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Abs t ra c t

SEX DIFFERENCES IN HEMISPHERIC LATERALIZATION FOR 

THE PERCEPTION OF DIRECTIONALITY: THE ROLE OF VERBAL ANALYSIS

by

Joan Kay Clayton 

Adviser: Professor Harry B e i l in

A frequent f ind ing  in the area o f  cognit ive  development is the 

genera l ly  higher performance levels  on spa t ia l  tasks in males than in 

females. One explanation for  this performance discrepancy involves 

the p o s s ib i l i t y  of  g rea ter  hemispheric l a t e r a l i z a t i o n  and s p e c ia l i z a ­

tion fo r  spat ia l  functions in males. I t  has also been suggested that  

the existence o f  less l a t e r a l i z a t i o n  in females and/or a possible  

e a r l i e r  maturational lead in language development may account fo r  a 

"preference" in females to process a l l  information— both verbal and 

spat ia l  — in a v e r b a l / l i n g u i s t i c  form. Since spat ia l  manipulations and 

transformations are r e l a t i v e l y  d i f f i c u l t  to t ra n s la te  into l i n g u is t ic  

struc tures ,  females face a loss in information processing e f f ic ie n c y  

when solving s pa t ia l  tasks.

One c o ro l la ry  to the notion o f  greater  l a t e r a l i z a t io n  in males is 

the p o s s ib i l i t y  that  the neural substrate underlying this  s p e c ia l iz a ­

t ion leads to a g rea ter  s u s c e p t ib i l i t y  for  d isrupt ion or in ter ference  

in hemispheric funct ions.

The current  study examined the posit ion that  verbal mediation is

the preferred cogn it ive  strategy for  females, and that  males may demon-
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s t r a te  an in ter ference e f f e c t  when using a cognit ive  stra tegy  "non­

nat ive"  to a given hemisphere, or  when using two d i f f e r e n t  s t ra teg ies  

simultaneously a t  the level o f  s ing le  hemisphere processing.

Subjects consisted o f  f i f t h  and ninth grade boys and g i r l s .  H a l f  

of the subjects were provided with a verbal s trategy to describe l ines  

of d i f f e r e n t  o r ien ta t io ns  ( e . g . ,  0 ° ,  30° , 90° ,  135°, e t c . )  by reference  

to the four d i rect ions  o f  s lan t  ("L" -  l e f t ,  "R" -  r ig h t ,  "A" -  across,  

"S" -  s t r a i g h t ) .  Lines were placed in two by two matrices and present­

ed tach is toscopica l ly  to each la te r a l  f i e l d .  Subjects had to reproduce 

the d i rec t ion  o f  each l in e  on answer sheets. Comparison of  tra ined and 

untrained subjects indicated that  with t r a in in g ,  g i r l s  performed b e t te r  

than boys; and the l e f t  hemisphere o f  boys made fewer correct drawings 

with than without t r a in in g ,  suggesting the p o s s ib i l i t y  o f  the incompat­

i b i l i t y  of  verbal and spa t ia l  s t ra te g ies  in the l e f t  hemisphere. For 

g i r l s ,  however, the l e f t  hemisphere performed s ig n i f i c a n t ly  b e t te r  with  

than without t r a in in g ,  suggesting that g i r l s  can and prefer  to use ver­

bal mediation for  processing l in e  d i r e c t i o n a l i t y .  These findings were 

repeated in a second experiment in which tra ined subjects were asked to 

compare le t te r s  and l ines presented simultaneously to a s ing le  f i e l d  

( e . g . ,  i f  the l e t t e r  was "L" ( l e f t ) ,  the l in e  should be to the l e f t \ ) .  

O vera l l ,  g i r l s  made s ig n i f i c a n t l y  more correct  comparison judgments 

than boys; g i r l s  demonstrated a l e f t  hemisphere bias;  boys demonstrated 

a r ig h t  hemisphere b ias .  F i n a l l y ,  the data indicated s ig n i f i c a n t ly  

b e t te r  performance by ninth than by f i f t h  graders on a l l  tasks with  

some indication o f  g re a te r  l a t e r a l i t y  d i f ferences in the ninth than 

f i f t h  graders.
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CHAPTER I

Introduction

Numerous books ( e . g . ,  H u t t ,  1972; Maccoby 6 J a c k l in ,  197*1; Ounsted 

6 T a y lo r ,  1972; Sherman, 1978) and review papers ( e . g . ,  Fairweather,  

1976; H a r r is ,  1978; Mischel,  1970) as well  as hundreds of  a r t i c l e s  

have examined sex di f ferences  in socia l and cognit ive  funct ioning.  

Within the area o f  cogn it ion ,  a t te n t io n  has focused on the r e la t i v e  

performance levels  o f  males and females on both verbal as well  as 

s p a t ia l  tasks.  While opinion varies as to whether sex d i f ferences  ( in  

favor of  females) r e l i a b l y  e x is t  on tests  o f  verbal s k i l l s  and reason­

ing,  i t  is genera l ly  accepted that  males usually perform b e t te r  than 

females on problems containing a s pa t ia l  component. In a recent review 

of  the l i t e r a t u r e  on sex di f ferences in spat ia l  a b i l i t i e s ,  Harr is  

(1978) wr i tes  that  "on a number o f  t e s ts ,  only 20% to 25% o f  females 

exceed the average performance o f  males" (p. 405)•

The s p e c i f ic  types o f  " s p a t ia l "  problems that have demonstrated 

male s u p e r io r i ty  are countless and have been the focus o f  inves t iga ­

t ion  fo r  decades (see H a r r is ,  1978; Maccoby 6 J a c k l in ,  197**, fo r  

reviews). Among the areas in vest igated ,  males have been found to 

exceed the performance of females on the Embedded Figures Test (e .g .  , 

Schwartz & Karp, 1967; Witkin  et  a l . ,  1967); problems involv ing three-  

dimensional k in e t ic  imagery and ro ta t ion  (Bennett e t  a l . ,  1959; 

H art lage ,  1970); knowledge of  geometrical p r in c ip les - -a l thou gh  not 

mathematical or a lgebra ic  knowledge (Smith, 196**); chess playing
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(Chase 6 Simon, 1973); d i re c t io n a l  sense and o r ie n ta t io n  including  

mazes (Porteus, 1918, 1965), map reading (Money e t  a l . ,  1965), pattern  

walking (Keogh, 1971)» l e f t - r i g h t  d iscr im inat ion  (Bakan S Putnam, 

197*0, and complex coordinations (Shepard et  a l . ,  1962); the Rod-and- 

Frame Test ( e . g . ,  Morf e t  a l . ,  1971; Witk in  et  a l . ,  1967); geographi­

cal knowledge ( e . g . ,  B e t t i s ,  1975); and several tests  o f  Piagetian  

theory ( e . g . ,  Goldschmid, 1967; Tuddenham, 1971)- Other tasks such 

as the t a c t i l e  i d e n t i f i c a t io n  o f  shapes (Wite lson, 1976) and the 

auditory  perception o f  environmental sounds (Knox 6 Kimura, 1970) a lso  

contain " s p a t ia l "  components and have shown some performance d i f f e r e n ­

ces between males and females.

From ju s t  th is  b r i e f  l i s t i n g  i t  is c le a r  that there is consider­

able v a r i a b i l i t y  in what q u a l i f i e s  as " s p a t i a l . "  Although not always

obvious, however, the common element underlying most o f  the tasks 

above is some form of  mental t ransformat ion,  r o ta t io n ,  and/or o r ie n ta ­

t ion  (see E l i o t  6 Salk ind,  1975. fo r  a review of  the meaning of  

" s p a t i a l , "  i t s  h is to r ic a l  perspect ive ,  and current research s ta tu s ) .  

Harris  (1978) has c o l lec ted  a sampling of  d e f in i t io n s  of  spat ia l  

a b i l i t y .  Among these are the fo l lowing:

To move, turn ,  t w i s t ,  or  ro ta te  an object  or
objects and to recognize a new appearance or
posit ion a f t e r  the prescribed manipulation
has been performed (G u i l fo r d ,  19**7); 
to make d iscr iminat ions as to the d i re c t io n  of  
motion such as up and down, l e f t  and r ig h t , '  and 
in and out (G u i l fo rd ,  19**7); 
to recognize the id e n t i t y  o f  an object  when i t  
is seen from d i f f e r e n t  angles (Thurstone, 1950); 
to think about those s p a t ia l  re la t io n s  in which
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the body o r ie n ta t io n  of  the observer is an 
essent ia l  part  of  the problem (Thurstone, 1950);  
to perceive spat ia l  patterns accurate ly  and to
compare them with each other  (French, 1951)
( in  H a r r is ,  1978, p. *»05) •

Im p l ic i t  in most o f  these d e f in i t io n s  is also the d is t in c t io n  

Piaget and Inhelder (1971) have made between s t a t i c  imagery and k in e t ic  

imagery. I t  is th is  l a t t e r  type that seems to be the least  amenable 

to verbal d i s c r ip t i o n ,  and i t  is this  f a c t ,  as discussed l a t e r ,  that  

has been o f fe red  as one explanation for  sex d i f ferences on spat ia l  

tasks. That i s ,  the p o s s ib i l i t y  has been raised by some ( e . g . ,  Rudel

e t  a l . ,  197*0 that  females p re fe r  verbal problem solving approaches

fo r  both verbal and spat ia l  problems, and i t  is the r e la t i v e  in e f f ic ie n c y  

of  verbal codes for  s pa t ia l  analysis  that  may account fo r  the r e l a t i v e ­

ly  lower performance of  females as compared with males on s p a t ia l  

problems.

Over the years, various explanations other  than the above have 

been o f fe red  to account fo r  the discrepancy that ex is ts  between the 

performances of  males and females on tests o f  spat ia l  s k i l l s  and 

a b i l i t y .  Today, i t  is assumed that a v a r ie ty  o f  factors play a role  

and tha t  these are a l l  necessary for  a f u l l  expression of  the t r a i t .

A summary statement encompassing the current thinking would include 

some combination of  the fo l lowing:  Spatia l a b i l i t y  is in h e r i ted  through

a recessive-sex-1inked gene. In add i t io n ,  various sex hormones, a c t ­

ing as re leasing mechanisms, d i f f e r e n t i a l l y  influence the neural  

substrate o f  the cerebral hemispheres in males and females. Upon th is  

foundation, env ironm enta l-exper ient ia l  factors then play a ro le  in the



enhancement or  suppression of the actual manifestat ion o f  s pa t ia l  

s k i l l s .  Of the three leve ls  o f  analysis included in th is  summary 

view— genetic-hormonal ,  learning and e x p e r i e n t ia l ,  and cerebral  

o rgan iza t ion— only the l a t t e r  (hemispheric s tructure  and function)  

forms the major focus o f  the current  paper.

Hemispheric Functioning and 

Neuropsychology

Although in te re s t  in the workings of  the mind has concerned 

researchers fo r  thousands of  years, much o f  modern neuropsychology dates 

from 1861 and the observation by Broca o f  language d i f f i c u l t i e s  in an 

ind iv idua l  on whom a subsequent autopsy demonstrated a lesion in the 

p o ster io r  f ron ta l  area o f  the l e f t  hemisphere (Broca, I9 6 0 ) .  Since 

then,  knowledge of  hemispheric functions has continued to accumulate 

from the study o f  ind iv idua ls  with a v a r ie ty  o f  cerebral insu lts  

including head trauma, les ions ,  and tumors. In the las t  20 years, new 

procedures such as e l e c t r i c a l  s t im ula t ion of  c o r t ic a l  regions 

(Penf ie ld  6 Roberts, 1959); s p l i t - b r a i n  preparations (Gazzaniga, 1970);  

computerized a x ia l  topography (CAT scan); and evoked po te n t ia ls  have 

added to the l i t e r a t u r e  on hemispheric functions (see Wite lson, 1977b, 

fo r  a complete re v ie w ) .

While the above involve the d i re c t  observation o f  brain damaged 

ind iv idua ls  or the d i r e c t  use of  " invasive" techniques with normal 

subjects ,  only in the las t  15 years have "noninvasive" (and subsequent­

ly in d i re c t )  techniques fo r  studying hemispheric functions been
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possible (see Kimura, 1973* fo r  a review) .  These procedures are 

la rge ly  based on the neuroanatomical cross-over o f  the v i s u a l , a u d i to r y , 

and somatosensory pathways. For instance, w i th in  the visual system, 

information perceived by the l e f t  h a l f  o f  each eye is sent to the 

r igh t  hemisphere while  information perceived by the r igh t  h a l f  of  

each eye is sent to the l e f t  hemisphere. Thus, when invest igat ing  

the visual system, the mater ia l  to be viewed is rap id ly  f lashed  

( tach is toscop ica l ly )  to e i t h e r  the l e f t  or the r igh t  of  the central  

f i x a t io n  point while  the subject looks only at the center .  Since i t  

takes approximately 200 msec for  eye movement (Woodworth 6 Schlosberg, 

195*0, any mater ia l presented fa s te r  than th is  w i l l  be viewed exclu­

s iv e ly  by one hemisphere.

Although information is transmitted e n t i r e l y  to the c o n t ra la te ra l  

hemisphere in the visual  modal i ty ,  there is some ip s i l a t e r a l  as well  

as c ontra la te ra l  transmission in the auditory  and somesthetic 

m odal i t ies .  In th is  case, the procedure involves presenting d i f f e r ­

ent information simultaneously to both la t e r a l  f i e ld s .  In the auditory  

modali ty, two d i f f e r e n t  sounds are presented simultaneously (d ichot ic  

l i s t e n i n g ) — one to  each eai— producing competition in the neural  

pathways. This resu lts  in the c o n t ra la te ra l  information having some 

p r i o r i t y  in reaching the hemispheres. With in the somesthetic ( t a c t i l e )  

modali ty, simultaneous presentation o f  mater ia l to the l e f t  and to 

the r ight  hand (d ich ap t ic  s t im ula t ion )  (Witelson, 197*0 is considered 

the equivalent o f  d ich o t ic  s t im u la t io n .  However, because there is 

less cross-over in the somesthetic modality than in the auditory  system,



successive t a c t i l e  explorat ion with each hand separate ly  (Rudel e t  

a l . ,  197*0 is also used.

Other procedures tha t  have been used to in fe r  hemispheric 

functions have been described by Witelson (1977b) and include 

observing the d i re c t io n  o f  eye gaze on any p a r t ic u la r  cogn it ive  task 

( e . g . ,  Kinsbourne, 1972); hand predominance in the production o f  

gestures associated with t h e a c t  of  speaking (Ingram, 1975b; Kimura, 

1973); the simultaneous exercise o f  two modali t ies such as f in ge r  

movements and speaking (Lomas 6 Kimura, 1976); and handwriting  

posture (Levy, 1977).

Based on knowledge obtained from the above techniques and 

procedures, a b r i e f  review of  the organizat ion and the functions o f  

the cerebral hemispheres fol lows.

The Cerebral Hemispheres

Over the years, data have been gathered showing the types o f  

s p e c i f ic  impairments re su l t ing  from brain in jury  and other  cerebral  

trauma, and i t  is th is  data that have provided most o f  the descript ions  

o f  the hemispheric functions. In p a r t i c u la r ,  damage to the l e f t  

hemisphere ( in  r ight-handers) p r im a r i ly  disturbs language functions  

and depending on the s i t e  o f  the pathology may include one or a l l  o f  

the fo l lowing:  d i f f i c u l t i e s  in language comprehension (often re ferred

to as Wernicke's aphasia);  d i f f i c u l t i e s  in expressive speech (such 

as Broca's aphasia);  word f inding problems (anomia); w r i t in g  d i f f i ­

c u l t ie s  (agraphia ) ;  reading d i f f i c u l t i e s  ( a l e x i a ) ;  impairment in



mathematical functions ( a c a l c u l i a ) ;  and sensory/motor d i f f i c u l t i e s  on 

the c o n t ra la te ra l  h a l f  o f  the body.

In contrast to the e f fe c t s  o f  l e f t - s id e d  in ju r y ,  damage to the  

r ig h t  hemisphere results  in such d e f i c i t s  as: visual agnosia; soma-

tognosia; u n i la te ra l  neg lect ;  prosopagnosia (nonrecognition of  faces);  

and constructional aprax ia .  Spe c i f ic  research studies o f  r igh t  

hemisphere functions in brain  damaged indiv iduals  have found problems 

in the deduction o f  spa t ia l  re la t ionsh ips  underlying a series of  

complex patterns (Carmon, 1978); d i f f i c u l t i e s  in in teg ra t in g  fragmented 

shapes (Nebes, 1972); problems in detection of  depth (Benton S 

Hecaen, 1970); poor recognit ion o f  abstract  forms (Rubtno, 1970); 

d i f f i c u l t i e s  recognizing melodies and emotional ,  nonverbal human 

sounds (Carmon S Nachshon, 1971; Kimura, 1964; Shankweiler,  1966); 

f a i l u r e  to d ist inguish l in e  o r ie n ta t io n  and d i r e c t i o n a l i t y  (Benton 

et  a l . ,  1973); and f a i l u r e  at maze learning (Corkin, 1965; M i ln e r ,  

1965).

Although each hemisphere c le a r ly  has i ts  own functions for  which 

i t  is best s u i te d ,  the r igh t  hemisphere has only recent ly  been granted 

any s ig n i f ic a n t  s ta tu s .  T r a d i t i o n a l l y ,  the l e f t  cerebral hemisphere 

has held the predominant place in the theor iz ing  and research in 

neuropsychology. This stems from the fact  that  a t  least  90 percent o f  

the population is c la s s i f i e d  as being d e f i n i t e l y  right-handed and of  

th is  90 percent, over 99 percent are strongly l e f t  hemisphere dominant 

fo r  language (Benson S Geschwind, 1968). I f  damage to the l e f t  

hemisphere should occur, language functions w i l l  be impaired causing



mild to severe forms of  aphasia (e rrors  in the receptive and/or  

expressive use and understanding o f  grammatical s t ruc ture  and word 

meaning). However, damage to the r ig h t  hemisphere w i l l  e s s e n t ia l l y  

leave language functions in t a c t ,  although r ig h t  hemisphere damage w i l l  

lead to v is u a l / s p a t ia l  d e f i c i t s .  A s im i la r  s i t u a t io n ,  however, does 

not e x is t  fo r  the le f t -h a n d e r .  Of the 10 percent who are l e f t -  

handed, around AO percent are r ig h t  hemisphere dominant fo r  language 

and 60 percent have a l e f t  hemisphere dominance. In a d d i t io n ,  l e f t ­

handers do not show the same degree o f  dominance as r ight-handers  

since 80 percent o f  le f t -handers  have mixed dominance-- 

language functions in both hemispheres (Gloning,  I .  et a l . ,

1969; also see Rasmussen 6 M i ln e r ,  1977, fo r  s l i g h t l y  d i f f e r e n t  per­

centages). As a r e s u l t ,  damage to e i t h e r  hemisphere in a left-handed  

indiv idual  produces some aphasia in 80 percent o f  a l l  cases, although 

the aphasia w i l l  be less severe than that  caused by a s im i la r  lesion 

in the l e f t  hemisphere o f  a right-handed person (Strub & Black, 1977)• 

Since language has long been viewed as the basis o f  symbolic and 

representat ional thought, the l e f t  hemisphere subserving language 

functions has thus been considered the dominant hemisphere, erroneously  

implying that  the r igh t  hemisphere must be the "minor" hemisphere or  

a t  least the less s ig n i f i c a n t  o f  the two.

This view pers isted fo r  years in sp i te  o f  e a r ly  studies showing 

d i s t i n c t i v e  impairment o f  functions with r ig h t  hemisphere damage. In the 

1370's , Jackson (c i te d  in T a y lo r ,  1958) documented the importance o f  the 

poster ior  r ig h t  hemisphere in visual recognit ion and visual memory.



He also described the r ig h t  hemisphere's ro le  in v isual o r ie n t a t io n ;  

the a b i l i t y  to recognize faces; and the a b i l i t y  to dress one's s e l f .

Sense o f  d i r e c t io n ,  route f in d ing ,  and topographic memory were but 

a few o f  the impaired functions c i te d  by Brain in 1941 in a paper 

suggesting an a l t e r n a t iv e  view o f  the "minor" hemisphere. In sp i te  o f  

s ig n i f ic a n t  progress in the last  20 years in recognizing the unique 

nature o f  the r igh t  hemisphere, there is s t i l l  a r e la t i v e  paucity o f  

research per ta in in g  to the r igh t  hemisphere. This is p a r t i c u l a r l y  

t rue  fo r  developmental studies which consist o f  but a handful.

Today, the notion o f  dominance has been replaced by character ­

iz in g  the l e f t  hemisphere as the one involved in v e rb a l ,  l i n g u i s t i c ,  

a n a ly t i c ,  and sequential processing whereas the r ig h t  hemisphere 

subsumes s p a t i a l ,  h o l i s t i c ,  and p a r a l le l  processing. Harr is  (1978) 

s t a t e s :

I t  has been suggested that  there are two d i s t i n c t  
modes o f  coding operat ions,  each s p e c i f ic  to a 
single  hemisphere: The l e f t  hemisphere operates
in a more lo g ic a l ,  a n a l y t i c a l ,  computer-l ike  
fashion, analyzing stimulus information input  
s e q u e n t ia l ly ,  abstract ing out the relevant  
d e ta i ls  to which i t  attaches verbal labe ls ;  the 
r ig h t  hemisphere is p r im a r i ly  a synthes izer ,  
more concerned with the overa l l  stimulus con­
f ig u r a t i o n ,  and organizes and processes 
information in terms of  gesta l ts  or  wholes 
(H a r r is ,  1978, pp. **62-J*63).

I t  should be cautioned that th is  discussion of  hemispheric functions  

should not leave one with the impression o f  two separate and d i s t i n c t  

"boxes" in the head— one fo r  language and one fo r  spat ia l  ana lys is .  

Information is continuously passed back and fo r th  between the hemispheres
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through the corpus callosum (p r io r  to the 19^0's a s tructure  assumed 

to have no s ig n i f ic a n t  function) and probably through some subcort ical  

struc tures  as w e l l .  In a d d i t io n ,  th is  presentat ion suggests a rather  

s t e r i l e ,  compact view o f  the research in hemispheric funct ioning.

In f a c t ,  many issues are curren t ly  being invest igated including such 

questions as the spec i f ics  o f  i n t r a -  as well  as in ter-hemispheric  

transmission of  data ,  and the issue o f  whether each hemisphere 

s h i f t s  in asserting control over the other from task to task (Gazzan- 

iga 6 LeDoux, 1978).

Developmental Theories o f  Hemispheric Spe c ia l iza t ion

Although the above describes the functions o f  the hemispheres 

in the a d u l t ,  there is a lack o f  consensus regarding whether s p e c i a l i ­

za t ion  is present at b i r th  or whether i t  develops over time (Witelson,  

1977b).

Lenneberg (19&7) has suggested that at least for  the f i r s t  two 

years o f  l i f e ,  there is b i l a t e r a l  representation of  language funct ions.  

Lef t  hemisphere s p e c ia l iz a t io n  then gradually  sets in during the 

childhood years and by puberty, p l a s t i c i t y  o f  the hemispheres to  

subsume the opposite hemisphere's functions is lost  and primary 

language learning becomes impossible. To th is  e x te n t ,  Witelson (1977b) 

has suggested that  researchers and theor is ts  in areas o f  cognit ive  

development pinpoint  adolescence as the time beyond which no new 

q u a l i t a t i v e  changes in general cognition occurs ( e . g . ,  Hebb, 19^9; 

Piaget & Inhelder ,  1969; Terman 6 M e r i l l ,  1937). Lenneberg's (1967)
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posit ion also corresponds to the neuroanatomical evidence o f  f in a l  

and complete mylineation o f  the nerves by e a r ly  puberty.

Krashen (1975) has proposed f iv e  years o f  age as the time at  

which hemispheric s p e c ia l iz a t io n  is complete. The evidence fo r  th is  

view is the genera l ly  reported decrease a f t e r  f i v e  years o f  age in 

the t r a n s f e r a b i l i t y  o f  language functions to the r igh t  hemisphere 

fo l lowing l e f t - s id e d  in ju ry  and the lower incidence o f  speech loss 

found with r igh t  hemisphere lesions also occurr ing a f t e r  age f i v e .

Kinsbourne (1975) has taken a d i f f e r e n t  posit ion and suggests 

that  l e f t  hemisphere s p e c ia l iz a t io n  is present at b i r th  and that  

there are no fu r th e r  changes with development. Other researchers 

have q u a l i f i e d  th is  view to include changes in s p e c ia l iza t io n  in some 

l i n g u i s t i c  funct ions ,  but not a l l  (Porter  & B e r l in ,  1975)- 

F i n a l l y ,  others have suggested that although s p e c ia l iz a t io n  in language 

is funct ional from the beginning, there are s t i l l  increases in l e f t  

hemisphere s p e c ia l i z a t io n  with age (Bryden & A l la r d ,  1978). This is 

based on reviews o f  d ich o t ic  l i s te n in g  studies in which the strength  

or degree of  ear asymmetry is greater  in o lder  ch i ldren .

Although the evidence shows that  language can t ra n s fe r  to the 

r ig h t  hemisphere in the e a r ly  years, there do appear to be d e f in i t e  

l im i ta t io n s  to the kind o f  l i n g u i s t i c  a b i l i t i e s  that can be u l t im a te ly  

mediated by the r igh t  hemisphere. Generally , verbal comprehension 

remains in ta c t  as shown by measures o f  verbal IQ 's;  however, compre­

hension o f  complex, lo g ic a l l y  grammatical structures and syntact ic  

features does appear to be more d i f f i c u l t  (Dennis & Kohn , 1975;
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Dennis 6 Whitaker, 1976).

One researcher has taken the posit ion that  the r ig h t  hemisphere 

may be more specia l ized fo r  i t s  functions at an e a r l i e r  age than 

the l e f t  hemisphere is fo r  i t s  funct ions. Lansdell (1969) has found 

tha t  I f  damage occurs before f iv e  to the l e f t  hemisphere, both speech 

and spat ia l s k f l l s  can be served by the r igh t  hemisphere; however, 

s pat ia l  functions are ov e ra l l  more impaired than verbal functions.

The reverse is the case i f  the damage to the l e f t  hemisphere occurs 

a f t e r  f i v e .  In th is  s i t u a t i o n ,  verbal s k i l l s  are more impaired 

than nonverbal s k i l l s .  A s im i la r  hypothesis is that  the r igh t  hemis­

phere is functional 1ymore ac t ive  or more mature than the l e f t  in 

the f i r s t  few years o f  l i f e .  A f te r  the onset o f  speech, the reverse 

s i tu a t io n  then occurs (Brown £ J a f f e ,  1975; Ounsted S T a y lo r ,  1972).

As the above ind ica tes ,  there are some considerable di f ferences  

concerning the time at which s p e c ia l i z a t io n  is completed or even 

begun. In an attempt to c l a r i f y  th is  issue, Witelson (1977b) reviewed 

the various research studies conducted with normal or bra in  damaged 

ch i ld ren .  She could only conclude that  a t  least by three years o f  

age the l e f t  hemisphere appears to play a greater  role  in l i n g u is t i c  

functions, while at least by age s ix  the r ig h t  hemisphere has greater  

p a r t ic ip a t io n  in v i s u a l / s p a t i a l ,  h a p t ic ,  and nonverbal auditory per­

ception.

Along these same l in e s ,  recent studies may provide evidence to 

extend these findings to in fancy. Entus (1977) examined in fa n ts '  

responses to musical tones and consonant-vowe1 s y l la b le s .  Twenty-four



boys and twenty-four g i r l s ,  ages l i - t o  3*months o ld ,  comprised the 

subject population. In the music cond it ion ,  38 o f  48 in fants  (79%) 

showed a l e f t  ear s u p e r io r i ty ,  while  in the verbal cond it ion ,  3** o f  

48 in fants (71%) showed a r igh t  ear s u p e r io r i ty  fo r  the speech 

sounds ( i . e . ,  /m a / ,  / d a / ) .  Although no sex d i f ferences  were 

observed, th is  study suggests that  as e a r ly  as 40 days, infants show 

signs o f  l e f t  hemisphere language processing and r igh t  hemisphere 

processing of  h o l i s t i c ,  spat ia l  information.

While knowledge o f  the overa l l  development o f  s p e c ia l iz a t io n  

is important, the main in te re s t  o f  the present paper centers on 

di f ferences  in hemispheric functioning and how th is  may account for  

the d i f f e r e n t i a l  performance of  males and females on s p a t ia l  tasks.

I t  is not surpr is ing that  since there is l i t t l e  consensus on the 

general development o f  cerebral o rgan iza t ion ,  there are also widely  

d i f f e r in g  views on the l a t e r a l i z a t i o n  of  functions in the sexes.

In a d d i t io n ,  most o f  the studies to date have involved adults which 

leaves l i t t l e  opportunity  for  conclusions about developmental progress 

in males and females in d iv id u a l ly .

Neuropsychological Theories o f  Sex Differences

Two recent studies (H a r r is ,  1978; Sherman, 1978) have reviewed 

the neuropsychological theories that  examine sex d i f ferences in 

hemispheric s p e c ia l iz a t io n  and that may account fo r  the f requently  

reported male s u p e r io r i ty  on spat ia l  tasks.  Each author has suggested 

three major posi t ions,  although each o f  these three d iv is ions  is not
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e n t i r e l y  equ iva len t .  A c loser examination leads to four th e o re t ic a l  

statements— three o f  which d i f f e r  along less controversia l  dimensions 

(Harshman 6 Remington, 1976; Levy, 1972; Wite lson, 1976) whi le  one 

presents a more radical departure from the others (Buffery  & Gray, 1972).

Le f t  Hemisphere Language L a te r a l i z a t io n  in Females and B i l a t e r a l

Spat ia l  Representation in Males

This view proposed by Buffery and Gray (1972) holds tha t  the

l e f t  hemisphere o f  g i r l s  develops more rap id ly  than the l e f t  hemisphere

o f  boys. Since less l a t e r a l i z a t i o n  occurs in males, the l e f t  hemis- .

phere remains a v a i la b le  to subsume some spat ia l  funct ions.  Thus, at

m a tu r i ty ,  males have the b ene f i t  o f  two hemispheres sharing in the

processing of  s pa t ia l  information. This results  in the observed

s u p e r io r i ty  o f  males on s pa t ia l  tasks and the f requent ly  reported

s u p e r io r i ty  o f  females on verbal tasks.

Buffery and Gray (1972) fu r th e r  speculate about the s t ru c tu ra l

and processing demands o f  spa t ia l  and l i n g u is t i c  tasks:

. . . L i n g u i s t i c  s k i l l  , with i t s  need for  quick  
associations and s e r ia l  order ing ,  probably demands 
fas t  and in t r i c a t e  neural mechanisms. Such 
mechanisms could b e n e f i t  from being subserved by 
s p e c i f ic  structures with a c le a r ly  la t e r a l i z e d  
and lo ca l ized  cerebral representat ion.  This is 
apparently more l i k e l y  in the female than male 
bra in .  Spat ia l  s k i l l ,  however, which is usually  
exercised in a three-dimensional and completely 
enclosing world, may b enef i t  from a more b i l a t e r a l  
cerebral representat ion.  Thus, a consequence of  
the less wel l  l a t e r a l i z e d  cerebral representation  
o f  l i n g u i s t i c  s k i l l  in the male brain might be 
more b i l a t e r a l  cerebral representat ion o f  spat ia l  
s k i l l  than can be achieved in the female brain  
(Buffery  S Gray, 1972, p. I4 4 ) .
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To a large e x te n t ,  Buffery  and Gray (1972) have derived th e i r  view 

from a long t r a d i t io n  o f  studies ind ica t ing  e a r l i e r  development o f  

verbal a b i l i t i e s  in g i r l s .  The l i t e r a t u r e  (see Fairweather, 1976; 

H a r r is ,  1978; Maccoby & J a c k l in ,  197**; Sherman, 1978, fo r  reviews)  

is vast and contains a v a r ie ty  o f  f indings including those that  show 

that  g i r l s  speak sooner, use more words (Nelson, 1973)» and spontan­

eously babble and speak more than boys in infancy (Goldberg &

Lewis, 1969). Fairweather (1976) c i tes  several English studies  

Including one (W in i tz ,  1969) that  shows tha t  g i r l s  more often out-  

performmales than vice versa on tests  o f  a r t i c u l a t i o n .  Many other  

studies report  s im i la r  resu lts  but most authors (Fa irweather ,  1976; 

Maccoby & J a c k l in ,  197^; Sherman, 1978) place q u a l i fy in g  l im i ta t io n s  

on the studies purporting to show female verbal precociousness.

Maccoby and Jack l in  (197*0 conclude tha t  although there are findings  

point ing to e a r l i e r  language development in g i r l s  than boys p r io r  to 

age th re e ,  these studies are very o ld  and must be reviewed c r i t i c a l l y  

fo r  a number o f  methodological problems. The rest  o f  the l i t e r a t u r e  

suggests tha t  by three and up to adolescence, boys and g i r l s  perform 

e q u iv a le n t ly .  I t  is not u n t i l  around 10 or 11 that  some studies  

again show a female s u p e r io r i ty  on tests  o f  verbal a b i l i t i e s .

The question o f  e a r ly  female s u p e r io r i ty  in language functions  

has also f a i l e d  to receive any d e f i n i t i v e  c l a r i f i c a t i o n  from the 

neuropsychological l i t e r a t u r e  (see Wite lson,  1977b, for  a review).  

Several d ich o t ic  l i s te n in g  studies have shown a grea ter  r igh t  ear  

advantage (g re a te r  l e f t  hemisphere responding) in g i r l s  than in boys.
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Kimura (1967) presented pairs o f  d ig i t s  and found a r ig h t  ear  

advantage fo r  a l l  f iv e  through e igh t  year olds except in the one case 

o f  the f iv e  year o ld  boys. Bryden and A l la r d  (1978) reported on an 

e a r l i e r  unpublished study by Bryden e t  a l .  (1973) in which pairs  o f  

consonant-vowel sounds were administered to k indergarteners,  second, 

four th ,  s ix th ,  and eighth graders and found a r igh t  ear advantage by 

age nine for  g i r l s  only. Most s tud ies ,  however, have found no sex 

dif ferences in degree o f  l a t e r a l i z a t i o n  fo r  verbal materia l in children  

( e . g . ,  Bryden, 1970; Bryden S A l la r d ,  1978; Kinsbourne & Hiscock, 1977; 

Knox & Kimura, 1970) or in infants (Entus, 1977)* In a d d i t io n ,  one 

study (Ingram, 1975a) reported a f a i l u r e  to f in d  a r ig h t  ear advan­

tage fo r  words in fo u r -y e a r -o ld  g i r l s .  F i n a l l y ,  using tachis toscopic  

presentat ion o f  verbal m a te r ia l ,  no sex d i f fe rences  have been reported  

( e . g . ,  Olson, 1973; Yeni-Komshian e t  a l . ,  1975) except in one study 

(Marcel e t  a l . ,  197*0 in which seven-and e igh t—year -o ld  boys showed a 

r ig h t  v isual f i e l d  advantage on word and l e t t e r  recognit ion.

The only evidence in favor o f  the second part o f  Buffery  and 

Gray's (1972) po s i t ion— b i l a t e r a l  s p a t ia l  representat ion in males— 

has been reported by these same authors (B u f fe ry ,  1971; Buffery 6 Gray, 

1972). In one study, information was presented intermodally using 

both tachistoscopic presentat ion and d ic h o t ic  s t im u la t io n .  In other  

words, visual mater ia l was presented to e i t h e r  the l e f t  or  the r igh t  

la te r a l  f ie ld s  and simultaneously the same or d i f f e r e n t  corresponding 

word was presented to e i t h e r  the l e f t  or  r ig h t  ear .  When the visual  

word and the auditory word were presented to the r ig h t  hemsiphere, pro­

cessing was qu ite  d i f f i c u l t  for  g i r l s  by age f i v e ,  whereas the boys



did not show the same degree o f  d i f f i c u l t y  u n t i l  seven. Therefore,  

Buffery  (1971) concluded that  language functions l a t e r a l i z e d  e a r l i e r  

in the l e f t  hemisphere fo r  g i r l s  than for  boys.

In a second study (Buffery & Gray, 1972), chi ldren 3 to 11 years 

o f  age were asked to draw simultaneously with eyes closed a square 

with  one hand and a c i r c l e  with the o ther .  O v e ra l l ,  a l l  g i r l s  a t  

a l l  age levels showed le f t -hand  (nonpreferred hand) s u p e r io r i ty  for  

drawing a square but the boys showed th is  le f t -hand s u p e r io r i ty  only 

a f t e r  age seven. These results  would seem to imply e a r l i e r  r ig h t  

hemisphere s p e c ia l iz a t io n  for  spat ia l  functions in females— the 

opposite of  what is predicted by t h e i r  theory. However, to Buffery  

and Gray (1972) ,  since the l e f t  hemisphere subsumes l i n g u i s t i c  

functions at  an e a r l i e r  age in females than in males, the r ig h t  hemi­

sphere in females is more a v a i la b le  for  nonverbal funct ions.  Thus, 

the le f t -h a n d ,  contro l led  by the r igh t  hemisphere, would be expected 

to do b e t te r  on spat ia l  tasks such as the drawing task.

In genera l ,  no other research can be c i ted  to support b i l a t e r a l  

representation of  spat ia l  functions in males. In f a c t ,  data to 

the contrary are widely used to support the opposite not ion— that  o f  

greater  l a t e r a l i z a t i o n  fo r  spat ia l  functions in males.

The evidence for  s t ru c tu ra l  d i f ferences in the hemispheres for  

boys and g i r l s  is even less c le a r  than the data on language develop­

ment in the sexes. Harr is  (1978) reviewed the studies c i te d  by 

Buffery  and Gray (1972) and concluded that  each study suffered  from 

one or several flaws including the examination of  a s ingle  age group
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or the use o f  neuro log ica l ly  impaired ind iv id ua ls .  In a d d i t io n ,  the 

evidence in favor o f  s t ruc tura l  d i f fe rences in the l e f t  hemisphere 

o f  g i r l s  was mostly in f e r e n t ia l  and based on trends and not s i g n i f i ­

cant d i f fe re n c e s .  What may be a more accepted f in d ing ,  however, 

derives from the research showing that the planum temporale (par t  of  

the speech area) is genera l ly  longer in the l e f t  hemisphere than the 

r ig h t  hemisphere (Geschwind 6 Lev itsky ,  1968; Wada e t  a l . ,  1975; 

Witelson & Pal l i e ,  1973)* The support for  possible sex di f ferences  

in th is  asymmetry has been reported by Witelson and Pal l i e  (1973) who 

found that  o f  the brains o f  f iv e  in fant  boys and f iv e  in fant  g i r l s ,

the l e f t  was s ig n i f i c a n t l y  la rger  only in the in fant  g i r l s .

B i l a t e r a l  Representation o f  Verbal Functions in Females

Although the preceding theory argues that u n i la te ra l  representa­

t io n  of  verbal functions impairs spa t ia l  processes in females, the 

posit ion formulated by Levy (1972). suggests that  b i l a t e r a l  representa­

t io n  o f  verbal functions in females disrupts spat ia l  functions. The

basis fo r  th is  is the speculat ion that  each hemisphere with i t s

d i f f e r e n t  coding operations ( l i n g u i s t i c  processes in the l e f t  and 

s p a t ia l  processes in the r ig h t )  needs a " c lea r  channel" for  maximum 

operating e f f i c ie n c y  (Levy-Agresti 6 Sperry, 1968; Semmes, 1968). 

Therefore ,  i f  the r ig h t  hemisphere must subsume some port ion o f  l e f t  

hemisphere language funct ions,  the resu lt  is a reduction in the 

processing capacity fo r  the s pa t ia l  functions o f  the r igh t  hemisphere. 

This is the exact s i tu a t io n  found in a study (M i lner ,  1969) o f  e a r ly
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the r igh t  hemisphere. More impairment in nonverbal s k i l l s  than 

verbal s k i l l s  was found suggesting the in co m p at ib i l i ty  between s p a t i a l ,  

synthet ic  r ight  hemisphere processes, and l i n g u i s t i c ,  a n a ly t ic  l e f t  

hemisphere processes.

Other evidence to support Levy's (1972) posi t ion comes from 

f indings indicat ing that  le f t -handers  with l e f t  and r igh t  hemisphere 

representat ion o f  language functions f requently  show impaired nonverbal 

s k i l l s  ( M i l l e r ,  1971) as compared with verbal s k i l l s .  I t  is a lso this  

type o f  data that Levy (1972) r e l ie d  upon to i n i t i a l l y  substant ia te  

her theory. In a group o f  10 le ft -handed and 15 right-handed males, 

she found that le f t -handers  did more poorly on the Performance sub­

tests  o f  the Wechsler Adult In te l l ig e n c e  Scale (WAIS) than the r i g h t ­

handers. In terms of  discrepancy scores, the le f t -handers  had an 

average d i f ference o f  25 points between t h e i r  Verbal IQ and Performance 

IQ, whereas r ight-handers had an average d i f ference of  only 8 points .

Levy (1972) hypothesized that  le f t -handers  and females share 

something in common— they both have language functions located in 

the l e f t  as well  as In the r igh t  hemisphere. She w r i te s :

I t  is in te re s t in g  tha t  the ( s p a t ia l )  perceptual  
d e f i c i t  seen in le f t -handers  is a lso present in 
females in g e n e r a l . . . I t  might be that  female 
brains are s im i la r  to those o f  le f t -handers in 
having less hemispheric s p e c ia l iz a t io n  than male 
r ight-hander 's  b r a i n s . . . I t  is hard to re jec t  the 
notion that a s p a t ia l  perceptual d e f i c i t  in 
women is a s e x - l in k e d ,  g e n e t ic a l ly  determined 
incapacity, an incapacity  which possibly results  
from hemispheres less wel l  l a t e r a l l y  spec ia l ized  
than those o f  males (Levy, 1972, p. 17*0 •
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Although Levy (1972) based her view on her handedness study, not 

a l l  other  studies support her f in d ing s .  Newcombe and R a t c l i f f  (1973) 

and Fennell e t  a l . (1978) have not confirmed that  l e f t  handers are 

i n f e r i o r  on spa t ia l  tasks, whi le  Nebes ( 1 9 7 0 ,  Silverman e t  a l .  (1966) ,  

and James e t  a l .  (1967) have.

In addit ion to the studies o f  handedness, data from indiv iduals  

who have sustained brain damage la t e r  in l i f e  support the notion o f  

b i l a t e r a l i t y  o f  verbal functions in females. One o f  the e a r l i e s t  

re fe r red  to studies o f  the d i f f e r e n t i a l  e f fe c ts  o f  brain damage to 

males and females was reported by Lansdell (1961) . He noted that  

fo l lowing l e f t  hemisphere temporal lobe operat ions, women's scores on 

an explanat ion-of-proverbs tes t  were unaffected whereas men's scores 

dropped. This suggested to Lansdell that  b i l a t e r a l  verbal functions  

exis ted in females but not males.

More recen t ly ,  sex di f ferences  in the incidence and s e ver i ty  

o f  aphasia in stroke vict ims and bra in  damaged indiv idua ls  have 

been one o f  the most f requently  c i te d  sources for  support o f  female 

b i l a t e r a l i t y  o f  verbal a b i l i t i e s .  In a recent study (McGlone, 1977) 

o f  55 men and 37 women who had sustained e i t h e r  l e f t  or  r ig h t  

hemisphere les ions,  aphasia associated with l e f t  hemisphere damage 

occurred three times more f requently  in males than females. In 

c ontras t ,  with r igh t  hemisphere damage, women were the only group 

to show some decrease in verbal a b i l i t i e s  r e la t i v e  to a normal 

control sample. Based on these data ,  McGlone (1977) 

concluded tha t  "sex di f ferences  may e x is t  in degree o f  b i l a t e r a l
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speech representat ion ,  and/or in regional s p e c ia l i z a t io n  o f  verba l  

functions w i th in  the l e f t  hemisphere" (p. 787)* Thus, the impl ica­

t io n  o f  these findings is that  the r ig h t  hemisphere o f  females has 

s u f f i c ie n t  language representation to compensate for  (or mask) 

damage sustained to l e f t  hemisphere speech areas, or that  language 

functions are d is t r ib u te d  d i f f e r e n t l y  in the l e f t  hemisphere o f  

females.

Further evidence for  b i l a t e r a l  representat ion o f  verbal  

funct ions in females comes from studies o f  neuropsychological ly  

in ta c t  in d iv id ua ls .  Harshman et  a l .  (1976) pooled the data 

from previously reported d ichot ic  l is te n in g  studies and found a 

greater  r igh t  ear advantage in males than females. Lake and Bryden 

(1976) have also found an overal l  s ig n i f ic a n t  sex d i f fe re n c e  with  

males as compared with females showing a grea ter  r ig h t  ear advantage 

fo r  consonant-vowel s y l la b le s .

Hannay and Malone (1976) tach is toscop ica l ly  presented a verbal  

memory task to both sexes and found no visual f i e l d  d i f fe rences  in 

females but greater  r igh t  visual f i e l d  s u p e r io r i ty  in males. They 

concluded that  In females "both hemispheres receive and re ta in  

verbal information equal ly  w e l l "  (p. 203) .

In a recent study (Bradshaw et  a l . ,  1977) o f  le x ic a l  decision  

making, words, i l l e g a l  consonant s tr ings  (cvbn) , and legal nonwords 

(sain)  were presented tach is toscopica l ly  to e i th e r  the l e f t  or r igh t  

l a t e r a l  f i e ld s  and subjects had to indicate  i f  the stimulus was 

or was not a real word. Results demonstrated that females showed
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minimal f i e l d  d i f ferences  and responded fa s te r  than males who 

showed the typ ica l  asymmetry o f  response in favor o f  the l e f t  hemi­

sphere. The authors noted that " th is  greater  hemispheric equ i -  

p o t e n t i a l i t y  in females a t  a lex ic a l  level may stem from a r e l a t i v e l y  

g re a te r  lex ica l  invasion o f  right-hemisphere space otherwise reserved 

fo r  v is uo -s pa t ia l  and h o l i s t i c  processing" (p. 283) .  These findings  

were l a t e r  confirmed in a fol low-up study (Bradshaw & Gates, 1978).

Anatomical d a t a a r e a ls o  a v a i la b le  to suggest s t ru c tu ra l  d i f f e r ­

ences in the r ig h t  hemisphere o f  men and women. Although the findings  

reported above showed a la rger  planum in the l e f t  hemisphere o f  in fant  

g i r l s  but not in fan t  boys, the reverse has been observed in adult  

bra ins .  Wada e t  a l .  (1975) found that adult  female brains upon autopsy 

were more l i k e l y  to present with a r e la t i v e l y  increased r igh t  hemi­

sphere speech area than males, although the to ta l  incidence of  such 

f indings was small.  I f  the r igh t  planum temporale can be shown to be 

la rge r  in females than males, th is  would also imply that  the poster io r  

regions o f  the r igh t  hemisphere which are involved in v is u a l / s p a t i a l  

functions are therefore  smaller .

O v e r a l l ,  the evidence for  b i l a t e r a l  representat ion o f  verbal 

functions is persuasive and hard to dismiss, although some ( F a i r -  

weather, 1976; Sherman, 1978) have c a te g o r ic a l ly  concluded that  a l l  

studies o f  b i l a t e r a l  verbal a b i l i t i e s  have shown only minimal support 

fo r  such a posit ion and are subject  to a v a r ie ty  of  methodological 

and in te r p r e ta t io n a l  e r ro rs .
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To a large e x ten t ,  th is  posit ion is the converse o f  Levy's (1972) 

theory; however, Levy did not focus on r igh t  hemisphere spat ia l  

funct ioning.  That is ,  Levy (1972) assumed that language functions 

in females were in part  located in the r igh t  hemisphere and that th is  

therefore in te r fe red  with s p a t ia l  h o l i s t i c  processing. Nothing 

s p e c i f ic  regarding sex d i f fe rences  in l a t e r a l i z a t i o n  o f  v is u a l / s p a t ia l  

functions per se was hypothesized. Other researchers (Witelson, 197^»

1976), however, have looked only at the p o s s ib i l i t y  that spat ia l  

functions are more l a t e r a l i z e d  in males with the possible implicat ion  

of  greater  b i l a t e r a l  representat ion o f  spat ia l  functions in females.

C l in ic a l  populations o f  ind iv idua ls  with brain damage, temporal 

lobectomies, and commissurotomies have provided much of  the o r ig in a l  

evidence of  grea ter  male l a t e r a l i z a t i o n  of  spat ia l  functions. Lansdell 

(1962) administered the Graves Design Judgment Test (a test  measuring 

aesthet ic  and a r t i s t i c  appreciat ion)  to men and women both before 

and a f t e r  temporal lobe surgery. For pat ients  who had had the 

operations on the language dominant hemisphere, scores increased on 

a r t i s t i c  judgment in men whereas scores for  women decreased. The 

reverse occurred i f  the operation occurred on the spat ia l  dominant 

hemisphere: women's scores increased and men's scores decreased.

To Lansdell (1962) th is  suggested that females re ly  more on t h e i r  l e f t  

hemisphere for  ae s th e t ic  judgment than males. He wrote: "Some 

physiological mechanism underlying a r t i s t i c  judgment and verbal  

a b i l i t y  may overlap in the female brain but are in opposite hemispheres
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in the male" (p. 85*0. In l a t e r  s tud ies ,  Lansdell (1968a, 1968b) 

also reported that  the lowest WAIS Performance scores (on Block 

Design and Object Assembly) were observed fo r  males with r ig h t  

hemisphere operations. In a d d i t io n ,  the greater  the amount o f  t issue  

removal on the r ight  s ide ,  the g rea ter  the drop in Performance scores 

for  males but not for  females.

Bogen and colleagues (1969, 1972) have invest igated cognit ive  

a b i l i t i e s  in males and females fol lowing commissurotomies. The 

s p e c i f ic  performance measures were the S t re e t -F igure  Completion Test 

(a spa t ia l  task) and the S i m i l a r i t i e s  subtest o f  the WAIS (a verbal  

ta s k ) .  All  tests  were performed with the l e f t  hemisphere. Although 

there were only seven subjects in a l l  ( three male and four female) ,  

females achieved a higher score on the S tree t -F igure  Completion Test 

than males, suggesting to the researchers that spat ia l  functions were 

less l a te r a l i z e d  in females p r io r  to surgery.

McGlone and Kertesz (1973) examined 78 pat ients  who had sustained 

e i t h e r  l e f t  or r igh t  hemisphere damage. These pat ients  were 

administered tests  o f  language functions and one test  o f  v is u a l /  

spat ia l  reasoning— the Block Design subtest o f  the WAIS. Although the 

results  were not s t a t i s t i c a l l y  s i g n i f i c a n t ,  there was a trend (£  ^.10) 

in the d i re c t io n  of  g rea ter  impairment o f  Block Design in males with  

r igh t  hemisphere lesions than in females with r ig h t  hemisphere 

lesions. The authors also reported a s ig n i f ic a n t  c o r re la t io n  between 

the language te s t  and the v is u a l / s p a t i a l  task fo r  females with l e f t ­

sided lesions. There was not,  however, a s ig n i f ic a n t  c o r re la t io n  of
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these two tests  fo r  females with r igh t -s ided  damage or fo r  males 

with e i t h e r  l e f t -  or  r igh t -s ided  damage. Thus, with l e f t  hemisphere 

impairment, and for  females on ly ,  the greater  the language d e f i c i t ,  

the grea ter  the v is u a l / s p a t ia l  d e f i c i t .  Although th is  supports the 

notion o f  some spat ia l  processes located in the r ig h t  hemisphere, 

McGlone and Kertesz (1973) also feel these results  support the view 

that  females re ly  on some form of  verbal mediation on tasks of  

spa t ia l  a b i l i t i e s .  In a more recent study (McGlone, 1978),  

di f ferences  between WAIS Verbal IQ's and Performance IQ's were found 

in males but not in females. That is ,  for  males, l e f t - s id e d  damage 

led to lower Verbal IQ scores and r igh t -s ided  damage resulted in 

lower Performance IQ scores. No such discrepancies, regardless of  

s ize  o f  les ion,  were observed in females.

Studies o f  neuro log ica l ly  in tac t  indiv iduals  using e i th e r  

l a te r a l  tachistoscopic or d ichot ic  l is te n in g  procedures have also  

contr ibuted data supporting b i l a t e r a l i z a t i o n  o f  spa t ia l  functions in 

females. Kimura (1969) o r i g i n a l l y  demonstrated a g rea ter  l e f t  

visual f i e l d  advantage fo r  males than fo r  females on a dot enumeration 

task presented tach is to s c o p ica l ly .  McGlone and Davidson (1973) also 

invest igated sex di f ferences  on verbal and nonverbal tasks and 

found support for  b i l a t e r a l i z a t i o n  of spat ia l  functions in females.

In one experiment, 16-and 20-year-olds were given the WAIS Block 

Design subtest and Thurston's Primary Mental A b i l i t i e s  Spat ia l Rela­

t ions Test as well  as a d ich o t ic  l is te n in g  procedure fo r  word



26

recognit ion.  The f i r s t  f ind ing was that males performed s i g n i f i ­

cant ly  b e t te r  than females on the Spatia l Relations Test. In 

ad d i t io n ,  females who had higher l e f t  ear scores on the d ich ot ic  

t e s t  (evidence of  r igh t  hemisphere language a b i l i t i e s )  had the 

lowest scores on Block Design. This was not the case fo r  males.

In a second experiment, females in contrast to males showed a stronger  

r ig h t  visual f i e l d  advantage on a dot enumeration task in support of  

grea ter  male l a t e r a l i z a t i o n .

Other f indings that indicate greater  asymmetries ( i . e . ,  greater  

r ig h t  hemisphere processing) in adult  nonbrain damaged males than 

in females have come from studies o f  dot enumeration (D av idof f ,  1977); 

the perception of  d i r e c t i o n a l i t y  and l in e  o r ie n ta t io n  (Sasanuma S 

Kobayashi, 1978); and the recognition o f  faces ( R iz z o la t t i  & Buchtel,

1977).

Within a d i f f e r e n t  research paradigm, two studies (Ray et  a l . ,  

1976; Tucker, 1976) have shown not only greater  asymmetries in males 

for  spat ia l  tasks (more r igh t  hemisphere processing) but for  verbal 

tasks (more l e f t  hemisphere processing) as w e l l .  Both studies re l ie d  

upon electroencephalographic (EEG) analysis  o f  brain a c t i v i t y  as each 

subject  performed a v a r ie ty  o f  tasks. In the f i r s t  study, Tucker

(1976) examined sex d i f ferences on two v is u a l /s p a t ia l  tasks and a 

vocabulary task. The v is u a l / s p a t i a l  tasks consisted of  one that  was 

assumed to require more perceptual analysis and understanding of  p a r t -  

whole re la t ions  (Gottachaldt Embedded Figures Test) and one that would 

require more synthet ic  processing by combining what looks l ik e
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nonsense designs into synthesized wholes (Mooney Closure paces 

T e s t ) .  There is some ind ica t ion  that the former may be more l e f t  

hemisphere dependent and the l a t t e r  more r igh t  hemisphere dependent.

The overa l l  f indings indicated that  the females showed no 

di f ferences  in c o r t ic a l  a c t i v i t y  between the hemispheres on the two 

s pat ia l  tasks. However, for  males, there was s ig n i f i c a n t ly  greater  

a c t i v i t y  in the p o ste r io r  region when performing the synthet ic  

s p a t ia l  task,  although fo r  the a n a ly t ic  spat ia l  task,  they re l ie d  as 

much on t h e i r  l e f t  hemisphere. On the vocabulary task, sex d i f f e r ­

ences also emerged. Males showed a greater  tendency to use the l e f t  

temporal region when speed o f  correct  responding was the measure. 

Females showed no such tendency. F i n a l l y ,  males and females did not 

"use" the same regions w i th in  a hemisphere for  solving the Gottschaldt  

or vocabulary te s ts .  This corresponds to Kimura's (1966) and McGlone's

(1977) suggestions o f  d i f f e r e n t  i n t r a - hemispheric (as well  as i n t e r -  

hemlspheric) patterns fo r  the sexes. In general,  Tucker (1976) defends 

both the posit ion that  males are more l a te r a l i z e d  for  some spat ia l  

tasks and fo r  some verbal tasks: "Apparently i t  is predominantly

synthet ic  v isuospatia l  functions fo r  which the r igh t  hemisphere is 

spec ia l ized  in m ales. . .and the l e f t  hemisphere is more spec ia l ized  in 

males than females fo r  a t  least some kinds of  verbal processing"

(p. *»52).

Ray et  a l .  (1976) a lso examined EEG recordings of  males and 

females while  they performed four l e f t  hemisphere a c t i v i t i e s  (adding 

numbers, counting verbs in sentences, constructing sentences,
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m u l t ip l i c a t io n )  and four r igh t  hemisphere a c t i v i t i e s  ( l i s t e n in g  to 

two kinds o f  music, and v is u a l i z in g  two d i f f e r e n t  tasks ) .  Again,  

the resu lts  pointed to less l a t e r a l i z a t i o n  in the female. Males 

showed greater  use o f  the l e f t  hemisphere for  l e f t  hemisphere tasks 

andgreater a c t i v i t y  o f  the r ight  hemisphere for  r ig h t  hemisphere 

tasks; females did not show these asymmetries. This suggests 

d i f f e r e n t i a l  usage of  the hemispheres in females and in males.

A l l  the above studies report f indings for  adult  males and 

females. What evidence ex is ts  for  l a t e r a l i z a t i o n  o f  spa t ia l  functions  

in ch i ldren is very scanty, although trends are in the d i re c t io n  of  

grea ter  l a t e r a l i z a t i o n  in boys.

In one of  the few studies o f  spa t ia l  processing in the auditory  

modali ty , Knox and Kimura (1970) presented nonverbal environmental  

sounds ( e . g . ,  dog barking, phone d i a l in g ,  water d ra in ing ,  power motor) 

d ic h o t ic a l l y  to boys and g i r l s  ( a l l  r igh t  handers) between the ages of  

f i v e  and e ig h t .  Results indicated that  more sounds were c o r re c t ly  

i d e n t i f i e d  from the l e f t  ear ( r ig h t  hemisphere) than from the r ight  

ear  a t  each age and for  each sex. When scores were examined fo r  sex 

d i f fe re n c e s ,  the combined l e f t  ear score plus r ig h t  ear score was 

greater  for  boys than g i r l s  at a l l  four ages with the to ta l  score 

s i g n i f i c a n t l y  greater  fo r  boys than g i r l s .  Although these findings do 

not s p e c i f i c a l l y  indicate grea ter  r igh t  hemisphere l a t e r a l i z a t i o n  in 

males, Knox and Kimura (1970) reasoned that  these overa l l  d i f ferences  

could not be explained in any way except " in  terms of  sex di f ferences  

in neural functioning" (p. 236).
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Bakker (1967) presented monaural sounds (each ear  successively  

ra th er  than simultaneously) o f  Morse-l ike  patterns to 6 - to  12-year-o ld  

boys and g i r l s .  The patterns consisted of  three to f i v e  elements

that  were to  be reproduced by a buzzer. Results indicated g reater

l e f t  ear  scores in younger boys but not in g i r l s ,  and by age 10 the

l e f t  ear  advantage no longer ex isted in males. Witelson (1977b) ,

however, points out that  Morse-l ike  code sounds should perhaps be 

processed by the l e f t  hemisphere ( r ig h t  ear) because of  the sequential  

nature o f  the task.

Two other  studies that  are unpublished (Anderson S Barry, 1976; 

McFarlane & Wite lson,  1976) using d ich o t ic  presentation of  sounds are 

reported by Witelson (1977b) . In the former, no ear  d i f fe rence  at  any 

o f  four age levels  (*♦, 5 , 8, and 11) was observed for  environmental  

sounds and no sex analysis  was performed. In the l a t t e r  study, the 

l e f t  ear  advantage was obtained for  boys only (ages 9 through 11).

Several studies employing e lec trophys io log ica l  measures have 

examined in fan ts '  responses to various nonverbal and verbal s t im u l i .  

Molfese, Freeman, and Palermo (1975) measured evoked p o te n t ia ls  in 

10 male and female in fants  with a mean age 5 .8  months. Each in fan t  

showed a la rger  r igh t  hemisphere response to a burst o f  noise and to 

a C-Major piano chord. With o lder  c h i ld re n ,  A-to 11 -y e a r s -o ld , the 

same authors (1975) found a l l  11 showing the greater  r ig h t  hemisphere 

po te n t ia ls  to the chord and 9 o f  the I I  to the noise st imulus.

Gardiner and Walter  (1976) also demonstrated in four six-month-old  

in fa n ts ,  r ig h t  hemisphere changes in EEG's during presentat ion o f  music
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segments. None of  these s tud ies ,  however, analyzed sex d i f fe re n c e s .

Tachistoscopic studies o f  s pa t ia l  functions are equal ly  few.

Two studies have ta ch is toscop ica l ly  presented a face recognit ion t e s t ,  

with f indings in favor o f  a l e f t  visual f i e l d  advantage. Marcel 

and Rajan (1975) demonstrated th is  for  chi ldren aged seven to nine.

Young and E l l i s  (1976) found the l e f t  f i e l d  advantage in 5"» 7", and 

11 "year o lds .  However, none of  the above data were analyzed for  sex 

d i f fe re n c e s .  One recent study (Young 6 Bion, 1979) found greater  

overa l l  accuracy in the l e f t  visual  f i e l d  for  a dot enumeration task in 

5~, 7~, and 11-y e a r “o lds .  In a d d i t io n ,  when the data were analyzed 

fo r  sex d i f fe re n c e s ,  boys showed a greater  degree o f  l a t e r a l i z a t i o n  

than g i r l s .

The strongest evidence fo r  grea ter  l a t e r a l i z a t i o n  in boys comes 

from studies o f  t a c t i l e  e x p lo ra t io n .  Witelson (197*0 designed a 

dichapt ic  shapes tes t  in which 10 d i f f e r e n t  shapes (meaningless and 

un fam il ia r )  were combined in to  f i v e  p a irs .  Boys, ages 6 to 1*», examined 

(palpated) out o f  s ight  each p a i r  simultaneously. This was followed  

by a visual recognition t r i a l  in which the two s t imuli  were presented 

with four other choices. O v e ra l l ,  there were more correct  i d e n t i f i c a ­

t ions fo r  s t im ul i  presented to the l e f t  hand ( r ig h t  hemisphere) than 

to  the r igh t  hand.

In a fol low-up study, Witelson (1976) presented the same nonsense 

shape task to 200 boys and g i r l s  between the ages o f  6 and 13- 

Greater l e f t  hand scores were again observed but by boys on ly .  The 

g i r l s  did not demonstrate any s ig n i f ic a n t  di f ferences between hands.
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Witelson (1976) concluded from these two studies that the r igh t  

hemisphere is more s pec ia l ized  fo r  s p a t ia l  processing in boys than 

in g i r l s  as e a r ly  as age 6 and at  least  through 13 years o f  age.

In a recent extension of  Wite lson 's  (197*», 1976, 1977b) work, 

C io f f i  and Kandel (1979) presented pairs o f  (1) nonsense shapes;

(2) two l e t t e r  words such as TO -  IT; WE -  BE; and (3) consonant 

bigrams such as CM -  GC; SV -  VL to 6~and l*»-year_o ld s . Each 

subject simultaneously explored one o f  the forms or l e t t e r  

combinations with t h e i r  l e f t  hand and one with t h e i r  r ig h t  hand.

Results showed that  boys did b e t te r  with t h e i r  l e f t  hand on the 

bigrams but g i r l s  did b e t te r  with t h e i r  r ig h t  hand on the bigrams.

This suggests the p o s s ib i l i t y  that  g i r l s  p re fe r  to code mater ia l  

through verbal ( l e f t  hemisphere) processes. The authors themselves 

concluded tha t :  "The brains o f  boys and g i r l s  may be d i f f e r e n t l y

organized fo r  the cogn it ive  processes involved in reading" (p. 1*»3*0.

A f in a l  study o f  sex d i f ferences  in spat ia l  s k i l l s  used a 

B r a i l l e  reading task (Rudel e t  a l . ,  197*0* In th is  study 80 chi ldren  

ranging from 7 to l*t learned s ix  B r a i l l e  l e t t e r s  with one hand and 

s ix  d i f fe r e n t  l e t t e r s  with the other  hand. H a l f  o f  the chi ldren learn ­

ed with the l e f t  hand f i r s t  and the r igh t  second; the other h a l f  

reversed th is  order .  ( B r a i l l e  is almost always "read" by the l e f t  

hand.) The ch i ld re n 's  hands were placed behind a screen and the 

experimenter took each sub jec t 's  hand and moved i t  across the 

B r a i l l e  p r in t  while  t e l l i n g  the subject the l e t t e r  he was fe e l in g .  

Following t h i s ,  each B r a i l l e  l e t t e r  was presented to the l e f t  and
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id e n t i f y  which a lphabetical  l e t t e r  the pattern o f  dots represented.

In genera l ,  boys' l e f t  hand scores were grea ter  than g i r l s '  l e f t  hand 

scores fo r  a l l  t r i a l s  combined, ind icat ing  again a r igh t  hemisphere 

bias in males fo r  spat ia l  processing. In a d d i t io n ,  i t  was also  

found that  g i r l s  did very poorly when they f i r s t  had to learn with  

t h e i r  l e f t  hand, suggesting that not only may spa t ia l  processing in 

females be p r im a r i ly  a l e f t  hemisphere task, but also that  females 

may “ pre fe r"  to process spat ia l  patterns as a verbal task. Thus, 

as in the study by C io f f i  and Kandel (1979) ,  at taching a verbal  

component to an otherwise spat ia l  task may f a c i l i t a t e  r igh t  hemisphere 

processing in females.

E a r l i e r  Left  Language L a te r a l i z a t io n  in Females But Subsequent

B i1a t e r a l i z a t i o n  o f  Language in Adulthood, Males More L a te ra l ize d  in

Adulthood

To some e x ten t ,  th is  fourth posit ion combines elements o f  the 

data described above but adds a developmental fa c to r .  E s s e n t ia l ly ,  

females are more la t e r a l i z e d  for  language functions in the e a r ly  years 

because o f  maturational d i f fe rences ,  but males eventua l ly  surpass 

females and by adulthood males are more l a te r a l i z e d  fo r  both verbal  

and spa t ia l  functions (Harshman 6 Remington, 1976). Following 

reasoning s im i la r  to Levy's (1972) , greater  asymmetries conver an 

advantage for  solving s p a t ia l  problems in males, while  in females,  

b i l a t e r a l i z a t i o n  of  language at adulthood confers a disadvantage.
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This viewpoint,  l i k e  Buffery  and Gray's (1972) ,  has attempted to 

consider the l i t e r a t u r e  showing that  females are more v e rb a l ly  

precocious in e a r ly  years ,  although there has not been universal  

support fo r  th is  notion. In add i t ion ,  l i t t l e  developmental l i t e r a ­

ture  w i th in  a neuropsychological framework ex is ts  to point to a 

s h i f t  in l a t e r a l i z a t i o n  in g i r l s  or to support g reater  l e f t  hemi­

sphere language functions in female infants or children as compared 

to male infants and preadolescents. In f a c t ,  the l i t e r a t u r e  ( e . g . ,  

Wite lson,  1977b) in general points to a r igh t  ear advantage for  

verbal s t im ul i  at a l l  age levels with only some occasional trends 

toward a greater  r igh t  ear  advantage in females than males ( e . g . ,  

Kimura, 1967). There is even less evidence in the la te r a l  ta c h is to -  

scopic studies using verbal mater ia l to support greater  l e f t  

hemisphere processing in g i r l s  as compared with boys in childhood.

The rest o f  Harshman and Remington's (1976) po s i t ion— greater  

l a t e r a l i z a t i o n  in adult  males— is supported by the data c i ted  fo r  

Levy's posit ion as well  as the data c i ted  fo r  Wite lson's  (1976) view.

Summary o f  L a te r a l i z a t io n  Theories and Developmental Trends

in evaluat ion o f  the four the ore t ic a l  statements, Buffery and 

Gray's (1972) view of  b i l a t e r a l  s p a t ia l  representation in males 

receives the least support.  Their  b e l i e f  in greater  female l a t e r a l ­

iza t io n  fo r  verbal functions must also be met with caution since the 

l i t e r a t u r e  is not conclusive as to whether there is e a r l i e r  language 

usage in females. In a d d i t io n ,  there is e s s e n t ia l ly  no evidence that



g i r l s  as compared to boys show any s ig n i f ic a n t  l e f t  hemisphere 

advantage on d ichot ic  l is te n in g  tasks or  tachis toscopic presentat ions.  

On the other hand, the remaining three positions meri t  more research:  

Harshman and Remington's (1976) view o f  grea ter  l a t e r a l i z a t i o n  o f  

both hemispheres in adult  males; Wite lson's  (1976) separate focus on 

greater  r igh t  hemisphere s p e c ia l i z a t io n  for  s pa t ia l  functions in 

males; and Levy's (1972) bias in favor o f  g rea ter  l e f t  hemisphere 

s p e c ia l iza t io n  fo r  verbal functions in males.

When the data from a l l  four posit ions are considered, l i t t l e  

can be concluded regarding developmental trends in boys and g i r l s .  

Because of  the d i f f e r e n t  ages and tasks, no s p e c i f ic  patterns have 

emerged to date except fo r  a probable r igh t  hemisphere advantage in 

males fo r  spa t ia l  processes from e a r ly  childhood on into adulthood.  

This conclusion, however, is based la rge ly  on d ichapt ic  ( t a c t i l e )  

tasks ( e . g . ,  Wite lson, 1976) presented to c h i ld re n ,  and, there fo re ,  

must be considered tenuous.

Sex Dif ferences in Cognit ive Strategies

Preference fo r  Verbal Analysis in Females

Another approach for  exp la in ing  the genera l ly  b e t te r  performance 

o f  males on s pa t ia l  tasks focuses not d i r e c t l y  on l a t e r a l i z a t i o n  

d i f fe re n c e s ,  but on the p o s s ib i l i t y  that males and females d i f f e r  in 

terms of  th e i r  preferred information processing s t ra teg ies  (H a r r is ,

1978). This has been alluded to in the above l i t e r a t u r e  review and 

what th is  suggests is that females may pre fe r  verbal mediation fo r  a l l



types o f  cognit ive  tasks--whether verbal or s p a t ia l .  Males, however, 

may be more " d i f f e r e n t ia t e d "  and re ly  only on verbal ( l e f t  hemisphere) 

codes fo r  verbal problems, and spa t ia l  ( r ig h t  hemisphere) codes fo r  

s p a t ia l  problems. Thus, actual a b i l i t y  for  spat ia l  s k i l l s  does not 

d i f f e r  between the sexes, but,  ra th e r ,  the performance d i f ferences  

resu l t  from females attempting to use inappropriate verbal coding 

s t ra te g ie s .  Females would thus be at  a disadvantage when applying 

verbal analysis to spat ia l  problems. The reason(s) for  th is  " s t r a t e ­

gy" d i f fe rence  may stem from d i f ferences in hemispheric l a t e r a l i z a t i o n  

as described by the theories above; and/or d i f f e r e n t  developmental 

learning experiences; and/or e a r l i e r  verbal precociousness in females 

which predispose them to favor verbal analysis  for  a l l  types o f  

problem solv.ing and information processing.

There is no doubt tha t  information can be coded in memory e i t h e r  

v e rb a l ly  or v is u a l ly  ( e . g . ,  Bower, 1972; Conrad, 196^; P a iv io ,  1969; 

Posner et  a l . ,  1969). Studies o f  hemispheric functions have also  

shown that  the same information can be processed e i t h e r  through a 

l e f t  or r igh t  hemisphere channel depending on the presentat ion o f  the 

materia l (Bryden 6 A l l a r d ,  1976) or the instruct ions to the subject  

(Geffen et  a l . ,  1972; Seamon 6 Gazzaniga, 1973). Other researchers 

have stressed that  verbal coding and verbal ru le  learning play an 

important part  in general cognit ive analysis ( B e i l i n ,  1971). The 

question, however, s t i l l  remains as to whether verbal coding of  

complex s pa t ia l  manipulations is a feas ib le  a l t e r n a t iv e  to d i re c t



spa t ia l  processing per se (Cooper 6 Shepard, 1978; Hutteniocher 6

Presson, 1973; Metz ler  & Shepard, 197*0*

Cooper and Shepard (1978) raise the question o f  what processes

a subject engages in and the nature o f  the in terna l  representations

that  are formed when t ry in g  to imagine how a three-dimensional l ine

drawing o f  cubical blocks attached at  d i f f e r e n t  angles w i l l  look

rotated in space. They w r i t e :

Are these representations the resu lt  o f  an analysis  
and recoding of  the v isual  s t imuli  in to some d iscrete  . 
l i s t s  o f  fea tu re s ,  verbal descript ions ,  or other  
proposit ional s t ru c tu re s ,  or are they the resu l t  of  
the in terna l  formation of  some sort  o f  more h o l i s t i c ,  
isomorphic models o f  the corresponding physical 
s t im u l i?  (Cooper 6 Shepard, 1978, p. 111).

Along these same l in e s ,  M etz ler  and Shepard (197*0 had e a r l i e r  

suggested that  subjects could possibly code these three-dimensional  

objects through a series o f  verbal descript ions ( e . g . ,  "a r igh t -an g le  

bend") and then use these codes to reconstruct the forms.

Although no d i re c t  tests  o f  sex di f ferences in s tra tegy p r e fe r ­

ences are known, there are data that  have been used to support the 

view that  females are more "verba l"  in t h e i r  problem solving s t ra te g ie s .  

Harr is  (1978) has reviewed the l i t e r a t u r e  and found some evidence to 

support the posit ion that language a b i l i t y  is a more r e l ia b le  

pred ic tor  o f  in te l l ig e n c e  in g i r l s  than in boys. Such findings  

occurred in a study by Cameron e t  a l .  (1967) ' n which voca l iza t io n  

scores between 5 and 13 months corre lated  with l a t e r  Stanford-Binet  

IQ's obtained between 6 and 26 years for  g i r l s .  G i r ls  with high 

voca l iza t ion  scores had high IQ's l a t e r  in l i f e  while  g i r l s  with



low v o c a l iza t io n  scores had low IQ 's .  There was, however, no 

c o r re la t io n  fo r  boys. Moore (1967) also found s im i la r  resu lts  for  

a group o f  boys and g i r l s  tested at 6 and 18 months and at  3 , 5,  

and 8 years o f  age. Only the g i r l s '  scores on language tests  

( e . g . ,  frequency o f  babbling, spontaneous ta lk in g )  r e l i a b l y  predicted  

l a t e r  in te l l ig e n c e  scores.

Several o f  the e a r l i e r  neuropsychological studies c i ted  above 

have a lso been reevaluated (H ar r is ,  1978) in terms of  sex di f ferences  

in s tra tegy preferences. For instance, in the Lansdell (1962) study 

of  ae s th e t ic  judgment, males performed b e t te r  with an in tac t  r igh t  

hemisphere ( fo r  spat ia l  evaluat ion)  whereas females performed b e t te r  

with an in tac t  l e f t  hemisphere (a verbal evaluat ion o f  a r igh t  

hemisphere ta s k ) .  In other  words, females may have preferred a l e f t  

hemisphere verbal route in the solu t ion o f  th is  type of  spat ia l  

problem. Th is ,  there fo re ,  would expla in  why they did poorly when 

the r ig h t  hemisphere was "forced" (as a re su l t  o f  brain damage) to 

process th is  task.

In another study, McGlone and Kertesz (1973) suggested that  

t h e i r  data "provide new evidence that  verbal processes may play a 

s ig n i f ic a n t  ro le  in 'nonverbal '  a c t i v i t i e s ,  and that  females make 

more use o f  such verbal mediation" (p. 318).  In t h e i r  study, Block 

Design scores corre lated  s ig n i f i c a n t ly  with measures o f  verbal 

a b i l i t i e s  fo r  women with le f t - s id e d  lesions.  This was not the case 

fo r  women with r igh t -s ide d  lesions or fo r  males with e i t h e r  l e f t -  or  

r ig h t -s id e d  damage. In other  words, instead o f  implying that  women
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are b i l a t e r a l  in spa t ia l  representat ion ,  they "use" t h e i r  l e f t  

hemisphere and i ts  a n a ly t i c ,  sequent ia l ,  l i n g u is t i c  mode fo r  solving  

s p a t ia l  problems as well  as fo r  solving obvious verbal problems.

T h is ,  then, becomes the explanation fo r  the in f e r i o r  performance by 

females in contrast to males on various types o f  s pa t ia l  problems— 

p a r t i c u l a r l y  those s p a t ia l  problems least  amenable to verbal encoding.

The above studies suggest a g reater  c o r re la t io n  between verbal  

and spa t ia l  performances in females than in males, possibly in fe r r in g  

a "common" processing route for  females. A more d i re c t  way o f  de te r ­

mining the possible v a l i d i t y  o f  the notion o f  p r e fe re n t ia l  cognit ive  

modes would be to o f f e r  two d i f f e r e n t  problem solving s tra teg ies  

(verbal and s p a t ia l )  and then determine i f  one is more benef ic ia l  

fo r  men or fo r  women. Although there appear to be no studies fol lowing  

th is  paradigm, one recent invest igat ion  suggests possible sex d i f f e r ­

ences in the use of  verbal and spa t ia l  codes. Seamon and Gazzaniga 

(1973) o r i g i n a l l y  showed that  more correct  r igh t  hemisphere recogni­

t ions resulted from instruct ions  to imagine an in terac t ion  between 

objects depicted by two words, while  more correct l e f t  hemisphere 

recognit ions resulted from instruct ions to v erb a l ly  rehearse the words. 

Metzger and Antes (1976) ,  by extending th is  work to include an analysis  

o f  sex d i f fe re n c e s ,  found an ind ica t ion  that  males do b e t te r  with  

imagery instruct ions whi le  females do b e t te r  with rehearsal s t ra te g ie s .

Another study has found possible di f ferences between the type 

o f  information to which each sex attends. Kail  and Siegel (1978) 

examined sex d i f ferences in the a b i l i t y  to remember posi t ion cues.
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They tach is toscop ica l ly  presented 3 X 3  matrices to each la te ra l  

f i e l d .  Within each m a tr ix ,  four d ig i t s  (a verbal task) were 

randomly placed in four d i f f e r e n t  c e l ls  ( the  posit ion o f  the d ig i ts  

in the c e l ls  being the spa t ia l  r ig h t  hemisphere ta s k ) .  With th is  

simultaneous (both verbal and s p a t ia l )  task,  men reca l led  more 

information about s p a t ia l  posit ion while  females reca l led  more 

information about d i g i t s .

In ter ference in Hemispheric Functioning in Males

The above study by Kail  and Siegel (1978) ,  although s ig n i f ic a n t  

in showing reca l l  preferences, is o f  equal in te re s t  fo r  the possible  

implicat ions for  sex di f ferences in a v a i l a b i l i t y  of  more than one 

cognit ive s t ra tegy .  Kail  and Siegel (1978) reported that males' 

reca l l  o f  posit ions did not d i f f e r  r e l i a b l y  between the l e f t  and r igh t  

hemispheres. One possible explanation for  th is  f inding (one would 

supposedly expect grea ter  asymmetries for  males on s pa t ia l  tasks) 

involves an ""interference" model. In other  words, when both verbal  

and spat ia l  information are presented simultaneously, the grea ter  

l a t e r a l i z a t io n  o f  functions in males creates "noise" in the 

processing system. A l la rd  and Bryden (1979) have found some results  

in agreement with th is  p o s s i b i l i t y .  When males were given a concurr­

ent verbal task ( l i s t  memorization) with a task o f  dot d e t e c t a b i l i t y ,  

t h e i r  scores fo r  the usual l e f t  visual f i e l d  s u p e r io r i ty  declined  

more than the scores o f  females, ind ica t ing  what A l la rd  and Bryden 

consider to be an in ter ference  e f f e c t  between s p a t ia l  and verbal  

tasks in males.



The notion o f  in ter fe rence  can also be appl ied to several studies  

discussed e a r l i e r  that provided tasks with both a verbal and spa t ia l  

component. Although these studies support the ro le  o f  verbal analysis  

fo r  females, they l ikewise suggest that  whereas females may b enef i t  

from both types o f  analyses, males may not.

In the f i r s t  study, Rudel e t  a l .  (197*0 in terpre ted  the 

resu lts  o f  t h e i r  B r a i l l e  study w i th in  the framework o f  sex d i f ferences  

in cognit ive  modes of  analyses. In tha t  study, the worse performance 

was in the group of  g i r l s  who were f i r s t  taught B r a i l l e  with t h e i r  

l e f t  hand. However, the best performance occurred fo r  g i r l s  receiving  

r igh t  hand t r a in in g  f i r s t .  What can be postu lated,  th e re fo re ,  is 

tha t  the l e f t  hand ( r ig h t  spa t ia l  hemisphere) in females was i n e f f i c ­

ient  a t  processing the B r a i l l e  patterns u n t i l  there had been 

experience with the r igh t  hand ( l e f t  hemisphere) and thus verbal  

encoding. Rudel e t  a l .  (197*0 suggested that " o v er t ly  or cov e rt ly ,  

chi ldren may use language to codify the d i f f i c u l t  d i s c r im in a t i o n s . . . ,  

and i t  may be that  g i r l s  re ly  more heav i ly  on such language s t ra teg ies  

than do boys" (p. 737).  Although they did not suggest how language 

may have been an aid fo r  the g i r l s ,  i t  is possible that  the dot 

configurat ions could have been coded in the form o f  "two dots on the  

l e f t ,  three on the r ig h t ,  e t c . "

This point can also be strengthened by e x t rapo la t ing  data from 

the charts and graphs appearing in the Rudel e t  a l .  (197**) study.  

Although they reported no overa l l  analysis  o f  accuracy scores fo r  the 

sexes, the f igures showed that  the g i r l s ,  but not the boys, had higher



average scores across a l l  ages except in the one case in which the 

g i r l s '  l e f t  hands were t ra ined  f i r s t .  Otherwise, g i r l s  exceeded the 

performance of  males on what can be viewed as both a s p a t ia l  and 

verbal task. Furthermore, at a l l  age le v e ls ,  average r ig h t  hand 

scores (whether tra ined f i r s t  or second) were always higher fo r  the 

g i r l s  than the boys. In a s im i la r  ve in ,  Witelson (1977c) reported  

data that  seemed to show that  g i r l s  outperformed boys on both the 

l e f t  and r ight  hands on a d ichapt ic  le t te r s  t e s t .  What the resu lts  

o f  these findings point to is the p o s s ib i l i t y  that  males are at a 

disadvantage when a spat ia l  task has a verbal component and when that  

task is processed exclus ive ly  by the l e f t  or r ig h t  hemisphere.

Although the idea o f  in ter ference between and w i th in  the hemi­

spheres o f  e i t h e r  males or females has not been d i r e c t l y  addressed 

in the l i t e r a t u r e ,  studies o f  learning d i s a b i l i t i e s  have long in ferred  

the p o s s ib i l i t y  o f  an in ter ference model for  males. The high incidence 

of  dyslexia  in boys but not in g i r l s  has been a t t r ib u te d  to a typica l  

cerebral l a t e r a l i z a t i o n  and processing of functions (Benton, 1975; 

Orton, 1937; Satz £ Sparrow, 1970), and in p a r t ic u la r  to the fact  

tha t  the neural substrate underlying the greater  asymmetries o f  

the male leave i t  more susceptible  to d isrupt ion (Wite lson, 1977a).

In other  words, the r e la t i v e l y  high degree o f  " s p e c ia l i z a t io n "  o f  

the hemispheres in males: (1) increases the p r o b a b i l i t y  that

should there be a dysfunction in the neural o rga n iza t ion ,  i t  w i l l  

be more re ad i ly  manifested; and/or (2) decreases the f l e x i b i l i t y  

in compensating fo r  or adjusting to changes; handling an overload;  

and/or processing functions "non-native" to a given hemisphere.



CHAPTER II  

Rationale and Hypotheses

Based on the above l i t e r a t u r e  review, two in te r r e la te d  factors  

emerge that  have been o f fe red  as explanations fo r  why males, as 

compared with females, f requently  perform at higher levels on spat ia l  

tasks. The f i r s t  involves the observation o f  g reater  hemispheric 

l a t e r a l i z a t i o n  and s p e c ia l iz a t io n  in males for  both verbal and spat ia l  

funct ions.  The second involves the assumption that  females "pre fe r"  

to code and process a l l  information in a l i n g u i s t i c ,  verbal form.

Since s p a t ia l  information is not e a s i ly  t ran s la ted  into a verbal  

descr ip t ive  system, females are at  a disadvantage when performing 

s p a t ia l  tasks. This preference for  verbal analysis  is assumed to stem 

from the r e l a t i v e l y  grea ter  b i l a t e r a l i z a t i o n  of  hemispheric functions 

in females and perhaps from an e a r ly  maturat ional  advantage in 

language development that predisposes them to favor  language s tra teg ies  

in l a t e r  years. In a d d i t io n ,  a c o ro l la ry  to the d i f ferences  in 

l a t e r a l i z a t i o n  between males and females suggests that  the greater  

hemispheric l a t e r a l i z a t i o n  and s p e c ia l iz a t io n  in males leads to a 

greater  degree of  " i n f l e x i b i l i t y "  and a greater  poten t ia l  for  "disrup­

t io n "  in each hemisphere's funct ioning.  Females, however, because 

o f  the r e la t i v e  sharing o f  hemispheric functions, are less susceptible  

to in ter fe rence  from an in c o m p at ib i l i ty  o f  verbal and spa t ia l  processes. 

F i n a l l y ,  the l a t e r a l i z a t i o n  di f ferences in males and females are 

assumed to fo l low a developmental course, although the exact nature o f



th is  progress is unclear as there are v i r t u a l l y  no invest igat ions  

o f  the changes that occur from infancy to childhood.

This in te rp re ta t io n  o f  the underlying basis for  the performance 

di f ferences  between males and females on spa t ia l  tasks presumes 

that  capacity fo r  s p a t ia l  functions does not d i f f e r  between the 

sexes; ra th e r ,  the cognit ive  approach for  processing spa t ia l  in fo r ­

mation is assumed to d i f f e r .  However, in the research to date,  

the notion tha t  verbal mediation is the preferred cognit ive  s trategy  

fo r  females has only been in fe r re d .  No actual studies have attempted 

to change performance on spa t ia l  tasks by teaching a nonspatial or  

verbal so lu t ion .  The other  untested assumption is tha t  males not 

only do not p re fe r  verbal mediation, but that  because o f  the greater  

degree o f  hemispheric s p e c ia l i z a t io n ,  the use o f  a "nonnatural"  

cognit ive  s trategy ( i . e . ,  language for  r igh t  hemisphere spa t ia l  

problems) or the use o f  two d i f f e r e n t  s t ra te g ies  simultaneously  

may a c tu a l ly  hinder performance, p a r t i c u l a r l y  a t  the level o f  s ingle  

hemisphere processing.

With th is  background, the fol lowing summarizes the s p e c i f ic  

questions addressed in the current study:

(1) Can a verbal descr ip t ive  system appl ied to a s pa t ia l  

task raise the performance level o f  females; and does 

th is  d i f f e r e n t i a l l y  a f f e c t  .the processing o f  information  

in each hemisphere?

(2) W i l l  verbal labe l ing  also a id  the processing of  

spat ia l  information in males or w i l l  i t  resu lt  in



an in terference e f fe c t?  W i l l  there be a d i f f e r e n t i a l  

e f f e c t  fo r  each hemisphere?

(3) Are there changes over the course o f  development in 

hemispheric l a t e r a l i z a t i o n  and functions in males and 

females? Does verbal t r a in in g  have a p a r a l le l  or  

d i f f e r e n t  e f f e c t  a t  d i f f e r e n t  ages?

The s p e c i f ic  s pa t ia l  task selected fo r  invest igat ion  involved 

the perception of  d i r e c t i o n a l i t y  o f  l ines in space. Research 

f indings have demonstrated that d i r e c t i o n a l i t y  is p r im a r i ly  a r ight  

hemisphere " s p a t ia l "  task (Benton e t  a l . ,  1973, 1978; Fontenot & 

Benton, 1971; Kimura & Durnford, 197*0; and, where sex di f ferences  

have been examined, the f indings have indicated r ight  hemisphere 

processing in males but r e l a t i v e l y  grea ter  b i l a t e r a l  processing in 

females (Susanuma 6 Kobayaski, 1978). I f  verbal descript ion aids 

the processing of  s p a t ia l  information in females, then teaching g i r l s  

to v e rb a l ly  label the d i re c t io n  o f  l ines should f a c i l i t a t e  th e i r  

performance r e la t i v e  to males.

The verbal t r a in in g  procedure designed fo r  th is  study involved

teaching subjects tha t  l ines o f  d i f f e r e n t  o r ie n ta t io n s  could be
♦

described or  labeled by reference to one o f  four basic words: 

l e f t  ( , r igh t  ( - ^ ) ,  across ( ------ ) ,  s t ra ig h t  ( I ) .  This proce­

dure was used to determine the e f fe c ts  o f  verbal label ing as well  as 

to study the question o f  whether males experience a d isrupt ion of  

hemispheric functioning when asked to make same/d if ferent  comparisons 

between s p a t ia l  information ( l in e s )  and th e i r  equivalent verbal
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representations (the l e t t e r  abbreviat ion for  each word T e .g . ,  "L" 

fo r  l e f t , e t c . ] ) .

To determine hemispheric l a t e r a l i z a t i o n ,  the spa t ia l  task ( the  

perception o f  l ine  o r ie n ta t io n )  was presented tach is toscop ica l ly  

to the l e f t  and r igh t  l a te r a l  v isual f i e l d s .  St imuli  seen by the 

l e f t  h a l f  o f  each eye ( l e f t  l a te r a l  f i e l d )  aresent  to the r igh t  

hemisphere and st imuli  seen by the r igh t  h a l f  o f  each eye ( r ig h t  la te ra l  

f i e l d )  aresent to the l e f t  hemisphere. Information presented in the 

center o f  the visual f i e l d  projects to both hemispheres. The s p e c i f ic  

measures o f  l a t e r a l i t y  consisted o f  the number o f  correct l ine

drawings or recognitions in each la t e r a l  f i e l d  (and thus in each hemi­

sphere),  and the number o f  correct  comparisons o f  verbal and spa t ia l  

information presented in each l a te r a l  f i e l d .

In order to shed some l ig h t  on the development o f  l a t e r a l i z a t i o n ,  

two age groups — 10-and 1 -year-ol ds— served as the subject population.  

Ten years o f  age was chosen to insure that  the task was not beyond a 

c h i ld 's  cognit ive c a p a b i l i t y .  The d iscr im inat ion  o f  d i r e c t i o n a l i t y  

o f  l ines is r e l a t i v e l y  d i f f i c u l t  fo r  chi ldren younger than seven or

e igh t  (Gibson, 1969). Piagetian l i t e r a t u r e  (Piaget S Inhe lder ,  1971)

a lso indicates that  the a b i l i t y  to manipulate mental imagery and 

make s p a t ia l  transformations emerges with the concrete operat ional age 

of  development. Although the perception o f  the d i r e c t i o n a l i t y  o f  l ine  

slant  does not involve transformations, i t  does involve the capacity  

to process coordinates in space.

Fourteen years o f  age was selected in l ig h t  o f  research showing
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th is  age as the time at  which r e l ia b le  sex d if ferences appear on 

s p a t ia l  tasks (H a r r is ,  1978). In add i t io n ,  research has suggested 

tha t  sex di f ferences on cognit ive  tasks may be influenced by 

maturat ional  factors and the rate of  emergence of  adolescence 

(Petersen, 1976; Waber, 1977)- Fourteen was thus f e l t  to be beyond 

the main t r a n s i t io n a l  period between childhood and adolescence for  

both boys and g i r l s .  The inclusion of  these two age groups, there ­

f o r e ,  was to permit a possible statement about changes in hemispheric 

l a t e r a l i z a t i o n  during development for  both boys and g i r l s .

From the above l i t e r a t u r e  review, the fol lowing hypotheses 

were proposed fo r  the perception o f  d i r e c t io n a l i t y :

Without verbal t r a in in g ,

(a) overa l l  accuracy for  boys and g i r l s  would not d i f f e r .

That is ,  combined l e f t  and r igh t  hemisphere responses 

fo r  boys would be equivalent to combined l e f t  and 

r igh t  hemisphere responses fo r  g i r l s .  This was based 

on several studies ( e . g . ,  Witelson, 1976) c i ted  above 

in which no ov e ra l l  performance dif ferences were 

observed,

(b) boys, as compared with g i r l s ,  would show a r e l a t i v e l y  

greater  degree o f  r igh t  hemisphere l a t e r a l i z a t io n  

(more correct r igh t  hemisphere responses than l e f t  

hemisphere responses). This was based on the greater  

l a t e r a l i z a t i o n  o f  spat ia l  functions in males,
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(c) g i r l s  would demonstrate b i l a t e r a l  processing of  

d i r e c t i o n a l i t y  ( l e f t  hemisphere responses would 

be equal to r ig h t  hemisphere responses). This 

was based on the r e l a t i v e l y  grea ter  b i l a t e r a l ­

iza t io n  o f  functions in females.

Following verbal t r a in in g ,

(d) overa l l  accuracy fo r  boys and g i r l s  would increase 

but g i r l s  would demonstrate r e l a t i v e l y  greater  

gains than boys. This was derived from the 

r e l a t i v e l y  grea ter  b i 1a t e r a l i z a t i o n  o f  verbal and 

s pat ia l  functions in g i r l s ,  and the r e la t i v e l y  

greater  l a t e r a l i z a t i o n  of  functions in males,

and from a predicted r e la t i v e  i n a b i l i t y  in males 

o f  a s ingle  hemisphere to process both verbal  

and s pa t ia l  information,

(e) boys would s t i l l  show greater  r igh t  hemisphere 

than l e f t  hemisphere responding. This was based 

on the assumption that  the l e f t  hemisphere cannot 

process s p a t ia l  information because of  the 

greater  l a t e r a l i z a t i o n  of  functions in males,

( f )  g i r l s  were expected to demonstrate gains in both 

hemispheres, although the r igh t  hemisphere was 

expected to surpass the performance of  the l e f t .  

Right hemisphere gains were expected because of  

the i n i t i a l  r e la t i v e  " in e f f ic ie n c y "  o f  the r ight
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hemisphere to process spa t ia l  information  

without verbal cues. Left  hemisphere gains 

were expected because the r e la t i v e  b i l a t e r a l ­

iza t io n  o f  functions in females enables the 

l e f t  hemisphere to process both s pa t ia l  and 

verbal in formation.  (Greater  l e f t  hemisphere 

gains could a lso be expected on the basis o f  

Rudel e t  a l . ' s  (1974) study and on the basis 

of  the preference for  verbal a n a ly s is . )

The fo l lowing summarizes the above hypotheses:

Without With Verbal Tra in ing
Verbal Tra in ing  (1) OR (2)

<4- *Jo — o —

Boys 4J •—  
Q . 4-1 Boys Boys

0) — <u —
CL. O

Left Left RightLeft Ri ght Right
Visual Visual Visual Visual Visual Visual
Fie ld  F ie ld  F ie ld  F ie ld  Fie ld  Field
(R.Hemis.) (L.Hemis.) (R.Hemis.) (L.Hemis.) (R.Hemis.) (L.Hemis.)

1) Following verbal t r a in in g ,  data supportive o f  (1) above 

would favor the view that  g i r l s  p re fe r  to solve spat ia l  

tasks through a r ig h t  hemisphere channel (although language 

located w i th in  the r ight  hemisphere may f a c i l i t a t e  r ight  

hemisphere performance).



2 )  Following verbal t r a i n in g ,  data supportive o f  (2) above 

would o f f e r  evidence that  g i r l s  p re fe r  to process s p a t ia l  

tasks ( i f  a verbal component is a v a i la b le )  through a l e f t  

hemisphere route.

As a resu l t  of  requir ing  subjects to make comparisons of  verbal  

and spat ia l  mater ia l e i t h e r  successively or  simultaneously,

(g) boys, as compared to g i r l s ,  were expected to demonstrate 

an in ter ference  e f f e c t  in both hemispheres with overa l l  

accuracy fo r  boys less than that  for  g i r l s .

With reference to the course of  development,

(h) overa l l  accuracy fo r  the perception o f  d i r e c t i o n a l i t y  fo r  

boys and g i r l s  was expected to improve with  age.

( i )  d i f ferences between l e f t  and r igh t  hemisphere performances 

would be more pronounced in the o lder  age group.

To answer the above hypotheses, three experimental designs were 

followed. In Design I , f i f t h  and ninth  grade boys and g i r l s  who had 

received no t ra in in g  (Control subjects) were given two condit ions.

One required them to reproduce (by free-hand drawing) l ines of  

various o r ie n ta t io n s .  The second required that  they choose from 

several a l te rn a t iv e s  the l ines  that matched those ju s t  shown. Another 

group o f  f i f t h  and ninth grade boys and g i r l s  received the verbal  

t r a in in g  procedure (Experimental subjects)  and were asked to complete 

the above free drawing and recognition condit ions. The Control sub­

je c ts  provided information to determine the performance levels  o f  boys

and g i r l s  at  two age levels  [Hypotheses ( a ) ,  ( b ) , ( c ) , ( h ) , and ( i )]
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while  a comparison of  the performances o f  the Control subjects and 

Experimental subjects examined the e f fe c ts  o f  t r a in in g  on perception 

of  l ine  d i r e c t i o n a l i t y  [Hypotheses ( d ) , ( e ) , and ( f ) J .

Design I I  involved Experimental subjects only and looked at the 

r e la t i v e  a b i l i t i e s  o f  boys and g i r l s  at two age levels  to make 

correct  judgments about the congruence or noncongruence of spa t ia l  

s t im ul i  ( l in e s  o f  d i f f e r e n t  o r ie n ta t io n s )  and verbal st imuli  (the  

l e t t e r  abbreviat ion o f  the words representing the l ines — l e f t ,  r ig h t ,  

s t r a i g h t ,  across). Each subject received two condit ions. One asked 

them to judge i f  l e t t e r  abbrevia t ions ( e . g . ,  "L") presented in the 

center f i e l d  matched l in e  o r ie n ta t io n s  presented to the la te ra l  

f i e ld s  ( l e t t e r - t o - 1 i n e  matching). The second asked subjects to judge 

i f  l ines presented in the center f i e l d  matched le t t e r s  presented to 

the la te r a l  f i e ld s  ( 1 i n e - t o - l e t t e r  matching). Both of  these conditions  

required successive matches o f  two d i f fe r e n t  representations ( l ine s  

and l e t t e r  abbrevia t ions) and examined the question of  in ter ference  

when s h i f t in g  back and fo r th  between two types o f  cognit ive s t ra teg ies  

[Hypothesis (g)] .

Design 111 also involved Experimental subjects only and required 

that  they make judgments regarding the congruence of  l ines and le t t e r  

abbreviat ions presented simultaneously to a s ing le  la te ra l  f i e l d .

This condition looked at the p o s s ib i l i t y  o f  in ter ference when process­

ing the two representations simultaneously [Hypothesis ( g)3 *
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CHAPTER I I I 

Method

Des i gn

The current study Involved three research designs. Design I examined 

the perception o f  d i r e c t i o n a l i t y  in the l e f t  and r igh t  hemispheres as 

a function o f  sex, grade ( f i f t h  and n i n t h ) ,  and treatment (verbal t r a i n ­

ing [Experimental] versus no verbal t r a in in g  [C o n t r o l ] ) .  Design I 

was employed twice: once with responses from free drawing t r i a l s  and 

once for  responses from recognition t r a i l s .  Design I I  examined the 

performance levels o f  the l e f t  and r ig h t  hemispheres o f  t ra ined  sub­

je c ts  (Experimental group) only on two conditions ( l e t t e r - t o - 1 i n e  

successive matches and 1i n e - t o - l e t t e r  successive matches) as a function  

of  sex and grade. Design I I I  examined the performance levels  o f  the 

l e f t  and r ight  hemispheres o f  Experimental subjects only on simultan­

eous l e t t e r - a n d - 1ine matches as a function of  sex and grade.

Subjects

Subjects consisted o f  96 Caucasian students: **8 f i f t h  graders

e nro l led  in one New York City Public  Elementary School and 48 ninth  

graders enro l led  in one New York City  Public  High School. In general,  

both schools contained middle -c lass ,  achievement-oriented students.

This was determined by the socioeconomic level of  the surrounding 

neighborhood for  the elementary school and by a special " s e le c t iv e "  

high school admission examination required by the high school. The 

f i f t h  graders ranged in age from 10 years, 1 month to 10 years, 12
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months (mean age, 10 years, 7 months), w h i le  the ninth graders ranged 

in age from ] k  years, 2 months to 15 years, 3 months (mean age, 1*♦ 

years, 6 months).

With in each grade, h a l f  ( Zh) of  the subjects were boys and h a l f  

(2*0 were g i r l s .  H a l f  (12) of  the boys and h a l f  (12) o f  the g i r l s  a t  

each grade level were randomly placed in the Control (no verbal  

t ra in in g )  group, wh i le  the remaining h a l f  o f  the boys and g i r l s  were 

placed in the Experimental (verbal t ra in in g )  group.

A l l  subjects were right-handed as determined by the Harr is  (1955 ) 

Test o f  L a t e r a l i t y .  In addit ion to right-handedness, a l l  subjects 

were r ight-eyed.  There is evidence (Denckla 6 Rudel, 1979) suggesting 

that  mixed hand and eye dominance ( e . g . ,  l e f t - e y e d ,  right-handed) may 

be an indicat ion of  some degree o f  a typica l  organizat ion o f  hemi­

spheric functions.

Apparatus

The tes t ing  equipment consisted o f  a Kodak Carousel 650H pro­

je c to r  equipped with a tachistoscopic shut ter  mechanism and a Ger- 

brands "SCO" series d i g i t a l  mil l isecond timer to control the ex­

posure duration o f  each s l id e .  For viewing the s l id e s ,  a rear  pro­

je c t io n  screen was placed between the p ro jec to r  and the subject ,  ap­

proximately 1.63 m from the pro jec tor  and approximately .61 m from 

the subject.  To serve as the center f ix a t io n  point fo r  each s l id e  

presentat ion,  a white dot (.6*f cm in diameter) was placed in the 

center o f  the screen.
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Stimuli

For a l l  condit ions, the basic s t im ul i  consisted o f  twelve 2 X 2  

square matrices drawn in black ink on white paper. Within each 

m atr ix ,  one ce l l  was always empty w h i le  the other three c e l l s ,  de­

pending on the p a r t ic u la r  treatment cond it ion ,  contained one o f  the 

fo l lowing s p e c i f ic  types o f  information: (1) a s ingle  black l in e  in

each o f  the three c e l ls  drawn in one o f  12 d i rect ions as represented 

by 19° in te rva ls  ranging from 0°  to 165° ( e . g . ,  0 ° ,  15°, 30°, e t c . ) ;

(2) a s ing le  black upper case l e t t e r  ("R" for r ig h t ,  "L" for  l e f t ,  

"A" fo r  across, or "S" for  s t r a i g h t ) ;  or  (3) a s ingle  black l in e  and 

a s ing le  l e t t e r .

( 1) / 1
* \

(2) (3) R S

1
L

V

The choice o f  the four words was based on the four types o f  l in e  

s la n t .  Lines drawn a t  15° to 75° were labeled " l e f t "  l ines ( e . g . ,

\  ) ;  l ines drawn a t  105° to 165° were labeled " r ig h t "  l ines ( e . g . ,  

/ ,  / ) ;  a l ine  a t  0 °  was an "across" l in e  ( e . g . ,  — ) ; and a l in e  a t  

90° was a " s t r a ig h t"  l ine  ( e . g . ,  j ) .

The 12 standard matrices were constructed according to the f o l ­

lowing rules. The empty c e l l  occurred equal ly  among the four spaces; 

two o f  the three c e l ls  contained a l in e  drawn at  a " l e f t "  or  " r ig h t "  

s la n t  ( e . g . ,  15°, *»5°, 120°, e t c . ) ;  the remaining th i rd  c e l l  contained 

a l in e  drawn a t  e i t h e r  0° or  90°. Of the to ta l  36 l ines for  the 12
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matrices as a whole, 6 were 0 ° ;  6 were 90°;  12 slanted to the l e f t  

( ' O  ; and 12 slanted to the r ig h t  ( S ) . The s p e c i f ic  three c e l ls  

tha t  contained the l ines varied randomly fo r  each of  the 12 matrices.  

The ra t io n a le  fo r  placing l ines in only three o f  the four c e l ls  was 

based on the need to e l im ina te  a l in e a r  display ( e . g . ,  \ / \ )  which 

could have been subject  to Gesta lt  p r in c ip le s  o f  closure and thus 

more re ad i ly  processed as a conf igura t ion .  The l i t e r a t u r e  suggests 

that  simple pattern recognition seldom leads to s ig n i f ic a n t  hemi­

sphere d i f ferences in accuracy (Umilta  e t  a l . ,  1978). In a d d i t io n ,  the 

u n p re d ic ta b i l i ty  o f  the one empty space should have decreased the prob­

a b i l i t y  o f  l e f t - r i g h t  scanning tendencies.

The 12 " l in e "  matrices served as the standards from which to 

construct the matrices containing le t t e r s  and the matrices containing  

both l ines and l e t t e r s .  Each of  the 12 matrices was drawn twice— 

once to the l e f t  o f  center fo r  presentat ion to the l e f t  visual f i e l d  

and once to the r ig h t  o f  center fo r  presentat ion to the r ig h t  visual  

f i e l d .  With one matr ix  presented per t r i a l ,  there were thus 2^ 

t r i a l s  for  each condit ion.  The matrices were photographed with  

135 mm Ektachrome s l id e  f i lm .  Once projected onto the screen, the 

inside edge o f  the r ig h t  matr ix  was 2°  to the r ig h t  o f  the center  

and the inside edge o f  the l e f t  m atr ix  was 2° to the l e f t  o f  the 

center. The matrices were 6 mm square with  each l e t t e r  1.25 cm high 

and each l ine  1.25 cm in length.

Procedure

Each subject was tested in d iv id u a l ly  and each subject was seen



one time only.  For subjects in the Control group, the procedure 

lasted approximately 15 to 20 minutes. For those subjects in the 

Experimental group, t ra in in g  and tes t ing  took approximately **5 to  

50 minutes. In general,  f i f t h  graders took about an add i t iona l  5 

minutes per group. Each subject in both the Control and Experi ­

mental groups was f i r s t  given tests fo r  handedness and eyedness. The 

handedness test  was taken from the Harr is  (1955) Test o f  L a t e r a l i t y  

and required th a t  subjects demonstrate right-hand preference on 9 

o f  10 items composed o f  questions such as "With which hand do you 

w r i te ? ,  comb your h a ir? ,  cut? ,"  e tc .  An add i t iona l  requirement in ­

cluded right-eyedness as determined by asking each subject to look 

with one eye only through a paper telescope. Eight f i f t h  graders and 

three ninth  graders demonstrated mixed dominance and were given an 

abbreviated version o f  one o f  the treatment conditions and then excused.

In general,  a l l  subjects were to ld  that  the pro jec t  required  

tha t  they t ry  to remember the d i re c t ion  in which l ines were drawn. 

Varia t ions  o f  these instruct ions occurred fo r  each o f  the f iv e  con­

d i t io n s .  The only other  general instruc t ion  given to a l l  subjects  

stressed the importance o f  always attending to the center white  dot.

I t  was explained tha t  since a l l  information would be shown fo r  50 

msec only (each subject was shown how fa s t  50 msec was), i t  v/ould 

be very easy to miss something by looking away fo r  an instant  o r  by 

b l in k in g .  This point  was fu r ther  emphasized by expla in ing that  the 

st im uli  would sometimes occur to the l e f t  o f  center and sometimes to 

the r ig h t  o f  center. Since i t  would not be possible to p re d ic t



which side would contain information on any one presentat ion,  the 

best way to see everything was to focus in the center.  To insure  

tha t  subjects were indeed focusing on the center ,  one o f  three d i f ­

fe re n t  types o f  information (the l e t t e r  "M", the number "6" ,  and a 

s ta r )  occurred in the center fo r  20 msec on random t r i a l s  ( b ,  12, 

17)« Subjects were to ld  that  occasional ly  "something" would occur 

in the center and that  they should be prepared to c a l l  out th is  

center in formation.

Control subjects were administered two condit ions: f ree  draw­

ing and recognit ion.  In the f ree  drawing cond it ion ,  subjects were 

asked to draw each o f  the three l ines as they appeared in each of  

the three matr ix  c e l l s .  In the recognit ion condit ion,  subjects were 

asked to choose which one o f  four matrices was iden t ica l  to the one 

ju s t  viewed on the screen.

A l l  Experimental subjects were f i r s t  given a t ra in in g  exercise  

in which they were taught: (a) to label l ines by the d i re c t io n  o f

s la n t  ( e i th e r  "L" fo r  l e f t ;  "R" for  r ig h t ;  "S" fo r  s t r a ig h t ;  or  "A" 

fo r  across);  and (b) to i l l u s t r a t e  le t t e r s  by drawing l ines corre ­

sponding to the d i re c t io n  the le t t e r s  indicated.  Following these 

exerc ises,  subjects were administered f iv e  conditions: the f i r s t

two ( f r e e  drawing and recognit ion) were iden t ica l  to the two re­

ceived by the Control subjects and served to study the e f fe c ts  o f  

t r a in in g  on the accuracy o f  l in e  drawing and l in e  recognit ion. The 

next three examined the a b i l i t y  to make rapid comparisons between 

l e t t e r s  and l in e s .  In the l e t t e r - t o - 1 i n e  condit ion ,  subjects were



shown a " l e t t e r "  matr ix  in the central f i e l d  and then asked i f  a " l in e "  

matr ix  presented to e i t h e r  the l e f t  or  r ig h t  f i e l d  corresponded to the 

" l e t t e r "  matr ix . For instance, the center " l e t t e r "  matr ix

does not match the " l in e "  matr ix
— /

/

presented to the la te r a l  f i e l d  because the lower r ig h t  c e l ls  do not 

agree. That is ,  the l e t t e r  "L" refers  to the l e f t ,  but the l in e  

is point ing to the r ig h t .  In the 1i n e - t o - l e t t e r  condit ion,  the re­

verse procedure occurred. Subjects were shown a " l in e "  matr ix  in the 

center and then a " l e t t e r "  matr ix in one o f  the two la te r a l  f ie ld s  

and asked i f  each of  the l ines and le t t e r s  matched in a l l  three c e l ls .  

In the le t te r -a n d -1 in e  condit ion, both the l ines  and le t t e r s  were

(
shown simultaneously (

(

A R
■— /

L
/

)
) in the same f i e l d  and sub- 
)

je c ts  had to indicate i f  the l ine  and l e t t e r  in each c e l l  matched. 

These three conditions attempted to answer the question o f  whether 

there are sex d i f ferences in hemispheric l a t e r a l i t y  fo r  processing two 

types o f  information (s p a t ia l  and verbal)  successively ( l e t t e r - t o -  

l in e ;  1i n e - t o - l e t t e r )  or  simultaneously ( l e t t e r -a n d -1 in e )  .

A l l  conditions were presented in the same order except fo r  the 

two successive conditions in which h a l f  o f  the subjects received the



le t te r —to-1 ine  condition f i r s t  whi le  the other  h a l f  received the 1ine-  

t o - l e t t e r  condition f i r s t .  Since these two conditions could be d i ­

r e c t ly  compared fo r  possible d i f ferences in processing le t t e r s - t o - 1 i n e s  

and 1i n e s - t o - l e t t e r s ,  i t  was necessary to e l im ina te  any pra c t ic e  e f ­

fe c t  tha t  might accrue from giving one f i r s t  followed always by the 

other one second.

Each of  the f iv e  conditions always involved 2k t r i a l s  with 12 

matrices randomly presented to the l e f t  and the same 12 randomly pre­

sented to the r ig h t .  Each o f  the conditions fo r  the Control and 

Experimental subjects was preceded by two pract ice  t r i a l s  to insure 

that  subjects understood the basic task required o f  them.

A l l  o f  the conditions fo r  the Control and Experimental subjects  

are described more f u l l y  below.

Control Group

Free Drawing

The s t im ul i  used in th is  condition consisted o f  the 12 " l in e "

matrices ( e . g . ,
/ 1

\

)
) presented randomly one time to the 
)

l e f t  and one time to the r igh t  fo r  a to ta l  o f  2k t r i a l s .  Each matr ix  

was shown on the viewing screen for  50 msec followed by a 5 second 

period during which the subject was to draw each o f  the three l ines  

in the correct  three c e l l s .  Immediately fol lowing this  5 second
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period, a second matr ix  was shown fo r  50 msec and the same 5 second 

period was provided in which to draw the l ines fo r  this second ma­

t r i x .  Because the empty c e l l  varied fo r  each m atr ix ,  subjects were 

instructed to attend to both the d i re c t io n  o f  l ines as well  as to 

the position o f  the empty c e l l .  For t h e i r  drawings, each subject  

was provided an answer sheet consist ing o f  2^ empty matr ices. For 

scoring purposes, each l in e  drawn was considered correct  only i f  i t  

was reproduced in the same o r ie n ta t io n  and in the same c e l l .  Two in ­

dependent scorers judged the "correctness" o f  the l ines o f  the A8 

ninth graders. Of the more than 3000 l in e s ,  disagreement occurred on 

less than 20. Two response measures were a v a i la b le  from the f ree  draw­

ing procedure: (1) the to ta l  number o f  correct  drawings in each la t e r a l

f i e l d ;  and (2) the to ta l  number of  correct  drawings only in the fa r  l e f t

Le f t  Visual Fie ld

two c e l ls  o f  matrices presented to the l e f t  ( e . g . ,

\

and in the fa r  r ig h t  two c e l ls  o f  matrices presented to the r ig h t  

Right Visual F ie ld

( e . g . ,
)
) .  Since four f i f t h  graders and two ninth  
)

graders f a i l e d  to c o r re c t ly  id e n t i fy  the center f ix a t io n  data ,  i t  was 

possible that  a t ten t ion  was not always focused in the center. The 

inner c e l ls  were f e l t ,  there fo re ,  to carry a higher p r o b a b i l i t y  of  being
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processed by a s ingle  la te r a l  f i e l d .  Subjects had also reported during 

p i l o t  tes t ing that  i t  was e a s ie r  " to  see" the two inner most c e l ls .

Recogn i t  ? on

This condition a lso consisted o f  2k t r i a l s  ( the same standard 

12 matrices randomly presented once to the l e f t  and once to the r igh t )  

with  each matr ix  shown fo r  50 msec. Following th is  50 msec presenta­

t io n ,  each subject was given 5 seconds to se lect  one o f  four matrices 

that  matched the one ju s t  seen. These four choice matrices were drawn 

in a row on answer sheets and the subject had to mark his choice for  

each t r i a l .  This was then followed by a second matr ix  presented for  

50 msec followed by a 5 second period to se lect  the one tha t  matched 

i t .  The four choice matrices were constructed according to the f o l ­

lowing rules: one matr ix  was ident ica l  to the one shown; one had one

e r ro r  ( th a t  is ,  one l in e  in one ce l l  was drawn in a d i f f e r e n t  d i re c ­

tion from that presented on the screen);  one matr ix  had two erro rs ;  

and one matr ix  had three errors  ( a l l  three c e l ls  were d i f f e r e n t  from 

th a t  presented). An " e r ro r"  fo r  a l e f t  or r igh t  l ine  was defined by 

a l in e  pointing in the opposite o r ie n ta t io n :  a " l e f t "  l in e  ( \ )  be­

came a " r ig h t"  l in e  ( ^ )  and a " r ig h t "  l ine  became a " l e f t "  l in e .  

"S t ra ig h t"  and "across" l ines were s h i f te d  to the r igh t  or l e f t  de­

pending on the overa l l  conf igurat ion o f  the other l ines in each par­

t i c u l a r  matr ix . In constructing e r ro r  matr ices, the object  was to 

avoid an e a s i ly  recognizable e r ro r  conf igurat ion such as three l ines  

in the same d i re c t io n .  The response measure for this condition con­

s isted o f  the number o f  correct  recognitions in the l e f t  visual



61

f i e l d  and the number o f  correct  recognitions in the r igh t  visual  

f i e l d .

Experimental Group

All  Experimental subjects f i r s t  received two t ra in in g  exercises,  

followed by f iv e  treatment condit ions. The t ra in in g  procedure and 

the indiv idual conditions are described below.

Train ing

Thd t ra in in g  phase consisted o f  two a c t i v i t i e s  to teach sub­

je c ts  to verba l ly  label and describe l in e  d i r e c t i o n a l i t y .  The f i r s t  

exercise consisted of  demonstrating to subjects that l ines f a l l  in to  

four basic types: l ines that s la n t  le f tward ( \ ) ;  l ines that s lant

to the r igh t  ( ^ ) ;  s t r a ig h t  l ines ( 1 ) ;  and across l ines ■(•— ) .  

(V e r t ic a l  and horizontal were not used since these are p o lysy l lab ic  

words— l e f t  and r ig h t  are monosyllabic— and may also have been less 

f a m i l ia r  to f i f t h  graders than to ninth graders.)  Le f t  and r igh t  

l ines were i l l u s t r a te d  by placing arrowheads on the top o f  each l in e  

( l e f t  =» 1^; r ight  » Subjects were then given an d i  by 11 inch

sheet o f  paper with 9 rows o f  12 l ines o f  various s lan ts .  Below each 

l in e  was a space to enter  the l e t t e r  ("R" for  r igh t  s la n t ;  "L" for  

l e f t  s la n t ;  "S" fo r  s t ra ig h t  l in e ;  and "A" fo r  across l ine )  tha t  in ­

dicated the d i rec t ion  o f  the l in e .  Subjects were given prac t ice  

l ines to code and then were administered a c r i t e r i o n  test  o f  12 cor­

rect  in 19 seconds.

Following th is  exerc ise ,  a second exercise was introduced in
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which subjects were asked to code in reverse. That is ,  each subject was

shown another 8 i  in. by 11 in. pract ice  sheet except th is  time there  

were nine rows of  l e t t e r s  and subjects were asked to draw the appropri ­

ate l in e  under each l e t t e r .  Following p rac t ice  t r i a l s  a c r i t e r i o n  

te s t  o f  12 correc t  codings in 15 seconds was administered.

Immediately fo l lowing the two t ra in in g  exerc ises ,  each subject  

was administered the fo l lowing f i v e  condit ions.

Free Drawing

This condition was ident ica l  to the one described above fo r  the 

Control subjects, except that  the instruct ions fo r  the Experimental 

subjects stressed that  the l ines in each matr ix  might be more e a s i ly  

remembered by noting the d i re c t io n  ( r i g h t ,  l e f t ,  s t r a i g h t ,  or  across) 

in which the l ines were drawn.

Recogni t ion

This condit ion was also ident ica l  to the one administered to the 

Control subjects w i th  the addit ion that  the instruct ions  emphasized 

the verbal descript ion o f  the l ines as a memory a id .

Successive L e t te r - t o -L in e  Matching

In th is  condit ion,  subjects were required to determine i f  a 

" l e t t e r "  matr ix  presented in the central f i e l d  matched a " l in e "  ma­

t r i x  presented to e i t h e r  the l e f t  or r ig h t  f i e l d s .  For instance,

i f  the " l e t t e r "  matr ix

s R

L
presented to the center f i e l d
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was followed by the " l i n e "  matr ix
1 /

/
presented to one or

the other la te r a l  f i e l d s ,  the top two c e l ls  match (the l e t t e r  and the 

l in e  correspond) but the bottom cells  do not match since the l e t t e r  

says " l e f t "  and the l in e  points " r ightward" .  This p a i r  thus has one 

e r ro r .

Subjects were given answer sheets which contained 2b empty 2 X 2  

matrices. Following each p a ir in g  (which const i tu ted one t r i a l ) ,  sub­

je c ts  were asked to place an "X" in the c e l l  (or  c e l ls )  in which the 

l e t t e r  and l in e  did not correspond. The matrices were constructed  

such tha t  there were seven errors  in the fa r  l e f t  two c e l ls

(
(
(

X

X

)
) and seven errors  in the fa r  r ig h t  two c e l ls  
)

(
(
(

X

X

)
) .  P i l o t  data had shown that the fa r  r ig h t  two v e r t i -  
)

cal c e l ls  o f  matrices presented to the r ig h t  and the fa r  l e f t  two 

v e r t ic a l  c e l ls  o f  matrices presented to the l e f t  appeared to y ie ld  

the more s e n s i t iv e  measure o f  l a t e r a l i t y  d i f fe rences .  Of the to ta l  

1  ̂ e r ro rs ,  10 were " l e f t "  (5) and " r i g h t "  ( 5 ) ,  and b were e i t h e r
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" s t r a ig h t "  or  "across". (There were 28 errors  in a l l  since a l l  ma­

t r ic e s  were presented once to the l e f t  and once to the r i g h t . )  P i l o t  

data had also shown that  " s t r a ig h t"  and "across" were more e a s i ly  

recognized and, there fo re ,  not as sens i t iv e  to d i f ferences in l e f t  

and r ig h t  hemisphere funct ioning.  To e l im ina te  guessing, subjects  

were also told tha t  a few (2) matrices contained no e r ro rs ,  a l ­

though most contained one (6) or  two (k)  e r ro rs .

The center matr ix  was presented fo r  500 msec while  the la te r a l  

matrices were presented fo r  50 msec. Before the 2k t r i a l s  began,

subjects were reminded to use the coding system. That is ,  a f t e r  they

saw the le t t e r s  and then the l in e s ,  they should think o f  the le t t e r s  

that  the l ines represented to determine i f  they matched the le t t e r s  

o r i g i n a l l y  presented in the central  matr ix.

Response measures were obtained fo r  (a) to ta l  number o f  cor­

re c t ly  id e n t i f i e d  "mismatches" o f  l e t t e r s  and l ines in each f i e l d ;  

and (b) to ta l  number o f  co r rec t ly  id e n t i f i e d  "mismatches" o f  l e t t e r s  

and l ines in only the f a r  l e f t  two c e l ls  o f  l e f t  visual  f i e l d  ma­

t r ic e s  and the fa r  r ig h t  two c e l ls  o f  r ig h t  visual f i e l d  matrices.

Successive L i n e - to - L e t te r  Hatching

This condition reversed the previous one in that the 2k t r i a l s  

consisted o f  presenting a " l in e "  matr ix  in the center fol lowed by a 

" l e t t e r "  matr ix  to one or  the other la te r a l  f i e l d .  Subjects were 

also to ld  that  when they saw the " l e t t e r "  matr ix  they should th ink  

of  the l ine  d i re c t ion  tha t  each l e t t e r  represented in order to com­

pare them with the l ines shown o r i g i n a l l y  in the center m atr ix .



The center matr ix  was shown for  500 msec followed by the la te r a l  ma­

t r i x  fo r  50 msec. Following each t r i a l ,  subjects were given 5 seconds

to mark an "X" or  "X 's"  on t h e i r  answer sheets in the c e l l ( s )  in which 

information did not match. The response measures were the same as in 

the 1i n e - t o - l e t t e r  condit ion.

Simultaneous Le t te r -and -L ine  Matching

This procedure combined the aspects o f  the two successive match­

ing conditions by placing in one la t e r a l  f i e l d  a t  a time both l e t t e r s

(
and l ines simultaneously (

(

s R

1 /

L
\

)
) .  There were 2*» t r i a l s  
)

of  12 matrices presented randomly to the l e f t  and the same 12 ran­

domly presented to the r ig h t .  Two matrices contained no errors  while  

s ix  contained one e r ro r  and four contained two e r ro rs .  These \ k  e rrors  

for  the 12 matrices were d is t r ib u te d  such that  seven errors  occurred 

in the fa r  l e f t  two c e l ls  fo r  l e f t  visual f i e l d  matrices and the fa r  

r ig h t  two c e l ls  fo r  r ig h t  visual f i e l d  matrices. Thus a matr ix  such

as

A R
/

L
/

contained one e r r o r ,  the bottom r ig h t  c e l l ,  wh i le

a matr ix  such as contained no e r ro rs .  Because o f  the



addit ional  information presented in each m atr ix ,  exposure time was 

increased to 100 msec. Answer sheets consisted o f  2k empty matrices  

and subjects were given 5 seconds fol lowing each matr ix  to place an 

"X" or "X's" in the c e l l  or  c e l ls  in which the spat ia l  and verbal  

information did not match. Response measures consisted of  (a) the 

to ta l  number o f  c o r re c t ly  id e n t i f i e d  ce l ls  with nonmatching le t t e r s  

and l ine s ;  and (b) the number o f  correc t ly  id e n t i f ie d  fa r  l e f t  two 

and fa r  r igh t  two c e l ls  containing nonmatching le t t e r s  and l in e s .
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CHAPTER IV 

Results

Design I (E f fects  o f  Verbal T ra in ing  on the Perception o f  Line 

Pi rect iona l i  ty

Free drawing: fu l l - f r a m e  responses. Table 1 presents the mean 

number o f  correct l in e  drawings and the standard deviations for  each 

l a te ra l  visual  f i e l d  with (Control)  and without (Experimental) ver ­

bal t ra in in g  for  boys and g i r l s  at the f i f t h  and ninth grade leve ls .

A mixed design 2 X 2 X 2 X 2 analysis o f  variance was computed with 

sex (male and female),  grade ( f i f t h  and n i n t h ) ,  and treatment 

(Control and Experimental) as the between-subjects variab les  and 

f i e l d  ( l e f t  a nd .r ight )  as the w i th in -su b jec ts  v a r ia b le .  The analysis  

yie lded s ig n i f ic a n t  main e f fe c ts  fo r  Treatment (£  (1 , 88) = 8 .9 9 ,

£^.01) and Grade (£  (1 ,  88) = 78.^3, £ ^ . 0 1 ) ,  and a s ig n i f ic a n t  i n t e r ­

action o f  Sex by F ie ld  ( £  (1 ,  88) *  k . 8 k ,  £ ^ .0 5 ) .  No other main 

e f fe c ts  or  in teract ions  approached s ig n i f ic a n c e .  An examination 

o f  Table 1 indicates that  the Control subjects averaged 11.97 correct  

l ine  drawings per f i e l d  (o f  a possible 36) while  the Experimental 

subjects averaged 13*76, an approximate d i f fe rence  o f  2 correct  

responses. The s ig n i f ic a n t  Grade e f f e c t  is c le a r  by the means in 

Table 1 which indicate that  f i f t h  graders achieved an average of  

10.22 correct responses per f i e l d  whi le  ninth graders performed at 

an average level o f  15.51* F i n a l l y ,  the Sex by F ie ld  in te rac t ion  is 

depicted in Figure 1. Across treatments and grades, g i r l s  demonstrated 

greater  r igh t  ( 13*^8) than l e f t  (12.65)  visual f i e l d  responding while
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TABLE 1

Means and Standard Deviations for  Number o f  

Correct Line Drawings for  Free Drawing: 

Full-Frame Responses*

Control Experimental
(No Verbal Train ing)  (Verbal Train ing)

Left Fie ld Ri ght Field Lef t Fie ld Right Fie ld
(Ri ght (L e f t (Ri ght (L e f t

Hemisphere) Hemi sphere) Hemi sphere) Hemisphere)

M SD M S_D M SD M SD

F i f th  Grade

Boys 3.75 (2 .80) 8.25 (2 .64) 11.75 (2.63) 10.83 (3 .10)

G ir ls  9.^2  

Ninth Grade

(4.34) 9.33 (2 .50) 11.00 (3.54) 12.33 (2.61)

Boys 15.50 (2.97) 14.08 (4 .54) 16.42 (3.45) 15.58 (5.89)

G ir ls  14.67 (3 .00) 15.75 (3.06) 15.50 (2.68) 16.53 (4 .58)

*Total possible correct per f i e l d  (with ful1-f rames) = 36.
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Fig. 1. Free Drawing: Full-Frame Responses. Mean number o f

correct  l in e  drawings in the l e f t  and r ig h t  visual f i e ld s  fo r  g i r l s  

and boys across grade ( f i f t h  and ninth)  and treatment (Control and 

Experimental) .



boys demonstrated g re a te r  l e f t  (13.13)  than r igh t  (12.21)  v isual f i e l d  

responding. To fu r th e r  c l a r i f y  th is  in te ra c t io n  (as well  as a l l  others  

reported below), pa ir -w ise  comparisons were computed using Dunn's 

method (Bonferroni t_ s t a t i s t i c ) . This method insured that  a l l  of  the 

comparisons were simultaneously conducted at  an alpha level of .05.

That is, the probabi 1 i ty o f  having made any Type I errors in the group 

of comparisons was less than .05* For the p a r t ic u la r  comparisons 

suggested by the Sex by F ie ld  in te r a c t io n ,  no s ig n i f ic a n t  t '̂s resu lted.

Free drawing: ha l f - f ram e  responses. The means used in the above

analyses were based on a l l  correct l in e  drawings in a l l  three ce l ls  

of  a l l  matrices presented in each la te r a l  f i e l d .  The more r e l i a b l e  

measure of f i e l d  d i f fe re n c e s ,  however, was the number o f  correct  

reproductions in the fa r  l e f t  two c e l ls  of  matrices presented to the 

l e f t  visual f i e l d ,  and the fa r  r ig h t  two c e l ls  o f  matrices presented 

to the r igh t  f i e l d .  These outer-most c e l ls  were more l i k e l y  to be fa r  

enough o f f  center to l i e  w i th in  a s ing le  la te r a l  f i e l d .  Table 2 pre­

sents the means and standard deviat ions using these ha l f - f ram e responses. 

A comparison of  th is  Table with Table 1 indicates th a t ,  in genera l ,  the 

f a r  outside c e l ls  accounted fo r  on e- th i rd  to one-hal f  o f  the to ta l  

responses fo r  each f i e l d .  However, the data fo r  ful1-frames and fo r  

half - frames were not t o t a l l y  comparable. The same fo u r - fa c to r  mixed 

analysis  o f  variance design used above in the fu l l - f ra m e  analysis was 

repeated with  the ha l f - f ram e responses. The results  o f  th is  analysis  

y ie lded  both d i f f e r e n t  as well  as addi t iona l  s ig n i f ic a n t  e f fe c ts .

A main e f f e c t  for  Grade was s ig n i f ic a n t  ( £  (1 ,  88) = 2**,05, p < , 0 l ) ,
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TABLE 2

Means and Standard Deviations for  Number o f  

Correct Line Drawings fo r  Free Drawing: 

Half-Frame Responses*

Control Experimental
(No Verbal Tra in ing)  (Verbal Train ing)

Lef t Field Ri ght F ie ld Left Fie ld Ri ght Field.
(Right (L e f t (Right (L e f t

Hemisphere) Hemi sphere) Hemi sphere) Hemisphere)

M SD M SD M SD M SD

F i f th  Grade

Boys 4.00 (1 .75) 4.75 (1 .49) 4.83 (1 .64) 3.67 (1 .07)

G ir ls  4 .67  

Ninth Grade

(1 .82 ) 5.00 (1 .60) 6.00 (1 .34) 6.50 (1 .83)

Boys 6.25 (1 .48) 5 .83 (2 .08) 6.92 (2 .31) 5.17 (2.66)

G ir ls  6.1*2 (1 .88) 6.33 (2 .35) 6.83 (2 .37) 7.83 (2 .13)

*Total possible correct per f i e l d  (with half - f rames only) = 18.



ind ica t ing  that averaging across treatment and s e x ,  the f i f t h  

graders made an average o f  **.9*» correct  drawings per f i e l d  ( to t a l  

possible per f i e l d  = 18) while  the ninth graders achieved an average 

of 6 . bS correct  drawings per f i e l d .  Sex was also s ig n i f ic a n t  (F (1 ,  88 

= 11.21, £ < . 0 1 )  with a l l  boys across grade and treatment performing 

at an average of 5-18 correct  responses per f i e l d ,  and g i r l s  at an 

average level of  6.21 per f i e l d .

Two two-way in terac t ions  were s ig n i f i c a n t :  Treatment by Sex (F (1 ,

88) = 3 .9 8 ,  £ < . 0 5 )  and Sex by Fie ld  (_F (1 ,  88) = A.95, £ < . 0 5 ) .  Figure 

2 depicts the Treatment by Sex in te ra c t io n .  For boys, there were no 

di f fe rences  in the number of  correct  l in e  drawings with  (5 .15  per f i e l d )  

as opposed to without (5 .21)  verbal t r a in in g .  G i r l s ,  however, demon­

stra ted  more correct  responses with t ra in in g  (6 .79  per f i e l d )  than 

without t ra in in g  ( 5.63 per f i e l d ) .  Pair -wise comparisons (using the 

Bonferroni £  s t a t i s t i c )  indicated a s ig n i f ic a n t  d i f fe re n c e  between the 

bovs with t ra in in g  (5 .15)  and the g i r l s  with t ra in in g  (6 .79)  (t_ (88) = 

2 .6 7 ,  £ < . 0 5 / A ) .  The s ig n i f ic a n t  Sex by F ie ld  in te ra c t io n  is shown 

in Figure 3. Across grade and treatment, g i r l s  had more correct  

drawings in the r ig h t  than l e f t  visual f i e l d ,  wh i le  males performed 

b e t te r  in the l e f t  than r ig h t  f i e l d .  Pa ir -w ise  comparisons indicated  

one s ig n i f ic a n t  re su l t  ( £  (88) = 3 .6 1 ,  p ^ . O l / A ) .  G i r ls  achieved 

s ig n i f i c a n t ly  more correct  l ine  drawings in the r ig h t  f i e l d  ( l e f t  

hemisphere) (6.**2) than boys achieved in the r ig h t  f i e l d  (**.85) .

F i n a l l y ,  a s ig n i f ic a n t  three-way in te ra c t io n  was obtained fo r  Treatment 

by Sex by F ie ld  (F (1 , 88) = 5.77> p, < . 0 5 ) .  This is demonstrated in 

Figures *♦ and 5. An inspection of  these shows that  g i r l s  and boys



73

o
a)i_u
Oc_>

a)
J3E3
C
(U
a)

I I  = Boys

7

6

5

Control 
(No Verbal 
Training)

Experimental
(Verbal

Training)
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correct  l in e  drawings fo r  g i r l s  and boys in Control and Experimental 

treatments across grade ( f i f t h  and ninth) and f i e l d  ( l e f t  and r igh t )
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correct l in e  drawings for  g i r l s  and boys in l e f t  and r ight  l a te r a l  

visual  f ie ld s  across grade ( f i f t h  and ninth) and treatment (Control  

and Experimental) .
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l e f t  and r ig h t  l a t e r a l  visual f i e ld s  across grade ( f i f t h  and n in th ) .
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performed equal ly  in the Control treatment (with more correct  responses 

in the r igh t  f i e l d  than in the l e f t  f i e l d  fo r  both boys and g i r l s ) ,  a l ­

though g i r l s  did demonstrate a s l ig h t  advantage over boys in each f i e l d .

With verbal t r a in in g ,  however, boys and g i r l s  performed s ig n i f i c a n t ly  

d i f f e r e n t  from each o ther .  Although performance in the l e f t  f i e l d  for  

both boys and g i r l s  was b e t te r  with t r a in in g  than without t r a in in g ,  

th is  was not the case in the r ig h t  f i e l d .  Boys made fewer correct

responses in the r igh t  f i e l d  with t r a in in g  than without t ra in in g .

G i r l s ,  however, made more correct responses in the r igh t  f i e l d  with  

than without t r a in in g .  Pair -wise comparisons also indicated a s i g n i f ­

icant d i f fe rence  between the r ig h t  f i e l d  performance of  g i r l s  with  

t r a in in g  (7*17) and the r igh t  f i e l d  performance o f  boys with t ra in in g  

(4 .42 )  (t_ (88) = 4 .4 8 ,  £ ^ 0 1 / 1 6 ) .  In add i t io n ,  boys' l e f t  f i e l d  per­

formance (5-88) with t r a in in g  was s ig n i f i c a n t l y  b e t te r  than t h e i r  r ight  

f i e l d  performance (4 .42 )  with t r a in in g  (t_ (23) = 3-48, £ ^ 0 5 / 1 6 ) .

Recognition: fu l l - f r a m e  responses. Table 3 presents the mean

number o f  correct recognitions for  each sex in each grade for  each 

f i e l d  in both Control and Experimental treatments. As can be seen, 

the recognit ion condition did not appear to provide a se ns i t iv e  measure 

of  the e f fe c ts  o f  verbal t r a in in g  on l a t e r a l i t y  di f ferences fo r  the 

perception o f  d i r e c t i o n a l i t y .  A mixed design 2 X 2  X 2 X 2 analysis  

o f  variance was computed with sex, grade, and treatment the between- 

subjects variables and f i e l d  the w i th in -su b jec ts  v a r ia b le .  The only 

s ig n i f ic a n t  resu lt  was a main e f f e c t  for  Grade (_F (1 ,  88) = 17*10, £  

^ 0 1 ) .  F i f th  graders achieved an average of 5.10 correct  recognitions  

per f i e l d  ( t o t a l  possible per f i e l d  = 12) ,  whereas ninth graders
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TABLE 3

Means and Standard Deviations fo r  Number o f  

Correct Line Recognitions fo r  Recognition:  

Ful 1 -F rame Responses *

Control Experimental
(No Verbal Train ing)  (Verbal Tra in ing)

Left  Field  
(Right  

Hemi sphere)

Right Fie ld  
(L e f t  

Hemi sphere)

L e f t  F ie ld  
(Right  

Hemi sphere)

Right Fie ld  
(L e f t  

Hemi sphere)

M SJ) M SD M SD M SD

F i f th  Grade

Boys 5.42 (1 .67) 4.53 (2 .11) 5.00 (2 .00) 5 .25 (1 .76)

G ir ls  5.17 ( 2 . 08) 4.92 (1.93) 5 .17 (1 .19) 5 .33 (1 .37)

Ninth Grade

Boys 6 .58 (1.50) 5.17 (1 .99) 6.50 (1 .67) 5 .83 (1 .85)

G ir ls  6 .58 (1 .44) 6.33 (1 .88) 6.42 (1 .62) 6 .50 (2 .15)

*Total possible correct per f i e l d  (with ful1- frames) *  12.
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performed at an average level of  6.2**.

Results o f  Design 1 for  Proposed Hypotheses

The fo l lowing hypotheses appl ied to Control (no t ra in in g )  

subjects only:

Hypothesis ( a ) — overa l l  accuracy for  the perception o f  d i r e c t io n ­

a l i t y  fo r  boys and g i r l s  would not d i f f e r  without t r a i n i n g . Results 

o f  the above three analyses indicated that  there were no s ig n i f ic a n t  

performance di f ferences between "untrained" (Control) boys and g i r l s .

Hypothesis ( b ) — boys would show a r e la t i v e ly  greater  degree o f  

r igh t  hemisphere l a t e r a l i z a t i o n  fo r  d i r e c t i o n a l i t y . None o f  the above 

analyses y ie lded s ig n i f i c a n t l y  b e t te r  r igh t  hemisphere as compared 

to l e f t  hemisphere performance in boys without t r a in in g .  In a d d i t io n ,  

none of  the above three analyses led to any s ig n i f ic a n t  resu l t  in d i ­

cat ing grea ter  r ig h t  hemisphere performance in Control boys as com­

pared to Control g i r l s .

Hypothesis ( c ) — g i r l s  would demonstrate b i l a t e r a l  processing of  

di r e c t i o n a l? t v . A l l  the above analyses indicated that  l e f t  and r ig h t  

hemisphere performances o f  g i r l s  did not d i f f e r .

The fo l lowing hypotheses were proposed for  the e f fe c ts  o f  verbal  

t r a in in g  (Experimental sub jects ) :

Hypothesis ( d ) — ov e ra l l  accuracy for  d i r e c t i o n a l i t y  for  boys and 

g i r l s  would increase with verbal t ra in in g  but g i r l s  would demonstrate 

r e la t i v e l y  grea ter  gains than boys. The s ig n i f ic a n t  two-way in t e r a c t ­

ion o f  Treatment by Sex obtained with the free drawing: h a l f -



frame responses and the s ig n i f ic a n t  three-way in terac t ion  o f  

Treatment and Sex and F ie ld  ( f re e  drawing: ha l f - f ram e)  both in d i ­

cated that  accuracy for  the perception of  d i r e c t i o n a l i t y  in the outer­

most c e l ls  was grea ter  fo r  the Experimental g i r l s  than the Experimen­

ta l  boys. This grea ter  accuracy for  g i r l s  was a combination o f  more 

correct responses in both f ieTds. For boys, however, only the r ight  

hemisphere responses were greater  with than without verbal t r a in in g ,  

while  the l e f t  hemisphere performed at a lower level with t r a in in g .

In add i t io n ,  however, the f a i l u r e  to obtain greater  accuracy in g i r l s  

in the analysis o f  fu l l - f r a m e  responses suggests that  whereas, o v e r a l l ,  

t ra in in g  improved performance fo r  both boys and g i r l s ,  the l e f t  and 

r igh t  hemispheres were not equal ly  able to p r o f i t  with t ra in in g  when 

a more sens it ive  measure (ha l f - f ram e  responses) was employed. The 

results o f  the two pa ir -w ise  comparisons also indicated that g i r l s  with  

t ra in in g  performed s ig n i f i c a n t ly  b e t te r  than boys with t r a in in g ,  and 

the l e f t  hemisphere performance was greater  in Experimental g i r l s  than 

boys.

Hypothesis ( e ) — boys1 r igh t  hemisphere performance would be 

greater  than th e i r  l e f t  hemisphere performance in both Control and 

Experimental treatments. The in terac t ion  o f  Sex by F ie ld  by Treatment 

in the free drawing: ha l f - f ram e  analysis indicated that although the

l e f t  and r igh t  hemispheres performed equally  fo r  the boys in the Con­

t ro l  t reatment, the r igh t  hemisphere c le a r ly  performed s ig n i f ic a n t ly  

be t te r  than the l e f t  hemisphere fol lowing verbal t r a in in g .
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Hypothesis ( f ) — g i r l s  would demonstrate b e t te r  perception of  

d i r e c t i o n a l i t y  in both hemispheres with than without verbal t ra in in g .  

However, i f  performance was more accurate with  t ra in in g  in the r igh t  

hemisphere than l e f t  hemisphere, a preference fo r  r ig h t  hemisphere 

s pat ia l  processing would be indicated.  I f  performance was more 

accurate in ' th e  l e f t  hemisphere, a preference fo r  l e f t  hemisphere 

spat ia l  processing would be indicated.  The Treatment by Sex by 

Fie ld  in terac t ion  ( fo r  f re e  drawing: ha lf - frames) c le a r ly  demonstrated

that  with verbal t ra in in g  g i r l s  performed b e t te r  than boys. However, 

fo r  g i r ls ,m ore  accurate performance did not occur p r im a r i ly  in the 

r igh t  hemisphere but ra ther  in the l e f t  hemisphere; and the g i r l s ' l e f t  

hemisphere performance with  t r a in in g  was s ig n i f i c a n t ly  b e t te r  than 

boys' l e f t  hemisphere performance with  t ra in in g .

With reference to the course of development, the fol lowing  

hypotheses were proposed:

Hypothesis ( h ) — ninth graders would have higher overa l l  per­

formance levels fo r  the perception of  d i r e c t i o n a l i t y  than f i f t h  

graders . The main e f f e c t  o f  Grade was s ig n i f ic a n t  for  a l l  o f  the 

above three analyses, ind icat ing s ig n i f i c a n t l y  b e t te r  performance 

fo r  ninth graders than f i f t h  graders.

Hypothesis ( ? ) — dif ferences between l e f t  and r igh t  hemisphere 

performances would be more pronounced in ninth graders. None of  the

above three analyses y ie lded a s ig n i f ic a n t  Grade by F ie ld  i n t e r -
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action to ind icate  more pronounced f i e l d  d i f ferences in ninth  

than in f i f t h  graders . An examination o f  the means in Tables 1,

2 , and 3 ind ica te  that  f o r  Control subjects there was, however, on the 

average, g rea ter  absolute f i e l d  d i f ferences in ninth graders than 

in f i f t h  graders.

Design I I  ( L e t t e r - t o -L in e  and L?ne- to -Let ter  Successive Comparisons 

-  A Test fo r  In ter ference)

L e t t e r - t o - 1ine and 1i n e - t o - l e t t e r  comparisons: fu l l - f r a m e

responses. Table *» provides the means and standard devia t ions  

fo r  the number o f  correct  id e n t i f ic a t io n s  o f  nonmatching verbal  

and spa t ia l  information in each f i e l d  for  both f i f t h  and ninth  

grade boys and g i r l s  under the two conditions o f  l e t t e r - t o - 1 i n e  

and 1i n e - t o - l e t t e r  comparisons. A 2 X 2 X 2 X 2  mixed design 

analysis o f  variance with  sex and grade the between-subjects 

variab les  and f i e l d  and condition the w i th in -su b jec ts  variab les  

demonstrated a s ig n i f ic a n t  main e f f e c t  for  Grade (F_ (1 ,  ***0 =

11.8*1, £ < . 0 l ) .  The average number o f  c o r re c t ly  id e n t i f i e d  mis­

matches fo r  f i f t h  graders was 6 .17 per f i e l d  ( t o t a l  possible per 

f i e l d  = 1*0, whereas the average performance of  ninth graders was 

7 .69 .  A s ig n i f ic a n t  main e f fe c t  was also obtained fo r  Condition  

(_F ( l , * t *0  = 6 .7 1 ,  £ < . 0 5 ) .  The average number o f  c o r r e c t ly  id e n t i ­

f ie d  mismatches fo r  a l l  subjects administered the l e t t e r - t o - 1 i n e  

condition was 7 .28 per f i e l d ,  whi le  the c o r re c t ly  id e n t i f i e d
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TABLE k

Means and Standard Deviations fo r  Number o f  

Correct Comparisons fo r  L e t te r - to -L in e  

Matches and L in e - t o - L e t t e r  Matches: 

Full-Frame Responses*

L e t te r - to -L in e L in e - t o -L e t te r

Le f t  F ie ld  
(Right  

Hemisphere)

Right F ie ld  
(L e f t  

Hemi sphere)

Le f t  F ie ld  
(Right  

Hemisphere)

Right F ie ld  
(L e f t  

Hemi sphere)

M SCI M SD M SD M SD

F i f th  Grade

Boys 6 .83 (2 .02) 5.92 (2 .23) 6.75 (1 .76) 5 .67 (2 .15)

G ir ls  6.00 (1 .06) 6.25 (2 .49) 5.75 (2 .45) 6 .08 (2 .11)

Ninth Grade

Boys 3.67 (1 .97) 7.83 (1 .95) 7.17 (1 .90) 7.33 (2 .53)

G ir ls  8.08 (1 .38) 8.58 (2. *40) 6.33 (2 .53) 7.50 (1 .93)

*Total possible correct  per f i e l d  (with fu l1-frames) = 1*».
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mismatches fo r  the 1i n e - t o - l e t t e r  condit ion was 6 .57  per f i e l d .

The only other s ig n i f ic a n t  e f f e c t  was that of  a Sex by F ie ld  

in te ra c t io n  ( £  (1 ,  kk)  = *<.82, £ < . 0 5 ) .  Figure 6 i l l u s t r a t e s  

th is  in te ra c t io n .  Combining conditions and grades, g i r l s  demon­

stra ted  more correct  responses in the r ig h t  f i e l d  (7 .10)  than in 

the l e f t  f i e l d  ( 6 .5 * 0 ,  whereas boys demonstrated more correct  

responses in the l e f t  f i e l d  (7*38) than in the r ig h t  f i e l d  ( 6 .6 9 ) .

L e t te r - to -1 in e  and 1 i n e - t o - l e t t e r  comparisons: ha l f - f ram e

responses. The same fo u r - fa c to r  (sex, grade, f i e l d ,  condit ion)  

mixed analysis o f  variance design (repeated measures on f i e l d  

and condition)  used in the f u l l - f r a m e  analysis above was com­

puted using only the c o r r e c t ly  id e n t i f i e d  mismatches in the f a r  h a l f ­

frames (the outer-most v e r t i c a l  c e l ls  in each f i e l d ) .  Table 5 

presents the means and standard deviat ions for  the ha l f - f ram e  

judgments for  both f i f t h  and ninth grade boys and g i r l s  in the 

two conditions o f  l e t t e r - t o - 1 i n e  and 1i n e - t o - l e t t e r  comparisons.

A s ig n i f ic a n t  main e f f e c t  fo r  Grade (JF (1 ,  *»*♦) = 5.9*<, £ < . 0 5 )  

occurred with f i f t h  grade boys and g i r l s  averaging 3.26 co r rec t ly  

id e n t i f i e d  mismatches per f i e l d  ( t o t a l  possible per f i e l d  = 7) 

while  ninth graders averaged 3.89 correct  responses per f i e l d .

The main e f f e c t  o f  Condition was a lso s ig n i f ic a n t  ( F 0  » M )  = 8 .17 ,  

£ < . 0 1 )  with the l e t t e r - t o - 1  ine condition eas ie r  (3 .83  per f i e l d )  

than the 1i n e - t o - l e t t e r  condit ion (3*31 per f i e l d ) .  The Grade by 

Condition in te ra c t io n  a lso proved s ig n i f ic a n t  (F (1 ,  *♦*♦) =» 7 .5 3 ,
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TABLE 5

Means and Standard Deviations fo r  Number o f  

Correct Comparisons fo r  L e t te r - to -L in e  

Matches and L in e - to -L e t te r  Matches: 

Half-Frame Responses*

L e t t e r - to -L in e L in e - to -L e t te r

Le f t Field Right Field Le f t Fie ld Right; F ie ld
(Right (L e f t (Right (L e f t

Hemisphere) Hemi sphere) Hemi sphere) Hemi sphere)

M SD M SD M SO M SD

F i f th  Grade

Boys 3.58 (1.2*0 2.83 (1.6*0 3.17 (1.19) 3.08 (1 .38)

G ir ls  3-08 (1.16) 3.58 ( 1. 08) 3.33 (1 .88) 3.*<2 (1.38)

Ninth Grade

Boys **.75 (1 .13) 3.92 (1.83) 3.25 (1 .71) 3.58 (1.2*0

G ir ls  **.08 (1 .37) *♦.83 (l.*»7) 3.17 (1.6*0 3.50 (1 .67)

*Total possible correct per f i e l d  (with half - frames only) = 7»



87

£ < . 0 l )  and th is  is i l l u s t r a t e d  in Figure 7. F i f th  grade boys 

and g i r l s  performed id e n t ic a l l y  in each oF the two condit ions,  

whereas the ninth grade boys and g i r l s  made fewer correct  

resDonses in the 1i n e - t o - l e t t e r  condit ion than the l e t t e r - t o -  

1 ine condit ion.

Results o f  Design I I  fo r  Proposed Hypotheses

Hypothesis ( g ) — boys would demonstrate an in ter fe rence  e f f e c t  

in both hemispheres; ov e ra l l  accuracy for  verbal ( l e t t e r )  and 

spat ia l  ( l i n e )  comparisons would be lower fo r  boys than g i r l s .  

Combining responses for  both grades and both condit ions,  

an examination o f  the means fo r  the fu l l - f ra m e  Sex by F ie ld  

analysis indicated that boys and g i r l s  performed almost equiva­

le n t ly  ( g i r l s  = 6 .8 2 ,  boys = 7 *0 3 ) ,  although g i r l s  showed a 

somewhat lower performance le v e l .  When ha l f - f ram e scores were 

considered in the a n a ly s is ,  once again performance was equivalent  

(3 .62 fo r  g i r l s ;  3.52 fo r  boys). Thus, for  the two conditions in ­

volving successive comparisons, there was no ind icat ion  of  lower

accuracy fo r  boys. However, the data h ighl ighted f i e l d  d i f ferences

for  g i r l s  and boys with g i r l s  showing a l e f t  hemisphere bias and

boys demonstrating a r ig h t  hemisphere b ias .  This would suggest that

g i r l s  p re fe r  l e f t  hemisphere language s tra teg ies  whereas boys p re fer  

r igh t  hemisphere s pa t ia l  s t ra te g ie s .
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Design I I I  — (Let ter-and Line Simultaneous Comparisons- A Test f o r 

In ter ference)

Lette r -and -1 ine  matches: f u 11-frame responses. Table 6

presents the means and standard devia t ions for  the number of  

c o r re c t ly  id e n t i f i e d  l e t t e r  and l in e  mismatches presented simul­

taneously to each f i e l d  fo r  both f i f t h  and ninth grade boys and 

g i r l s .  The results  o f  a 2 X 2 X 2 mixed design analysis of  

variance with grade and sex the between-subjects var iab les  and 

f i e l d  the within-subjects v a r ia b le  indicated a s ig n i f ic a n t  main 

e f f e c t  for  Grade (JF (1 ,  44) = 21 .47 ,  £ < . 0 1 )  with a l l  f i f t h  graders 

achieving fewer correct  responses per f i e l d  (4 .73)  than a l l  ninth  

graders (6 .73)  ( t o t a l  possible per f i e l d  = 14).  The only other  

s ig n i f ic a n t  resu l t  occurred fo r  the Sex by F ie ld  in terac t ion  (F (1,

44) =* 7 -66,  £ < . 0 1 )  which is depicted in Figure 8. Boys and g i r l s  

performed id e n t ic a l ly  in the r ig h t  hemisphere but g i r l s  as compared 

with boys achieved more correct responses in the l e f t  hemisphere 

( g i r l s  = 6 .63;  boys = 5 .1 7 ) .

Let ter-and-1ine-matches: ha l f - f ram e responses. Means and standard

deviations for  the number o f  correct  simultaneous comparisons in the 

h a lf - f ram e (Table 7) were computed and used in a two between-subjects 

(sex, grade) and one w i th in -sub jec ts  ( f i e l d )  mixed design analysis o f  

variance. The e f f e c t  o f  processing both le t te r s  and l ines simultaneous­

ly is more c le a r ly  seen in the ha l f - f ram e  analysis as compared to the 

analysis  using fu l l - f ra m e  responses. A s ig n i f ic a n t  main e f f e c t  for  

Grade (F (1 , 44) = 4 .9 2 ,  £ < . 0 5 )  and a s ig n i f ic a n t  main e f fe c t  fo r
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TABLE 6

Means and Standard Deviations fo r  Number o f  

Correct Comparisons fo r  Simultaneous 

Let ter -and-L ine  Matches: 

Full-Frame Responses*

L e f t  F ie ld  Right Field
(Right Hemisphere) (L e f t  Hemisphere)

M SD M SD1 * n

F i f th  Grade

Boys *♦.75 ( .97) **.33 (1 .61)

G ir ls **.83 (1 .59) 5.00 ( l . * * l )

Ninth Grade

Boys 6.25 (2 . i * l ) 6.00 (2 .71)

Gir ls 6. **2 (1 .73) 8.25 (1 .36)

*Total possible correct  per f i e l d  (with fu l1- frames) = \ k .
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TABLE 7

Means and Standard Deviations fo r  Number of  

Correct Comparisons fo r  Simultaneous 

Let ter -and-L ine  Matches: 

Half-Frame Responses*

Lef t  F ie ld  Right FieJd
(Right Hemisphere) (L e f t  Hemisphere)

M SD M SD" “ "

F i f th  Grade

Boys 2.25 (1 .06) 2.00 ( .74)

G ir ls 2 .53 (1 .24) 2.67 (1.07)

Ninth Grade

Boys 2.33 (1 .70) 2.00 (1 .04)

G ir ls 2 .92 (1 .08) 4.25 (1 .21)

*Total possible correct  per f i e l d  (with half - f rames only) .= 7*



Sex (F (1 ,  *»*») = 8.7*», £ < . 0 1 )  were obtained.  Ninth graders 

made more correct  responses per f i e l d  (3 -0)  than f i f t h  graders 

(2 .38)  ( t o t a l  possible per f i e l d  = 7 ) ;  and g i r l s  performed 

b e t te r  in each f i e l d  (3*10) than boys ( 2 .2 7 ) .  A s ig n i f ic a n t  

Sex by F ie ld  in te ra c t io n  also appeared (_F (1 ,  *»*») = 11.22, £ < . 0 1 )  

with th is  in terac t ion  shown in Figure 9 . There were more correct  

responses in the r igh t  v isual f i e l d  fo r  g i r l s  (3-*»6) than boys 

(2 .00 )  although the l e f t  f i e l d  performance did not d i f f e r  between 

the two sexes ( g i r l s  = 2 .75 ;  boys = 2 .5 * 0 .  Tests o f  pa ir -w ise  

comparisons indicated a s ig n i f ic a n t  d i f fe rence  between g i r l s '  r igh t  

f i e l d  performance and boys' r igh t  f i e l d  performance (t_ (*»*») = 3 .67 ,  

£ < . 0 1 / * » ) .  F i n a l l y ,  a s ig n i f ic a n t  Grade by Sex by F ie ld  in terac t ion  

was present (F (1 ,  ***») = 6.0**, £ < . 0 5 ) .  There was l i t t l e  d i f fe rence  

between f i f t h  grade g i r l s  and boys in e i t h e r  f i e l d ,  but a large  

d i f fe rence  occurred between ninth grade boys and g i r l s  in 

the r ig h t  f i e l d  ( g i r l s  = **.25; boys = 2 .0 0 ) ,  although there was 

no d i f fe rence  in the l e f t  f i e l d  ( g i r l s  = 2 .92;  boys = 2 .8 3 ) .

Figures 10 and 11 i l l u s t r a t e  these re s u l ts .  A comparison of ninth  

grade g i r l s '  r ig h t  f i e l d  performance with ninth grade boys' r igh t  

f i e l d  performance indicated a s ig n i f ic a n t  d i f fe rence  (£  (*♦*») = 3 -99,  

£ < . 0 1 / 1 6 ) .  In add i t io n ,  ninth grade g i r l s '  performance in the 

r ig h t  f i e l d  was s ig n i f i c a n t ly  b e t te r  than th e i r  performance in the 

l e f t  f i e l d  U  (11) » 3 -75 ,  £ < . 0 5 / 1 6 ) .
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Results of  Design I I I  for  Proposed Hypotheses

Hypothesis ( g ) — boys would demonstrate an in ter ference  e f f e c t  

in both hemispheres; o v e ra i i  accuracy fo r  verbal ( i e t t e r )  and spat ia l  

( l i n e )  comparisons would be iower fo r  boys than g i r l s . A1though De­

sign I I  examined the a b i l i t y  to make comparisons between verbal ( l e t t e r s )  

and spat ia l  ( l in e s )  information presented successively, Design I I I  

examined the a b i l i t y  o f  boys and g i r l s  to make comparisons o f  s pa t ia l  

and verbal information presented simultaneously. A c le a r  d i f fe rence  

between males and females was evident from the s ig n i f ic a n t  main e f f e c t  

fo r  Sex fo r  ha l f - f ram e responses; the s ig n i f ic a n t  in terac t ion  o f  Sex 

by F ie ld  for  fu l l - f ra m e  responses and fo r  ha l f - f ram e responses; and 

the s ig n i f ic a n t  Grade by Sex by F ie ld  in terac t ion  fo r  h a l f - f ram e  

scores. Combining responses in both f ie ld s  and both grades, g i r l s  

exceeded the performance of  boys, with the most s ig n i f ic a n t  d i f fe rence  

between boys and g i r l s  appearing at the ninth grade le v e l .  Thus, a l ­

though successive l e t t e r - t o - 1 i n e  and 1i n e - t o - l e t t e r  comparisons did  

not produce sex di f ferences in hemispheric processing, the requirement 

o f  simultaneous comparisons c le a r ly  indicated the p o s s ib i l i t y  o f  an 

in ter ference  e f f e c t  in boys. This was more pronounced in the r igh t  as 

compared to the l e f t  f i e l d  in boys, and more evident in ninth grade 

boys as compared to f i f t h  grade boys.

The Recognition o f  Position

Full-Frame Responses from Free Drawing

In addit ion to the data on l in e  perception, the f ree drawing



condition permitted an analysis  o f  the a b i l i t y  to c o r re c t ly  process 

" p o s i t io n ."  Since the one empty c e l l  var ied fo r  each m a tr ix ,  

subjects had to c o r re c t ly  remember not only the d i re c t io n  o f  the 

indiv idual l ines but also (1) the exact c e l l  in which each l in e  

was observed, and (2) the c e l l  that  contained no information. The 

number o f  c o r re c t ly  remembered empty c e l ls  fo r  each f i e l d  was computed 

and used in a 2 !( 2 X 2 X 2 mixed design analysis  o f  variance with  

grade, sex, and treatment the between-subjects var iab les  and f i e l d  the 

within-subjects v a r ia b le .  Table 8 presents the means and standard 

deviations fo r  the posi t ion responses. A s ig n i f ic a n t  main e f fe c t  

occurred fo r  Grade (JF (1 , 88) = 16.58, £ < . 0 1 )  and F ie ld  ( £  (1 ,  88)

= 4 .4 8 ,  £ < . 0 5 ) .  Ninth graders c o r re c t ly  located the posi t ion  of  

the empty c e l l  more of ten than f i f t h  graders (4 .32  per f i e l d  for  

f i f t h  graders; 5 .44 per f i e l d  fo r  ninth graders— of a possible 12 

per f i e l d ) .  In a d d i t io n ,  l e f t  f i e l d  responses (5 .13)  were higher  

than r ig h t  f i e l d  responses ( 4 . 6 4 ) .  A s ig n i f ic a n t  Treatment by 

Fie ld  in terac t ion  occurred ( £  (1 ,  88) = 4 .1 1 ,  £ < . 0 5 )  w ith  no d i f f e r ­

ence between l e f t  and r ig h t  f i e ld s  fo r  the Control subjects ,  but a 

s ig n i f ic a n t  advantage in the l e f t  f i e l d  fo r  the Experimental subjects.  

Figure 12 depicts th is  in te r a c t io n .  One f in a l  in te re s t in g  trend 

appeared (although the Sex by F ie ld  by Treatment in te ra c t io n  was not 

s i g n i f i c a n t — only .20 below that  needed fo r  the .05 alpha l e v e l ) .  

Although the performance of g i r l s  did not s u b s ta n t ia l ly  d i f f e r  fo r  those 

without verbal t ra in in g  (Control)  and those with t r a in in g  (Experimental),
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TABLE 8

Means and Standard Deviations fo r  Number o f  

Correct Posit ion Id e n t i f ic a t io n s  in Free Drawing: 

Full-Frame Responses*

Control Experimental
(No Verbal Train ing)  (Verbal Tra in ing)

Left  F ie ld  
(Right  

Hemi sphere)

Right Field  
(L e f t  

Hemisphere)

L e f t  F ield  
(Right  

Hemisphere)

Right F ie ld  
(L e f t  

Hemi sphere)

M SD M SJ) M SD M SD

F i f th  Grade

Boys 3-50 (1.45) 4.25 ( l . 2 l ) 4.42 (1 .50) 3.50 ( .90)

G ir ls  5 .53 (1 .31) 3.83 (1.75) 5 .33 (1 .61) 4 .17 ( .94)

Ninth Grade

Boys 5.00 (1 .21) 5.91 (2.23) 5.83 (1-74) 4.75 (2 .56)

G ir ls  5.50 (1 .73) 5.50 (2.50) 5.83 (1 .64) 5 .17 (2 .52)

*Total possible correct per f i e l d  (with fu l l - f ra m e s )  = 12.
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the performance of  boys with t ra in in g  was the opposite of  the 

performance of  boys without t r a in in g .  That is ,  g i r l s  had more 

correct  recognitions o f  posi t ion in t h e i r  l e f t  than in th e i r  

r igh t  f i e l d  with and without t r a in in g .  For boys, however, 

r ig h t  f i e l d  performance was b e t te r  than l e f t  f i e l d  performance 

without t r a in in g ;  but with t r a i n in g ,  l e f t  f i e l d  performance was 

b e t te r  than r igh t  f i e l d  performance. This lower r ig h t  f i e l d  

performance in boys fo r  posi t ion with t ra in in g  p a r a l le ls  that  

observed in the analysis o f  correct  l ine  drawings in Design I .  The 

e f fe c ts  of  verbal t ra in in g  for  boys, th e re fo re ,  appeared not only 

in the a b i l i t y  to c o r re c t ly  perceive and process d i r e c t i o n a l i t y  but 

also in the a b i l i t y  to c o r re c t ly  perceive and process posi t ion of  

an empty cel 1.

Half-Frame Responses from Free Drawing

The fo u r - fa c to r  (sex, grade, treatment, f i e l d )  mixed design 

analysis of  variance with repeated measures on f i e l d  was computed 

using ha l f - f ram e responses. Table 9 presents the means and standard 

deviations fo r  th is  ana lys is .  The only s ig n i f ic a n t  f indings occurred 

fo r  the main e f f e c t  of  Grade (F (1 ,  88) = 9 .0 1 ,  £ < . 0 1 )  and the main 

e f f e c t  o f  Sex (F (1 ,  88) = 16.01, £ < . 0 1 ) .  As in the analysis o f  f u l l -  

frame posit ion responses, ninth graders performed higher per f i e l d  

( 2 . 66) than f i f t h  graders ( 2 . 16) ( t o ta l  possible per f i e l d  = 6) ;  and 

g i r l s  (2.7*0 performed b e t te r  than boys ( 2 .0 7 ) .
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TABLE 9

Means and Standard Deviations for  Number of  

Correct Posit ion Id e n t i f ic a t io n s  in Free Drawing: 

Half-Frame Responses*

Control Experimental
(No Verbal Tra in ing)  (Verbal Train ing)

Lef t  F ie ld  
(Right  

Hemi sphere)

Right Fie ld  
(L e f t  

Hemi sphere)

Left  F ie ld  
(Right  

Hemi sphere)

Right Fie ld  
(L e f t  

Hemi sphere)

M SD M SD M S£ M SD

F i f th  Grade

Boys 1.58 ( 1. 08) 2.00 ( -95) 1.83 (1 .11) 1.75 ( .75)

G ir ls  2.83 ( 1. 11) 2.03 (1 .24) 3.00 (1 .04) 2 .17 ( -93)

Ninth Grade

Boys 1.75 ( . 86) 2 .67 ( 1.30) 2 .58  ( I . 37) 2.42 (1 .56)

G ir ls  2.75 ( 1.^ 2) 3.50 (1 .50) 2.92 (1 .79) 2 .67 (1 .50)

*Total possible correct per f i e l d  (with half - f rames only) = 6.
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CHAPTER V 

Pi scuss ion 

Effects  o f  Verbal Tra in ing

The results  o f  Design I c le a r ly  demonstrated that  the verbal  

labe l ing procedure produced a s ig n i f ic a n t  e f f e c t  on the perception of  

l in e  d i r e c t i o n a l i t y  for  both f i f t h  and ninth grade boys and g i r l s ,  

although the degree to which th is  was evident varied for  the three  

d i f fe r e n t  condit ions. O v e ra l l ,  the free drawing condition using 

e i t h e r  the fu l l - f ra m e  or ha l f - f ram e responses resulted in both s i g n i f ­

icant main e f fe c ts  fo r  treatment as well  as treatment in te ra c t io n s ,  

while  the recognit ion condition did not y ie ld  any d i f ferences  between 

Control and Experimental subjects. In add i t io n ,  ha l f - f ram e  scores 

were more sens it ive  to the t r a in in g  procedure than fu l l - f ra m e  scores.

The s p e c i f ic  d i re c t io n  o f  the treatment e f f e c t  var ied  fo r  sex 

and visual f i e l d .  O v e r a l l ,  g i r l s  performed at higher levels  than boys 

with t r a in in g .  Boys with t r a in in g  performed b e t te r  than boys without  

t r a in in g  in the r ight  hemisphere, but boys with t r a in in g  performed lower 

in the l e f t  hemisphere than boys without t r a in in g .  G i r l s ,  however, 

performed b e t te r  in both hemispheres with than without t r a i n in g ,  with  

b e t te r  performance occurring in the l e f t  hemisphere. This l a t t e r  

f inding supports the view that  g i r l s  p re fe r  l e f t  hemisphere verbal  

s tra teg ies  instead of  r igh t  hemisphere s pa t ia l  s t ra te g ies  fo r  solving  

th is  p a r t ic u la r  " s p a t ia l "  ta s k - - th e  perception of  l in e  d i r e c t i o n a l i t y .  

The other  p o s s i b i l i t y — greater  r igh t  hemisphere performance--which



did not m a te r ia l i z e  was based on the assumption that  r ight  hemisphere 

spa t ia l  processing would be i n i t i a l l y  low for  the g i r l s  in the Control 

group because g i r l s  p re fe r  to employ verbal s t ra teg ies  in the analysis  

o f  a l l  cognit ive  tasks. Since the spa t ia l  task for  the Control sub­

je c t s  did not o f f e r  any a l t e r n a t iv e  o ther  than d i re c t  "na tura l"  spat ia l  

analys is  o f  the l in e s ,  the r igh t  hemisphere for  g i r l s  e s s e n t ia l ly  

had the most to gain from the verbal la be l ing .  The predicted r ight  

hemisphere improvement was also based on the B r a i l l e  learning study by 

Rudel e t  a l .  (197*0 which had indicated that l e f t  hand ( r ig h t  hemisphere) 

performance of  g i r l s  was i n i t i a l l y  the lowest unless t ra in in g  f i r s t  

took place with the r igh t  hand ( l e f t  hemisphere). Although the B r a i l l e  

task and the perception o f  l ine  d i r e c t i o n a l i t y  are obviously not 

comparable in a v a r ie ty  o f  ways ( including the use o f  a d i f f e r e n t  sense 

m o d a l i ty ) ,  a verbal component was present for  both - - the  need to associate  

l e t t e r s  to the dot conf igurat ions in the B r a i l l e  task and the a v a i l a b i l ­

i t y  o f  l e t t e r  abbreviat ions fo r  the processing of  l ines in the current  

task. Another p o s s ib i l i t y  fo r  the r e l a t i v e l y  lower r igh t  hemisphere 

than l e f t  hemisphere improvement in g i r l s  is that  without t ra in in g ,  

g i r l s ,  as compared to the boys, had somewhat higher i n i t i a l  levels  of  

performance. In Rudel e t  a l . ' s  (197**) study, g i r l s  began somewhat 

lower than boys and thus e s s e n t ia l l y  had more to gain. O v e ra l l ,  the 

f indings o f  b e t te r  l e f t  hemisphere performance in g i r l s  does agree with  

Rudel e t  a l . ' s  data in d ica t ing  b e t te r  overa l l  r igh t  hand ( l e f t  hemi­

sphere) performance in g i r l s  as compared with boys. In a dd i t ion ,  the 

b e t te r  ov e ra l l  performance (both l e f t  and r ight  hemispheres) fo r  g i r l s
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as compared to boys with verbal t r a in in g  also agrees with Wite lson's

(1977c) data in which more correct responses were obtained for  g i r l s

on a d ichapt ic  le t te rs  tes t  ( id e n t i f y in g  le t t e r s  by touch),  in which

a spa t ia l  task had a verbal component.

The s ig n i f ic a n t  gains o f  the l e f t  hemisphere fo r  g i r l s  c le a r ly

suggests that  g i r l s  can (and apparently p re fe r  to) use l e f t  hemisphere,

verbal mechanisms fo r  information processing, at least  in one type

o f  s pa t ia l  t a s k - - th a t  o f  l in e  d i r e c t i o n a l i t y .  The results  also

suggest that  i f  language does have some b i 1a t e r a l i z a t i o n  in g i r l s ,  i t

is not read i ly  evident in the performance o f  the r igh t  hemisphere o f

g i r l s  in th is  task.

A somewhat d i f fe r e n t  type of  explanation for  the superior l e f t

hemisphere performance in g i r l s  involves Kinsbourne's (1970, 1973, 1975)

suggestion that  l a t e r a l i t y  o f  functions can be influenced by "priming"

one or the other hemisphere. A l la rd  and Bryden (1979) succ int ly

summarize th is  posit ion:

.. .when a subject is expecting to see verbal 
materia l or is otherwise engaged in verbal  
thought, even though i t  is not ta s k - re le v a n t ,  
the l e f t  hemisphere is ac t iv a te d .  This a c t iv a ­
t ion  in h ib i ts  the r igh t  hemisphere, makes the 
l e f t  hemisphere more sens i t ive  to incoming 
s t im u l i ,  and produces head and eye turning to 
the r ig h t .  Conversely, i f  one is engaged in 
nonverbal thought or expecting nonverbal m a te r ia l ,  
i t  is the r ight  hemisphere that  is ac t iva ted
(A l la rd  6 Bryden, 1979, P* 5 ) .

What Kinsbourne's ( e . g . ,  1970) view would suggest fo r  the present

f indings is that the l e f t  hemisphere advantage fo r  g i r l s  resulted from

the verbal t ra in in g  procedure e i t h e r  changing the nature o f  the task
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from a s p a t ia l  one to a verbal one, or  from "priming" the l e f t  hemi­

sphere to be more a l e r t  than the r igh t  hemisphere to incoming informa­

t io n .

Although Kinsbourne's (1970) theory has genera l ly  met with  

questionable  support ( e . g . ,  A l la rd  S Bryden, 1979)» the fact  remains 

tha t  the current verbal procedure not only did not s h i f t  a t te n t io n  to 

the l e f t  hemisphere in boys, but ra ther  the procedure caused a 

reduction in l e f t  hemisphere processing in boys. In f a c t ,  th is  lower 

l e f t  hemisphere performance for  boys appears to lend f e a s i b i l i t y  

to  the notion o f  grea ter  s p e c ia l iz a t io n  wi th in  hemispheres in males, 

and thus g reater  in co m p at ib i l i ty  between s pa t ia l  and verbal processes— 

at least in the l e f t  hemisphere. For boys, providing a verbal so lu t ion  

as an a l t e r n a t iv e  or a u x i l i a r y  approach to the spa t ia l  task appears 

to have resulted in some fac to r  such as "overload" or  "no ise ,"  and
t

th is  appeared more evident in the l e f t  hemisphere. Not only do boys 

apparently p r e fe r  not to use verbal a na lys is ,  but i t  seems that  

verbal mediation may be a hinderance fo r  spat ia l  tasks at the level o f  

s ing le  hemisphere funct ioning.  The question does remain, however, 

why the r ig h t  hemisphere did not experience the in ter ference that the 

l e f t  hemisphere did. I t  can only be surmised that the r ight  hemisphere 

was " n a tu r a l ly "  more e f f i c i e n t  in processing spat ia l  information and 

the addit ion o f  a verbal s t ra tegy  was not needed. The l e f t  hemisphere, 

however, because i t  is " n a tu r a l ly "  less adept for  spat ia l  analysis  

could not coordinate the two s tra te g ies  in any helpful  way, and in fact  

fumbled in an attempt to process both.
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The notion of  in ter ference  and the possible existence of  

in co m p at ib i l i ty  o f  cognit ive s t ra te g ies  w i l l  be more f u l l y  discussed 

below in the review o f  the f indings fo r  the conditions designed to 

e l i c i t  in ter fe rence— the successive and simultaneous comparisons 

o f  spat ia l  and verbal in formation.

Verbal Tra in ing as a Pract ice  E f fe c t

The be t te r  r ight  hemisphere processing that  occurred in " t ra in ed "  

males and females does not necessar i ly  lead to the conclusion that a 

verbal s trategy was used by the r igh t  hemisphere. I t  was expected that  

the t ra in in g  exercises would have some pract ice  or  f a m i l i a r i z a t io n  

e f f e c t  fo r  both boys and g i r l s  and that  th is  would be evident in both 

hemispheres. ( I t  was the r e la t iv e  d i f f e r e n t i a l  e f fe c ts  fo r  sex and 

f i e l d  that  were expected to resu lt  from t r a i n in g . )  As a resu lt  of  the 

t ra in in g  exercises, the l ines became more d i s t i n c t  and discr iminable  

which should have narrowed the errors  in guessing. I f  nothing e ls e ,  

the Experimental subjects had the knowledge that  there were only four 

basic types o f  l ines ( l e f t ,  r ig h t ,  s t r a i g h t ,  across) ,  while  Control 

subjects remained naive to th is  fa c t .  In a d d i t io n ,  the " s t r a ig h t "  and 

"across" l ines were probably less l i k e l y  to be confused as slanted  

l ines fol lowing the t r a in in g  procedure. What was outstanding,  however, 

was that  a pract ice  e f f e c t  did not appear in the l e f t  hemisphere 

performance of boys and t h a t ,  in f a c t ,  i t  was superseded by some other  

fa c to r  such as the in co m p at ib i l i ty  o f  s pa t ia l  and verbal m a te r ia l .
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General Tra in ing Studies

The current  study o f fe rs  another example that  t r a in in g ,  overal l  

(using f u l 1- f i e l d  responses), can be b enef ic ia l  to  performance. 

Although the l i t e r a t u r e  review in the Introduction pointed out that  

there have been no attempts to determine the d i f f e r e n t i a l  e f fe c ts  o f  

t r a in in g  fo r  boys and g i r l s  at the hemispheric le v e l ,  the l i t e r a t u r e  

does o f f e r  several attempts to ra ise the performance levels o f  g i r l s ,  

as compared to boys, on s pa t ia l  tasks by teaching a spa t ia l  solut ion  

to a spa t ia l  problem, or by giving pract ice  on the spa t ia l  components 

of  a given spat ia l  task. Most of  these studies are rooted in social  

learning theory which has long maintained that  d i f f e r e n t i a l  learning  

experiences fo r  boys and g i r l s  provide an advantage to boys for  

s pat ia l  processing, but a disadvantage to g i r l s .

I t  has been suggested ( e . g . ,  Cherry 6 Lewis, 1976; Kagan, 196*0 

tha t  boys are reinforced for  a c t i v i t y  and that  g i r l s  are rewarded for  

p a s s iv i ty .  Because of  t h i s ,  boys engage in more manipulation and 

explorat ion  of  the environment which subsequently improves spat ia l  

processing and leads to t h e i r  superior performance on spat ia l  tes ts .  

Therefore, what doesn't occur n a tu r a l ly  can be a r t i f i c i a l l y  induced in 

g i r l s  and the same e f fe c ts  accuring in v i t r e o  should also be present 

with programmed experiences, a t  least  on a temporary basis. This is 

the ra t io n a le  underlying the t r a in in g  studies that have attempted to 

raise performance levels on a v a r ie ty  o f  cognit ive tasks including  

s p a t ia l  tasks. Conner e t  a l .  (1977, 1978) provided a b r i e f  t ra in in g  

program for  f i r s t ,  t h i r d ,  and f i f t h  graders in which the subjects were



given pract ice  on the component s k i l l s  o f  the Embedded Figures Test— 

a te s t  tha t  frequently  shows superior performance fo r  males. The 

resu lts  showed a posi t ive  e f f e c t  of  t r a in in g  fo r  the g i r l s ,  and t h e i r  

post-prac t ice  scores were equivalent to the p re -p ra c t ice  scores o f  the 

boys. S im i la r  results were also reported by Goidstein and Chance 

(1965) with adults on the same task. Vandenberg (1975) also reported 

prel im inary  findings of  an attempt to t r a i n  s ix th  grade boys and 

g i r l s  to solve mental ro ta t ion  problems. By providing the subjects  

with experience in block bu i ld ing ,  boys, o v e r a l l ,  s t i l l  scored higher  

than g i r l s  but g i r l s  benefi ted more from t ra in in g  that  boys. One 

study (Thomas et  a l . ,  1973) in which t r a in in g  did not lead to improve­

ment fo r  college women involved P iaget 's  water level problem and the 

p r in c ip le  of h o r i z o n t a l i t y .

These general s pa t ia l  t ra in in g  studies suggest a fu r th e r  area of  

research in the invest igat ion of  l a t e r a l i z a t i o n  and s p e c ia l iz a t io n  

dif ferences in males and females. The current study employed a verbal 

in tervent ion strategy for  a spat ia l  task to determine i f  verbal 

mediation o f fe red  a preferred or more e f f i c i e n t  processing route for  

g i r l s ,  and i f  th is  could raise the performance level fo r  g i r l s .  Another 

approach would be to provide a spat ia l  t ra in in g  procedure appropriate  

fo r  a spa t ia l  task and then determine i f  there are d i f f e r e n t i a l  

e f fe c ts  for  males and females and i f  these e f fe c ts  are also observed 

at the hemispheric leve ls .  Two other p o s s ib i l i t i e s  would also include 

providing verbal t ra in in g  for  a verbal task and spat ia l  t r a in in g  for  

a verbal task. This l a t t e r  raises the question o f  whether s pa t ia l
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s tra te g ies  can be successful ly  appl ied to verbal tasks. I f  the 

f indings would lead to less success in g i r l s  than in boys, there would 

be fu r th e r  evidence fo r  the pre ferred  use o f  verbal analysis in g i r l s .

The Existence o f  an In ter ference  E ffec t

Although the t r a in in g  procedure i t s e l f  was not expected to y ie ld  

an in ter fe rence  e f f e c t ,  c le a r ly  there were h ints  o f  such a p o s s ib i l i t y  

in the comparison of  Control and Experimental treatments. The 

lower l e f t  hemisphere processing with t ra in in g  provided unexpected 

evidence that  verbal and spat ia l  s t ra te g ies  are r e la t i v e l y  incompatible  

or antagon is t ic  in s ing le  hemisphere processing in boys. The three  

conditions that  were s p e c i f i c a l l y  designed to demonstrate an i n t e r f e r ­

ence e f f e c t  were the two conditions for  successive comparisons between 

l e t t e r s  and l ines and the simultaneous l e t t e r  and l ine  comparisons.

These three tasks did not ,  in f a c t ,  a l l  y ie ld  pos i t ive  results  in 

support o f  in ter fe ren ce .  In terms of  processing demands, i t  would seem 

tha t  the least demanding o f  these three conditions were the two involving  

successive comparisons, and i t  was these two that  did not show the 

in ter fe rence  e f f e c t .  O v e ra l l ,  performance between boys and g i r l s  on 

these two tasks did not d i f f e r .  However, although less demanding than 

simultaneous comparisons, the successive comparisons were c le a r ly  

more demanding than the f ree  drawing condition which merely gave the 

subject the option o f  using verbal labels i f  so desired.  Yet ,  th is  

l a t t e r  procedure did resu lt  in d isrupt ion fo r  the boys. One possible  

explanation fo r  th is  discrepancy between the f ree drawing and successive
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comparison tasks could be the amount o f  information provided in the 

two condit ions. In the f ree  drawing condit ion,  i t  was f i r s t  necessary 

to  "evoke" the correct  l e t t e r  code for  each l in e  and then apply i t  

as a learning or processing a id - - a  two-step procedure. Although the 

use o f  verbal labels was optional in the f ree  drawing condit ion,  

subjects may have f e l t  "compelled" to t r y  and use the verbal labe ls .

This is not unfeasible  since a l l  subjects were highly  motivated and 

appeared eager to conform to the t r a in in g  procedure. In the 

successive condit ions, a l l  information was a v a i la b le  ( in  the l e t t e r  

matrices and the l ine matrices presented successively) and the subject  

was only required to make the comparisons— a one-step procedure. In 

a d d i t io n ,  in the successive comparison condit ions,  the center informa­

t ion (the f i r s t  part  o f  the match) was a v a i la b le  to both hemispheres 

and the 500 msec presentation rate  was probably s u f f i c i e n t  to have 

allowed the hemispheres to make the necessary adjustments and compensa­

t ions fo r  information presented in two d i f f e r e n t  forms. Thus, not 

only was there sharing between the hemispheres but there was time for  

each sex to t ra n s la te  the information into a useable form— a form 

that  may have been d i f fe r e n t  for  boys and g i r l s .  To th is  e x te n t ,  

an in ter fe rence  model would not suggest that  processing two codes is 

not possib le , but rather  that the time needed fo r  each hemisphere to  

code information and to pass i t  back and for th  between the hemispheres 

does d i f f e r .  This is fu r th e r  supported by the simultaneous condition  

which did y ie ld  a s ig n i f ic a n t  in ter ference  e f f e c t .  In th is  condit ion,  

the a v a i la b le  viewing time for  each hemisphere (100 msec) was apparently
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too b r i e f  to process with maximum e f f ic ie n c y  both l e t t e r s  and l ines  

simultaneously or  to t ra n s la te  each in to  a code that  would be 

quickly  "read" by both hemispheres. As a r e s u l t ,  c lear  sex d i f f e r ­

ences in processing e f f i c ie n c y  emerged.

The d i f fe rence  observed between the successive and simultaneous 

tasks raises the question o f  whether d i f ferences e x is t  between males 

and females in i n t r a - hemispher?c functions as well  as i n t e r - hemispher?c 

funct ions. In a study reported in the In troduct ion ,  McGlone (1977) 

examined verbal performance in men and women with u n i la te ra l  brain  

lesions. While there were no major di f ferences in terms o f  the 

locus or extent  o f  l e f t  cerebral damage in males and females, d i f fe r e n t  

patterns o f  verbal d e f i c i t s  appeared between the sexes. The d i f f e r e n t  

patterns o f  behavior included: 1) more homogeneous scores on expressive

and receptive tasks for  males than for  females; and 2) a d i f fe r e n t  

p r o f i l e  o f  WAIS Verbal IQ. subtest scores for  males and females who were 

not aphasic but who s t i l l  had l e f t  hemisphere damage. In other  words, 

these results  suggest tha t  sex d i f fe rences may e x is t  not only in 

r e la t io n  to in ter -hemispher ic  representation o f  functions but to in t r a -  

hemispheric representat ion as w e l l .  This idea also raises the 

p o s s ib i l i t y  o f  the existence o f  d i f f e r e n t  transmission times between 

the hemispheres in males and females fo r  d i f fe r e n t  tasks.

That the l e f t  hemisphere in boys experienced some disrupt ion  

is fu r th e r  supported by the results  o f  the a b i l i t y  to remember 

"pos it ion"  in the f ree drawing condit ion. Although g i r l s  showed no 

e f f e c t  o f  the t r a in in g  procedure, th is  was not true for  boys who dem­
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process posi t ion .  Performance for  the boys in the Control group was 

lower in the r igh t  hemisphere but higher in the l e f t  hemisphere.

With t r a i n in g ,  performance was higher in the r igh t  hemisphere and 

lower in the l e f t .  I t  was the l e f t  hemisphere in " t ra in ed "  boys that  a 

so did poorly on the f ree drawing task. Thus, the l e f t  hemisphere 

showed a change in the a b i l i t y  to process both l ines and posi t ion .

These f indings together support A l la rd  and Bryden's (1979) suggestion 

that  the demands of  a concurrent task on another task may have been 

detr imental in t h e i r  male subjects but not in t h e i r  female subjects.

One " i n t u i t i v e l y "  appealing a l t e r n a t iv e  to the notion that  

boys would have demonstrated an in ter ference e f f e c t  is the p o s s ib i l i t y  

that  information not compatible with a p a r t ic u la r  hemisphere would 

have been merely ignored or  blocked out.  That is ,  i t  could have been 

predicted that performance in the l e f t  hemisphere should not have been 

a f fec te d  at a l l  (except fo r  gains a t t r ib u te d  to prac t ice  e f fe c ts )  

in boys since each hemisphere could have blocked out or not attended 

to the information not appropriate  to i t s  funct ioning.  In f a c t ,  

th is  may have been what happened in the r igh t  hemisphere o f  boys since 

there was no change re su l t in g  from the verbal t ra in in g  procedure.

This also suggests that  r ig h t  hemisphere functioning in boys may be 

more la te r a l i z e d  fo r  s p a t ia l  functions.

Although not in support o f  an in ter fe rence  paradigm for  boys, 

one other in te re s t in g  f inding is the d i f fe rence  in the a b i l i t y  to 

perform the two successive comparison tasks. The data analysis
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indicated tha t  l e t t e r - t o - 1ine matches were e a s ie r  to make than 

1i n e - t o - l e t t e r  matches. This occurred equally  fo r  both boys and g i r l s .  

The only immediately a v a i la b le  explanation would be tha t  the l e t t e r  

matrices required more time to process than the l ine  matr ices.  Thus, 

in the l e t t e r - t o - 1ine condit ion,  the center l e t t e r  matr ix  was shown 

fo r  500 msec which provided ample time to process the l e t t e r s .  How­

ev er ,  in the 1i n e - t o - l e t t e r  condit ion, the l ine  matr ix  was the one 

presented c e n t r a l ly  and for  500 msec while the l e t t e r  matr ix  was 

presented l a t e r a l l y  and fo r  only 50 msec. This very b r i e f  exposure 

may have allowed less information to be processed, regardless o f  

sex, and there fore  o v e ra l l  lower performance resulted.

Developmental Trends

As pointed out in the l i t e r a t u r e  review in the In t roduct ion ,  

few studies e x is t  that  examine r ight  hemisphere functioning in ch i ld ren ,  

and those tha t  e x is t  for  l e f t  hemisphere functioning are almost 

exclus ive ly  devoted to d ichot ic  l is ten ing  procedures. Therefore,  

there is l i t t l e  information to use in predict ing developmental trends 

in hemispheric funct ioning.

O v e ra l l ,  i t  is not surpr is ing that  the current tasks always 

produced s ig n i f i c a n t ly  b e t te r  responding in ninth graders than in 

f i f t h  graders. As fa r  as sex differences and hemisphere d i f ferences  

with age, the analyses y ie lded only one d i f f e r e n t i a l  e f f e c t  a t t r i b u t ­

able to grade. This occurred in the simultaneous comparison condition  

and indicated that  there were no s ig n i f ic a n t  di f fe rences in l e f t  and



r igh t  hemisphere performance fo r  f i f t h  grade boys and g i r l s ,  but 

s ig n i f ic a n t  d i f ferences did occur for  ninth graders with g i r l s  

performing b e t te r  in t h e i r  l e f t  hemisphere and boys performing worse 

in t h e i r  l e f t  hemisphere. One grade by condition in te ra c t io n  was 

observed which indicated that  boys and g i r l s  in the f i f t h  grade 

performed equal ly  well  on the two successive conditions while  both 

boys and g i r l s  in the ninth grade did s u b s ta n t ia l ly  b e t te r  on the 

l e t t e r - t o - 1ine comparisons than on the 1i n e - t o - l e t t e r  comparisons.

The lack o f  any other  sex by grade in terac t ion  in the remaining 

conditions suggests that  boys and g i r l s  e s s e n t ia l ly  performed 

equ iva len t ly  at both grade leve ls .  The lack o f  s ig n i f ic a n t  grade by 

f i e l d  in te ra c t io n  also suggests no major s h i f t  in hemisphere 

performance with age. An inspection o f  the means for  the various  

conditions do suggest, however, that absolute d i f fe rences between 

l e f t  and r ig h t  hemispheres were f requent ly  more pronounced in ninth  

graders than in f i f t h  graders. This suggests than an age group 

younger than f i f t h  graders may show even less evidence o f  l a t e r a l i t y  

di f fe rences .  Another f inding that is somewhat suggested by the data 

is that  h a l f - f ra m e  responses for  the successive and simultaneous 

conditions showed lower f i e l d  d i f ferences  at both grade le v e ls .

Thus, although maximum capacity  ( f u l l - f r a m e  responses) improves with 

age, the f in e r  d is t in c t io n s  (h a l f - f ra m e  responses) may not change as 

much, suggesting l im i ta t io n s  at  some point in development beyond 

which " s e n s i t i v i t y "  changes are less appreciable . The use o f  younger 

and o lder  age groups would also c l a r i f y  th is  p o s s ib i l i t y .
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Implications fo r  Education and Future Research

Any attempt to t r a n s la te  the above f indings in to educational  

pract ices should be met with great caution. A recent ly  published book 

(1979) e n t i t l e d ,  "The Brain: The Last F ro n t ie r"  by Richard Restak

advocates teaching g i r l s  to learn through verbal l e f t  hemisphere 

s tra te g ies  and boys to learn through spat ia l  r igh t  hemisphere s t ra teg ies  

to take in to account t h e i r  respective "n a tu ra l"  d i f ferences  in 

l a t e r a l i z a t i o n  of  functions. I t  is as this  point that one must not 

lose sight o f  the fact  that  very l i t t l e  a t  a l l  is known about the 

brain  and i ts  processes, and to encourage d i f f e r e n t  teaching approaches 

fo r  boys and g i r l s  may not ju s t  be premature but a reckless adventure

as w e l l .  Although i t  is common fo r  indiv iduals  to categorize them­

selves as more, "verbal"  or  more " s p a t i a l , "  i t  is s t i l l  fo lk lo r e  that  

th is  sort of  dichotomy e x is ts  to such an extent as to inf luence problem 

solv ing and information processing on a routine basis. What can be 

advocated, however, is the use o f  a v a r ie ty  o f  teaching and learning  

s tra te g ies  that  display a problem or concept in a l l  i t s  many facets and 

from d i f f e r e n t  points o f  view.

Although th is  word o f  warning about d i f f e r e n t  teaching s tra teg ies

fo r  boys and g i r l s  applies to "normal" in d iv id u a ls ,  the same indeed may

not be warranted for  neuro lo g ica l ly  impaired in d iv id u a ls .  In f a c t ,  

because one or another type o f  cognit ive  stra tegy  may not be a v a i la b le  

to brain  in jured or  learning disabled in d iv id u a ls ,  i t  may wel l  be 

th a t  these indiv iduals  do require  ta i lor-made remedial learning



experiences or  in tervent ion  techniques to a f f e c t  performance. The 

model of  in ter ference  e f fe c ts  fo r  the current study was derived from 

the inferences drawn in the learning d i s a b i l i t i e s  research and is 

meant to apply only to " a ty p ic a l "  s i tu a t io n s  such as that found for  

neuro log ica l ly  impaired ind iv idua ls  or  fo r  that  created in the present 

study in which the task focused on s ing le  hemisphere processing.

The present resu lts  suggest that  the model is v iab le  and warrants 

fu r th e r  in ve s t ig a t ions .  Somewhat s im i la r  studies examining cross-  

modal functions in brain  damaged indiv idua ls  have been conducted and 

the f indings from these have genera l ly  pointed to f a i lu re s  in the 

coordination o f  two sensory systems such as audit ion and perception.

I t  may not,  th e re fo re ,  seem unreasonable to consider the present f ind ing  

of  an i n a b i l i t y  to coordinate two d i f f e r e n t  cognit ive  s t ra te g ies  an 

impetus fo r  fu r th e r  research along these same l ines .
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