field by hand interaction should be obtained

1

o
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. Right Hand Response Left Hand Response

Left Righi Left
Hemisphere Hemisphere Hemisphere

Analysis
(A) <=

Analysis
(A) and
Response

<

RTL\/F = (NX+T5+A)msec

RTLVF =ig (X+TS+A+TE') msec

| RTpy ¢ 2 (X+A)msec RTpyE = ()%+A+Tr)msec
o RTayr <RTye RTpyp<RTyg  °
A\ = Tg msec A=Ts msec

s
-

g

P

Figure 2 Neural-cognicive diagram of the phoneme matching task

wvhen only the left hemisphere performs the phonemic analysis ' ‘TS is

the interhemispheric transmission time of the stimulus informatipn
4

e L
(msec), Tr 1s the transmission time of the response information (msec);

]

X 1s the transmission time fyom visual field to hemsphere, LVF and RVE
3

are the left and righi visual fields. (Modified from Moscovitch, 1973)
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i \\ Right Hand Response Left Hand Response

o |

I \ Left Right v Left - “Right

l \ Hemisphere Hemisphere . Hemisphere  Hemisphere

l Ri Left

| Ha Hand

f Analysis Analysis Analysis Analysis £

(A)and | | (asY) - (&) N | AV and

Rysponse Response

ot s -

j RT LVE = X+ ALY 4T ) msec “ RT) ™ (XAAw)‘msec .

RTpyr = (eA)msec RTpye = (trAT)msec

i il

RTpye < RTpye RTpyr<RT g

X& = (V+Tr)msec A\ = (V=T)msec

]

a ]

Figure 3. Neural-cognitive diagram of the- phoneme matching task
when both hemispheres pkrform the phonemic analysgl’s, but the right
hemisphere 1s slover. Tr 1s the interhemspheric transmission time
(msec); X "1s %‘ﬂe transmission time from visual field to hemisphere; Y
1s the additional processing time required for phonemic analysis.in the

right hemisphere; LVF and RW are the left and right visual fields.

A J—

(Modaified from Moscovitch, 1973)
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The results of Moscovitch's (1973) phoneme matching experimeht

%

; . iy
showed that the rtight visual field RT superiority was identical for

both right and left hand responding This lack of a visual field by

-

'hand interaction Suggesﬂed, then, that only tHF left hemispherg was
actively processing the phonetic information, a conclusion consistent

with both the split-brain and functional localization models of language

LY
o

lateralization -
{

. This RT method of assessing hehuspheré performance has been

validated 1n a number of other experiments For example, vhen later-

0

alized information can only be processed on the basis of visual-spatial
cues or féitures, such as in dlscrlmlnat%pg subtle differc -~es in faces
(Rizzolatt1i et al , 1971, Moscovitch, Scullion, & Christie, 1976), RTs
favor the ieft visual field-right hemisphere by a constant amount

regardless of the hand used to respond, suggesting that this information

1s processed only by the right hemsphere On the other hand, vhen

¢

task requirements are such that stimuli can be analyzed on the basis of
either v1sua1—spat1;1 or verbal features, or on the basis of louver
ordeT precategprical visual 1nformatio?, a visual field by hand
1nteracf10%’15=cyp1cally obtained (Moscovitch, 1973, Moscovitch et al.,

1976), suggesting that both hemspheres are able to perform the task

U1 4
Other studies have also confirmed Moscoviteh's (1973) Ffinding of

/
exc1u51vé left hemsphere analysis of phonetic iaformation. For example,
Rizzolaiiil et al. (1971) and Umelta, Frost, and Hymaﬁ (1972) found that

subjects recognized iarget (memoxry) letters fdster in 2 go-no go

.

verbal STM task vhen test letters were-presented in the right visual
. L

o
o I'd

Field " 1In both experiments the right visual Skeld advantage was of the

' ‘
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same magnitude regfardless of the hand used to respond. Springer (1971)
tested subjects on detection of & target spoken syllable by having
them press a button\wﬁén they heérd the target among dichotically

preserited test syllables  She found that responses were faster and
a . 0
more often correct uhen the syllable uas heard ineg¥e. right ear as

0 .
z R

opposed to the left ear, and again there was no ke

v

Levy and Bowers (1974) replicated Springer's resulis using spoken

by hand interaction
digits in a similar dichotic listening task The evidence from all of
these RT studies has clearly demonstrated that the right hemisphere

in the intact brain 1s not actively involved in performing\tgsks which

requite the analysis of phonetic information from speech sounds and

visual lettexrs. This conclusion is consistent with what both the split-

o [

" brain and functional localization models predict about’ language

lateralization in the intact brain. However,alt does not answer the

eisfnc1al quest&on that really distinguishes the two models, 1 ¢ , can

.

the right hemsphere in the intact brain process meaningful verbal-

©

information despite an inabilaty to analyze phonetic feature information?
+« A few recent studies have looked at hemisphere RT differences in
&
word identification, but the results have been inconclusive with regard
4

to determning the right hemisphere's level of lexical co®etence

| —

\ .
Cohen (1975) and Isseroff et al (1974) measured the time to identafy
vords in the right and left visual fields and found a right visual
field-left hemisphere advantage of 23 to 40 msec. However, cheir

subjects used a vocal vesponse, and, as mentioned earlier, Filby and

L

Gazzaniga (1969) shoued that a vocal response can produce a 30 to 40

-

msec right visual freld advantage even when both hemispheres are, 1n
g d

< o 4 4

1
»

! v
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fact, equgl{; efficient at performing a task. Isseroff et al (1974) B

bl

also tested the speed of word recognition using a manual response
Subjects performed a go-no go memory task in which they were first given

a target word to remember then a last of test words presented one at-a

o

time and randomly in the f%ght and left visual fields Target words
!

presented in the right visyal field during the test phase were detected
|

approximately 34 msec faster than target words in the left visual field,
’ \

and the visual fkeld RT difference was the same -for both ‘right and
Y -~

3

responding hands. As previdusly discussed, this patté}n of RT
Y a b ° b - ?

o

pe&formance suégests that only the left hgﬁﬁspﬁame vas actively engaged

1n the task However, this finding may only reflect the right

’

hemsphere's failure to maintain verbal information in STM and should

not he taken to mean that the right hemsphere does not recognize words

at all

Thus, evey though the RT studies reported to date have demonstrated
i
fairly conclusively thai\the right hemsphere 1n the intact brain, like
the split-brain, 1s functionally unable to utilize phonetic feature

information, there has been no adequate test of the normal right

hem sphera’s ability to process mean1“F§u1 verbal information at a

lexico-semantic level  All attempts to compare right and left hemsphere

x

word procéssing have -been confounded by the presence of phonetic’ and/or
articulatory task demands that are likely to bias performance in favor
Q

of the left hemsphere, since the left hemsphere contains special

a

processors for such information.
~ §

¢
<

Statemznt of the Problen

\ 3

‘In evaluating several different' methodological and procedural )
\

approaches to studying hemisphere differences, the present chapter has

T

H

. 1 v
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a

-placed heavy emphasis on the interaction of task-related and stimulus-

related factors. Any v1sua1£{;presented verbal stimulus, for example,

o

can be processed on the basis of several dlfferigt feature dimensions
- &

3
n of the way in

)

depending on the demands of th§ task A good 11Rustrat10

which the interaction of task demands and stimulus features affects

relative hemisphere performance can be seen in studies by Cohen (1972)

and Geffen et al. (1972) These authors showed that when a subject's

task was to judge the “sameness" of two letters on the basis of visual-

-~

spatial features (e g , AA or aa), RTs favored the left visual field-
right hemisphere. WMen the task changed to judging "sameness™ on the

|
basis of name or phonetic identity (e g , Aa or aA), RTs favored the

3

right visual field-left hemispherxe
&

Words are also represented by different features, including

'

orthographic patterns, strings of phonetic tramsitions, and meaningful

representations stored in an internal lexicon Thus, 1t should be

possible to examine hemsphere differences in dealing with words at
. —
these different levels of representation Yet, because the studies

reviewed i1n this chapter have used tasks which zely heavily on a
phonéﬁlc-artlculatorﬁ level of coding verbal input, they have not

been adequate to assess the raght hemisphere’s lexical competence, .

i.e , 1ts ability to recognize woxds. .

-

A comsideration of the msthodological and procedural problems
discussed above suggests that an adequate assessment of the right
hemisphere's abiliiy to process lexical information must meet cercain
crlééria (a) The tasﬁqéhould require that lexacal information be

accessed, yet 1t should not requirved that information be maintained in

}
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verbal (phonetic-articulatory) STM. (b) A manual RT measure should be
used to elimnate the left hemsphere vocal bias and allow for an

assessment of interhemispheric transfer of informatron  (c¢) Word

stimulr should be presented in w vertical orientation and randomly in
the right and left v1§£§T‘flelds to control for the potential effects

of scanning habits on visual field performance

A task requiring subjects to make instantaneous lexical decisions
on the basis of briefly presented vertical words would maalmlze the
possibility of meeting these criteria Accordingly, the first experi-.
ment of the present series was designed to test_the lexical competence
of the antact right hemisphere by having subjects perform a simple
word-nonuord discrimination task. In this type of task, subjects are

8

o
typically presented strings of letters and asked to decide whether

@

the string 1s a vord or not, and RT to make this decision 1s recorded

The RT presumably reflects the time required to access a lexical entry
i

in 1ong~te¥% lexical memory (Rubenstein, Garfield, & Millikan, 1970)

\
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CHAPTER 3

EXPERIMENT 1

~y

The purpose of Experament 1 was to test the split-brain model of
right hemisphere lexical competence by asklng two questions  The
first question was vhether @he ri1ght hemisphere can discrimnate words
from nonwords  To answer this question a lexical decision task was
designed in which words‘and nonwords were presented randomly and
unilaterally in the right and left visual fields, and RTs to judge
stimuli as wvords were recorded. The rationale behind the experiment 1s
simple If words are recognized faster vhen presented in the right
visual flelé, and this right visual field superiority 1s the same

regardless of the hand used to respond, then lexical entries are

accessible only-in the left hemisphere (model of functional localiza-

' -

tion) On the other hand, 1f no difference 1s found between the visual
flelds, or 1f an interaction between visual field and respondifig hand
1s obtained with a smaller visual field difference fo¥’ the left hand,
then 1t can be concluded that lexical entries are accessible in the
right hemsphere as well as in the left (split-brain model)

The second question was whether theﬁffght hemisphere's ability io
recognize words 1s a function of word concreteness This issue ﬁés not
been addressed explicitly in experiments on the dlscbnnected right
hemsphere Zaidel (1976% has noted that because of the types of
tjord recognition tests admnistered to the disconnected right hemsphere
(matching words with object or picture referents), most of the data on

the ri1ght hemisphere’s lexical competence concerns only its ability to

recognize fairly concrete words Also, as previocusly mentioned, recent

L)
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studies invettigating visual field effects in vocal identification of\
concrete and abstract words in normals have produced inconsistent
results (Ellis § Shepherd, 1974, Hines, 1976, Orenstein § Merghan,
1976). For these reasons, the present experiment examned lexical
de0151;n performance on two types of words, concrete nouns and abstract
nouns, to determine whether the right hemisphere’s lexical vocabulary

1s limited to words with concrete referents

1
l
-

Mgthod .

Subjects Fourteen right-handed Dalhousie University students

(e1ght mahe and six female), rangang 1n age from 19 to 26 years,
participated 1n thg experiment. All subjects were prescreened for
handedness on the Edinburgh Inventory (Oldfield, 1971), and only those
with a laterality quotient of 80 or hagher weré selected (see
Appendix A) In addition, only subjects with right-handed parents and
sibluings were selected All subjects reported having 20 20 vision or
vision corrected to 20.20 by lenses.

Stimuli. The words used in this experiment were 32 concrete and
32 abstract nouns (1.e , above 6.10 and belov 4.20, respectively, on
the 7—ﬁp1nt scale of concreteness published by Paivio, Yuille, and

Madigan, 1968). The concrete and abstract nouns (see Appendix B) were

matched for length (four or five letters) and Thorndike-Lorge

-

!
(Thorndike, 1944) frequency counts (at least 50 occurrences per million).

*

In addition, 64 nonsense or nonwords were constructed by altering a

single letter in each of the words in such a way that the resulting

letter sirings vere easily pronounceable and maintained a conformity to

the rules of English orthography  For example, PIPE las changed to

T
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PIFE, DRESS to GRESS, and so forth (see Appendix B).

The stamuli were constructed from black 12 pt Futura Medium

-

Letraset capital letters and mounted on 35 mm glass slides in a vertical

orientation to control for a possible left-to-right reading bias  Two

slides of each stimulus were made, one with the letters positioned 9 mm

to the right of center and the other with the lettexs the same distance
x

to the left of center, so that when the slides were pro;ectgh on a

rear projection screen the words and nonwords appeared 2 5 cm to the

right or left of a central point on the screen. The vertically-

oriented stimuli subtended visual angles of 3.20 (four letter words) and

4 2° (five letter words) vertical and approximately 0.6° horizontal,
and the distance betueen the inner edge of each stimulus and the central

fixation point subtended a visual angle of 1 5% at a viewing distance

of 85 cm Thirty-two practice stijquli.were constructed in the same

?

manner as the test items .
s
Two series of 128 stimuli each vere constructed Qlthln a SeT1es

the order of the first 64 items were determined by a randomization of

&

eight concrete nouns on the left, eight different concrete nouns on the

)

right, eight abstract nouns on the lefi, eight different abstract nouns

*

on the right, and 16 nonwords on the left and 16 nonwords on the right.

v 8
The remaining 64 items in the series were composed of a randomrzed

order of the same items on the opposite side from their positions in the
The' second series was constructed in the

[N

The two series

first half of the series-.
same way as the first using the rgmalnﬁng 64 stimuli

were matched for concreteness, word length, and word frequency (see

v

Appendix B). Within a series, then, each stimulus appeared once 1in



e .

Q\ e j [t

- P — - e T T e e o, —o

!

j /
{3, oz é
- )w EE] ;Q 4 8

d and once 1in the left

Q]

the right visual fa In addition, the 32

nonwords in the first series were created by altering the 32 words in

the second series, and vice veﬁsa, thereby avoiding obvious simlarities

between words and nonwords within,a serzes Once the stimulus order

within a series was determined the slides were arranged appropriately

~ 1n four carousels of 64 slides each Thus, the order of stimul:

vithin a block of 64 trials remained fixed across subjects.

Apparatus The subject sat at one end of a table 153 cm long and

64 5 cm wide A rear projection screen {28 5 cm high by 24 cm wide),

mounted in a wooden frame, was positioned 85 cm from the subject’s end

of the table with the center of the screen equidistant from the sides

of the table and 25 cm above the table top. The stimuli were projected

on the screen by a slide projector (Kodak Carousel, Model 800) with’
F4

an electronic shutter (Ralph Gerbrands, Model G1166) mounted on the
lens The viewing distance was held constant for all subjects by having
them position their head in a chin-head rest A PDP-12 dlg%gal computer

was programmed to control the rate of stimulus presentation and the

exposure duration of each stimulus through a set of relays to che slide

projector and shuiter Centered on the table immediately 1n front of

9

the subject was a single response button consisting of a microswitch

housed 1n a custom-made metal bpx 10 cm long, 5 5 cm wide, and 5 5 cm
_‘.J\

high * Subjects vere instructed to keep their arm resting on the table
7

during the experiment with their index finger resting on the buttom 1in

preparation for responding. At the onset of the shutter activation

(1.e , stimulus onset), the computer activated a msec clock vhich vas

stopped by closure of the microswitch or after 2 0 seconds 1f no
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response occurred.

Procedure. Each subject was told that he would see a series of
slides displayed on the screen in front of him and that each slide would
contain a vertically oriented string of four or five letters appearing
erther to the left or right of the central fixation point. The subject
vas instructed to fix his gaze on the center of the screen when he
heard the warning click of the projector advance One second later the
stimulus was displayed for 100 msec, and the subject's task was to

press the button in front of him with his index finger 1f the stimulus
&

-

was a word but to refrain from pressing the button 1f 1t was not a

word.4 If the subject did not respond to a word within two seconds,

i

an error was recorded The inter-trial-interval (ITI) was always tuwo

2

A *

seconds
4

Subjects were tested on both series in a single session for a total
of 256 test trials, The session was diyvided into four blocks of 64
trials with a break of approximately two m%nutes between blocks. The
first two blocks were performed with ?Eg/ﬂand and the last two with the
other hand. Hand ordef and series order were counterbalanced across
subjects Each subject was given 16 practice trials at the beglﬁhlng of
|

\
ﬂpe session and 16 more vhen switching from one hand to the other  Thel

1nstrd€€285§”€ﬁbha51zed both speed and accuracy, and both RTs and

-~

\
errors were recorded. |

4The single finger go-no go response was used to 1fisure that only
one hemsphere was primed to respond during a block of trials Of
course, a choice RT procedure using iwo fingers on the same hand would
have achieved the same purpose, but the intent here was to use-as simple

-

and straightforuard a response as possible. .
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Individual RTs were clocked (in msec) by the computer and stored
on magnetic tape together with a preprogrammed code for each trial

designating the vasual field of presentation and whether the 1tem was

¢

a concrete word, abstract word, or nonword The computer was also
programmed to match a response, or the absence of a response, with™the
code for words and nonwords on each trial and record errors appropriate-

Y

ly (both false posptives and false negatives)
5

.
-

Results ¢
The RT and error data are summarized in Table 1. Median RTs of
correct responses were calculated for each subject as a function of
noun type, visual field of presentation, and responding hand (see
Appendix B for individual slibjects’ data). Separate 2 (Visual Field) x

2 (Hand) x 14 (Subject) analyses of variance were conducted for abstract

~
T

5
and concrete nouns.

Abstract nouns The analysis of RTs to abstract nouns (see

Appendix B) revealed a significant main effect of Vlsﬁﬁl Field,

F él, 13) = 15.37, p < 005, RTs favoring the right visual field by 35
msec, and a significant effect of Hand, F (1, 13) =5 88, p <.05, RTs
favoring the right hand by 61 msec The Visual Field by Hand

interaction was not significant A subsequent 2 (Visual Field) x 2

/

581nce the purpose of this experiment was tg determine the relative
effects of visual fields and hands on RT performance within each noun
class, and noc to assess absolute differences in RTs to concrete and
abstract nouns, the two noun classes were analyzed segarately. Houever,
similar results were°obtained with an overall analysis that included
concreteness as a factor, 1.e., an interaction between Visual Field
and Concreteness, F (1, 13) = 13.65, p < .005. A supplemental t-test
showed a significant visual field RT difference for abstract noums,
two-tarled t (13) = 3.88, p < .01

f A

i
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Hapd), x .32 (Wgrd) analysis of variance was performed on the median RTs
- i .

for words, calculhted across subjects, to determine vhether the right
visual field superiority held across words as well as subjects (see

. Appendix B) Reaction times favored the right visual field by 39 msec
(LVF = 725 msec, RVF = 686 msec), F (1, 31) = 4 99, p < .05 This
significant difference sd&gests that the results can be generalEzed

across abstract houns An analysts of errors (see Table 1 and Appendix
X

Al
B), 1 e., failures to recognize abstract nouns as words, showed no

differences between Visual Fields or Hands and no Visual Field by Hand

[y

interaction The overall rate of failure to recognize abstract nouns

\

was 15.5% ‘
L

Concrete nouns. The analysis of RTs to concrete nouns (see

Appendix B) revealed no significant effects of either Visual Field or

Hand. Although there vas a tendency for RTs to favor the visual field

°

1psilateral to the responding hand, the Visual Field by Hand

interaction was not significant. The overall rate of failure to

recognize loncrete nouns was 15 7%, and an analysis of these errors

(see Table 1 and Appendix B) showed that the error rate did not differ
() A
across any of «che Visual Field-Hand conditions.

False positive responses The proportion of responses to nonwords

(false positives) vas tabulated for each subject as a funccion of visual
field and responglng hand (see Appendix B for individual subjects’
scoras). R 2 (Vlsuai Field) X 2 (Hand) x 14’kSubJect) analysis of
Yariance was performed on these scores (seec Appendix B) to determine

whecher the Visuval Field effeci reporied above was due to a respomnse

biras. For example, the maght visual field advantage could have been dus

u

F4

Sme
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to more indiscrimnate responding to stimuli in the right visual field

Y
-

than 1in the left visual field, 1 e , responding quickly without

actually making the lexical decision In the event of such a speed-

9

accuracy tradeoff, more false positives would be expected in the right
‘visual field condition However, since the analysis revealed no q
differences in the percentage of false positive responses to nonwond7

in the right (25.0%) and left (24 2%) visual fields, 1t is unlikely that

a speed-accuracy tradeoff vas occurring in this experiment

-

Discussion
The RT data indicate a right visual fi£ld superiority for the
speed of response to abstract nouns but no“/difference between the left
and right visual fields for the speed of XeSppnse to concrete nouns.
The fact that the right visual field RT superiority for abstract nouns
® was of the same magnitude for both hands (rlgpt hénd, 33 msec! left
hfnd, 36 msec) suggests that abstract nouns presented to t?g’left

visual field-right hemisphere had to cross to the left hemisphere before

a

a lexical decision could be made. The visuval field RT difference of .

-

approxiimately 35 msec provides an estimate of the time involved.in

transmtting and recoding the words across the interhemispheric

pathw2%§. . Thas estimated 1nterhemlspﬁer1c delay 1s consistent with

eiectrophfélologlcal studies sh6w1ng that excitation orlglnatln% 1n one
a hemsphere requires from 10 msec (primary positive wave) to 35 msec

(secondary negative wave) to cross tLhe corpus callosum to the other

side of the brain (Grafsteln; 1959; Bremer, 1958, Teitelbaum, Sharpless,

.

§ Byck, 1968).



° © 54

8] a
1

N 5

The lack of visual field differenceeln the case of RTs to concrete

] o

nouns suggests that lexical decisions about tﬁése nords\were made

a7
I

equally e?f1c1ently in both hemispheres. However, according to the -

neural pathvay RT model described in Figure 1, stimuli presented to the
hem sphere emitting the response should be responded to faster than
stimull presented to the other hemsphere vhen both hemispheres are

able to perform the task. This expected hemsphere (visual Field) by

)
hand interact?on did not achleve’51gn1f1cance, although the visual- field

€

RT differences were in the correct dairections for both hands (left

\
|

T ‘ .
visual field 8 msec faster vith left hand-Tesponding and right visual

»

field 4 msec faster with right hand responding) ° An examination of the o

individual subjects® RT scores revealed no consistént visual field

1

advantage for either hand. For left hand responding only 8 of 14 °
<

suﬁjec%s shoued the expécted left visual field advantage, and for right
hand responding only 6 of 14 shoued a right visualyfield advantage
One possible explanation of the lack of comsistent visual field .

[} + <

differences for concreté\nouns 1s that, since both hemispheres are
pA

able to recognize these g§fd5, ihe informacionvrecezved by one hemispher

- . C e

may be transmitced to be “zgchecked” by the other on sows trials, I& /
"

3

this vere so, 1t vould have the effect of producing excepironally lon%/
RTs on some trials, for exampleé, vhere the left hand 15 vesponding to

- N «
*left visual Ffield informataon (By adding tuwo extra callosal crossings),
§

3

N ' Vi |
ithereby parcially cancelling out xhe RT superioricy which should obtdin

- e
for thai condition. The net regulé\would then be essentially mo ' *

?

visual field RT advantage for elthethand. Admitiedly, this explanation o
~% \ 4 \\ f v

Yoo . oL\ . Lt . .

‘15 highly speculaiive, and pevhaps immossible to test, but ic cannoc*\

\ - .

o Q
|

@
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be ruled out on the basis of existing evidence, OFf course, it 15 also
possible that each hemisphere may have some ipsilateral control over

14 S
simple finger flexion movements, However, despite the failure of the

a

Visual Field by Hand interaction to attain significance, the lack of a

2 ° o

o visual %;eld RT’dlffereqce suggests that the tuo hemispheres recognized
AY

' concrete nouns equally well

‘ 4

‘ The results of this experiment, then, can be interpreted as

. .

(o ‘reflecting differences between the twvo hemispheres in the retrieval

§ r »

, of lexical information The findings suggest that lexical entries fore

o

» + abstract nouns are accessible only in the left hemisphere, vhereas

! lexical entries representing concrete nouns are accgssible in both
2

hemispheres - Thus, with regard to the issues that motivated this

experiment, 1t can be concluded (a) that the right hemisphere in the

antact brain does haye an accessible lexical vocabulﬁry and (b} that 1ts

abilzty to recognize nouns depends on their concreteness. -

bt

@
! S
7] '

. .
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‘ CHAPTER 4 e

. ’ EXPERIMENT 2 .

Y

The right hemsphere's performance on the lexical decision task in

Experiment 1 depended on 1ts having a 1ex1ca1\memory for concrete noums.

This conc&usion 1s comnsistent with the split-brain findings which havé
shoun that the disconnected right hemisphere has a relatively sophisti-

cated lexaical vocabulary consisting of at least concrete object-nouns

1

(Gazzaniga, 1970, Zaidel, 1976) There is also evidence from
_ -4

split-brain studlesbwhlch ;uggesfs that the right hemsphere has the

ability to recognize semantic associations between object-nouns and to

A

use this anformation to perform simple tasks, . For example, vhen

commssurotomzed patients are given the command to "retrieve the fruit

! Y *

monkeys 1like best" they are able to use their left hand to pull out a

'

banana from a grab bag full of plastic fruit (CGazzaniga, 1967),

indicating that the right hemisphere knous that "banana" 1s a specific

instance of the category "fruit" and that 1t 1s associatied with

"monkeys "

1

k3

The question naturally arises as to whether the right hemisphere

in the intatt brain can demonsirate & knowledge of semantic

e
L]

associations between the words that it knows. Experiment 2 was designed

to ansuer this question by msasuring the speed at which nouns presented
. . = s
in the left and righi visual fields are recognized as instances of

specific semantic categories If both the right and left hemispheres

v 13 ~ P’
are able to recognize’category-noun asscciations, then the time |

required to recognize test noums as instances of categories should be °

T

2z R
ithe same for right and left visual field presencations. If, on the

1

\

4
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other hand, the right hemsphere 1s unable to detect relationships
between nouns and their superordinate categories, then those nouns
presented to the left visual field-right hemsphere should have to
travel to the left hemisphere before-a category decision could be madg’

In this event, an interhemispheric transfer delay similar to that found
<

for abstract nouns in Lxperiment 1 should be obtained.
LY

Y
1

" Method

Subjects  Sixteen D@E?ﬁUS1e University students (eight male and
\
e1ght female) participated in the experiment.

&

The crateria for subject
L

selection vere the same as in Experiment 1.

Stimuli. The stzmuli were 64 pairs of nouns  Each pair consisted

of a superordinate category word and either a positive or negative

Four

instance of the category (e g., aniliml-horse, animal-rock).

positive and four negative instances vere paired with each of eight

different categories, Half of the categories were concrete and half

vere abstract (see Appendix C), and all of the category instances were
high frequency words (at least 50 occurrences per million, Thorndike,
1944) . The two words of each pair were printed on separate slides so
that categories and instances cguld be presented succe551v;1y. The
vords representing positive and negative instances were oriented
‘ vertically, as in Experiment 1, and tuwo slides of each word vere
construcced, one for right visual field and one for left visual %f%fz
presentation. This wesulted in a total of 16 pairings in each category
|

for a total of 128 tesi pairs. The superordinate category words uere
e

printed on slides im a horizontal orientation centered for foveal

presentaiion.
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Apparatus- and procedure. The apparatus vas identical to that used

in the previous experiment. The procedure was also similar in that it

involved a positive-negative dxscrlmlnatlon on each trial and a go-no

go response format with an emphasis on both speed and accuracy The

“

procedure differed from.Experiment 1 in that the subject saw two

. r
successive stimull on each trial The first stimulus was alvays a

foveally presented superordinate category word d%splayed for one second.

i

This was followed by a one second interval and then a 100 msec presenta-

tion of, either a positive or negative category instance The subject's

1

task was to respond as quickly as possible only when the second word

|

vas a positive instance of the category Two seconds were allowved for

a response, and trials were separated by a two second ITI. Eight of

b
the subjects responded with the right hand throughout thL experiment,

and the other eight responded with the left hand 6»~ :

Subjects were tested in a single session consistaing of 16 practice

trials and 128 test trials The test trials &ere presented in four

blocks of €2 trials with a two minute interval betueen blocks Each

3

block consisted of a randomization of four positive and four negative

concrete category matches and an equzl number of abstract category

6Ind1v1dua1 subjects were not tested vwith both hands because this
procedure would have required either a) doubling the number of category
pairs or b) displaying category pairs twice in cach visual field, in
order to obtaimya sufficient number of trials per hand. Doubling the
nunber of pairs vas impossible (at least for abstract pairs) given
the consiraints imposed on the selection of test stimuli, 1 e., haigh
frequency words uith a reasonably small nuaber of letters per word.
Displaying cest words tuice 1n each visual field was avoirded in an effort
to contfol for an additional familiariily effect that might conceivably
have a different influshce on right and left hemisphere performance.

Il
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matches in each visual field. All pairs vere tested in onc visual

field or the other before any given pair was tested in the opposite

-

,vasual field

Results .
Thg RT and error data are summarized in Table 2  Median correct

RTs were calculated for each right and left hand responding subject

as a function of category type (concrete and abstract) and visual field

of presentation of the test words (see Appendix C for individual

subjects® data). Separate 2 (Visual Field) x 2 (Hand) x 8 (Subject)

analyses of variance were conducted for abstract and concrete cacegories

q

Abstract categori§s. The analysis of RTs to make abstract
category decisions (see Apﬁendlx C) revealed only a 51gn1f£cant main
effect of Visuzl Flelﬁg F (1, 14) = 13 44, p < .005, RTs favoring the
T1ght visual field by‘36 isec The Visual Field by Hand interaction

was not significant A second 2 (Visual Field) x 2 (Hand) x 16 (Woxd)
analysis of variance, performed on median correct RTs for abstract

word pairs calculated across subjects (see Appendif C), also yielded a
significant effect of Visual Field, F (1, 15) = 5 46, p < .05, RTs
favoring the right visual field by 45 msec (LVF = 590 msgc, RVF = 545
hmsec) The results of this analysis suggest ihat the raght visual

field advantage can be generallzag gﬁross abstract category pairs as
vell as subjects. Errors occurred on only 2.7% of the positive abstract
category tyrials, and a 2 (Visual Field) x 2 (Hand) x 8 (Subject)

1A
analysis of variance showed no difference 1n errors across any of the

Visuval Field-Hand conditions (see Appendix C).
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Concrete categories. The analysis of RTs to make concrete

1

catggory matches (see Appendix C) rcvealed no significant main effects.

Aithough Ehere vas a tendency toward a Visual Field by Hand interaction,
with RTs %ﬁm%rlng the visual field ipsilateral to the responding hand,
the interaction was not significant  Errorxs occurred on only 3.7% of
the positive concrete category trials, and an analysis showed no

difference 1n errors between any of the Visual Field-Hand conditions.

False positive responses The proportion of responses to negative
abstract and concrete category matches was tabulated for each subject as °
a function of visual field and responding hand {see Appendix C for
‘1nd1yidual subjects' data). False positive responses occurred on 7 6%
of the negative abstract category trials and 10 1% of the negative
concrete category trials  Separate 2 (Visual Field) x 2 (Hand)\; 8
(Subject) analyses of variance were conducted for concrete and abstract
categories, and neither analysis revFaled differences 1n errors}as a

function of Visual Field or Hand (see Appendix C), suggesting that the

RT results were not due to a tradeoff betueen speed and accuracy of

\]

responding. .

L)

Discussion

The resilts show that abstract nouns are recognized faster as
1ns£ances ofﬂcategorles when they are presented in the right visual
field. The fact that the visual field RT difference favoring the right N
visual field 1s not significantly different for right and left hand
responses suggests thac abstract test vords presented tq the left s
visual field-right hemisphere had to cross to the left hemsphere for

analysis, This 1s not surprising since Experideni 1°suggested that the

= ©
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r1ght hemsphere does not recognize abstract nouns and therefore shoyld
not be able to make category dec151§ns about them It 1s also
1nterest%ng to note that Experiments 1 and 2 provide virtually aidentical
estimates of the interhemispheric delay involved in processing abstract
nouns from the left visual field (Experiment 1, 35 msec, Experiment 2,
36 msec). )

With respegt to concrete categBry matches, the lack of a visual
field RT diffevence suggests that the recognition of concrete nouns as
instances of previously presented categories 1s aécompllshed with equal
speed regardless of the hemisphere receiving the test noun. This
finding suggests that the right hemisphere may be able to recognize word
associrations However, this interpretation cannot be stated unequivocally
on the basis of the present data. The possibility remains that
associative processing may in fact be mediated solely by the left
hemtsphere. The foveal presentat1dp of a superordinate category word
an ithe present task may cause the domnant left--hemispliere to prime ox

¢

activate semantic associates of the category word, prior to the test

stimulus, not only within the left hemsphere's lexicon but in the right
hemsphere's lexicon as well by way of interhemispheric pathwéys Thus,
although the lack of a visual field RT difference clearly suggests that
the right hemsphere’s lexical vocabulary 1s activated in the
performance of the category matching task, 1t is not clear wﬂ§3her the
associative process s med1ate&§1ndependent1y in the left and right
hemspheres or only in the left. The following expe;lment was designed

to distinguish betueen these tuo interpretations of the right

hemsphere’s performance on the category matching task |
. o

N

o



e

CHAPTER 5

EXPERIMENT 3

o

In Experiment 3 the catiegory and test words were presented

\
simultaneously. By eliminating the one second inter-stimulus-interval

used 1n Experiment 2, the possibility was ruled out that the right

xhemlsphpre could be primed by the left hemisphere prior to the
\ presentation of the test word It was hypothesized that if the rléht
hemisphere 1s able to recognize associlations 2@tween concrete nouns
\ based on category membership, then the results of Experiment 2 would be
I replicated. in other words, RTs to recognize laterally presented nouns
as instances of foveally presented categories shouldigé the same for
the left and right visual fields If, however, the normal right
hemisphere does not havé a functional associative network, then nouns
presented to the right hemisphere will have to travel to the left

hemisphere for associative analysis, thus producing slowver RTs to left

visual field-right hemisphere stimuli

Method ,
Subjects  Sixteen Dalhousie University students (eight male and
eight female) participated in the experiment The criteria for subject
selection vere the same as in the previous experiments
Stimuli  As in ihe previous experiment, the stimuli were 32
positive and 32 negative ?ategory-noun pairs The concrete categories

vere animgls, food, and metals, and the abstract categories were

feellngéﬁ months, and time (units) There were five positive and five

~

\
negative instances of each category except for feelings and food which
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vere assigned six positive and negative 1nstances each (see Appendix D).

@

Both words of a pair were printed on‘the same slide for simultaneous °

presentation. The category word was oriented along the vertical midline

a

of the wisual field for foveal presentation, and the positive or

negative instance was positioned to the right or left of center as in

the previous experikent

'

Apparatus and procedure. The apparatus and procedure were
adentical to those used i1n Experaiment 2 with the following exceptions
l(a) The category and instance words were displayed simultaneously on
each trial, and the subject's task was to decide whether the lateralized
word was an instance of the centrally dlspla&ed category. (BJ The
exposure time was increased from 100 to 150 msec because pilot work
showed that most.subJects were unable éo recognize the lateralized word
while fixating on the centrally displayed category word at the shorter

. . .
exposure duration

Results ¢

The RT and error data are summarized in Table 3 Median RTs of

correct responses- were calculated for each right and left hand

L - '

responding subject as a function of category type (concrete and abstract)
and visual field of presentation of the test words (see Appendix D for
individual subjects! fata) Separate Z (Visual Field) x 2 (Hand) x 8

(Subject) analyses of variance were conducted for concrete and abstract

categories |

Abstract categories. The analysis Bf RTs to make abstract category

i
decisions (see Appendix D) revealed only a significant main effect of

visual field, F (1, 14)\b 8.54, p < .025, RTs favoring the right visual
- - . 1

i
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field by 30wmsec  The Visual 'Field by Hand interaction was not

significant  Another 2 (Visual Field) x 2 (Hand) x 16 (Word) analysis

of variance was also performed on:ggdlan correct RTs for abstract word
pairs, calculated across subjects, to determine 1f the Visual Field

effect could be generalized across category pairs as well as subjects

a

Mean RTs for left and right visual field category decisions wvere 916
msec and 868 msec, respectively The ?8 msec visual field RT difference

was significant, F (1, 15) = 4 70, p < 05, and thus offered support N

for the generality of theirlght visual field superiority across abstract

category pgirs Errors occurred on 19 % of the positive abstract

—

category trials, and an analysis of variance (Subjects X Visual Field'X

Hand) revealed no differences in the rate of errors across any of the |

-

Visual Field-Hand condltljns (see Appendix D) .

: Concrete categories The analysis of RTs to make concrete category

matches revealed no significant main effects of (Visual Field qr Hand

®
A

(see Append&x D) Although a 21 msec right visual field adé%ntage
occurred for right hand responding, in contrast to no visual field RT

dlfferenceﬁgpr left hand responding, the Visual Field by Hand interaction

was not significant. Errors occurred on 26 8% of the positive concrete

category trials, and a 2 (Vl{ﬁal%Fleid) x 2 (Hand) x 8 (Subject)

analysis of variance revealed no dlfferenceg 1n errors across any of the

N N

Visual Field-Hand conditions (see Appendix D) o

v

False positive responses. The rate of responding to negatiye

abstract and concrete category matches was tabulated for each subject as

a function of visual field and responding hand (see Appendix D for

r

“individual subjects' scores). False positive responses occurred on 8.2%

’

’

F:4
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of the negative abstract category trials and 6 1% of the negative

|

Separate 2 (Visual Field) x 2 (Hand) x 8 (Subject) ]

=

coneréte trials

analyses of variance were conducted on concrete and abstract false
positives, and neither analysis revealed any differences in errors as a

function of Visual Field or Hand (see Appendix D) suggesting that the

2 s

RT results were not due to a tradeoff between the speed and dgccuracy

of responding

Discussion 7
e e ———— ]

The results show that RTs‘éor matching laterally presented concrete

[y

%
nouns with centrally presented categories do not differ as a function of

the visual ﬁgeld of presentation This 1indicates that the right

|

Jhemisphere was as efficient as the left at performing this partjcular ’ -
@ <
<

linguistic task and thus suggests that the right hemisphere recognized

semantic associations between concrete nouns at the level of categorical
g

|
b

membership. The results also show that abstratt nouns are recognized

faster as instances of specific categories vhen presented in the right
visual field. This finding, together with the lack of a dlfgerence in
the right visual field RT advantage between the left and right responding
hands, 1s comsistent with the results of Experimeni 2 1n suggesting that

abstract nouns presented to the left visual field-right hemisphere

musi be transmitted to the left hemisphere for analysis The visual

field RT difference (30 msec) was roughly the same as in the previous

» ¢

experiments

The only noieworthy dlfgnggce becueen the results of thas

e
- I e,

experiment and Experiment 2 1s the overdll pérformance decrement in the

present experiment. The simulcaneous presentation of category and

-

.
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instance words (Experimsfit 3) ‘led to both siover RTs |and higher error

[
°

a - ¢ . .
rates than the sequential presentation procedure (Experiment 2). This

P

"difference probably reflects not only the benefit defived from priming

the appropriate lexiical subset in Experirent 2, but}also the fact Lhat

) ’ ‘

& .
Experiment 3 required the subject- to extract mwore information from the

\)
4

[o3
presumably rapidly decaying szua}qgrace > b
Y ° -
The apparent cquivalence of the tuo hepispheres| for processing

o -

concrete cfeqom inforpacion in this {ask runs contzary io the results
? i~

» 3

of a study by Gross (1972). Her subjects performsd g| wanual RT task
A 1

- LR

o L4 3 !
- y ‘r- o~ ¥ -
sinultaneously in ome visual Ealx-xleld belonged to th

[y
'

Gross found a right visual fr%ld-left hemisphere KT ad ahtagg of 35
-

a
@ a [ ]

[N

{1as begirfg %frforﬁed e&cluszvély by the 1efghhemlsphere:

LY

Although there

- > &7 .- ™
are several, minor prosedural differences between CGross®

K

study and the

-

>

|
used a lever push-or-pull vesponse vhich is likely to znvdlve the'use
[

f [ - |

of+morgproxinal muscles “than the finger press response used in the
3

a ° °

presenc study. One comsequence ¢f using such a whgle-hand wovement,
. 1
. ¢ ‘
uhiﬁyjcan be canirelled by eicher Lhe contralateral or ipsilageral

kN

.. henisphere, is i1hat ithe domimant {lelt) hemisvhere may iake comerel of

~

i Ll
+ vesponding regardiess of the hand used to vespond. Given the left
o [\

A

hemisphere’s predominance, for langudge, this "meilacontrol" (Levy &

o
. » a [} L]

Trevarthah, 1976) may occur im a sitvation ~here either hemisphere has

. « a

. R . L
ihe opporiunity tp conizol Pesponding?. By copcrast, the present study
L Q o
b © @ k4
) o T ; . O
<
- . 5 o -

EY
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«

.precluded such an eventuality by forcing the right hemisphere to respond

>

half of the time, thus establishing optlma} conditions for the right

\ \ N
hemisphere to demonstrate any functional verbal procegsing abilities
that 1t might possess by }espondlng to verbal input \
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CHAPTER 6

EXPERIMENT 4

~

The first three experiments demonstrated that the right hemisphere

,1n the intact brain has an accessible, organized, lexical vocabulary
consisting of at least common concretc nouns., The purpose of the ﬁresent

eXperiment was to further assess the breadth of the righi hemisphere's

v v

vocabulary. As mentioned earlier, studies of split-brain patients have

Al

shoun that the disconnected right hemisphere 1s able to recognize some
adjectives (Gazzaniga, 1970, Zaidel, 1976) and verbs (Levy, Note 3,
Zaidel, 1976, although see also Gazzaniga, Bogen, & Sperry, 1967,

and Gazzaniga, 1970),, One of the questions asked in the present

|

experiment, then, vas vhether the right hemisphere in the intact brain

o

can also demonstrate the ability to recognize such words. In addition,
since the concreteness of ihe refercnt seems to be a critacal factor in
the right hemisphere’s vecognition of nouns, this factor was also
investigated with respeci to adjectives and verbs. I? ihe right

» hemisphere's recognition of a vord 1s in fact contingent on the extent

. “

to vhich the word's referent can be experienced by the senses N

(concreteness), then the recognition of adjectives and qerbs differng

A
kY

along ihis dimsnsion should parallel ihe results obtained for nouns
L

-~

' (Experiwent 1). To 1est this quescion, subjects were tested on a
lateralized lexical decision task involving words rated high and lov om

\
- the extent to vhich they can be experienced by the semges. . Six .

Y

.

diffcrent types of words were used: high and low concrete nouns
’ - 1
A

A a
: - (replication of Exiperiment 1), high and low concrete -"jectives, and

5] “~
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verbs rated high and lou 1in enactive imagery.

Method

Subjects. Twenty-four Dalhousie University students (12 male and

12 female)' were selected as subjects using the same crrteria as in the

pPrevious experlgnents .
f %l
gie "l '

Stimuli. Six classes of words were used in this experiment.

o
concrete and\abstract nouns, concrete and abstract adjectives, and

concrete and abstracc verbs (see Appendix E) Sixteen words of each

type vere selected from three different sets of norms The nouns vere

selected from the concreteness norms of Paivio et al. (1968). Concrete
® \
nouns vere rated above 6.52 and abstract nouns below 4 18 on their

7-point scale. The adjectives vere selected from a set of adjective

concreteness norms generated for the purpose of this experiment Twelve

A

individuals were asked to rate 163 four gnd five letter adjectives for

concreteness on a 7-point scale using Paivio's et al. (1968) instructions

The

for rating noun concreieness but modified for raiing adjectives.

"16 high and 16 low concrete adjectives chosen from these norms uere
rated above 6 00 and below 3.83, respectively. The concreté and abstract

v A ° "
verbs wége selecced from Lippmann’s (1974) norms of enactive imagery and

.

vere raied above 5.32 and belou 4 33 on this 7-poini scale of .imagery

e

Withan each word class (e g., noun) the words 1in the two subclasses

-~

-

(concrete and abstract) were matched for length (four and five letters)

7The ierms concrete and abstract uill be used from here on to refer
to these high ¢nd 1 7 1magery verbs. Because uord concreteness and word
imagery arc so_highly correlaied (Paivio et al., k968), the terms will be
considered oncrationally inierchangeable for our purposes. ;

2 ‘Il
v .

-t

c

.’
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and Kucera-Francis (1967) word frequency counts. No attempt vas made to
equate for vord frequency precisely between nouns, adjectives, and verbs,

although all of the words were fairly common in the English language N

[y 0

vith Kucera-Francis ratings of 15 or above (see Appendix E). Ninety-six

nonvords vere also constructed as in the first experiment by altering

2 single letter in each of thé 96 words

Six series of 64 vords and nonvords were constructed. The series

-

vere designated Noun-1, Noun-2, Adjective-~1, and so forth, and each

series served as a block of trials A series consisted of, for-example

<

in the case of nouns, a randomization of & concrete, 8 gbstract, and ,
16 nonuwords in one Yisual field and.an equal number of different
concrete, abstract, and fdonwords in the other visual field., Noun-1

and Noun-2 series consisted of the same randomized items, but visual -

-

\
field of presentation was reversed The same system was used for

¢tonstructing the adjective and verb series. . In addition, the nonwords

Y RN

in each series were created by altering_the vords in one 0¥ the other

o - »

series to avoid®obvious similarities betueen words and nonvords within

% - Al -

a block of trials (see Appendix E)
< ,

!
’ Apparatus and procedure The apparatus and procedure uere identacal \ -
W

fl

to tho§a eﬁployedgln'ﬁxperlment 1"uith the follouing exceptions  Each- ’
&t 4 v o

4

Q

subject uas tested on six blocks of irials uith word class order counter-
' 0 y e a

For example, four of the subjects uere tested

’ balanggd across subjects.
& - ~ Y ¢
A, Vv se&ﬁence of blocks, four on an N, V, A, N, V, A

ob @

!
¢

on an N, A, V, N,

¢ 1
sequence, four on an A, V, Ny A, V, N sequence, etc. For each different-

- 1 4

° i 3
JT -sequepce, hall of the subjgctsﬂresponded«wfth the left hand index finger
4 * C/ “
and half wvith the right imdex finger €hroughout the experimgnt. Thus, .
vt “ . 2

* - »
<
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there vere 12 left hand and 12, right hand responding subjecis. Finally,

-

the stimulus exposure duration was increased from 100 to 125 msec 1n an

attempt to.reduce the high rate of errors found in Experiment 1

o

Results ar =~

The RT and error data are summarized in Table 4 Median RTs of
correct responses were calculated for each right and left hand
responding subject as a function of word class, concreteness, and

/ Visual field of presentataon (see Appendix E for 1§div1dua1 subjects’
.data)  Separate 2 (Visual Field) x 3 (WordQCIass) X é (Hand) x 12

(Subject) were conducted f@$ concrete and abstract words

Abstract vords. The analysis of variance of RTs tQ abstract words

(see Appendix E) revealed a significant main effect of Visual Field,

» A

F(1, 22) = 16 68, p < .001, RTs favoring the right visual field by 41

msec. There were no other significant main effects and mo significant

Q o
interactions , A further 2 (Visual Field) x 3 (Word Class) x 2 iHand) X,

~

v

16 (Word) analysis of variance vas performed on median RTs to vords .

Oa

’ 4
with subjects, as a fixed effect 1o determine vhether this Visual Field

I3

&

effect held across words as well as subkécts (see "Appendax E) The
mean Yeft visuval field RT was 677 msec, and the}mean right visual field

RT vas 637 msec, F (L, 45) = 13 40, p < .001 This 40 msec visual

e

field RT différence offered strong support for generalizing thé, visual
o

kY

field ‘e ffect across abstract words.

@ )

Q )

' # " ? ¢ '
The overall raie of failure to recognize hgstract words was 18,3%

0 @ 4

.. Usée Table 4a). A 2 (Visual Field) x 3 (Word Class) x 2 (Hand) x 12
)
(Subject) analysis of these errors ‘(see Appendix E) showed only a

signaficant main ¢ffect of Word.Class, F (2, 44) = 469, p < .025.

9
3
Y

L)
v

«

o
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v

Supplementary t-tests revealed more errors in the adjective condition

(21 6%) than in the noun condition (16.0%), t (23) = 2 23, p <

7

05 or

the verb condition (17.2%), t (23) = 2 21, p < .05, which in %urn did

not differ from each other

Within each word class the error rate did

not differ significantly across any of the Visual Field-Hand

conditions .

-

| Class or Hand and no $ignificant 1

3

Concrete words

§

v

nteractlops

-

The analysis of RTs to concrete words (see
!

Appendix E)} shoved no significant main effects of Visual Field, Word:®

Despite the lack of a

Visual Field by Word Class interaction, the visual field RT difference

appeared to be much larger in the verb conditzon, 25 msec 1n favor of

the right visual fleid, than in the’noun and adjective conditions vhere

-

LN

°

8

[

.

there were virtually no viSual field RT hlfféfences (see Table 4b)

- K supplementary analysis was performed to determine Whether the 25 msec

analysis of variance on RTs to concrete verbs (see Appendix E) did, in

fact, reveal a significant main‘effect of Visual Field, F (1, 22) =

e e 4 -
7.29,°p < 025 An additional 2 (Visudl Freld) x 2 (Hand) x 16 (Word)-

5

»

s, Na' a g 4
* analysis of'-variance (seazAppe%dlx E] performed on RTs to words
9 ® . A

a

.~ field by

v

P

¢

39-msec (LVE, = 643 msec,
i“ha A

0}

v a

o

s

e
-

&

‘RVE = 604 7mse )  Finally, an analysis .

]

¢ échSvaa}ds, F (1, 15) =5 85, p < 05, RTs favoring the right -visual

- & n . “ oo
. - was performed ¢o determime vwhether the visual field RT difference for
- s ! 2

-

w
-
e

2

M

-t

[}
et

®

a

s N I3
. * - 1n the abstract noun, adjective, and verb corditions.

- o

- "% 4° (Word Class) x 2 (Hand) x 12 '(Subject) analysis of ‘variance (séén

> calculated across sugject%ﬁshowed t%atathe,V1sual Field effeci also held

13 R oc\ { N
© . concrete verbs differed significantly Irom the visual field RT differenceg

i

A 2 4(Visual Fireld) :

di%fgfence'has“sféhlfiééhff““§’2‘(Visua1°Fleld) x 2 (Hamdy x 12 (SubJect)‘

¥
»
]

»

’
-
’

a9
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Appendix E) revealed a significant main effect of Visual Field, F (1, 22)

'

= 18.01, p < 001, but no Visual Field by Word Class interaction,

suggesting that the Visual Field effect in the concrete verb® condition

i vas not significantly different from the Visual Field effect in the three

' abstract conditions
A

\ The overall rate of failure to regognize concrete words was 12.9%

(see Table 4b) A 2 [Visual Field) x 3 (Word Class) x 2 (Hand) x 12

(Subject) analysis of these errors (see AppendiX E) revealed a

\51gn1f1cant main effect of Visual Field, F (1, 22) = 4 57, p < .05

(LVF = 14 1%, RVF = 11.6%), but no other main effects or interactions

»

False positive responses False positive responses occurred on

.

e e et

7.9% of the left visual field nonword trlalsvanq 6 9% of the right visual

o i - )

\
. \ field nonword trials (see Appendix E for andividual subjects’ scores)
1 -
i ° o yoo a
' » A 2 (Visual Field) x 3 (Word Class) x 2 (Hand) x 12 (Subject) analysis
. .

- - ——— ‘ o \
of variance yielded no iiﬁnlflcant main effects or interactions (see- .
a + 0 M . a

)

|

! o oo .

[ Appendix E) -The lack of a'Visual Field effect suggests that the
| ®
i

response criterion was the same for stimuli in both visual fields and
1Y

argues against a speed-accuracy tradeoff pnterpretation of the RI data.

|

! : -

} s

i \ \ :

} e Discussion: ‘ 5

\
{ The RT resulis show that abstract noums, abstract adjectives, and

« v

-
S

Eay
" both concrete and abstract verbs were recognized faster in the right-’

‘ ) visual field-left hemsphere than 1n the left visual £f1eld-right

‘ b [ -
§

N o
The mean visual field RT difference of 37 msec across theso
4

4 [+

« hemisphere

»
roe

<

“  ‘four word classes was alm?st 1dentical to that found “for abstract nouns
. &y

0 ’

- =4 o
’ alone in the previous lexical decision experaiment (35 msec-Experiment 1). .

5
©
-

7 o
' i Furthermore, there, was no evidence for a Visual Field by Hangd

R

- q
| v y . - , g
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interaction, suggesting that the right visual field-left hemisphere RT

i

superiority reflected exclusive left hemisphere processing of these

words - o

B}

\
The results also show that both concrete nouns and concrete

4

adjectives were recognized equally fast in the left and right visuyal

=4

f}elds This lack of a visual field RT difference suggests that these
'ﬁords were recognized eqhally efficiently by both hemispheres, although
the error data show that the leﬁt hemisphere recognized slightly mor;
concrete words than the right hemisphere This difference in the number

of words recognized may reflect a more extensive concrete lexical
b

vocabulary in the left hemisphere than in the right
M 1’4

\l v

4

4

| S——
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CHAPTER 7

GENERAL DISCUSSION

s

' The present series of experiments began with the question "Can the
’ normgl right isphiere perform 1in accordance with the linguistic skills

demonstrafled by the disconnected right hemisphere?"' The main

conclusion ‘emerging from t¥e four expermments reported is that the

normal right‘hemisphere can indeed display limited word processing

) ’ skills vhich are sumlar to those displayed by the split-brain Alght
hemisphere  Moreover, the preseng results, together with prev1o£s
observations on split-brain patients, suggest that qualitative as well
as quantltati%gydlfferences exist betueen right and left hemisphere

language represe&tatlon. The follouing discussion w1ll elaborate on

these conclusions
L
The present data suggest‘that the processing égEQaterally presented

a

concrete nouns and adjectives for lexical search (Eﬁperlments 1 and 4)

e

and the recogghtion of concrete noun-category associations (Experiments
- }
2 and 3) can be accomplished with equal facility by either hemisphexe

At the same time,-ihe resylts shou that abstract nouns and adjectives,

o &

as well as verbs in general, are processed more slouly vhen presenteds

to the right hemsphere than vhen presenied to the left hemisphere.
w
There are at least two possible interpreiations of the RT difference.
- - One 1s that the right hemlsphére 15 less efficient than ihe lefi ac
’ processing the abstract words and verbs. The other 1s tha. these words

are analyzed exclusively by che left hemisphere, with the visual field
U )
RT difference vesulting from the dilferential efficiency of the direct

(concralateral) and Mndlreci (1psilatieral) sensory—kortlco pathuays to

L.

3

C*

ol
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the left hemisphere. The latter interpretation 1s supported by the’ ’

.

fact that the vaisual field RT difference 1s constant regardless of the .

;t ~
chemisphere initiating the motor response (see Figure 2) If the right . a

hemisphere were simply slower than the left at analyzing the linguistic )

information, then a left hand (right hemisphere) response would sﬁprten

the overalé RT to left visual field worlds. This would produce a

u

smaller visual field RT difference for the left hand than for the right

a

hand, 1.e., a visual field by hand interaction (see Figure 3).

Other hypotheses have been advanced to agcount for perceptual \

v

asymmetries such as those found in the present experiments (Harcum, ’

[}

1972; White, 1973, Kinsbourne, 1970, 1973) These interpretations tend

\

/
/
to deemphasize the interhemispheric communication process and focus on

strategic and attentional factors, FéT example, the drrectional 2,

“

scanning hypothesis, mentioned earlier (Harcum, 1972, White, 1973),
argues that superior recognition of verbal mateiial presented in the

right visual €ield 19 due to a learned tendency to scan the post-
.

-

exposural trace of the stimulus in a rightuard direction and not

L3

necessarily to inherent functional differences between the hemispheres.

Kinsbourne's (1970, 1973) interpretation of perceptual asymmetries, on’

<

the other hand, includesgthe notion of functional cerebral asymmztries

1
but rejects the notion that the right visuval field advantage results

S

! -

8A1though the preseni data minimze the imporcance of this
efficiency incerpretation, 1t 1s stall possible that the right hems-
phore recognizes abstract words but 1s so slow that a left hemisphere
. decasion initiates eiiher a right or left hand yesponse befors a signal
10 respond can be generaied by the right hemisphere. Bven gr&nting
ihis possibility, ic¢ must be ioncluded that the right hemisphere is not

accively contrabuting t6 the eéxecution of the task l

~

——E
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from faster access, 1 e , a shorter neural route, of right visual field
>

material to the left hemisphere. According to Kimsbourne, engaglng‘in K
2

a verbal task selectively zctivates the language dominant lefs ’ .

-

hemisphere which in turn automaiically directs the subject's attention

to the contralateral sensory field. Thus, for Kinsbourne, the right

visual field advantage 1s a function of this rightuard attentlonaé
shaft and,lgmgot necessarily related to the relativd efficiency of the

direct and indirect pathvays to the left hemisphere. Hovwever, neither

9
che directional scanning nor the activation-atcention hypoth§51s can

a M

accomt for the present data since both predict that a right visual

» field advantage should have been obtained for all vords, ancluding the

¢ 2
concrete nouns and adjectives for which no visual field difference was
[ T

4 i
found In the absence of any reasonable alternative explanaiion, then,

1t must be concluded that the present visual field RT dl%férencas s

reflect the relative ecase of access of the left and raght visual field

g -
information tg, the left hemisphere. )

]
.

A

3

The present results for concrete nouﬂ&%§nd agdjectives stand 1n
L

[ .

contrast to most of ihe RT data on hemsphere differences in word

recognltion (Cohen, 1975; Gross, 1972; Isseroff el al , 1974). Yet, as

<

previously mentioned, these other studies have consisiently provided
e

v . .

less ithan-favorable) conditions for the rlgh% hemisphere to démonsirate

1
its verbal By contrast, ihe preseni experimenis were designed
s P !

to creaie optimal task condicions for the expregsion of the raghe
. - : ~

!
‘hemisphere®s language potential by (2) using tasks which-the split~brain

s 4‘&: .
right hemisphere was able to perform (1.e , an emphasis on 1ex1cdh;3%
¢ &

semancic processes rvather ihan phonetic-articulatory processes) and (b)

o, i« ~

\ coo .

<

= o -
){' > ‘ , “
. : (

<

~
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by forcing the right hemsphere to respond, through the left

préventing the ieft hem&sphefé from dominatlng the task

1

hand, thus

!

! N

Before discussing the implications of the present findings for

Y

-

models of Jlanguage organization in the normal brain, a*few additignal

-

! a - 3 [
comments” on the data are necessary The. first concerns ‘the problem of

- P
a T

individual differences in the direction of the visualefield RT advantage.

-

[

.

90

£y

»

- -

In all four of the experlhents there were a minority of subjects who
o A

deviated from the norm by showing a left visual field RT advantage for

abstract nouns, abstract adjectives, and verbs.

&

°

field advantage

-

!

\

Of the 70 subjects

tested in the four experiments 10 (14%) showed this reversed visual

The factor(s) contributing to thi$ left visual-field

/ advantage are not entirely clear. It 1s possLble, though unlikely,

a
i v

I3

that these reversers vere ‘actually right hemisphere language dominant

Estimates of right hemlsﬁhere language dominance 1n rlght—handers,abésed
.4 <

. . N
on the incidence of aphasia resulting from unilateral right hemisphere

dam#ge, typically range around

* the 14% reversed visual field aévantage foun

(2

a

% (see footnote 1) and are nowhere near

5=
d Here
e

Levy (1974, Levy

% Reid, .1976) has recently suggested that hemisphere specialization for

language may be reflected in the hand posture adopted-in uriting  She

2

has shoun, that, i1in left~handers whe:&e cerebral dominance for language

- 4 & Ly
varies® considerably more than in right-handers, "inverted" and /'normal®

-

hand postures correspond with left and right hemisphere language
5

control, réspectively.

'

°

N

Similarly, 1nverted°wr1t1ng postire in rwght-°

handers (a rare phenomesnon) may reflect right hemispliere (1psilateral)

4
control of verbal expression (writing) and language processes 1n gemeral.

2

o

»

Follow up-gybservatrons on five of the 10 reversers from the, present
- H ~ ©

i

3

a

&

w



experiments (the other five were unavailable) revealed no cases of .

o { ::b .
inverted writing posturetgﬁyhlle this certainly does not rule out the
- Q

! ' possibility that inverted hand posture can be used’as an index of.
t

1
} ; . ipsilateral languagecﬂomlﬂéncg in right-handers, 1t does show that an

&
-

é atypical visual field advantage 1s not necessarily accompanied by an
: \

§ atypical writing posture .

y
?

! . - <

f Another possible explanation of the reversed visual field advantage
| in the present experiments 1s that some subjects were "less lateralized"

than others. A breakdown of the reversers by sex revealed that eight

o

of-the 10 were females This 1S consistent with recent reports in both

s

. \ ¢ y the normal and elinical literature that females, as a group, are more

' likely than qafes to haye bilateral language’representation (for a

-

revieuw of sex differences in lateralization see.Harshman § Remington,

Note 5) R .

o
-

[
!

|

!

}

§

|

:

)

i ) N The unusual relatiopship betwee word type and task also deserves
f M

§

|

{

:

f

)

|

|

I

. some comment In the lexical deCisron task (Experiments 1 and 4),

# 5 .
' overall RTs to concrete and abstract words were roughly equal (concrete,

<
‘¢
{ b

’ 660 msec, abstract, 669 msec), vhereas wath the category matchin

. ’

g task

Q

r (Experiments 2 and 3), abstract nouns were categorized about 30 msec

faster than concrete nouns While unusual, the former result 1s not
* 1

-

The latter finding,

\

’ without precedent (Rubenstein et al , 1970).

c

¢ o hovever, 1s very puzzling since most previous studies have obtained

more efficient pfoce551ng of concrete bbrds (cf , Paivio, 1971). Since

frequency and vord length were carefully equated, the§e variables

¢
vy

However, one factor that was not explicitly controlled in these
e '

!
4

|

i

{

t

f cannot account fog\ény differences between abstract. and conéxete words.
|

!

, ! \

3

1

!
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experiments was cdtegory size It 1s well known tRat the time to
decide whether a stlmulug belongs to a particular category 1s a positive
2

function of category size. An examination of the categories used in

9

the present experiments revealed that the concrete categories (e.g., ,

to
«
¢

animals and food) were, in fact, much larger than the abstract

categories (e g , months and directions) and, should th%reforeﬂlnvolve
@ [ - o
longer decision times. Since there 1s no veaspnm to expect that category

s1ze would affect processing time in the lexical decision task

(Experiments 1 and 4), the apparent interaction between word type and

s

task may be explained by this factor

r »

- ¢

Implications for Models of Language Organization

@

The present investigation of r%gQﬁ hemlsphere‘language skills .

vas motivated by the lack of conclusive evidence for eirther the split-

°
v

brain or functional localization models of language organization 1in

the normal brain The present resultf, in combination with oth%;\

studies of the normal brain, suggest that the language skills, and

deficits, displayed by the normal right hemisphere provide a fairly

accurate reflection of the split-brain right hémlsphe;é°s'1anguage §

performance. As mentioned in Chapter 2, previous’studies have shoun
that the right hemisphere in normal pérsons, like the split-brain right .

hemisphere, 1s unable to process the phonetic features of language

(e.g., Moscoviteh, 1973, Springer, 1971), thus demonstrating a common

s

language deficit in both populations. The present results reveal
1

~ ~
further similarities between these groups by confirming the right

o

éhemlsphereVS ability to process concrete nouns and adjegflves

3
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The present findings also supplement the split-brain data by -
@g suggesting that meaningful language stimuli devoid of concrete k\/
referents may be processed exclusively by the left hemisphere, thus

defining an additional raght hemisphere deficat The picture with

ﬁ
respect to verbs 1s less clear As mentioned in the introduction, the

-

split-brain findings on right J$emisphere °recognition of verbs have been
P g W1Sp >

1nconsistent with some studies showing fairly good comprehension vof
] n/ - -
verbs (Levy, Nete 3, Zaidel, 1976) and others reporting an apparent §{

I

lack of comprehension (Gazzaniga, 1970, Gazzaniga et al , 1967)  The

&

present results suggest that even highly imageable verbs may be

processed exclusively by the left hemisphere in the intact brain
Despite, the ambiguity with respect to the right ngusphere's

recognition of verés, theﬁgresent findings provide reasonablg support

for the notion that®the disconnected brain can servc as a model for
14

© -«

I'4
language organization in the aintact brain The present data s:ikest,

then, contraxry to the model of functional localxzafloq, that the

-
~

presence of intact forebrain commissures in the normal brain is not

a

sufficient to prohibit the right hemisphere from demonstrating 1its

limited language capacity - Under appropriate experimental conditions

4

the right hé%lsphere 1s capable of processing some linguistic stimuli ,
v
. .
regardless of the physical integrity of the callosal fibetrs  Thus, the

¢
notion that the normal and split brain hemispheres are 'functionally"

'
o

different 1s called into questiom.

Actua11§:‘thls notion was based dn a rather tenuous assumption
in the first place According to Moscovitch (1976), the mode1°§§'

fungiional lozalization wa@Qziginally proposed to account for a

[
4] - o

",
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a

presumed inconsistency betwéen the functional language skills of the

- ©

disconnected and 1ntact r1ght hemispheres, 1 e  the sﬁilt-ﬁralﬁ right .

a9 <

helisphere's suyccess at comprehending words and thie normal right

. A ~
*

hemisphere's sfailute to décdﬁﬁ“gonmeanlngful phonetic (units.” ,This

e

L] b
\ ¢« ndtion of an inconsistency rests, of'course, .on the -assumpgion that

- \ .
word comprehension cannot proceed without phonemic analysrs  Recent

- ? 4 o . . . vt o
evidence demonstrates that this assumpt;p? 1s false (e g , Baron, 1973,

. "Bower,.1970, Frederiksen § Kroll, 1976, Kolers, 1370) ;Oa Furthermore,
e @

-
N 4

' the data from normal and split-brain experiments are cdnsistent in

- -

demonstrating that the.right hemisphere can process words despite its .

o
failure to translate linguistic units into a phonemic code  Thus, ,,

I8
2 o 5
.

there is ample evidence to suggest that the mechanisms 'used to’process

* word meanlnés can operate independently from those used £o' analyze the
» ! . . T

P
internal phonemic structure of words T . N
” A
« « o While'sthe distinction between language organizatidn in the intact
- ! o a

<

,brain and split-brain appears to be an artificial one, the model’ of
" 4
. . [

functional localization may not be entirely w¥ong ﬁgﬁﬁ&chudlngvthat’*
? &

T
language processes are normal}.controlled by the left hemsphere  The

« f "

N o~
-~
‘

9M’oscovrtch (1976) also claims that "the normal 71ght heﬁlsphere 1s
unable to decode semantic information. To Support this claim he cites .
evidence which "suggests that in the 1ntact brain the 1éft hemisphere
decides whether two letters have the same semantic referent, e.g., she .,
name “A" (Cohen, 1972, Geffen-et al., 1972). Even 1f we accept.the’
rather unlikely premise that letter namﬁ matches aré semantic rathey o e»ﬁ
than phonetic, 1t 1s clear that the present results do not support . .

¢ Moscovitch's position ‘ ‘
(o ) -d‘.'

-

10, clinical syndrome which dramatically 1llustrates tﬁks p01nt 1is
phonemic dyslex1a, a language disorder in which left hemisphere | damage
selectively impairs the phonemic encoding process while leaving word
comprehension intact :{Marshall & Newcombe, 1966, Saffran & Marin, Note

~

¢y 6, Shallice & Warrington, 1975). e

L
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4 k4 “ -
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- fact that the right hemisphere can process serantic 1nformat10n does,
oy,
v ' *  not'necessarily imply that it normdlily does so in the intact brain or,

s .
- for thdt}matter, in the split-brain. I;Jfact, evidence from é;llt-ﬁraln
i

experiments suggest's that the left hemisphere typically controls

\ ’ language behavior in the disconnected brain, except in some experimental

o]
. @

)

! ! ¢ situations where optimal conditions existefor eliciting rigltt hemsphere

L . s
’ [

AN N
§ language performamnce Foz.example, Levy and Twevarthen (f976) tested

o

n

spllt—braln subjects 1n a free response 51tuat10n, vhere elther

hemisphere could talkd] control of responding, and found that the left
. N, “
‘ 5 hemisphere domlnated‘ thrpugh rnght hand, respondlng) on tasks that

h requlrigfmatchlng objects on the basis of congceptual (semantic) ;ﬁ

4 categories The failure 6f the disconnected right hemisphere to

¢

/ perform conceptual cptegory matches in this ''competitive' situatien

le evidence suggesting that 1t 1s quite capable

° i

of ‘performing simlar tasks when only a left hand response is permiited’

-
-

(x e , vhen left hemisphere dom}nance 1s precluded) .

occurted |despite

Levy and Trevarthen (1976) explain thé spllt—bralnﬁleﬁt\

3 )

hemisphere's dominance during processing and responding to verbal
| information as a form of metacontrol in which competition between the
§ ' ,u[
twowhemlspheres for a single }ntent1ona1 mechapism usually respits ah

the selective unilateral activation of the hemlsphere more specialized

fof the task at hand They also note that this metacontrol mechanism

4 ?
must have a subcortlcal‘locus since hemisphere disconnection precludes
v o ¢

% .
callosal medlaﬁlon between the two hemspheres “on ght well assume,

e e e

/
.

a hd
then, that the same mechariism operates in the 1nta§: byain and that the

-~ L .
procedure used in the present experiments in some way disrupted an,

! 4 s

B
v L
4

S et s e e,

v > -
*
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habitual byas toward left hemisphere activation“during language tasks.

L3

t

It 1s possible that the activation of the right hemisphere in prepara-

A N - s
tion for a left han%/finger response produced a "functional refease" |,

? ~
.

F ‘from left hemisphere control over verbal processing, Indeed, the

elicitation of right hemispherq language skills in both the intact and

“A  split-brain, by forcing the, right hemigphere to respond?throggh the
left haﬁd, might be thought of as the logical result of a procedure th
o b4

interferes with or overrides the nonal operation of a metacontrol

- @ ~ "

mechanism In this respect, ‘1t 1s noteworthy that theu”release" of ,th
® *a

- « v

right hemisphere, enabllng'lt to demonstrate 1ts verbal skills, does

A -

v

not require thé actual ph&51cal disconnection of, or damage to, the N
commissural Egthways %rev1oﬁsly suggested by Moscavitch (1973, 1976)

*  We should note, however, that one aspect of the present data is

\r N x

\ §
*  not consistent with the above explanation. If activatiomw of either

Ay

+ hemisphere by priming 1t to gespond 1s sufficient to baas performance

in favor' of that hemisphere on concrete tasks, then RT performance

should favo? the visual field ipsilateral to the responding hand It

will be ra§élled that thls'predlctlon was mot born out in the present

/

v

Q

at ]

¢

e’ |

J

experiments Particularly interesting in this regard 1s the fact that
‘\ »

right hand responding did not produce the expected right visual fleld
- e
RT superiority, suggesting that the left hemisphere was no more

-, o
I3

effi01ent than the right even when 1t was in control of responding.

0dd as 1t may seem, thi

.

uld suggest that the equivalent RTs to left

and right visual fiedd concrete wppds ;represent not only.an equivalence

of the two hemispheres in terms of ability to recognize concrete 1&%;;:r\\\

but also a lack of lateral dominance on such a task Thus, we mayi%e

(AN N
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4

- mechanism which operates in both the'Spl{F-bgaln and the, intact brain.

¢

(¢l 0
&
AY

a 0"‘
] /. ¥ ' .

" forced to entertain the possibility that both hemispheres~in the antact p
~ s v

' .
.

brain play a functional role in processing concrete verbal information
[Rmutiieia oA 3 ? & 8

‘If the n%fmal—rlgh% hemysphere does,vxn fact,/play am acfive role '
- AN o "

N

1n processing some language, then we must®also conclude that there 1s .
t

a
@ [

a functional .difference, between the normal and split-brain fight
- @l
P

v \ &
hemisphere but that it ig eXactly the opposite of that postulated by

3 the model of functional localization (Moscovatch, (1973, 1976) In

s

a

other words, while there 1§,e€1denqg,to suggest that the split-brain

right hemisphere's language skills are normally rendered inactive by mﬁ)
A L v

& «
metacontrol process (Levy § Trevavthen, 1976), there 1is no evidenece for ‘ -

,

such 4n inhabition in the intact brain - This difference might be

U 4
¢

« 4 ?
explained as follows There may be a basic subcortical metacontrol

.

\0

to regulate competition and,control conflict between the hemispheres
- <X [N

- - -~

]
However, in the intact brain, there may also be a cortical mechanism

' e

- * @
operating via the mrdline commissures which can supercede this

] N <
« . Subcortical control and,permit direct commurzcation and’cogperatlon

Y

S
betveen the ‘heiuspheres We¢lmight think of the subcortical mechanism

[} 3

Lyﬁathvatlag

.

e ¢
as’ serving the fairly conservative fumction of simultaneous
u y > 2

one hemisphere and 1nh1b1%1ng the other By contrast, the cortlggk @H

- P
mechanism may permit a wider range of options like Simultaneous

3
"activation (or suppression) and direct cooperation between the \
\rnl ¢ N + L
hemispheres. . & .
- * V;:/ ! ar® v\
- [~} o7 - [ !
"¢ One troubl&some Ppoint remains How can, the notion of a right .
9 v - 2

~
¢

- e,
« hemisphere that processes concrete verbal information’ be reconciled

with the ckisteifde of gphaslc cases where focal -lesions of the left -

¢
°

PN
’
o o A .
. ¢ . e [ N o
A
1Y
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A
. . {
typically cited to support the notion that the right hemisphere must

hemisphere produce profod€;<loss oﬁ;comprehéhslon? Such cases arve

o
1)

H

be functionally nonverbal. _However, 1tgnay'be'3ust as reasonable to

assume, as Sperty et al (1969) Suggesggd, that ‘cértain types of

IS

pathology “n the left hemlsﬁhere may cagSedw1gespregd neural
Y

disorganization resulting ‘in a disturbance of right hemisphere language

1Y

In any event, we might recall Jackson's observa-

performance as wgll
7
tion, made overva century ago, that The aphasic 1s seldom "wordless '

In this regard 1t 1s interesting
s ’
to note Shallice anq‘Warﬁihgton's (1975) recent report of a 18%t

i
Typically seme comprehensian remains.

hemisphere damaged patient Yho showed a marked deficiency in Teadfng

x
° ’

abstract words while retaining the ab 11§Y to read concrete words
3 -3 -

. BN o

°

The Nature of Right Hemisphere Languages

‘

1

Given that some words are recognized by the right hemisphere, some

-

eration must be givén to the question of how Ebese words are “g%
2 * 3& o~

representgd 1n memory Algpoggh both hemispheres are capable of

processing meaningful linguistic symbols, 1t seemiéilke}y that the

internal representations of these symbols may be different in the two

-

¥ °

sides of the brain The ﬂ@ﬁt hemisphere has been characterized by jany, o
N

writers as propositjonal, andlytical, temporally—orlented,hflnear,yand
¢ [ o N ‘ [ < . !
abstract, whereas the'right hemisphere 15 considered to be wholistic,

©

concrete, qu sgatlallyéprlentéd (Bogen,:1969,'0rnsteln, 1972)., Though °

¢ #’ o "~
these descriptive phrases are rather vague, the experimental find1ng§Q
+ " - ’ -

a - s
- ’ -

to date are generally consistent with thesg notions.

-

- i .
Levy~(1974) and Zaidel (Note 4) have both suggested, on ‘the basis

of split-brain experiments, that the right hemléphere, bécause 1t ‘1s

<y
” v .

©o

4

o

t

¥
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] ' [v4 %
unable to decode units smaller than.wgrds, must match meanlnﬁ?ul &

A a a v R

11ngulst1c'59hbols with vholistic entries or gestalts in memory fhile

a - s 5

-~ e .
 this notion 1s certainly consistent with -the results of the present

q

_investigation, the present findings suggest a quallflcatlon only

’ !

vords whose referents are concrete, 1.e , readily imdgeable, are

5
[

“stored 1in:the right hemsphere On the basis:of thls\ev1dence, we

might asstme that word meaflngs are represented 1n the right’ hemisphere

ﬂ o - o ?
as "images " A memory system for words based on imggery would obviously
]

preclude.the effective processing of linguistic material which 1s lou

in 1mage}y—genergtﬁﬁg properties ! By eontrast, it 1s likely that the! .

¢

left Qemlsphexg{\ﬁhlch 1s clearly able to proa;ss both concfete and

-
-

abstract words, encodes meanings in a form that is compatible with Bgth

o ,
o
types of words,, e g , as propositlons .

)

e .
This conclusion 1s remfiiscent of Paivio's (1969, 1971) hypothesis

~

that concrete words are amenableé to dual plétoral (zmaginal)~verbal

s A
(proposrtional) encodlnﬁ in memory, but it carries the further o

<

amplication that these codes are hemisphere-specific A study by

- 5 '

Seamon and Ga;zanlga (1973) offeTs  additional evidence to support: this

- [ )

oo - ) / .
view They had subjects match visually lateralized pictures of objects

3

with words;held in memory: under two different sets of instructions
%

&
When subjects were told to gfhearse the memory words in sentences, test

pictures presented to the right vasual field-left hemlgg ere were
" 4

A

°

matched faster; but when they were told to generate images of the

A

objects represented Byﬁthe words, the right hemlsphifeqperformed the

thatches faster W@ys, the evidende suggests that word meanings may be

N / -
represented in fundamentally different ways in thé”two sides of the
° 9 v -/ i
3 " wmoy A o
< ' )

-

q
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9
o

»brain

-

& y -, [N
ot - langugge symbols with meaningThl 'internal images'" of objectsy can wg , -
. :

K »

o 4 ]
Igjthe right hemisphere 1s, in,fact;| laim%ed toaigsoc1at1ng o

e o

then speak of right hemisphere "languagl" in the true sense of the

) <) .
word? Perhaps ve cannot, %f we think 6f language 1n terms of analytic

thought and expression flowing from thoftemporal,iﬁ%egrat1&g§£fu

L »

phonology,. grammar, syntax, and symbolic meaging. However, if we

[ / Ay
accept that the ability to translate arbitrary llnéulstlc gymbols into
meaningful 1niternal representations (regardless of the form of such

representations) 15 a demonstration of a basic linguistic skill, thepn
bl .

o
@

we must conclude that the right hemisphere does engage in a form of

language behavior © !
ﬁ
2 6 o

%

Conclusion

. -

way language 1s organized in the normal brain is three-fold Farst,-

1§\supggrts the generality of"the basic split-brain model Qy showing

that the normal right hemisphere can,effectively process certain kinds

R

of meaningful .linguistic information Second, the present results
IS ¢ @

supplement the 5p11t—bra1nédata,by suggesting that the right | -

&

o

“ﬁ\x The contribution of the present work toward an understanding of the X

hemispherefs abllltf‘to deal with language may be restricted Qo“falrly .

w

» L]
concrete nomnal and descriptive information Third, the data suggest,

’ o
a

contrary to ithe model of functional localization, that the right

-

hemisphere in the intact bralg may normaily play a functional role in

processing concrete verbal information In addition, the present
»

' A

findings lend support jo the notion that vord processing can gccur 1in

Fl
the absence of a phonetic code. B .

L}
2
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The accumulated evidence.suggests, then,.that right hem1s$here

q

v
. . , e
language differs from left hemisphere lané:age both quantitatively and
‘ 1 ; "

qualitatively , More research is needed, thoughs to determine the

.o~ oo o

o 2 . » 7 .
. . establish more precisely the ba31;\0f the constraynts on these skills, .
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full range of the right hemisphere’s functional lang

w
uage skills and to

Such questions can hopefully be ansuered through %?e use oﬁ 1mproved
techniques for studying the dlsconneqxed’hemlspheres in 1solat1;;
(Faidely 1975) gnd/by attempts to teach symbolic language to aphasics
+ (Gazzaniga; 1972), as well as through the use of reaction time -

techniques for studying the flow of information imr the normal brain

“
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APPENDIX A -

U . IS
‘n“ ﬂo v .

| 7 . , Handedness Questionnaire o
| . T . .
: o d Instructions yléhse indicate your pfeferéhce 1n the use of hands
i Y in the following activities by pltting a "+" in the approprrate column
I ¥ Where'.the preference 1s so strong that you would never try to use the
t

-

other hand unless absolutely forced to, put "++'
are really indifferent, put a "+" 1n both colums
Some pf the activities require both hands

If 1n any case wyou

In these cases the

+part of the task,

or object for which hand preference 1s wanted 1s

: . % indicated 1n parentheses. . é

- Please try to’gnswer all the questions, and only leave a.,blank 1f
L a

- you have no experlence at all with the object or task o
‘ T / LEFT | RIGHT
I d 1 Writin : ) K\N \
f N ),;h, g - M / ‘\\ ~
: . / 2 Drauing 4 I / ! .
i . a » °
i N () < ° =
LY 3 Throwing v . . °
| o R N
! T4 Scissors \\\ . :
v . .
E , ) 5 Toothbrush ’ . L ’
) - .
f 6  Knife -
] ) . Wi ) -
; . 7 Spoon Lﬁ/*/y o
; <
| . L Broom (upper hand) .
| - Oy
| 9 Striking Match {(match) ] X ~ u //,_,_\\
; 10 Opening box (11d) - ‘ .
1 ¢
: .
" A Which foot do you prefer to kick with®
B Whaich eve do you use when using only one®
- (For example, looking through a telescope) “

} v 8 .
: Are either of your parents or any of your brothers or sisters left-
-handed or ambidextrous? If so, please state their relatlonshlp to you

0 (For example: father--left- handed.) .

; o a /
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APPENDIX B-1
) Ratings of Noﬁns for Concreteness and
Thorndike~-Lorge Frequency Counts List 1 . 1
. Concrete Nouns Abstract Nouns

) ~ T-L T-L

2 Word Concreteness Frequency Word Concreteness Frequency

SKIN 6.96 AA 0ST 341 A
. SEAT 679 A IOUR 2.93 AA
C IRON 6 87 AA DUTY | 2 32 A
. HOME 6 25 AA MIND 2 60 ., AA
GIRL §.83 AA ¢ _ FACT 3 31 AA
"HALL 6.72 { AA LORD. 4 18 AA
- ARMY 6 55 " AA DEED 4 19 A
 NAIL 6.96. A " DREAM 3.03 AA
WOMAN 26,63 AR MONTH 3 20 AA
x\ BLOOD 06 82 . AA HONOR 175 AA
. %RAIN 6 63 A ANGER 170 A
FLOOD. 6 62 A GLORY 177 A
. GLOCK 6.94 A SHAME 170 A
) HOTEL 6.80 0 A _ FAULT 2 87 A
SLAVE 6 38 A " cRvE 3 81 A
CABIN 6.96 A PRIDE 149 A

‘ ¥.= 6.73 ~ X=1277
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Thorndike-Lorge Frequency Counts* List -2

i

APPENDIX B-2

t
b

s

Ratings of Nouns for Concreteriess and

Concrete Nouns

\

Word Concreteness Fre:;gncy
BODY 6 58 AA
GOLD 6 76 AA
TREE 7 00 AA
WIFE 6 48 AA
ROCK 6 96 AA@%Z/
KISS 6.68 AA
PIPE 6.90 A‘ '
DRESS 6 93 AA
MONEY 6 63 AA
HOUSE 6 93 AA
BEAST 6 51 A
TOWER 6.96 A
COAST  6.59 A
METAL 6 76 A
FLESH 6.90 A
PUfIL 6 63 A
X =6.73 )

Abstract Nouns /
TeL
Word Concreteness Frequency
LIFE 2 97 AA
IDEA 1 42 AA
SOUL 1 87, YAA
FORM 4 08 AA
TIME 2 47 AA
HOPE 118 AA;
LOVE 1 80 AA
FATﬁ 1.46 A
. TRUTH . 169 AA
DEATH 2 97 AA
DEVIL. 213 A
CHARM, 2 17 A
MORAL 1 39 « A
STYLE 318 A
SHOCK 3 97 A
EVENT 372

. >
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List 1

APPENDIX B-3

TOMAN
BLORD
KRAIN
FLOND
SLOCK
HOXEL
SLUVE
TABIN
NAIK
SKIR
SEAB
CRON
JOME

GIRN

ZALL

ARKY

w

MORTH
HOZOR
ANPER
GLOJY
SCAME
DAYLT
CRILE
PRILE
DREAF

NOST

HOUG

112

,

List 2
GRESS CRUTH
MOXEY | DEACH
HONSE DEVIP
BELST CHARB
TOFER ] MOXAL
CONST STYGE
MEPAL SHECK
FLESP EKENT
PUVIL FOTE
BOFY LAFE
GOLK IDEG
e 7 SPUL
BIFE | FOOM
RORK TIFE
hiss . HOJE °
PIFE LOKE .

A o)

N
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APPENDIX B-4

Median RTs and Error Percentages for

Individual Subjects (n=14) 1n Experiment %EF

113

Concrete, Abstract
Left Hand Right Hand Left Hand Right Hand
Subject LVF RVF LVF RVF LVF RVF LVF ;;Z
1 604 585 501 578 597 557 606 582
175 125 063 063 000 125 125 188
2 702 753 674 . 714 722 702 653 631
188 188 125 188 313 188 188 188
3 624 591 585 619 596 584, 598 576
000 063 063 000 125 .000 125 000
4 477 496 475 502 529 469 520 443
125 063 313 313 .125 125 250 188
5 764 875 614 604 788 772 658 595
125 125 063 063 000 000 .125 188
6 617 538 577 544 600 513 680 552
188 063 063 125 188 = 063 .250 125
7 576 565 548 587 559 608 554 528
063 125 250 063 063 063 063 .063
8 574 608 684 623 624 547 1565 604
250 313 188 125 188 125 .125 250
9 808 830 873 730 837 842 939 774
063 188 250 125 000 125 .000 125
10 704 763 755 760 740 745 712 736
125 125 063 125 188 250 125 .063
11 852 809 870 897 985 1058 838 734
250 125 188 000 125 125 188 125
12 1009 862 666 697 1055 942 726 751
250 125 188 188 313 313 188 313
13 783 810 794 805 921 842 791 823
.250  .250 500 375 063 125 375 188
14 596 718 584 581 741 600 568 6
125 .375 125 250 313 375 188 75
X 692 700 664 660 735 699 672 639
152 160 174 143 .143 143 165 0\\q//
¥
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APPENDIX B-5 ’
Analyses of Variance
for RTs to Abstract MNouns
Source of
Variance Sum of Squares © df Mean Square F
S 922950 50 13 » 70966 1
VE V’\ 1\16940 64 1 '16?2 15 37 **
VF X § 14329 36 13 1102.26
H 52828 57 1 52828.57 588 *
HXS 116808 43 1; 8985 26
VF X H, 58 29 1 48 29 <100
VF XHXS 38980 71 13 2998 52 y
Total 1162886 50 55
stubjects VF=visual field. H=hand. “Jp< 005 “p< 05 5
Source of
Variance Sum of Squares af Mean Square F
W 627205 62 31 20232 44
VF 53015 82 1 53015 82 4 99 *
VF X W 329386 43 3l 10625 37 -
H 129222.57 1 129222 57 15 3 o
HXW. 250446 68 31 8078 93 |-
VF X H 4740.95 1 4740 95 < 100
" VFXHXW 327140 30 31 10552 91
Total 1721158 49

W-——wg“ f‘ds

VF=visual field

H=hand

v

*“fg< 001 p<.05
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" . APPENDIX B-6 © wd
e Analysis-of Variance A ) -
i/,zf/ for Abstract Noun Errors ~
-7
Source of
Variance Sum of Squaves df Mean Square I3
S 3212.19 13 247.09 '
VF 0 70 1 0 70 <1
Fas) @
« |VF X S . 868 44 13 66 80 '
H . 8440 1 84 40 | 1 08
1
CHXS 1019 11 13 78 39
1 s » [ AR
VF X H 0 70 1 . 070, < 1.00
2 VF XHXS 438 76 13 33.75
=
Total 5624 30 55
S=subjects VF=visual field H=hand
- “
- ’ / ‘
\(\@ \
. S
L \
J
‘}b
;-
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. APPENDIX B-7 .
Analysas of Variance -
for RTs to Concrete Nouns
g o -
Source of o
Variance Sum of Squares, df Mean Square F
S 670565 50, 13 51581 96
. ( - "
VE 73 14 1 75 14 7<1 00
T
VE X8~ 20860 36 13 1604 64 )
H 16525 79 1 16525.7? 2 01
H XS 107011 71 13 8231 67
VF X H ‘ 468 64 1 ‘ & 64 <100
VEF XHXS 28430 86 13° 2186 99 .
- - 3
Total . 843936 0D 55 %y ’
¢
A e
S=subjects  VF=visual field ] =hand ‘) i
4 ® e
Lf—\\ N 2 o
( o
. )
. -A
A=
I
d
J
V“w"&
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Analysis of Variance
for Concrete Noun Errors

*

117

B e U S

e e e A e,

Source of .
Variance Sum of Squares df Mean Square F
S 3016.;38 13 232 07
VF 11‘44 1 17.44 <1 00
VB X S 734 51 13 56 50
H 0.70 . 1 0 70 <100
HXS 1298 13 v 13 99 86
VF X H ) 56 50 1 \ 56 50 1 27
VF XHXS 578 26 13 | 44 48 |
L
Total 5702 43 " s p
S=5Pb3ects VF=visual field H=hand
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; Mean False Positive Percentage ‘
- for Individual Subjects (n=14)
iy . Left Hand Right Hand ’
- Subject LVE RVE LVF RVF
- 1 125 156 125 156 .
i 2 219 219 156 281
37 - 156 063 063 294
_ 4 125 ° .281 281 81
) 5 125 094 «219 250
* .6 500 500 313 344
7 156 156° 094 094
. v 8 281 469 406 375
~ 9 375 406 500 250 -
= 10 - 281 156 250 125
i 11 094 125 125 125 .
12 313 281 219 188
13 500 469 - 438 500
14 250 188 313 125

\\“§é{/ - 250 755 250 228.

'
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é . Analysis of Variance
= for False Positives
. . Source of
- Variance Sum of Squares df Mean Square , F
- S 9685 32 ] 13 745 02
s VF o t119 . 1419 <100
E ‘ VF X S 774 95 13 59 61 \
_ - = - .
] . H . 38 89 1 38 89 < 1,00
HXS 973 61 13 74 89 -

“ VF X H 21 00 1 21 00 <100
VFXHXS 737 82 13 56.76 )
—= B Total 12245 79 55, w =

e i

1
il

W Eu ji

S=subjects VF=visual field H=hand
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li APPENDIX C—l' ’
jfa Categg}y—Noun Pa1%§r C
Concrete Categories Abstract Ca}:egorle;
Positive 'Negatlve §051t1ve Negataive

Category Match Match Category Match Matc %
ANTMAL "l BEAR HALL FEELING * LOVE COST
ANIMAL BIRD ‘%%OCK FEELING 4 HATE FORM
ANTIMAL . HORSE MONEY FEELING PRIDE EVENT
ANIMAL ) SHEEP METAL - FEELING ) SHAME CRIME ‘
FURNITURE DESK ARMY MONTH JUNE FATE *
FURNITURE LAMP KISS MONTH JULY DUTY -
FURNITURE CHAIR : WOMAN ™ MONTH MARCH ANGER
FURNITURE TABLE BLOOD MONTH APRIL -~ DEATH
CLOTHING COAT TREE DIRECTION EAST SOUL
CLOTHING SUIT IRON DIRECTION WEST LIFE
CLOTHING DRESS CABIN DIRECTION SOUTH DEVIL
CLOTHING SKTIRT HOUSE DIRECTION NORTH ° CHARM
FOOD ¢ MEAT NAIL TIME HOUR FACT
FOOD . MILK SEAT TIME WEEK HOPE
FOOD BREAD ©  CLOCK . TIME— YEAR GLORY
FOOD APPLE HOTEL ’ TIME n MONTH TRUTH

i
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APPENDIX C-2
Median RTs and Error Percentages for , -
Individual Subjects (n=36) in Experiment 2 ®
Left Hand Right Hand
Concrete Abstract Concrete Abstract
Subject LVE  RVF LVF __RVF Subject LVF _RVF LVF _ RVF
LR
1 521 546 533 475 R 577 533 541 498
000 000 000 000 063 000 000 000
2 598 666 625 568 10 656 640 697 643
000 000 063 000 000 000 000 000
3 525 537 493 449 11 515 481 474 454
: 063 063 000 000 000 125 .063 063
4 575, 557 507 479 12 649 597 636 549
125 063 000 000 125 063 063 063
5 596 614 539 584 13 590 5877 603 545
000 .000 .125 000 063 063 000 000
6 702 724 718 666 14 618 575 549 534
063 000 000 063 . 000 000 000 D00
s 7 » 566 551 622 527 15 534 571 505 502
063 063 063 063 .063  .000 063 000
- 8 570 562 558 594 16 544 610" 572 530
e 063 063 125 063 000 000 000 000
N X 581 594 574 343 X 585 574 572 532
. 047 031 047 24 ~039 031 024 .016

4
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APPENDIX C-3

Analyses of Variance for -
RTs to Abstract Cat€gory-Matches

122

Source of .
Variance Sum of Squares df Mean Square F
/
H 344 53 1 344 53 < 1.00
HXS 124132 44 14 8866 .50 ¢
"VF 10332 03 ° « 1 10332 03 13 44
™
VF X H 148.78 1 148.78 <100
VF XHXS 10758 69 ~ 14 768 48 -
Total 145716 47 31
H=hand S=subjects VF=visual field ““p<-005
- |
| 5
o (IL:‘}
Source of . .
Variance” Sum of Squares df Mean Square F
W 299506 86 15 19967 12 ~N
VF 32265 14 1 32265.14 5 46 *
VF X W 88542 11 15 . 5902 81
H 17 02 1 17.02 <100
N HXW 30583 23 15 2038 88
VF X H 185 64 1 185 64 - <100
VF XHXW 23203.61 15 1546,91
\
|
Total 4743503.61 63
W=words  VF=visual faeld =hand. 'p< 05

g
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y
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APPENDIX C-4 4
vAn‘aly51s of Variance for
Errors on Abstract Category Matches
" . \
Source of J ‘
Variance Sum of Squares df Mean.Square F
4
H 19 53 1 19 53 S < 1.00
HXS 288 09 14 20 58
VF . 19 53 1 19 53 2 07
VF X H .- 4 88 -1 ? 4 88 <100
e N

VF X H XS "131 48 14 9.42
Total 7 463 87 31

H=hand S=subjects  VF=visual field.

23
) \ APPENDIX C-5
. ﬁxna1y51s of Variance for o
© - RTs to €oncrete Category Matches

Source of A
Variance Sum of Squares df Mean Square F
H ™~ \ 552 78 1 552 78 <1 00
HXS 81667 69 14 5834 12

"y W 7.03 1 7.03 < 1.00
VF X H 1164 0. 1 1164 03 180
VF X H XS 9053.44 14 © 646,67
Total 92454 97 31

H=hand. S=subjects VF=visual field .
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APPENDIX C-6
kn§1y51s of Variance for “
: . Brrors on-Concrett’ Category Matches
Source of )
Variance Sum of Squares df Mean Square F
. H . . 122 1 e 122 <100
HXS ) -358.89 14 /25 63
VF ; 10 99 1 ‘10 99 <1 00
VE X H 122 T 122 <100
VFXHXS 163 57 14 .11 68 :
» ~
Total 535 89 31 \') )
, . 3
H=hand S=subjects. VF=visual field Q37f/ N
Q A
APPENDIX C-7 .
! Mean False Positive Percentage - o
for Individual Subjects (n=16) .o
Left Hand ' . Right Hand
Concretie Abstract éoncrete Abstract
B P
Subject LVF RVF LVF RVEF Subject LVF RVF LVF kVF
€ » ’ i
1 .063 000° 000 000 9 063 000 .000 063
2 063 188 .063 063 10 000 * 000 .000 .000
3 438 250 .500 .188 11 .313 250 .188 313
4 .063 .000 063> obo 12 188 .250 125  .313
5 000 063 .000 063 13 063 125 063 06%
6 .000 000 000 000 14 .063 000 .000 063
7 . +125 .000 .000 000 15 .000 .125 .000 .000
8 125 313 125 125 16 .063 063 .063 .000
X 110 102 .094 055 X f%94 .102 055 .102
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AVPINDIX C-8
Analysis of Variance for False N
t , Positive Errors on Abstract Category Matches
Source of :
\{arlanyi:e Sum of Squares af Mean Square F
H 1 22 1 1.22 <100
HXS 3278 81 14 234 20
'VF : 1 22 1 1.22 <1 00
VF X H Ly 206 30 1 206 30 ~ 457
VF XHXS 632 32 14 45 17 '
Total 4119 87 Z}\ A 31 ‘
H=hands - S=subjects, VF=Vlsqa1 field . ) -
o .
= APPEN;).IX C-9
. Analysis of Variance for False - ,
Positive Errors on Concréte Category Matches
So&:rte of .
Variance Sum of Squares df Mean Square F
i—l 43 95 1 43,95 < 1.00
H X Sv 3334 96 14 2?;8.21 s
VF 0 00 1 0 00 0.00
VF X H 4.88 1 4.88 <1 00
VF XHXS 737.30 14 52 66
Total 4121,09 | 31 B
H=hand S=subjects. VF=visual field. ,

-
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, APPENDIX D-1
' v - Categbry-Noun Pairs ) )
i Concrete Categories Abstract Categories
g Z Positive Negative Positive Negative

Category Match Match Category Match Match
HORSE PAPER MONTH APRIL CHARM

SHEEP HOTEL MONTH MARCH GLORY

' * BEAR MONEY MONTH JUNE FATE
BIRD ROCK MONTH JULY . DUTY
LION HALL MONTH AUGUST DEATH

) BREAD STONE FEELING ANGER CRIME
FRUIT CHAIR FEELING PRIDE DEVIL
GRAIN BOOK FEELING SHAUE ~  EVENT

MEAT NAIL FEELING LOVE EAST

MILK KISS FEELING HATE COST
EGGS BALL FEELING HOPE SOUTH
SILVER CABIN TIME MINUTE * TRUTH

STEEL BLOOD © O TDE MONTH NORTH

BRASS  HOUSE- TIME WEEK DEED

IRON TREE TIME YEAR MIND

\METAL GOLD FTsH TIME HQFR FACT

:

e
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) APPENDIX D-2
Median RTs and Error Percentages for

Individual Subjects (n=16) in Experiment 3
1 & .
i ! f
; Left Hand Right Hand

Concrete ° Abstract Concrete Abstract

I

Y £

Subject LVF  RVF LVF  RVF Subject LVF  RVF LVF  RVF

Do

. 1 égg 801 857 822 9 996 950 969 968

| . 1%5 250 00 000 188 125 188 000

2 787 832 727 694 10 866 786 950 823

188 .125 250 , 063 063 .063- 063 000

3 (/ 865 - 858 964 959 11 953 920 ~Qlg 849

‘ 250 125 250 . 063 313 313 .188 125
4 904 876 942 920 12 1210 1151 1090 1050 ¢

500 . 375 250 250 500 438 500 500

\ 5 1131 1094 1085 1060 13 848 837 738 727

ey 125 188  .313 313 500 438 250 313

. 6 809 896 874 842 14 863 791 736 791

375. 313 188 313 125 188 063 000

. 7 814 889 777 731 15 801 914 916 865

000 000 .063 000 438 438 125 125

8 973 871 882 859 16 809 911 721 723

v 250 188 375 375 500 438 ' 375 250

bl
. X 890 - 890 889 861 X 930 908 880 849

234 195 215 178 328 305 225 164
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! APPENDIX D-3 \
Analysis of Variance for
RTs to Abstract CatéEﬂgy Matches \
Source of , ' G
Variance Sum of Squares df Mean Square I3
H . 830 28 1 830 28 <100
HXS - 390711.92 14 27908 00
VF ) 6641 28 1 6641 28 8 54 *
VF X H 11 28 1 11 Zé <1 00
VE XHXS 10890.94 14 777 92
Total . 409805 72 | 31
H=hand S=subjects VE=visual faeld p< 025
- R / )
Source \ i
of Variance Sum of Squares df Mean Square F
W 673976 36 15 44931 76
VF 37781 64 1 37781 64 4 70 * v
VF X W 120454 61 15 8030 30 '
H 27348 89 1 27348 89 3 96
HXW 103541 36 15 6902 76 ’
VF X H 206 64 1 206 64 < 1.00 °
VF XHXW 79329 61 15 5288 64 5
Total 1042639.10 63
W=words VF=visual field. H=hand p<.05 .

o
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. APPENDIX D-4
o -
4 \Ana1y51s of Variance for '
i Errors on Abstract Category Matches
) \ Source of N
) Variance Sufn of Squares df Mean Square F
1 ! ¢ !
' H 1 22 1 1.22 < 1.00
HXS ( 6162 01 14 433 00
VF 147 71 1 147 71 3.94
! 2:) 1
VF X H 10 99 1 10 99 <100
\ VF XHXS 524 90 14 37.49
4 = ’ I }
Total 6746 83 31
{ - 1
Li
H=hand S=subjects VF=visual field.
\ .
APPENDIX D-5
Analysas of Variance for
RTs to Concrete Category Matches
Source of A
Variance Sum of Squares df Mean Square F
H -~ 6583 78 1 6583 78 < 1.00
\
{ v HXS 328145 94 14 23439.00
VF \ 1001.28 1 1001.28 < 1.00
VF X H 935.28 1 935 28 < 1.00
|
. VFXHXS 27285 94 14 1949 00
Total 363952 22 .31 .

H=hand. S=subjects VF=visual field

a
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APPENDIX D-6
Analysis of Variance for
Errors on Concrete Category Matches
Source of .
Variance Sum of Squares df Mean Square F
H A 1026 61 1 1026 61 2 09
HXS 6862 79 14 490 20
VE . 98.88 & 1 98.88 2.97
VF X H i22 1 1.22 <100
N 0
VF XHXS A66 31 14 33 31
Total 8455 81 31
<
H=hand. S=subjects VF=visual field
¢ APPENDIX D-7
-~ Mean False Positive Percentage -
. for Individual Subjects (n=16)
» Left Hand i} Right Hand
Concrete Abstract Concrete Abstract
Subject LVF RVF LVF RVF Subject LVF RVF LVF RVF
& 1 .000 600 125 000 9 063 .063 .188 188
, 2 .063 063 000 .000 10 000 .000 .000 000
3 1125 .063 125 .125 11 063 000 000 125
4 125 ,000 .000 000 12 063 .000 000 .063
5 000 .063 .063 000 13 063 .063 .125 ,063
6 125 ,188  .313 063 14 000 063 .000 063,
7 .000 .000 .000 .063 15 .188 + 250 .250 .313
8 063 .125 125 250 16 000 .063 .000 .000
X 063 063 094 .063 X .055 063 070 102

1
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APPENDIX D-8
Analysis of Variance for False
Positive Errors on Abstract Cdtegory Matches

Source of
Variance Sum of Squares df Mean Square F
H 4 88 1 4 88 <100
HXS 2255.86 14 161.13

VF \ 0 00 1 0.00 0 00

VF X H 78.13 1 78 13 1 87
VF XHXS 585 94 14 41 85 '
Total 2924.80 31

H=hand. S=subjects ¥ VF=visual field. | A
M
6%{4 Analysis of Variance fAEKEQ;se
P ive Errors on Concrete Category Matches
I Source of \ (k&
_ Variance Sum of Squares df Mean Square F
H 1.22 1 122 <100
o

HXS ® 1032 71 4 73.77

VF . ’ 1,22 e 1 ., 122 <100
VF X H 12 1 1 22 <100 -
VFXHXS 251 46 . 14 17 96

Total 1287.84 31 //d/”' v

-

H=hand, S=subjects. VF=visual field
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Ratings of Nouns for Concreteness
and Kucera-Francis Frequency Counts

APPENDIX E-1

Concrete Nouns

}

Abstract Nouns

Word Concreteness Freg;zncy Word Concreteness‘/gzgs;gncy
BODY 6 58 276 DEATH 2,97 ‘ 277
. o
MONEY 6 63 265 LOVE 1 80, 232
WIFg 6 52 228 ' 1DEA 1 42 195
HALL 6.72 152 HOPE\A 118 178
ARMY 6 55 132 HOUR 2 93 144
HOTEL 6 80 ) 126 MONTH 3 20 130
BLOOD 6 82 121 TRUTH 169 126
HORSE 6 94 117 STYLE 318 98
ROCK 6 96 75 LORD 4 18 T 93
DRESS 6 93 67 EVENT 3 72 64
METAL 6 76 61 DREAM 3 03 64
SEAT 6 79 54 . Duty 2 32 61
SKIN, 6.96 47 ANGER 1 70 48
BRATM 6 63 45 SOUL 1 87 47
PIPE 6 90 20 FATE 1 42 33
CLOCK 6 94 ; 20 SHAME 1.70 21
X=678 Mdn = 9 X=2 49 Mdn = 96

(O
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g %" APPENDIX E-2
. ¢ Ratings of Adjectives for Concreteness e
‘%’ / and Kucera-Francis Frequency Counts
| . . Concrete Adjettives - , .« Abstract Adjectives
ff \> K-F . 6 k-F
: Word ’ Concreteness Frequency JVord Concretenes$s Frequency
{ FULL 6 00 230 ¢ z LEA&% ' 2.92 343
_' ' SHORT 6 33 212 TRUE 182 231
' DARK 6.58 185 LATE 3 00 179 r-
BROWN 6 92 176 BASIC 192 171
BLUE 6 67 ) 143 FINAL 2 83 156
ﬂ | GREEN 6 92 116 EASY 2 92 125
_ HEAVY 6 18 ! 110 , POOR 383 © 113
1 THIN 6 08 92 HAPPY 3.08 | 98
”E ROUI\?D 6.58 81 . NICE 2 83 75
E _ GRAY 6.83 ¢80 LEGAL 3 50 72
f - THICK 625 67 PURE 367 56
‘,‘g - TALL 658 55 PROUD 3 00 50
: . - PINK 6.50 48 HOLY 2 00 49
ROUGH 6 50 41 FUNNY\ - 3.00 . . ‘41
]E = NAKED 6.50 32 WISE | 2 00 36
J; . LOUD 6 00 20 FALSE 250 . 29
i . )
| X-=6.52 Mdn = 87 . X =28  Min = 87
%
K
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High Enactive Imagery Verbs

Appendix E-3

Ratings of Verbs for Enactive Imagery

and Kucera-Francis Frequency Coumts o

Enactive K-F

Word Imagery Frequency
PLAY 5 37 200
TALK 5 67 154
WRITE 5 35 106
REACH 53 106
DRIVE 5 40 105
BREAK 6 00 88
TOUCH 5.79 87
KILL 6 08 63
COO0K 5 62 47
THROW 5 90 42
[WASH 5 50 ﬂ37
LAUGH 6 45 28
JUMP 6 25 24
SWING 5 98 24
RUSh 5 32 20
KIcK 6.32 16
X=573 Mdn =55

§
. 134
Low Enactive Imagery Verbs
< Enactive K-F
N Word Imagery erquency

THINK 4 33 433
KEE; fjﬁ;§79% 264
WISH .3 77 110
. SERVE 3 89 107
WAIT 3 94 94
BEGIN 3 33 84
SEND 3 64 74
SAVE ¢ 3.10 "62
RAISE 393 52
SELL 4 23 i 41
SHIFT 380 41
FAIL¥’ 4 O? 37
YIELD 3.71 ' 35
DELAY 2 48 21
URGE \ 3 60 21
QUIT 3 60 15

¢

X =-3.74 Mdn = 57
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Noun-1 Series and
Adjective-2 Series

BERVE
TAISE
HEACH

*KRIVE
FOUCH
NELAY
GLINK
CHIFT
TRING
NAUGH
SEGIN
THROG
ALOID
Dmﬁx

CIELD

CRITE

PLAP

VILL

KUMP

HEND

LAIL

MEEP

MOOK

RAIT

LISH

JICK

URTE

TASH

RUIT

DUSH

RALK

SELP

APPENDIX E-4

Nonwords

Noun-2 Series
and Verb-~l Series

MEGAL

RASIC

KINAL

VAPPY

MEAST

DUNNY

CALSE
TROUD
NEAVY
THORT
COUND
FREEN
NAKEL‘
PLICK
MOUGH

TROWN

By

LOOR
DRUE
PASY
TOLY
VATE

IFE

v
BISE -~

HURE
VULL
FOUD

TRIN

DRAY

HINK
TARK
NALL

8 1

BLUG

¥y
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e

Adjective-1 Series
and Verb-2 Series

GONTH BOUR
DREAK IDEN
FEATH MORD
CRUTH NOVE
ENGER JATE

SHYLE , ', FUTY

v
v

EGENT * TOPE
CHAME SOUD
LOTEL, RALL
BRAIT ARKY
PLOOD ° SIFE
METAR NODY
DORSE LEAT
GONEY VOCK,
PLOCK * SKIR
GRESS LIPE

;o

§
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APPENDIX E-6

Analyses of Variance

n

Ponsi}

for RTs to Abstract Words

137

"

Y

Source of :

Variance Sum of Squares df Mean Square F

H 5929 00 1 < 5929 00 < 1.00

HXS ° 3 811462 89 22 36884 68 .

VF 59454 69 1 " 59454 69 16 68 **

VF X H 96 59 1 ', 96.69 \ <100

VFXHXS 78436 61 22 3565.30

WCL ° 20178 18 2 10089 09 2 46
“ WeL X H 2152 79 2 1076 40 <100

“WCL XH X S "/ 180236 03 44 4096 27

VF % WCL 4135 43 2 " 2067 71 ’ 1 36

VF X WCL X H 2357 60 2 1178.80 <100

VF X WCL X H X S ’% 66827 97 44 1518 82

Total 1231267.90 143 °
H=hand.“ S=subjects., VF=visual fleid. WCL=wordkc1ass "‘95.001
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APPENDIX E-6

138

o

Source of - o =
Variance Sum of Squares df Mean Square F
WCL . 46732 63 2 “333366 31 1 35
WCL X W . 778526 58 ASH AL 7300 59
VE . 76121 51 f' ‘ 761?1.51 13.40 "
VF X WCL 12 54 2 6 27 . I< 100
VE X WCL X W 255550 70 45 5678 90
H 484,51 1 484 51 <1 00
HX WCL 1161 17 2 580 598 <100
HXWCL XW 254534.08 45 5656 31 )
., VFXH 338 67 1 338 67 /;;ﬁb{%i )
VF X H X ficL 625 50 2 312.75 <100
VF XHXWCL X W 168186 58 QAS 3737 48
Total E//ﬂ 1582274 50 191
WCL=word class W=words VF=visual field H=hand ~ p< 001

'
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APPENDIX E-7
' Analysis of Variance
for Abstract #Word Errors
‘ $

Source of . ?
Variance ‘Sum of Squares df  Mean Square F

H \ 2448 19 U | 2448.19 211

\

HXS \ 25533 31 22 1160 61

VE 228 14 1 228 14 172
VF X H ' 228 14 1 228 14 172
VF XH'X S 2922 63 22 132 85 .

WeL 837 13 2 418 57 4 69
WCL X H 134.01 2 67.00 <100
WCLHXHS 3924 70 44 89 20

VE X WCL 300 02 2 150 01 "2 91

VF X WCL X H 163 30 2 81 65 - 1.58

VEXWL XHXS 2271 05 44 51 61

Total 38990 61 143

\ o
U

H=hand. S=subjects VF=visual field WCL=word class p< 025

3
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APPENDIX E-9 \
. Analysis of Variance ‘ -
“ 1 for RTs to Concrete Words
v
Source of 0
Variance Sum of Squares df Mean Square F
He 925 17 1 925 17 <100
HXS 850081 49 22 38640 07
VE 1928 67 1 1928 67 120
VF X H 269.51 .1 - 268 51 <100 //
VF XHXS 35472 65 22 1612 39
WCL 4585.10 2 2292 55 < 1 00
WCL X H 6076 01 2 3038 01 113
WCL X H XS 118778.22 44 2699 51 -
VE X WCL 5051 76 2 2525 88 1.99 (
VF X WCL X H 1764 18 2 882.09 <100
VE X WCL X HXS 55768 72 44 1267 47
Total \ 1080701.50 - 143
=hand S=subjects VF=visual field WClL=word class.
?
\ 1
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APPENDIX\B-IO
\ B Analyses of Variance -
L for RTs to Concrete Verbs
Source of )
Variance Sum of Squares df Mean Square F
H 402 52 1 402 52 <100 ‘ |
) HXS 347456 79 22 15793.49  ° '
! , VF 69;6 02 1 6936 02 7 29 **
VF X H 0 21 1 ~ 0 21 <1 00
VEXHXS 20926 46 22 951 20 )
Total 375721 81 47 v
H=h;nd. S=subjects VF=visual field ¥ p<.025
\ .
- Source of . . .
Variance Sum of Squares df Mean Square F *
\ W 175122 36 15 11%;4.82
VF 24375.02 1 24375 02 585 -~
VF X W 62511 73 15 4167 45
H 1269 14 1 1269 14 <100
\ HXW ° 51591 61 15 3439 44
YF X H 365.77 1 365 77 <100
VFXHIXW 58160 98 15 3877 40
7
Total 373396 61 63 o v -
W=words  VF=visual field H=hand 'p< 05

4
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\ APPENDIX E-11
Analysis of Variance for RTs :
to Abstract Words and Concrete Verbs
Soirce of
Variance Sum of Squares df Mean Square F
H 3209 51 1 3209 51 <,1 00
HXS 1090769.60 22 49580 44 \
VF 63911 51 1 63911 51 18 01 =~
VF X H 73 76 1 73 76 <100 »
VF XHXS 78065 12 22 3548 4V
WCL 33126 72 3 11042 24 2 93
WCL X H 5274 81 3 1758 27 <100
WCL XHXS 248386 09 66’ 3763 43
VF X WCL 6614 64 3 2204,88 1 65 J
VE Y( WCL X H . 2380 56 3 793 52 <1 60 \
VE X WCL X H X S 88125 93 66 1335.24 ' |
Total 1619938 20 191
3 T
H=hand. S=subjects VF=visual field WCL=word class .001 R
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, APPENDIX E-12
i Analysis of Variance
for Concre‘qle Word Errors
‘ - r
Source of , “
Variance \/ Sum of Squares df Mean Square F .
H Y 1290 01 1 17;? 01 2.23 .
HXs 12753 03 7 2z§T 579 64
VF 227 51 1 227 51 4 57 %
|V X H ' L 61 36 1 \‘ 67 36 1 23 )
VF XHXS 1095 78 22 49 81
WCL ’ 84 11 2 42 05 % 100 ,
WCL X H 84 50 2 42 25 <1 oq
WCL X ﬁ XS 2732.44 44 62 10 | .
VF X WCL 2 08 2 1.04 <100
VF X WCL X H 6 38 2 319 < 1.00
VF X WCL XH X S 1356 14 44 30 82 ) v
Tftal ) 19692 35 | 143
H=hand S=subjects VF=visual field WCL=vord-class “p< 05
/ .

47
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. APPENDIX E-14

Analysis of Variance .

for False Positives *
Source of ~
Variance Sum of Squares df Mean Square F

‘ H ©143 24 1 143 24 <100 |
HXS “ 3945 00 22 179 32
VF . 3279 1 32.79 < 1.00
VF X H \ 6 81 1 6.81 <100
VF XHXS ) 797 24 22 36 24
WCL 31 02 2 15.51 <100
WCL X H , 379 2 190. < 1.00
WCL z HXS 1274 89 44 28.97
VE X WCL ?9 69 2 19 85 <100
VE X WCL X H 23 32 2 11 66 <100
) VF XWCL XH XS \985 75 , 44 22 40
p
T Totar : . 7283 55/ 143

i

H=hand S=subjects  VF=visual field WCL=word class
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