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ABSTRACT 

Relationships were investigated between handedness, 

speech lateralization and verbal and spatial cognitive abi­

lities. The subject sample consisted of JO male and JO female 

adults. Handedness was measured by: a) subject's self­

classification (SC), b) Hand Preference Questionnaire data, 

and c) right minus left hand difference scores on five manual 

skill tests (MS). Speech lateralization was measured by ear 

advantage (EA) on a verbal dichotic listening task: Right 

ear advantage was considered representative of speech lateral­

ization to the left hemisphere. Verbal and spatial cognitive 

abilities were measured by selected subtests from the Wechslet 

Adult Intelligence Scale (Wechsler, 1955). Three-handedness­

speech lateralization hypotheses and two handedness-cognitive 

abilities hypotheses were tested. 

Left hemisphere control of speech processing was de­

monstrated to be greater for right handers than for left 

handers. The SC right handed group had a higher mean right 

EA than the SC left handed group. Manual skill was shown to 

be related to speech lateralization. The greater the right 

hand superiority on manual skill tests, the larger the right 

EA tended to be. The relationship between subjects' self­

classification as right or left handed and speech lateraliza­

tion was shown to be associated with manual skill. When the 

influence of MS on the SC-EA correlation was held constant, 

the correlation was reduced to nonsignificarice. The conclusion 
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was reached that the manual skill method of measuring handed­

ness is more accurate and has more exploratory power than the 

self-classification method for investigation of handedness­

speech lateralization relationships. 

Handedness.:.cognitive abilities hypotheses were not 

supported. Handedness, defined by manual skill scores, was 

related to spatial ability such that the greater the tendency 

toward right hand superiority, the lower the spatial score 

tended to be. Partitioning subjects according to LeyY's 

(1969) operational definition of handedness resulted in no 
r 

significant differences between right and left handed subjects' 

spatial ability. The Male group had a significantly higher 

mean spatial score than the Female group. No reliable rela­

tionship was found between either of the two measures of 

handedness and verbal.'..spatial discrepancy scores. It was 

concluded that the investigation of posited relationships 

between handedness and cognitive abilities should await the 

development and validation of a model of hemispheric special.:. 

ization which would account for variation in the Jateralization 

of speech processing and manual 

ii i 



I. 

II. 

Table of Contents 

Abstract 
INTRODUCTION . ................................ . 
1. 

2. 

3. 

4. 

5. 

6. 

Hemispheric Asymmetry for Verbal Processing •. 
Clinical ·evide·nce ••.•.•..•••.•....••.•. 
Split brain evide·nce ...•..•..••••.••....•••.•. 
Dichotic listening evidence ..•..•..•..••.•..•. 
Visual half-field evidence ...•.•.....•.•••.... 
Summary .............................. • . • . • • • • • 

Hemispheric Asymmetry for Nonverbal Processing. 
Clinical evidence ............................ . 
Split brain evidence ..•..••.•••.•.•..•.••..••• 
Dichotic listening evidence ••.•.•.•.•..•..•.•. 
Visual half-field evidence .••••••••...•..•..•• 
Summary .................... . .. 
Hemispheric Asymmetry for Hand Control . ...... . 
The Construct ........................ . . . . . . . . . 
Summary ........... • • • • • • • • • • • • • · • · • · · · ........ 
Hemispheric Specialization and Cognitive 
Ab1·11· ty ................................... . . . . 
Summary ...............•... • • . . . .... 
Definition and Measurement of Handedness 
Summary . . . . . . . . . . . . . . . . . . . . . . . .. 

the Hypotheses •.•.•.. 
speech lateralization 
cognitive abilities .. 

Development of 
Handedness and 
Handedness and 
Hypotheses ........................ 
Handedness and speech lateralization: 

. ..... . . . . . . .. . ... 
.. 

Hypothesis 
Hypothesis 

one 
two 

. . . . . . . . . . . . . .. . ... ... • • 
Hypothesis three ..•.•...•.••.•..•.•. 

Handedness and cognitive ability: 
Hypothesis four . . . . . .. 
Hypothesis five .•.•.••.•.•.•.•.•.• ... 

METHOD •••••••••••••••••••••• 0 ••••••••••••••••••• 

1. Subjects ...................................... 
2 • Measures .....•.•.•...•.•...•...•...•.••. 

Dichotic listening test •.. 
Handedness tests .•..•... 

.... .. 
Cognitive tests ....... . • ................ . 

.. 

3. Procedure I • ■ I ■ ■ ■ • ■ • a • ■ • ■ ■ ■ • a ..... 
iv 

pa_ge 
1.1. 

1 

4 
4 
8 

10 
14 
16 
17 
17 
18 
19 
20 
22 

23 
23 
29 

30 
39 
40 
47 

47 
48 

~~ 
55 
55 
55 

55 
56 

57 

57 
57 
57 
58 
60 
60 



page 

4 . Do. ta A·nal;/ sis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 
Handednes s . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . • . . . . . . 61. 
Handedness and speech l a t eralization : 

Hypothesis one . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 
Hypothes is two . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 
Hypothes is three . . . . . . . . . . . . . . . . . . . . . . . . . 64 

Handedness and cognitive a bilities ...... .. ... . 64 

-r I I . RES UL TS . . • . . . . . . . . . . . . . • . . . . . . . • . . . • . • . • . • . • . . . . . 6 6 

IV . 

1. Handednes s 
2 . Handedness 

Hypothesis 
Hypoth s i s 
Hypothesis 

..... .. .. . ill •••••••••••••••••••••••••• 

and Speech Lateralization ......... . 
one ....... ....... ................. . 
two .... . . .... ... .................. . 
three ............................. . 

3. Handedness and Cognitive Abilities ........... . 
Hypothesis four .............................. . 
Hypothesis five .. •..... ...... ...........•..... 

DISCUS....,ION ........ .......... .......... .......... . 

1. Handedne s ...... .. ....... .... . ....... . ....... . 
2 . Handedness and Speech Lateralization ......... . 
3. Handedness and Cognitive Abilities ........... . 

References 

Appendices 

APPENDl X A 
APPEND[X B 
APPENDIX C 
APPENDIX D 

66 
79 
79 
80 
81 

81 
81 
90 

93 
93 
94 

100 

104 

113 
114 
116 
120 



List of Tables 

Table Page 

1. ANOVA: Self-Classification of Handedness 
and Sex Effects on Reaction Time . • . • . . • . . • • • . • . • 68 

2. ANOVA: Self-Classification of Handedness 
and Sex Effects on Scissors • • . . • • • • • . . • . • • • . • . • . 69 

3. ANOVA: Self-Classification of Handedness 
and Sex Effects on Finger Tapping............... 70 

4. ANOVA: Self-Classification of Handedness 
and Sex Effects on Crawford Pegs................ 71 

5. ANOVA: Self-Classification of Handedness 
and Sex Effects on Handwriting.................. 72 

6. Means and Standard Deviations for Right and 
Left Handers on Five Manual Skill Tests ..•.•••.• 73 

7 •. ANOVA: Handedness and Sex Effects on 
Dichotic Listening Scores • . . • . • . • . • . . • . . • • . • . . • • 83 

8. Multiple Regression of Difference Scores 
for Five Manual Skill Tests on Dichotic 
Listening Ear Advantage • . • • • . • . • • . • • . • • . • • • • . • . . 84 

9. Intercorrelations Between Self-Classification 
of Handedness, Manual Skill, and Dichotic 
Listening Scores f.or 60 Subjects •••.•••.••.•••.• 85 

10. Multiple Regression: Manual Skill and Sex 
Effects on Spatial Ability...................... 87 

11. Means and Standard Deviations for Male and 
Female Right and Left Handers on the Spatial 
Ability Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 

12. ANOVA: 
Ability 

Handedness and Sex Effects on Spatial ......................................... 89 

13. ANOVA: Handedness and Sex Effects on Verbal-
Spatial Discrepan.cy .......... • ................. . 91 

14. Means and Standard Deviations for Male and 
Female Right and Left Handers' Verbal-Spatial 
Discrepancy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 

~-

vi 



List of Figures 

Figure Page 

1 Subjects' right minus left hand score distri-
butions on the Manual Skill test, Reaction 
Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 74 

2 Subjects' right minus left hand score 
distributions on the Manual Skill test, 
Scissors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 

J Subjects' right minus left hand score 
distributions on the Manual Skill test, 
Tapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76 

4 Subjects' right minus left hand score distri­
butions on the Manual Skill test, Pegs ••..•.•••• 

.5 Subjects' right minus left hand score 

6 

distributions on the Manual Skill test, 
Ha11dwr i ting . . . . . . • . . . . . . . . . . . . . . • . . . . . . . • • . • . . . . 78 

Subjects• right minus left ear (EA) score 
distributions on the Dichotic Listening test 

vii 

.... 82 



CHAPTER I 

INTRODUCTION 

It has been recognized since the latter half of the 

nineteenth century that the cerebral hemishperes are not equal 

in terms of their roles in language comprehension and pro­

duction. Evidence of language deficit after left hemisphere 

injury indicates left hemisphere dominance for this process 

in right handers. A symmetry favoring the left hemisphere 

for the perception of verbal stimuli also supports the view 

that the left hemisphere is dominant for language processing 

in right handers. However, brain organization for left 

handers is not the mirror image -. of brain organization for right 

handers. Studies of brain in ·ured and normal o ulations have 

demonstrated that left handers are rarely right hemisphere -----
dominant, often left hemisP.here dominant, and some exhibit -------- -
bilateral hemispheric control of language processing. The 

paradoxical left hander has stimulated research into the 

relationship between handedness and differential hemispheric 

control of language processing. This research is discussed 

in the first section of this chapter. 

The view of the right hemisphere as the minor or 

subordinate hemisphere with little functional significance 

has changed with the accumulation of evidence for deficits 

of a nonverbal nature with injury to this hemisphere. The 
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evidence available for normal as well as brain injured sub­

jects is suggestive of a controlling role for the right 

hemisphere in the processing of visual-spatial information 

for right handers. As is the case for language processing, 

the cerebral locus of control for nonverbal processes for 

left handers is a puzzle. The current consensus is that left 

handers have a greater tendency toward bilateral hemispheric 

control of verbal and nonverbal processing than right handers. 

Research into differential hemispheric control of nonverbal 

processes is discussed in the second section. 

The third and fourth sections examine asymmetrical ce­

rebral control of handedness and posited relationships bet­

ween handedness and cognitive functioning. Much .theorizing 

has centred around the possible role of dominance--or the 

lack of it--in the occurrence of cognitive deficit; particu­

larly the occurrence of discrepancies in two types of cogni­

tive ability, verbal and spatial reasoning. There are corre­

lations ·between signs of mixed dominance and perceptual and 

cognitive deficits in children. Recently, cognitive deficit 

or discrepancy has been hypothesized for adults who exhibit 

signs of mixed dominance. The only indices of dominance used 

in the majority of the investigations of this hypothesis 

have been measures of handedness. The left hander, because 

he ma;y: be processing speech and spatial information with both 
~ 

hemispheres, is posited to be relatively poorer at spatial 

than verbal reasoning than right handers. Hemispheric 
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specialization for verbal and spatial processing and po sited 

relationships to cognitive deficit s are discussed in the 

fourth section. 

While handedness has played an important role in each 

of the above areas of research, agreement regarding the most 

appropriate measures of handedness is lacking. However, 

there is evidence to suggest that the most appropriate 

operational definition of handedness is the relative superi~ 

ority of one hand over the other on tests of manual skill. 

The definition and measurement of handedness are discussed 

in the fifth section. 

Hypotheses are developed in the last section of this 

chapter. The present study investigated the relationship of 

handedness to speech lateralization (i.e. lateralization to 

the left hemisphere) and to cognitive ability. Following a 

representative, but not exhaustive, review of the literature 

in each of the above areas, re search par·ticularly relevant to 

the present investigation is discussed. Hypotheses are de~ 

veloped for the examination of: a) left hemisphere dominance 

for speech processing and handedness; and b) the relationship 

of dominance to cognitive abilities. 

Terminology is a problem in the area of cerebral 

dominance resear·ch because there is not a set of generally 

accepted terms or agreement about the meaning of any one 

term. In the following chapters , the terms described below 

are used to denote cerebral hemi spheric a symmetries for the 

functional control of the proce sses described above; 



Three terms are us ed interchangeably to denote the 

greater propensity of the left than the right hemisphere for 

speech processing and hand control. These are: left hemis.:.. 

phere dominance; hemispheric specialization; and lateraliza~ 

tion to the left hemisphere. 

The greater propensity of the right than the left 

hemisphere for the processing of visual spatial information 

is most often referred to as asymmetry favoring the right 

hemisphere or right hemisphere lateralization of spatial 

processes. 

4 

The left hemisphere also tends to dominate for higher 

level language processing and the right for spatial reasoning 

ability. These abilities are referred to jointly as cogni­

tive ability. A glossary of terms and definitions has been 

provided in Appendix D. 

1. Hemispheric Asymmetry for Verbal Processing 

Clinical evidence. In the latter half of the nine­

teenth century, Broca (1861) published autopsy findings on 

two patients who had lost the capacity to use language after 

the occurrence of cerebral damage. Broca concluded because 

of lesions found in the third frontal convolution of the left 

hemisphere of each of these patients, that in right handers 

speech was localized in the left hemisphere. In 1865 he 

further concluded that with rare exceptions, left handers' 

speech was localized in the right hemisphere. Thus, handed­

ness and hemispheric localization of language have been 

considered related phenomena since contempor ary research into 



the speech-brain relationship began (Benton, 1965). Broca's 

left handedness - right hemisphere speech localization rule 

did not for long withstand contrary evidence: aphasia oc­

curred in left handers more often after left than right 

hemisphere injury. But despite contrary evidence and hypo­

theses like those of Hughlings Jackson, who considered lan­

guage to be to some degree bilaterally represented and the 

right hemisphere to be primary for some nonlanguage proces­

sing, the view of one hemisphere as controlling language 

prevailed (Benton, 1965). From this view developed the con­

cept of hemispheric dominance: the left hemisphere was con­

sidered to· be dominant and the right hemisphere nondominant 

or minor for speech and sensorimotor processing and for cog­

nitive functioning. 

5 

Since Broca's time, a great deal of evidence has ac­

cumulated against this simplistic view. World War II re­

sulted in a large number of head injury cases which stimulated 

research into disorders related to brain damage. These inves­

tigations confirmed previous evidence that aphasia is more 

often related to left than to right hemisphere injury. How­

ever, that left handers differ in cerebral organization with 

regard to language has also been confirmed by these investi­

gations. 

In an investigation of 509 right handers and 48 left 

handers with unilateral brain injury, Russell and Espir 

(1961) found that 186/288 right handers and 9/24 left handers 
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with left hemisphere lesions and 3/221 right handers and 

4/24 left handers with right hemisphere lesions were aphasic. 

Of the aphasic right handers in this group 98% were aphasic 

after left hemisphere injury and only 2% after right hemis­

phere injury. Aphasic left handers were also more likely 

to have left hemisphere lesions (69%) but a sizeable minority 

(31%) had right side lesions. It is evident that aphasia oc­

curred more often for both right and left handers in this 

gr~up after left than right hemisphere injury. 

Summarizing the results of a number of investigations 

of aphasia in left handers, Zangwill (1960) found that 

aphasia was reported in 24/54 cases with left hemisphere 

lesions and in 13/39 cases with right hemisphere lesions. 

The percentage of the total number of aphasics with left 

hemisphere lesions, approximately 65%, and right hemisphere 

lesions, 35%, in left handed aphasics. are similar to those 

of Russell and Espir (1961). Hecaen and Sanguet (1971) 

estimated from their survey of published reports that from 

20-30% of left handed aphasics have right hemisphere lesions. 

If language deficit after unilateral brain injury 

can be regarded as demonstrating left or right hemisphere 

control of language processing, then obviously no simple 

relationship holds between a simple bivariate handedness 

measure and cerebral dominance, since two-thirds of left 

handers appear to be left hemisphere dominant as are most 

•right handers. 
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Many researchers have suggested that left handers tend 

toward bilateral hemispheric language representation (cf. 

Conrad, 1949; Hecaen and Piercy, 1956). The supposition of 

language bicerebrality in left handers is based on: the 

number of left handers who become aphasic after right hemi-
' 

sphere injury; the greater incidence and degree of recovery 

observed in left handers (after right or left hemisphere 

injury); and the constellation of language and nonlanguage 

disturbance in left handers after right hemisphere injury 

(Hecaen and Sauget, 1971). 

Mixed hand preference and familial history of left 

handedness have been implicated in cases of aphasia after 

right hemisphere injury (Subirana, 1973). Ettlinger, Jackson, 

and Zangwill (1956) examined 15 published cases of aphasia 

with right hemisphere lesions in right handers and found that 

3 were ambidextrous and 9 had a familial history of left 

handedness ·. Hecaen and Sauget ( 1971) found that left handers 

with a familial history of left handedness showed disturbances 

of oral language and reading whether the left or the right 

hemisphere was the injured one, while left handers with no 

familial history of left handedness showed almost no lan­

guage disturbance with right hemisphere lesions. 

Data from studies where the right or left hemisphere 

has been temporarily anaesthetized provide figures similar 

to those of the aphasia literature for hemispheric dominance 

for language processes. The technique developed by Wada (1949), 
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where sodium amytal is injected via the internal carotid ar­

teries into the right or left hemisphere, renders the affec­

ted hemisphere nonfunctioning. Utilizing the Wada technique 

Milner, Branch and Rasmussen (1966) found that the speech of 

93% of their right handed patients was affected by left 

hemisphere injection. For left handers, 65% showed speech 

disturbance after left hemisphere injection and 15% after in­

jection to either hemisphere. 

Split brain evidence. Reports on epileptic patients, 

for whom transection of the major bands of fibres connecting 

the two hemispheres is carried out to eliminate generalized 

seizures, have provided further evidence of the differential 

roles of the right and left hemispheres in verbal and non­

verbal processing. When the two hemispheres are thus discon­

nected, information going to one hemisphere cannot be readily 

transmitted to the other. Comissurotomized patients therefore 

provide the researcher with a unique opportunity to examine 

the role of each hemisphere in verbal and nonverbal process­

ing without aid or interference from the other hemisphere. 

When objects are placed in the left hand of such patients 

but out of the patient's sight, information is transferred 

only from the left hand to the right hemisphere. In this 

situation, the patient is unable to name the objects, al­

though he can demonstrate the use of the object. Similarly, 

words flashed tachistoscopically to the left visual half-field 

and therefore transmitted only to the right hemisphere are 
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not reported by the patient although they may be appropri­

ately responded to. While no verbal response can be elicited 

to verbal stimuli to the right hemisphere, auditory compre­

hension of speech by the right hemisphere is indicated by 

retrieval by the left hand of objects named by the experi­

menter (Sperry, Gazzaniga and Bogen, 1973). 

The right hemisphere is superior in split brain patients 

for visual material and can recognize, if not produce, ver-

bal response to words. But Levy and Trevarthen (1973) demon­

strated that when pictures were presented tachistoscopically 

to the right and left visual half fields and patients re­

quired to point to the picture in an array that rhymed with 

the one they had seen, the left hemisphere was clearly 

superior. When bilateral asymmetric words (e.g. de/ed, 

no/on, se/es) were presented tachistoscopically to the visual 

half-fields so that half a word was received by one hemis­

phere and half of another word by the other (e.g. de/on, no/ 

ed, se/ed), the response choice made was for the left visual 

field stimulus on 93% of the trials. But when response 

choice was made from pictures rather than words, the right 

visual field - left hemisphere stimulus was chosen on 90% of 

the trials. While the right hemisphere can accomplish visual 

closure to produce a whole word and the patient can select 

this word from a response array, the right hemisphere does 

not perform the more complicated task of matching words to 

pictures. It appears that the right hemisphere can recog-

nize words but is unable to perform when linguistic analysis 



is required or verbal response demanded. 

These results support other evidence that the right 

hemisphere has some capacity for language comprehension. 

Sperry et al. (1973) point out that there is a great deal 

of variability among their split brain patients in the 

capacity of the right hemisphere to respond to verbal 

stimuli. 

10 

Data from sodium amytal and split brain studies must 

be viewed with caution since amytal investigation is typically 

used with epileptics and split brain patients are also epi­

leptics; the epileptic foci may have resulted in cerebral 

reorganization in these patients. 

Dichotic listening evidence. The development of the 

dichotic listening technique by Broadbent (19.54) has provided 

one of the means of testing speech lateralization in normal 

subjects. The dichotic listening test involves simultaneous 

presentation of a different stimulus to each ear via stereo­

phonic headphones, in sets of 2 or more stimulus pairs. 

Kimura (1961a) found that temporal lobectomy patients 

administered a dichotic listening test had a greater decre­

ment in the amount of recall from the ear contralateral to 

the lobectomized side but that left temporal lobectomy 

produced a greater deficit in both ears than right temporal 

lobectomy. Kimura concluded that both temporal lobes were 

involved in the perception of verbal material but the left 

temporal lobe is more important to speech perception than 
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the right. 

In a second study, Kimura (1961b) administered di­

chotically presented digits to epileptic patients who were 

classified as left or right hemisphere dominant for speech 

from sodium amytal results. For both right and left dominant 

groups, recall of digits was: a) independent of handedness 

and site ,, of epileptic foci, and b) superior for the ear 

contralateral to the dominant hemisphere. Kimura postulated 

fr9m the results that the crossed contralateral auditory 

pathways are stronger and occlude information from uncrossed 

ipsilateral pathways and that one hemisphere is more involved 

than the other in the perception of verbal stimuli. 

Electrophysiological evidence for stronger contra­

lateral than ipsilateral auditory pathways from research on 

subhuman species (cf. Tunturi, 1946; Rosensweig, 1951) and 

humans (Bocca, Calcara Cassinari and Miggliavacca, 1955) 

supports Kimura's hypothesis. 

When verbal dichotic listening tests are administered 

to normal subjects a right ear superiority generally occurs 

whether the stimuli are digits, words or CV syllables; 

whether presentation rate is fast (1 pair/.5 seconds) or 

slow (1 pair/2 seconds); and whether recall is instructed, or 

free, or a recognition procedure is used (Satz, 1968). How­

ever, ear asymmetry increases with number of stimuli, in­

creased rate of presentation and deviation from meaningfulness 

(Satz, 1968). Ear asymmetry does not occur for vowels 
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(Shankweiler and Studdert-Kennedy, 1967), and is reversed for 

melodic stimuli (Kimura, 1964; Spellacy, 1970). 

Early dichotic listening studies comparing right and 

left handers demonstrated that, as a group, left handers 

tend to show right ear superiority for verbal stimuli, but 

to a smaller degree than do right handers. Stimuli used in 

these studies varied, including digits (Satz, Achenbach, 

Pattishall, and Fennell, 1965), nonsense syllables and one 

syllable words (Curry and Rutherford, 1967), and meaningful 

and nonsense words (Curry, 1967). 

Some researchers have also noted more reversals, 

i.e. higher left than right ear scores among left than right 

handers, particularly when dichotic listening was made more 

difficult by the use of nonsense words than meaningful words 

(Curry, 1967) or by the inclusion of white noise on the 

dichotic tape (Knox and Boone, 1971). Smaller difference 

scores and reversals have been cited by these researchers as 

supporting the view of a greater tendency toward bicerebra­

lity of language in left handers. 

Familial history of left handedness has also been 

examined as a variable in dichotic listening. A decrease 1.n 

ear . asymmetry with a positive familial history of left 

handedness was found by Zurif and Bryden (1969), while Satz 

Achenbach and Fennell (1967) found that in a group with .a 

positive familial history of left handedness, the superior 

ear was the one ipsilateral to the preferred hand. 



13 

Satz, Achenbach and Fennel (1967) deviated from the 

routine of previous studies by classifying subjects as right 

or left handed according to the results of a hand preference 

questionnaire and tests of manual speed and dexterity. Using 

a composite handedness score derived from test results, Satz 

et al. found that they could more accurately predict the 

superior ear than when subjects' self-classification as 

right or left handed was used to group subjects. 

Shankweiler and Studdert-Kennedy (1975) theorized 

that handedness and speech lateralization are related because 

of an underlying hemispheric specialization for fine sensori­

motor control, which varies in degree across individuals. 

They hypothesized that, if this is the case, manual skill 

and ear asymmetry gradients should be related. Shankweiler 

and Studdert-Kennedy (1975) demonstrated support for their 

hypothesis with significant multiple correlations between 

manual skill tests and a verbal dichotic listening task for 

two different groups of adult subjects. Based as it is on a 

more fully developed construct of hemispheric specialization 

than previous dichotic research, Shankweiler and Studdert­

Kennedy's approach to the question of handedness-speech 

lateralization relationships is promising for future explor­

ation. Their study is discussed in greater detail in 

Section 5 of this chapter. 



Visual half-field evidence. In visual half-field 

studies, stimuli are presented tachistoscopically to the 
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left or right visual field or bil a terally to both fields. 

White's (1969) review of the literature indicates that words 

(Harcum and Finkel, 1963; Harcum and Jones, 1962) and let­

ters (Bryden, 1966; Harcum, 1964) presented unilaterally to 

the right visual field (RVF) are recalled more accurately than 

words or letters presented unilaterally to the left visual 

field (LVF). Right visual field superiority has been at­

tributed to the more direct pathway between the RVF and the 

left hemisphere (Kimura, 1966). 

But bilateral presentation generally results in LVF 

superiority; this may be due to left to right scanning and 

left to right order of report of stimuli with a resultant 

memory loss affecting stimuli presented in the RVF (White, 

1969). 

Visual half-field studies support dichotic listening 

findings of smaller differences between left and right sides 

for left than for right handers. Bryden (1965) found that 

while right handers showed the expected right side-left 

hemisphere superiority, left handers failed to show any 

consistent right-left differences. Orbach (1967) also found 

a greater right-left difference for right than for left 

handers. 

If both dichotic listening and visual half-field 

differences reflect cerebral asymmetry in the processing of 
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verbal stimuli, a high correlation is to be expected between 

visual half field and dichotic listening results. Bryden 

(1965) and Zurif and Bryden (1969) found no significant 

relationship between the two. Hines and Satz (1975) have 

suggested that the failure to find a significant relationship 

in the previous two studies might be due to: a) grouping 

right handers and the more heterogeneous left handers to­

gether; b) the use of unreliable difference scores; and c) 

the use of the simultaneous visual half-field procedure with 

resultant scanning effects. Hines and Satz used a visual 

half-field procedure in which stimuli were presented at 

fixation and to the left or right of fixation. They also 

administered a dichotic listening test to each subject. They 

found the dichotic listening test scores but not the visual 

half-field scores to have high split half reliability. 

Significant correlations were found between dichotic listening 

and visual half-field tests for right handers but not for 

left handers. Hines and Satz suggest that, for left handers, 

auditory and visual processing of verbal stimuli may be dis­

sociated. A resolution of this puzzle awaits further study. 

The greater reliability of dichotic listening scores would 

seem to make dichotic listenmg a more valid test of asym­

metry in the perception of verbal stimuli than the visual 

half-field scores. 



16 

Summary. Clinical data is suggestive of left hemis­

phere superiority for language processing in the majority of 

the population. However, there is also evidence of right 

hemisphere comprehension, if not verbal response to or analy­

sis of language, in split brain patients. The aphasia 

literature and sodium amytal results indicate bilateral lan­

guage organization or right hemisphere superiority for some 

JO% of left handers. Some researchers have suggested that 

the data imply that differential cerebral language control 

varies in degree, from left hemisphere superiority, through 

bilaterality to rare cases of right hemisphere superiority 

(cf. Luria, 1966; Annett, 1975). 

The development of dichotic and tachistoscopic tech­

niques have provided methods for the study of differential 

cerebral language control in normal subjects. Asymmetries 

in the perception of verbal stimuli favouring the right ear 

and the right visual field reflect left hemisphere super­

iority for language processing. The smaller degree of asym­

metry in left handers has been interpreted as reflecting the 

lesser degree of left hemisphere superiority, or bilateral 

language organization for this group. Shankweiler and 

Studdert-Kennedy (1975) provided tentative support for the 

hypothesis that left hemisphere language control varies in 

degree in normal subjects by demonstrating a correlation 

between handedness and ear asymmetry gradients. 



Hemispheric Asymmetry for Nonverbal Processing 

Clinical evidence. Some deficits other than lan-

guage impairment occur more often after left hemisphere 

injury while others occur more often after right hemisphere 

injury. The apraxias (inability to perform a familiar act) 

provide a good illustration. DeAjuriaguerra et al. (1960) 
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in a study of 415 brain injury cases, found that ideatory 

and ideomotor apraxia occur only with left or bilateral 

lesions and not with lesions restricted to the right hemi­

sphere. Constructional apraxia, originally attributed to 

left hemisphere lesions, was found by De Ajuriaguerra et al. 

to occur in 39.8% (82/206) of their left lesion cases and in 

61,58% (93/151) of right and 74,07% (40/54) of their bilateral 

lesion cases. Dressing apraxia, which is associated with 

constructional apraxia, occurs after right but seldom after 

left hemisphere lesions (Hecaen, 1973), 

An accumulation of cases of visuospatial agnosia ( in 

which objects are incorrectly localized in space) with right 

hemisphere lesions, particularly with involvement of the 

posterior parts of the right hemisphere, provide evidence 

for the greater involvement of the right hemisphere in this 

disorder (Patterson and Zangwill, 1944; McFie, Piercy, and 

Zangwill, 19 50). 

Hecaen's (1973) summary of deficits occurring after 

right hemisphere injury includes agnosia for one side of the 

body compared to bilateral localized (finger agnosia) or 
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generalized (autotopagnosia) disorder of body image after 

left hemisphere injury, apraxia for dressing, severe and 

frequent visuo-cons tructional defects, visuospa tial disor­

ders, agnosia for faces, dyscalculia and spatial agraphia. 

The differences in the types of apraxic and agnosic disor­

ders occurring with left in contrast to right hemisphere 

lesions will be discussed in another section which deals 

with theories formulated to explain these differences. 

Split brain evidence. In tachistoscopic presentation 

of visual material: objects, geometric figures, colours, 

lines, dots or arrows pointing in different directions, when 

presented to the left visual fields of commissurotomized pa­

tients, can be recognized and identified through correct 

matching, matching the stimulus to the name of the stimulus 

or by pointing to the correct stimulus in a stimulus array 

(Sperry, Gazzaniga and Bogen, 1973). Bogen and Gazzaniga 

(1965) found that the left hands of their right handed split 

brain patients were superior to the right hand in constructing 

Kohs Block patterns and in copying Necker Cubes. They sug­

gested that the right hemisphere is superior to the left in 

visual understanding which concurs with the previously des­

cribed unilateral lesion evidence of impairment in visual­

spatial and constructional abilities with right hemisphere 

injury. 

Utilizing the split stimulus technique (described in 

the previous section) with four commissurotomized patients, 

Levy, Trevarthen and Sperry (1972) and Levy and Trevarthen 
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(1973) found that when half of one face was presented to one 

visual half-field simultaneous wi th the presentation of one 

half ,of a different face to the other, patients presented 

with both complete faces after the split stimulus presenta­

tion always chose the one matching the stimulus presented to 

the left visual half field (right hemisphere) as the one 

they recognized. Nebes (1971) found that when commissuro­

tomized patients' perception of part-whole relationships was 

tested by having subjects haptically examine an arc with the 

right or left hand, and then visually select the size of the 

complete circle from which the arc had come, this was most 

efficiently carried out by the left hand; the hand under the 

control of the right hemisphere. 

Dichotic listening evidence. In normal populations, 

dichotic listening studies have demonstrated a left ear 

superiority for melodies (Kimura, 1964; Spellacy, 1970). 

Shankweiler (1966) found that brain damaged subjects' percep­

tion of dichotically presented melodies was impaired for 

both ears by right temporal lobe lesions, just as left tem­

poral lobe lesions result in greater impairment of the per­

ception of verbal material (Kimura, 1961a). 

Of two studies which examined differences between 

right and left handers for nonverbal dichotic stimuli, 

Curry (1967) found the mean left ear score to be higher for 

nonverbal (environmental) stimuli for both right and left 

handers; but mean ear differences were smaller for left handers 



20 

than for right handers . Dee (1971) also found a group of 

right and t wo groups of left handers to show a left ear 

superiority for nonverbal (melodies) stimuli. All three 

groups of subjects showed left ear superiority for nonverbal 

material and percentages of subjects with left ear superior­

ity were similar for the three groups. 

Visual half.:.field evidence. A left visual field 

superiority for tachistoscopically presented nonverbal 

m~terial would be comparable to the right visual field 

superiority observed for verbal material and compatible with 

previously discussed studies which demonstrate the impor­

tance of the right hemisphere in the process ing of nonverbal 

stimuli. White's (1969) review of the literature in this 

area sha.vscontradictory findings; some researchers report 

equal recognition by both half fields of nonsense figures and 

geometric forms (e~g. Bryden and Rainey, 1963; Terrace, 1959), 

and others report left field superiority for the recognition 

of designs (Schell and Satz, 1970) and right visual field 

superiority for the recognition of outline drawings of 

common objects (Wyke and Ettlinger , 1961). The ease or 

difficulty with which stimuli can be verbally labelled 

may be the explanation for these contradictory result s ; ver­

bally labelled stimuli resulting in a right field superiority 

and stimuli which cannot be given a verbal label resulting 

in a left field superiority. 
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In some visual half-field studies, response time was 

the dependent measure. Geffen, Bradshaw and Wallace (1971), 

and Gibson, Filbey and Gazzaniga (1970-), found that non­

verbal stimuli were responded to more quickly when presented 

to the left visual field and verbal stimuli were responded 

to more quickly when presented to the right visual field. 

Kimura (1966) has found a left visual field superiority 

for the processing of visuospatial information: she found a 

left field superiority for a task in which subjects were 

required to count groups of dots and geometric designs and 

a left field superiority in a later (1969) experiment when 

subjects were required to locate dots on a spatial map after 

tachistoscopic presentation. 

Kimura and Durnford (1974) found a left visual field 

superiority for a number of basic visual tasks: visual point 

location, rapid scanning of stimuli for enumeration, percep­

tion of line orientation and stereoscopic depth perception. 

Kimura and Durnford interpreted these findings to mean that 

the right hemisphere is more specialized for certain basic 

perceptual processes than the left hemisphere, and that this 

asymmetry may underlie the superiority of the right hemisphere 

for the more complex visuospatial functions. 

Cohen (1972), in a visual half field study comparing 

right and left handers, found the usual smaller and less con­

sistent differences between half fields in the left handed 

group. In this experiment, letter pairs were presented 

tachistoscopically to the right or left visual half field, 
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and could be matched by either physical identity (AA) or name 

identity (aA). Name identity matching was better for right 

visual field stimuli and physical identity matching for left 

visual field stimuli. Visual half field differences were 

smaller for left than right handers, but in all conditions, 

left handers responded more quickly than did right handers. 

Summary. The right hemisphere is dominant for some 

nonverbal processing, particularly the processing of visuo­

spatial and visuoconstructional information. Damage to the 

right hemisphere results in deficits in facial recognition, 

constructional ability and the ability to process topographi­

cal information, and much less often in language disorder. 

Split brain patients are more able to accurately process 

spatial and constructional information when the right hemi­

sphere is stimulated than when the left hemisphere is. The 

tachistoscopic research carried out with normal populations 

is equivocal but nonverbal stimuli to which no verbal label 

can be attached seem to be processed more quickly when pre­

sented to the right rather than the left hemisphere. 

Kimura's (1966; 1969) visual half field studies show superi­

ority of the right hemisphere for spatial abilities and the 

recognition of geometric shapes. In contrast to the superior 

recall of verbal dichotic stimuli to the right ear, the per­

ception of nonverbal dichotic stimuli is more accurate for 

stimuli presented to the left ear. While the dichotic 

listening and visual half field studies comparing right and 
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left handers are few in number, each found smaller differ-

ences between ears or ·between half fields for left than for 

right handers. 

3. Hemispheric Asymmetry for Hand Control 

The majority of the population (approximately 90%) 

is self-classified as right handed. Previous sections of 

this chapter presented evidence that for most right handers 

(98%), speech and language processing are controlled prima­

rily by the left hemisphere. Some nonlanguage processing, 

particularly of visuospatial information, is controlled by 

the right hemisphere. Available evidence is suggestive of 

a tendency in· the left hand group toward bilateral hemi­

spheric control of both speech and visuospatial processing. 

These observations have led to speculation regarding the 

neural organization underlying left hemisphere superiority 

for both speech processing and hand control. To illustrate, 

Dimond and Beaumont (1974) propose a model, based on their 

research, of cerebral organization and cognitive processing 

which includes the role of hand control. Dimond and 

Beaumont suggest that to an extent the brain is a duplicate 

mechanism; that basic patterns of learning are shown by each 

hemisphere. The capacity to process information, the ability 

to hold information in perceptual stores, simple motor 

responses, incidental learning and fatigue processes are 

organized and occur in each hemisphere. But with respect to 

more complex abilities, the left hemisphere is more proficient 
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in speech and l anguage, complex motor functions, vigilance 

and paired-associate learning wh i le the right hemisphere 

is more proficient at spatial integration, calculation and 

creative-associative thinking. 

Dimond (1971, 1972) further suggests that. areas of 

special capacity, speech being one example, are linked with 

motor output areas, or the motor output areas of the hands, 

and that these links might be utilized at the command of 

either hemisphere. Some evidence does not fit a strict 

interpretation of this view, for example, the finding that 

the right hand of split brain patients is inferior to the 

left in constructional ability (Sperry, Gazzaniga and Bogen, 

1973) indicates that right hemisphere control of the right 

hand is minimal . 

With regard to differences between right and left 

handers in brain organization, Beaumont (1974) suggests that 

the brain of the right hander is characterized by a system 

organized in terms of "medium scale specialized units" con­

nected by a series of long but well organized pathways. The 

brain of the left hander is seen as composed of smaller units 

linked by short but diff'use connections which result in less 

specialization and greater homogeneity of function. The 
~ 

diffuse system of the left hander carries an advantage for com-

plex integrative operations, but a disadvantage for rapid 

simple communications. 

If the two hemispheres do process incoming sensory 

information in different ways, the neural substrate may, as 
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Beaumont suggests, be different for the right hemisphere than 

the left. Semmes (1968) cites evidence of differences be.:. 

tw001. the hands in sensory ability and in deficit after 

cerebral injury and provides a model for differences between 

the hemispheres in neural organization. Semmes states that 

asymmetries of the hands are of two sorts: one a difference 

in contralateral function, the other a difference in ipsi­

lateral function. The former is represented by the pheno­

menon of handedness--a preferential use and greater agility 

of the right hand, which to Semmes suggests finer sensori­

motor control from the left hemisphere than from the right. 

Asymmetry of ipsilateral function is exemplified by ipsi­

lateral as well as contralateral effects on the hands of left 

hemisphere lesions compared to the strictly contralateral 

effects of right hemisphere lesions. 

Examples of this are provided by Hecaen's (1973) ob­

servation that when a disorder of the body image (somatag­

nosia) occurs after minor hemisphere injury it is on one 

side of the body or of a contralateral limb whereas after 

major hemisphere injury, somatagnosic disorders are bilateral, 

either localized (finger agnosia) or generalized (autoagno­

sia). Benton (1959) has suggested that unilateral somatag­

nosia occurs because of a disturbance of nonverbal percep­

tual functioning while bilateral somatagnosia results from 

a disturbance of symbolic functions. Hecaen (1973) provides 

incidence figures from a series of 308 unilateral postrolandic 



lesion cases (left handers excluded): unilateral somatag­

nosic disorders with right lesions, 28.67% (39/136); with 

left lesions, 3,38% (7/172) and bilateral somatagnosic dis­

orders with right lesions, 2,94% (4/136); with left lesions 

19,01% (34/172). These figures indicate a greater degree of 

ipsilateral control for the left than the right hemisphere. 

Research carried out with split brain patients also 

suggests differences in the cerebral organization underlying 

hand control. Sperry, Gazzaniga and Bogen (1973) presented 

outlined sketches of hands and fingers in different postures 

tachistoscopically to the right or left visual fields of 

commissurotomized patients. Subjects were then required to 

mimic these postures with the hand on the same side or side 

opposite the visual field stimulated. When the contralateral 

hand was employed, simple postures, e.g. closed fist or open 

hand, were mimiced but complex postures were not. The defi­

cit was especially marked when the nondominant right hemi­

sphere attempted to control the right hand. Sperry et al. 

concluded that the occasional success of the left hand -

left hemisphere combination might be due to ipsilateral 

(left hemisphere) control of the left forearm musculature. 

Those findings, along with Semmes' own findings, discussed 

below, support Semmes' contention of a difference between the 

two hemispheres in the ipsilateral sensorimotor control of 

the hands, with the left hemisphere exhibiting dominance in 

its role in the bilateral control of sensation and movement. 



In studies reported by Semmes, Teuber and Weinstein 

(1960) and Semmes (1960), the hands of 124 subjects with 

penetrating brain injury (36 bilateral, 44 left and 44 

right hemisphere injuries) and 33 control subjects were 
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tested on somatosensory thresholds, simple motor reaction times, 

and discrimination of object.:..quali ties. In the two unila­

teral lesion groups, deficits of the contralateral hand were 

found on these tests. The severity of the deficits were ap­

proximately equal for the two groups. But when examined in 

terms of locus of lesion, the results for the three cutane­

ous tests; touch pressure thresholds, two-point discrimina­

tion and point localization, were different for the right 

than the left hand. Deficits of the right hand were maximal 

after lesions of the left sensorimotor region but for the 

left hand, degree of severity and incidence of deficit were 

not related to the locus of the lesion in the right hemi-

sphere. The same results occurred for tests of reflex ac­

tion. Moreover, right hemisphere lesions seldom produced 

sensory deficit in the right hand, whereas left hemisphere 

lesions did produce sensory deficits in the left hand, if the 

lesion was in the sensorimotor area. This pattern of results 

suggests: a) more focal representation of sensation and 

movement for the left than the right hemisphere, and b) 

ipsilateral as well as contralateral sensory hand control 

by the left hemisphere to a greater extent than by the right 

hemisphere. 

• 



When spatial orientation ability of these subjects 

was tested, impaired orientation was related to locus of 

lesion (posterior parietal) only for left and not for right 

hemisphere lesions. Complex functioning therefore also ap­

pears to be focally represented in the left and diffusely 

represented in the right hemisphere. Further, sensory and 

spatial orientation impairments were associated only for 

right hemisphere lesions. Semmes hypothesizes this result 
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to be due to diffuse representation of functions in the right 

hemisphere so that an extensive right hemisphere lesion 

disturbs both functions. 

Semmes (1968) proposes that focal representation of 

elementary functions in the left hemisphere favors the inte­

gration of similar units and consequently specialization for 

behaviours which demand fine sensorimotor control, such as 

manual skills and speech. Conversely, diffuse representation 

of elementary functions in the right hemisphere may lead to 

integration of dissimilar units and hence specialization for 

behaviours requiring multimodal coordination, such as the 

various spatial abilities. Semmes also suggests that brain 

mechanisms serving language are different for left handers 

than they are for right handers, with a restricted and uni­

lateral representation if the right hand is dominant and dif­

fuse and possibly bilateral language representation if the 

left hand is dominant. 

0 

Ii 
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IF Semmes' (1968) conclusions implicate a greater role 

for the ipsilateral sensorimotor pathways in left handers 

than in right handers. For right handers, hand control is 

primarily contralateral (i.e., left hemisphere - right hand 

control; right hemisphere - left hand control) and the right 

hand is generally more skilled than the left. However, 

Semmes ,-has presented evidence for some ipsilateral hand 

control by the Ieft but not the right hemisphere. For left 

handers, ipsilateral control from the left hemisphere may be 

as great as contralateral control. Ipsilateral,. left 

hemisphere control of the left hand might account for left 

handedness. Alternatively, the right hemisphere may be 

superior for fine sensorimotor control and thus dominant for 

speech processing and manual skill in left handers. Clinical 

evidence indicates left hemisphere speech control for approxi­

mately 70% of left handers and right hemisphere or bilateral 

control for the remaining JO% (see Chapter I:l). Therefore, 

if Semmes' conclusion regarding a relationship between 

manual skill and speech processing is accurate, both ipsi­

lateral hand control and right hemisphere dominance must 

contribute to the phenomenon of left handedness. 

Summary·. Some researchers have postulated differences 

in the neural organization of the right and left hemispheres 

as the basis for observed differences in function. Semmes' 

research and views on neural organization are the most 

clearly explicated of these. Semmes (1968) concludes that 
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various functions are focally organized in the left hemisphere 

and diffus ely organized in the right. Semmes suggests that 

focal organization underlies left hemisphere superiority 

for speech and manual skills, while the diffuse organization 

of the right hemisphere underlies its primacy in the control 

of the processing of visuospatial information. Brain or­

ganization in left handers may be more asymmetrical, i.e., 

the two hemispheres are closer to being mirror images of one 

another. In the following section, the relationship of dif­

ferences in hemispheric organization of speech and hand 

control to cognitive abilities is discussed. 

4. Hemispheric S:eecialization and Cognitive Ability 

Some researchers speculate about the effect of in­

complete lateralization, or hemispheric symmetry, on cogni­

tive abilities. Gazzaniga (1974) predicts the occurrence of 

severe cognitive deficit with incomplete lateralization, 

while Beaumont's (1974) research provides some evidence tha~ 

mixed laterality may be advantageous for complex integrative 

functions, but disadvantageous for rapid, simple communica­

tions. 

Studies of children have revealed a relationship bet­

ween hemispheric asymmetry and cognitive functioning. Berman 

(1971) used a number of measures of handedness along with 

measures of foot, eye and ear dominance and eye-hand 

coordination and correlated scores on these tests of peri­

pheral dominance with scores on the Columbia Mental Maturity 
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Scale ( CMMS), for brain damaged and normal children. The 

correlation between a laterality index computed from the 

peripheral dominance measures and the CMMS was .81 for nor­

mal and .41 for brain damaged children. Berman interpreted 

the lower correlation for the brain damaged group to be due 

to the unpredictable effect of brain damage when the site of 

the lesion is not taken into account. Berman concludes that 

the results demonstrate a relationship between the degree of 

intelligence and the degree to which one side of the body is 

dominant over the' other, the implication being that the 

peripheral asymmetry parallels asymmetry in the localization 

of control for cognitive functioning. "The less asymmetry, 

the more interference that occurs in cognitive functioning." 

Orlando (1971) found that children classified as less 

well lateralized by their scores on a battery of manual skill 

tests scored lower on the verbal portion of the Wechsler In­

telligence Scale for Children than did well lateralized 

children. Orlando obtained significant correlations between 

the handedness tests and a verbal dichotic listening test. 

In children, however, functional hemispheric organization is 

in a state of change; lateralization of language to the left 

hemisphere takes place gradually during the first ten to 

twelve years of life so that intelligence tests are measur­

ing in part, the degree of cerebral maturity. The effect of 

incomplete lateralization, if any, to be observed in adults, 

for whom functional cerebral organization is presumably sta­

tic, may be quite different. 
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Levy (1969; 1974) has produced and tested a hypothesis 

concerning the effect on cognitive functioning of incomplete 

lateralization in adults. Levy suggests that optimal non­

verbal (spatial) and verbal reasoning processes cannot be 

simultaneously organized in two hemispheres "designed ac­

cording to the same plan." This premise led Levy to hypo­

thesize that when lateralization is incomplete, either ver­

bal or nonverbal functions will suffer. According to Levy, 

for the incompletely lateralized individual the mean dis­

crepancy between measures of nonverbal and verbal intelli­

gence will be non-zero and the greater the symmetry of the 

two hemispheres, the greater the deficit will be in either 

left or right hemisphere functioning. Levy suggests that 

either language and conceptual abilities are so important 

that if both hemispheres are engaged in language processing 

a spatial deficit may occur, or that functionally symmetric 

individuals are distributed bimodally, some having two left 

and some two right hemispheres, the choice depending on both 

environmental and genetic factors (Levy, 1974). Levy as­

sumes all right handers to be well lateralized and left 

handers to be incompletely lateralized. Therefore, it is 

left handers whom she hypothesizes to have either a verbal 

or nonverbal deficit. 

To test a hypothesis such as Levy's, it is necessary 

to consider the possible effect of pathological left handers 

in the subject pool. Left handers constitute only 
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approximately 10% of the population: if an equal number of 

switches in handedness due to brain damage occur for right 

and left handers, a larger percentage of the left handed 

population will be of pathological origin than will be the 

percentage of right handers whose handedness is pathologi­

cally determined. Since brain damage resulting in a switch 

in handedness might also result in cognitive deficits, the 

result of including pathological left handers would be to con­

found the brain damage effect with the hypothesized effect. 

To minimize such confounding, Levy (1969) used subjects of 

superior intellectual ability, for whom there is less like­

lihood of brain damage, to test her hypothesis. Levy (1969) 

selected 15 right handers and 10 left handers from the male 

gradua~e students at the California Institute of Technology. 

Only right handers with no family history of left handedness 

were included and subjects were classified as right handed 

only if there was no skilled activity for which they pre­

ferred the left hand. Conversely, subjects were classified 

as left handed if there was any activity for which they pre­

ferred the left hand. The Wechsler Adult Intelligence 

Scale (WAIS, Wechsler, 1955) was then administered to each 

of the 25 subjects. The WAIS was chosen because it has been 

shown that the Verbal Intelligence Quotient (VIQ) measures 

left hemisphere abilities and the Performance Intelligence 

Quotient (PIQ) measures right h~misphere abilities (cf. 

Matarazzo, 1972; and Reitan, 1955, for review articles on 
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WAIS profiles for brain damaged patients). The mean Verbal 

Intelligence Quotient (VIQ) and Performance Intelligence 

Quotient (PIQ) for right handers were 1J8 and lJO respec­

tively. For left handers, the mean VIQ was 142 and the mean 

PIQ was 117, a 25 point difference. The difference between 

the right and left handed groups' VIQ-PIQ discrepancies 

was highly significant. The minimum discrepancy shown by 

any left hander was 15 IQ points. From these results Levy 

concluded that the left handers in this subject sample tended 

toward cerebral symmetry and that this symmetry produced 

"two left hemispheres" with the consequence that right 

hemisphere capacities suffered. Levy used a small sample 

selected from a population with a restricted IQ range to 

test her hypothesis. 

Studies by other researchers have produced both sup­

portive and non-supportive evidence for Levy's (1969, 1974) 

hypothesis. Miller (1971) used first year university under­

graduate students as subjects to test Levy's hypothesis. 

Miller divided his subjects into two groups, right handers 

(n = 29) and mixed handers (n = 2J) according to the results 

of a handedness questionnaire (Annett, 1967). Miller found 

that right and mixed handers did not differ on a test of 

verbal intelligence, but right handers performed better 

than mixed handers on a visuospatial test, supporting Levy's 

hypothesis. Miller does not elaborate upon the reliability 

and validity of the measures he used, nor does he state 



their relationship to the WAIS. Miller excluded two pure 

left handers from his study but speculated that pure left 

handers are right hemisphere dominant for language rather 

than symmetrically organized and might be expected to show 

a similar pattern .of abilities to right handers. Miller 

points out that this hypothesis is difficult to test be­

cause pure left handers comprise such a small percentage of 

the total population (cf. Annett, 1967; Subirana, 1973). 

Nebes (1971a) compared the perceptual abilities of 

left and right handers, using an arc-circle matching task 

which a previous study of commissurotomized patients 

(Nebes, 1971b) had shown to be most efficiently carried out 

by the right hemisphere. Subjects were equal numbers of 

male and female undergraduate and graduate students, 

self-classified as right or left handed. Left handers per­

formed more poorly than right handers on this task, which 

Nebes suggests is due to "less efficient organization" of 

right hemisphere functions in left than in right handers. 

Utilizing 120 male and female undergraduate students 

classified as right, left or mixed handers according to 

Annett's (1970) preference questionnaire, Nebes and Briggs 

(1974) compared these groups for their retention of verbal 

and nonverbal visual material. They found that left and 

mixed handers performed significantly less well on a task 

requiring the reproduction of sets of geometric shapes from 

memory (Benton, 1963) than did right handers. An analysis 

35 



36 
of the types of reproduction errors showed the nonright 

handed groups to differ from the right handers only in the 

frequency of rotational errors, indicating a faulty reten­

tion of spatial orientation. The three groups performed 

equally well on the verbal task which involved the recall of 

arbitrary associates. Familial incidence of left handedness 

had no significant effect on the results. 

Subjects in each of the aforementioned studies were 

university graduate and undergraduate students. The resul­

tant restriction in IQ range may have an effect on results 

which would not occur with a more heterogeneous group of 

subjects. Newcombe and Ratcliffe (1973) tested the hypo­

thesis that nonright handers would show a spatial reasoning 

deficit by administering a shortened form of the WAIS to a 

large, heterogeneous group composed of 409 men and 414 women 

assessed as right, mixed or left handed by a hand preference 

questionnaire. An analysis of variance comparing differences 

between sexes and between handedness groups on VIQ and PIQ 

yielded a significant difference for the sex factor only; 

women scored less well than men on both Verbal and Performance 

tests. 

While Newcombe and Ratcliffe (1973) and the other 

researchers cited tested the hypothesis of spatial reasoning 

deficit in nonright handers (Levy, 1969), they did not test 

the hypothesis of either spatial or verbal reasoning defi­

cit in nonright handers. To test the latter hypothesis, the 
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difference between VIQ and PIQ would have to be tested. 

Such a test would demonstrate any between group difference 

in the VIQ-PIQ discrepancy whether the discrepancy was in 

the direction of a performance decrement or a verbal decre­

ment. 

A comparison was made by Newcombe and Ratcliffe (1973) 

between the left handed group and a matched subsample of the 

right handed group. No significant differences in ability 

were found between the two groups. No further comparisons 

were made between the right and mixed handed groups. But, 

as Miller (1971) states, it is those subjects of mixed 

handedness who might be expected to show symmetry in cerebral 

language organization and therefore a verbal or performance 

decrement. Within group variance was less for the very small 

group of left handers (n = 26) than for the right and mixed 

handed groups. The authors state that this difference is 

significant and unexpected but do not state whether it 1s 

statistically significant. It is not clear how the authors 

adjusted the analysis of variance procedure for heterogeneity 

of variance and unequal sample sizes. 

McGlone and Davidson (1973) point out that Levy 

(1969) did not directly test for speech lateralization and 

included only male subjects in the study. McGlone and 

Davidson compared right and left handed male and female 

subjects to determine if right hemisphere specialization for 

speech and language processing is associated with impaired 
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spatial ability, Demonstrated hand use for several manual 

activities was used to classify secondary school subjects as 

right or left handed and self-classification was the handed­

ness criterion for university student subjects. No signifi­

cant differences were found between these two groups due to 

differences in handedness measures. Subjects were tested 

for visuospatial ability on the Block Designs subtest of the 

WAIS (Wechsler, 1974) and the Primary Mental Abilities Test 

(PMA). A difference between ears of two or more points on a 

verbal dichotic listening test was used to classify subjects 

as having a right or left ear superiority and therefore as 

left or right hemisphere dominant for speech. Because of 

small Q'S in some cells McGlone and Davidson used nonpara­

metric rather than parametric methods of analysis, They 

report that: a) males performed significantly better than 

females on the PMA; b) an ear by sex interaction occurred with 

females having higher left ear scores showing the greatest 

deficit on the PMA; and c) a higher number of left than 

right handers had a left ear superiority. Similar but 

nonsignificant trends are reported for the Block Designs 

test. 

To test the hypothesis that observed spatial impair­

ments result from competition between verbal and nonverbal 

processes when both are mediated by the same hemisphere 

(Levy, 1969), a second study was carried out with 79 of the 

99 subjects who participated in the first study, Subjects 
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were tested on a tachistoscopically presented dot enumeration 

task (DET) which Kimura (1966) has shown results in right 

visual superiority in normal subjects and on which patients 

with right hemisphere lesions show impairment relative to 

patients with left hemisphere lesions (Kimura, 1963)·. The 

DET was used as a test of the lateralization of nonverbal, 

visuospatial functions. McGlone and Davidson hypothesized 

that if lower spatial scores reflect intrahemispheric com­

petition, subjects with both functions mediated by the same 

hemisphere (right ear~ right visual field superiority) should 

perform worse on the PMA than subjects with each function 

served by a different hemisphere. Results were in the ex­

pected direction but not significant-. In fact the only 

significant difference obtained in the second study was the 

greater number of females than males exhibiting right visual 

field superiority on the DET (Chi square= 7,79, 2 df, 

:2_<.03). While McGlone and Davidson conclude that lower 

scores on a visuospatial task may result from competition 

when both verbal and nonverbal tasks are served by the same 

hemisphere, or when nonverbal stimuli are processed by the 

left hemisphere, their conclusions are based on trends rather 

than significant results. 

Summary. This section has dealt with models of 

hemispheric organization which attempt to integrate what is 

known about asymmetries in hemispheric functioning. Some 

researchers have concluded that when lateralization of 
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speech processes to the left hemisphere is incomplete, cogni­

tive deficits may result. Levy has formulated specific 

hypotheses: nonright handers will show a decrement in 

spatial and constructional abilities (Levy, 1969) or non­

right handers will show a decrement in either spatial and 

constructional, or verbal abilities (Levy, 1974). Some 

tests of Levy's (1969) hypothesis show a deficit in spatial 

ability for left handers, but this may be limited to those 

individuals in the upper ranges of intellectual ability. 

All of the studies that tested Levy's hypothesis 

used self-classification or hand preference questionnaires 

to classify subjects into two or three handedness groups. 

While there is a rationale for concluding that lack of 

asymmetry in hand skill reflects incomplete speech lateral­

ization, the use of self~classification and hand preference 

questionnaires to assess differential hand skill may be 

misleading. Left handers, and to a lesser extent, right 

handers, are heterogeneous groups; some self-classified 

left handers actually display greater skill with the right 

than the left hand. 

5, Definition and Measurement of Handedness 

Semmes (1968) hemispheric specialization model pro­

vides a rationale for the view that a relationship exists 

between asymmetric hemispheric control of speech processing 

and handedness. However, the investigation of this relation­

ship and of the closely allied handedness - cognitive abili­

ties relationship requires a handedness measure that will 
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maximally reflect hemispheric differences in the control of 

manual skill, and minimally reflect extraneous factors such 

as social pressure. The measures most frequently used, sub­

jects' self-classification as right or left handed and sub­

jects' stated preference for the right or left hand, are in­

fluenced by social and cultural pressures, as many researchers 

have pointed out (cf. Levy, 1974; Teng, 1977). The social 

pressure effect renders self.:.classification and stated hand 

preference suspect as measures of differential hemispheric 

effects on hand control. Direct tests of the competence of 

the right versus the left hand may be more suitable handedness 

measures. The following two studies illustrate the lack of 

concensus between self.:.classification, preference and manual 

skill measures of handedness. 

Benton, Myers and Folder (1962) compared subjects ac­

cording to three operational definitions of handedness: 

subjects' classification of themselves as right or left 

handed; a hand preference questionnaire; and two tests of 

the relative manual dexterity of right and left hands; a 

scissor cutting task and the Crawford Small Parts Dexterity 

test (Crawford, 1956). Benton et. al. found that many 

self-classified left handers showed inconsistent preference 

for the left hand and that some showed marked superiority 

for the right hand on the manual dexterity tests. The 

authors concluded that left handers are such a heterogeneous 

group with respect to preference and dexterity that 
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self-classification is virtually meaningless. 

Satz, Achenbach and Fennell (1967) demonstrated that 

self-classification does not accurately reflect preference 

and manual speed and dexterity. Reclassifying their right 

and left handed subjects according to a composite score 

computed from these criteria, Satz et al. concluded that of 

the left handed group, 61% were left handed, 17% were 

strongly right handed and 22% were ambidextrous. 

The inadequacy of self-classification as a criterion 

for relative hand competence is evident from the results of 

the preceding two studies. Whether hand preference by it­

self is an adequate measure of manual skill should be consi­

dered, since preference can be measured quickly and is there­

fore more economical than a battery of manual skill tests 

would be. Annett (1970) administered such a questionnaire 

to over 2000 subjects and submitted the results to an asso­

ciation analysis. She found that several different handed­

ness groups could be distinguished and that left handers 

were, as Benton et al. (1962) concluded, a more heterogeneous 

group than right handers. Annett also tested the relation­

ship between groupings resulting from the preference ques­

tionnaire and a test of manual speed. She found that several 

classes of preference could be distinguished whose asymmet­

ries of manual speed showed a fairly systematic progression 

between greater skill with the right hand to greater skill 

with the left. Thus, some evidence exists for a relationship 
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between Annett's preference questionnaire and one measure of 

manual skill. 

However, factor analytic studies yield a different 

result. Studies utilizing a large number of handedness 

tests of demonstrated high test - retest reliability have 

resulted in the extraction of from 4 to 10 factors. 

Barnsley and Rabinovitch (1970) extracted 10 factors which 

were common to males and females and to the preferred and non­

preferred hands. Each of three studies examined (Seashore, 

1949; Fleishman, 1962; Barnsley and Rabinovitch, 1970) had 

two factors in common, Reaction Time and Dexterity. Other 

factors extracted in one or more of these studies (and 

previous studies by Fleishman, 1957; Hempel and Fleishman, 

1955; Fleishman and Hempel, 1956) also involved components 

extraneous or additional to manual skill, such as the fac­

tors, Skill in Manipulating Spatial Relationships and Aiming1 

which have visuospatial components. Other factors, such as 

Wrist-Finger Speed, show little difference between pre-

ferred and nonpreferred hands. Barnsley and Rabinovitch 

(1970) obtained a very weak Stated Hand Preference factor. 

The only significant loadings on this factor were for a 

hand preference questionnaire, a printing task and subjects' 

verbal statement about his or her preferred hand. Barnsley 

and Rabinovitch state that the failure of other tests of 

handedness to load on this factor casts doubt on the vali­

dity of the questionnaire method of measuring handedness. 
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Self-classification and Preference Questionnaire ap-

pear to be inaccurate measures of manual skill. Since the 

handedness - speech lateralization relationship has been 

posited to be due to left hemisphere specialization for the 

fine sensorimotor control of manual skills and speech, 

direct tests of manual skill are most appropriate for the 

examination of this relationship. However, the use of 

manual skill tests to define handedness requires considera­

tion of the test-retest reliability of each of the tests. 

Provins and Cunliffe (1972) and Shankweiler and 

Studdert-Kennedy (1975) provide test-retest reliability 

coefficients an several manual skill tests. Provins and 

Cunliffe tested 10 right handers and 10 left handers, 

matched for degree of handedness on a 31-item preference 

questionnaire, twice on 7 different manual tasks. Testing 

sessions were three or more days apart. For the preferred 

hand, individual differences were significantly consistent 

from one testing session to another on all 7 tests while 

this was true of only 4 tasks for the nonpreferred hand. 

However, differences between hands were significantly con­

sistent for only two tasks: Handwriting Speed, time in 

seconds to write the alphabet as one word, six times 

(.!:_ = .94); and Finger Tapping Rate, number of taps with 

metal stylus on metal plate, counted electrically over five 

10-second trials(.!:_ = .70). Obviously, the difference 

scores between hands are effected by the low reliability of 
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tests for the non-preferred hand. Reliability coefficients 

may also have been attenuated by the small samples used. 

Shankweiler and Studdert-Kennedy (1975) tested 22 

young adults at approximately two-week intervals and ob­

tained reasonably high test-retest correlation coefficients 

on 5 of 7 tests: Finger Tapping(£~ .80), Scissors 

(r = .93), Tracing(£= .80~, Crawford Small Parts 0ex-

teri ty Test, Pegs <.r. = . 78) and Screws (£ = • 69). Reli­

ability coefficients for two other tests, the Purdue . Peg­

board and the Stoelting 0ynamometer, were less than .30. 

Reliability coefficients for a group of 30 right handed 

males on the 7 tests were lower. Shankweiler and Studdert­

Kennedy point out that lower correlations are to be expected 

when the handedness range · is restricted. 

Enough reasonably reliable measures are available 

to construct a battery of manual skill tests to represent 

handedness for examination of the handedness - speech 

lateralization and handedness - cognitive abilities rela­

tionships. One further consideration is necessary for the 

construction of an operational definition of handedness. 

Annett (1970) has shown that handedness, whether measured 

by hand preference questionnaire or by right minu s left hand 

scores on manual skill tests, ranges along a continuum. 

Annett (1970, 1975), among other researchers, (cf. the re­

view of the handedness literature by Hardyck and Petrinovich,. 

1977), has also suggested that the underlying hemispheric 

specialization for manual skill and speech processing 
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varies in degree acros s individuals. Therefore, handedness 

might mo s t appropriately be treated as a continuum. However, 

available evidence is suggestive of left hemisphere superior­

ity for manual skill and speech in the majority of the popu­

lation. Satz's (1975) recommendation for the treatment of 

laterality measures can be applied to manual skill scores. 

Using Bayes theorem Satz demonstrated that the probability 

(given specified antecedent probabilities of speech lateral­

ization) of left hemisphere speech lateralization with a 

left ear superiority on a verbal dichotic listening test is 

,90 while the probability of right hemisphere speech lateral­

ization with a left ear superiority is .10. The probability 

of misclassification when subjects with a left ear superiority 

are classified as right hemisphere dominant for speech would 

therefore be~- Satz recommends that to minimize errors in 

classification left ear or left visual field superiority 

for verbal stimuli be considered as representative of less 

complete lateralization of speech in the left hemisphere 

rather than of lateralization of speech in the right hemi­

sphere. To minimize error, manual skill scores are probably 

best considered as more representative of varying degrees of 

left hemisphere specialization rather than as representative 

of left or right hemisphere specialization. 

Handedness is therefore defined for the purpose of 

the present study as a continuum of manual skill, which is 



most appropriately me asured by manual skill tests. The de­

gree of difference between the right and left hands for any 

given subject on the manual skill tests is considered to 

reflect the degree of left hemisphere specialization for 

behaviour requiring fine sensorimotor control. 
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Summary. A definition of handedness was constructed 

for the examination of handedness - speech lateralization 

and handedness - cognitive abilities relationships. Manual 

skill was posited to be the basis of handedness. 

Self-classification and preference questionnaires were shown 

to be inadequate measures of manual skill. A battery of 

reliable manual skill tests was proposed for '. the measurement 

of handedness. Subjects' right minus left hand difference 

scores on these manual skill tests would be considered 

representative of varying degrees of left hemisphere special­

ization. 

6. Development of the Hypotheses 

The review of the literature presented evidence for 

left hemisphere control of speech and language processing 

and right hemisphere control of spatial processing in the 

majority of the population. Posited relationships between 

handedness, speech lateralization and cognitive abilities 

in normal adults were discussed. Aspects of this research 

pertinent to the present study are discussed below for the 

purpose of developing a set of specific hypotheses concern­

ing relationships between handedness, speech lateralization 
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and cognitive abilities. 

Handedness and speech lateralization. Little is known 

about the handedness - speech lateralization relationship, 

beyond the clinical evidence that 90% or more of the right 

handed population and 60% or more of the left handed popula­

tion appear to be left hemisphere dominant for speech pro­

cessing (see Chapter I:l). The development of the dichotic 

listening technique has made possible study of the handedness 

- speech lateralization relationship in normal subjects. The 

common finding of a smaller right ear advantage (EA) on the 

dichotic listening test for left handers than for right 

handers is considered by most researchers to reflect a smaller 

degree of left hemisphere control of speech processing for 

left than for right handers (cf. Curry, 1967; Knox and 

Boone, 1971). However, a model of hemispheric functioning 

that would clarify the role of the left hemisphere for speech 

processing and hendedness in the majority of the population 

has not yet developed out of the dichotic listening research. 

Shankweiler and Studdert-Kennedy's (1975) study pro­

vides a promising approach to the development of such a 

model. Based on Semmes' (1968) hemispheric specialization 

construct and on the observation that handedness and speech 

lateralization vary in degree (cf. Annett, 1975; Luria, 1966; 

Hardick & Petrinovich, 1977). Shankweiler and 

Studdert-Kennedy stated that handedness and speech .lateral­

ization are both expressions of the same underlying hemi­

spheric specialization which varies in degrees across 
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individuals. They hypothesized, therefore, that handedness 

and speech lateralization should be significantly correlated .. 

Shankweiler and Studdert-Kennedy tested their hypothesis 

on two samples: the first consisted of subjects unselected 

for sex and handedness (f! === 22) and the second consisted of 

right handed males (n === 30). For both samples they found 

significant multiple correlations between their battery of 

manual skill tests and EA on the dichotic listening test. 

Their results provide tentative support for their hypothe­

sis. 

Because of the promise it holds for the development 

of a model of hemispheric specialization, Shankweiler and 

Studdert-Kennedy's (1975) hypothesis is worthy of further 

investigation. But the methodological and theoretical prob­

lems inherent in their study require resolution. These 

problems and means of resolving them are discussed below. 

As the authors themselves point out, sample sizes were 

too small for the multiple regression technique used to 

analyze the data (Shankweiler and Studdert-Kennedy, 1975). 

Beta weights and ,B2 values from small samples tend to be 

unreliable (Kurlinger and Pedhazur, 1973). Substantiation 

for the hypothesis that handedness and speech lateralization 

are related gradients requires the demonstration of a multiple 

correlation for a larger subject sample; a minimum of 10 



subjects for each variable included is desirable for mul­

tiple regression analysis (Harris, 1974). 
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Only five left handers were included among 

Shankweiler and Studdert-Kennedy's (1975) subjects, an in­

sufficient number to allow conclusions regarding the rela­

tionship of MS to EA for left handers. However, the model 

Shankweiler and Studdert-Kennedy propose, if it is to be 

consistent with available evidence, implies that left 

handers fall at one end of the continuum of hemispheric 

specialization. Dominance may range through varying degrees 

of left hemisphere control, with right hemisphere control 

for 20 to JO% of the left handed group, or approximately 2 to 

3% of the total population. This view is supported by the 

clinical evidence (presented in the first section of this 

chapter) of left hemisphere speech control for approximately 

70% of left handers and bilateral or right hemisphere control 

for the remaining JO%. Handedness studies by Benton et al. 

(1962) and Satz et al. (1967) further indicate that many 

individuals who classify themselves as left handed actually 

demonstrate superior manual skill with the right hand. If 

manual skill and speech lateralization are related gradients 

for left handers, as they appear to be for right handers, 

then MS and EA scores for a group of left and right handers 

should form continuous, unimodal distributions, skewed in 

favour of right MS and EA ( therefore, left hemisphere) 

superiority. A significant multiple correlation between MS 
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and EA would be expected for the combined right and left 

handed groups. 

The common finding of a significantly larger mean 

right EA for self-classified right handers than for self­

classified left handers may be due to the correlation bet­

ween MS and EA. Evidence that hand self-classification is 

related to speech lateralization because of the influence of 

manual skill on the relationship would lend further support 

to the views of Semmes (1968) and Shankweiler and Studdert­

Kennedy (1975). That is, the basis of the relationship may 

be left hemisphere control of manual skill and speech pro­

cessing, which is greater for self-classified right handers 

than for self-classified left handers. 

The rationale behind the selection of the manual skill 

measures used by Shankweiler and Studdert-Kennedy (1975) is 

unclear. However, in a discussion of their results they 

suggested that the relationship between speech lateralization 

and manual skill may have a common source in neural special­

ization for rapid, sequentially organized, rule-governed 

behaviour (Shankweiler and Studdert-Kennedy, 1975, p. 222). 

Support for this premise requires the demonstration of a 

r ·e1ationship between speech lateralization and MS tests re­

quiring rapid, sequentially organized, rule-governed be­

haviour and only for tests requiring this behaviour. 

Convergent validation for the handedness - speech 

lateralization relationship requires the demonstration of a 
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relationship between MS tests and other classes of verbal 

stimuli than the CV syllables used by Shankweiler and 

Studdert-Kennedy (1975). The MS-EA correlation should be 

demonstrated to hold for other linguistic classes, parti­

cularly for words. 

If Shankweiler and Studdert-Kennedy's (1975) results 

were demonstrated to be generalizable and reliable, their 

view of the handedness - speech lateralization relationship 

would provide a promising basis for further development of 

a model of differential hemispheric control for handedness 

and speech processing. The basis of the model is the hypo­

thesized left hemisphere specialization for the control of 

rapid, sequentially organized, rule governed behaviour, which 

varies in degree across individuals. The model would thus 

account for left hemisphere control of handedness and speech 

processing in the majority of individuals and for observed 

variation in the left hemisphere control of these processes. 

One purpose of the present study was further verifica­

tion of Semmes (1968) and Shankweiler and Studdert-Kennedy's 

(1975) views of the handedness - speech lateralization 

relationship, controlling for or examining the issues dis­

cussed above. The handedness - speech lateralization rela­

tionship was tested for a group of 60 male and female, right 

and left handed adults. The MS tests used were chosen to 

represent the factors, Reaction Time and Dexterity (discussed 

in Chapter I:5) and to meet the criterion of adequate 
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test-retest reliability. Words rather than CV syllables were 

used to measure EA on the dichotic listening test. Hypo­

theses concerning the handedness -- speech lateralization 

relationship are listed in the hypothesis section. 

Handedness and cognitive abilities. Attempts have also 

been made to relate handedness to cognitive ability. The 

term, cognitive ability, ref er s Ii.ere to ability on a) verbal 

reasoning tasks, such as WAIS Verbal Scales (Wechsler, 1955), 

and b) spatial reasoning tasks, such as WAIS Performance 

scales (Wechsler, 1955). Levy's (1969, 1974) research into 

handedness - cognitive ability relationships in adults (dis­

cussed in section 4) was the basis of the present investiga­

tion. 

Successful replications of Levy's (1969) finding of a 

spatial decrement in left handers have been obtained, by 

Miller (1971), Nebes (1971), and Nebes and Briggs (1974), 

while other researchers have found a weak or no relationship 

between handedness and spatial ability (cf. McGlone and 

Davidson, 1973; Newcombe and Ratcliffe, 1973). Notable 

among the factors which may differentially effect results 

is the lack of concensus about the relationship of handed­

ness to the hemispheric control of spatial and language 

processes. Handedness has usually been assessed in these 

studies by subjects' self-classification or by hand 

preference questionnaire. The group (or groups) in each 

study for whom a spatial deficit was hypothesized were la­

belled as left, mixed or nonright handed. Because of hand 
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classification, these subjects were assumed to be bilaterally 

organized, weakly lateralized or right hemisphere dominant 

for speech and language processes. Clearly, there is a need 

for an operational definition of handedness consistent with 

a specified handedness - speech lateralization model. An 

adequate test of Levy's (1969, 1974) hypotheses requires 

support for the assumption that subjects who are right 

handed are well lateralized in terms of hemispheric lan-

guage representation, while subjects showing equal ability 

with both hands or left hand superiority are weakly lateral­

ized, i.e. have a lesser degree of left hemisphere control 

for speech and manual skill. If, as Shankweiler and 

Studdert-Kennedy (1975) suggest, left hemisphere control of 

speech processing and handedness can be demonstrated to vary 

in degree across individuals, the manual skill gradient can· be 

considered representative of this variation. Subject classifi­

cation for tests of cognitive ability hypotheses can then be 

made on the basis of manual skill scores. 

Handedness - cognitive abilities relationships were 

investigated, with the relationship between handedness and 

speech lateralization for the subject sample taken into 

account. 

7. Hypotheses 

The view that there are systematic relationships 

between handedness, speech lateralization and cognitive 

ability was investigated. Handedness was measured by 
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self-classif ication , Preferenc e and manual skill. Speech 

lateralizat ion was measured by ear advantage for dichotically 

pre s ented words. Cognitive ability was me asur ed by four 

WAIS subte s t s (Wechsler, 1955). 

The following hypothese s were tested. 

Handedness and s peech lateralization. 

1. Left hemisphere control of speech processing i s 

greater for right than for left handers. Therefore, a self­

classified (SC) right handed group has a significantly larger 

mean right ear advantage (EA) than a SC left handed group. 

2. Because manual skill and speech later alization both 

reflect an underlying hemispheric specialization, they are 

systematically interrelated continuua. Therefore, manual 

skill gradients correlate with the EA gradient. 

3. The relationship between subjects' class ification of 

themselves as right or left handed and speech lateralization 

is due to the association of manual skill with self­

classification and speech lateralization. Therefore, if the 

effect of MS is controlled fo r , the correlation between SC 

and EA is reduced to nonsignificance. 

Handedne s s and cognit ive abilities. 

4. Degree of hemispheric specialization affects spatial 

ability such that strongly lateralized (SL) Male and Female 

adults have greater spatial ability than weakly lateralized 

(WL) Male and Female adult s . Therefore, since MS reflects 

hemispheric specialization, MS score s are positively 

related to spatial te s t scores . 



5. Degree of hemispheric specialization affects cogni­

tive ability such that WL Male and Female adults show greater· 

discrepancies between verbal and spatial ability than SL 

Male and Female adults. Therefore, since MS reflects hemi­

spheric specialization, MS scores are negatively · related to 

absolute verbal minus spatial discrepancy scores. 

Derivation of MS scores and data analyses are dis­

cussed in the Methods section. 



1. Subjects 

CHAPTER II 

METHOD 

A total of 60 University of Victoria students were 

drawn from the Psychology Department subject pool. To allow 

appropriate handedness comparisons, the ratio of right to 

left handers chosen for the study is not representative of 

population ratios. Subject selection was made so that the 

sample consisted of 15 male and 15 female self-classified 

right handers and 15 male and 15 female self-classified 

left handers. Left handers constitute only 10% of the 

general population (cf. Hardyk and Petrovitch, 1977) and are 

therefore over represented in this sample. Three subjects 

with hearing loss and one epileptic subject were replaced 

with subjects of the same sex and hand classification. 

2. Measures 

Dichotic listening test. The dichotic word tape con­

sisted of 22 sets of 3 single syllable word pairs presented 

at a rate of one pair every .50 seconds and with simultaneous 

onset of the word pairs. The dichotic test was presented via 

earphones from a stereophonic tapedeck. Sotmd level was 

calibrated and set at 65-70 decibels. The dichotic stimuli 

are listed in Appendix A. 

The dichotic tape was provided by the University of 

Victoria Neuropsychology lab. Simultaneity of onset of the 
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word pairs on the tape was made as precise as possible by 

categorizing the words used according to the constellation 

of articulatory features characterizing their initial conson­

ants. Words were then paired so as to prevent competition 

between different articulatory features of initial consonants, 

e.g. "port" would be paired with another unvoiced front stop, 

e.g. "pack • " For a list of the word pairs see Appendix A. 

Handedness tests. The hand preference questionnaire 

listed the 6 activities which Annett (1970) found to be the 

best discriminators of handedness groups. These activities 

are writing, throwing a ball, holding a tennis racket, 

lighting a match, hammering a nail, and holding a toothbrush. 

Subjects were required to state their preference for the 

right, left or both hands for each activity. 

Five MS tests were administered. For each test the 

subjects' dominant hand was tested first. Thus, SC right 

handers always performed an MS test with the right hand 

before they performed the test with the left hand. The 

order was reversed for SC left handers, who performed with 

the left hand first. 

a) Handwriting. The alphabet was written as one word. 

three times with each hand. The score for each hand was the 

total time taken to complete the task. 

b) Scissors. The test required the cutting of complex 

shapes accurately. 

alternating hands. 

time taken. 

Three trials were given for each hand, 

The score for each hand was the total 
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c) Reaction Time. The apparatus consisted of a telegraph 

key mounted on a board with a light directly above the key. 

The light was connected to a lever placed behind a screen . 

The test required the subject to hold his wrist on the 

board, rest his index finger lightly on the key, and watch 

the light. Two to four seconds after giving a ready signal, 

the tester turned the light on. Time between onset of the 

light and the subject pressing the key to turn it off was 

recorded by a Hunter Timer. The score for each hand was the 

total time taken over five trials. 

d) Tapping. The finger tapper consisted of a metal stylus 

mounted on a wooden board to which an electric counter was 

attached. The test consisted of tapping the stylus as fast 

as possible with the index finger, After 50 practise taps, 

3 ten second trials were given for each hand, The score for 

each hand was the total number of taps counted over three 

trials. 

e) Pegs. The apparatus consisted of a wooden board covered 

by a metal plate containing 7 rows of small holes and a well 

containing collars and pins. Tweezers were used to pick up 

and place a pin in the first hole. followed by the insertion 

of a collar over the pin. One row of holes was used for a 

practise trial and the remaining 6 rows for the test trial. 

The score for each hand was the number of pins and collars 

correctly placed within two minutes. 
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Cognitive Tests. Subte sts from the WAIS (Wechsler, 

1955) were used to measure verbal and spatial abilities. 

The Verbal subtests, Vocabulary and Similarities, measured 

verbal ability and. the Performance subtests, Block designs 

and Object Assembly, measured spatial ability. Raw scores 

were converted to scale scores (normalized: X - 10, sd = 3) 

and the Verbal scores added together to provide the verbal 

score and the Performance scores added together to provide 

the spatial score. The rationale for the choice of these 

tests as measures of verbal and spatial ability is given in 

Appendix B. 

3. Procedure 

Subjects were tested individually in a quiet room. 

The hand preference questionnaire was administered, followed 

by d.ichotic listening test, the MS tests, and the cognitive 

tests. 

Prior to administration of the dichotic listening 

test, each subject was screened. for hearing loss. A set of 

three words was presented to the right ear via earphones from 

a tape deck. The sound level was set at 65 decibels. After 

presentation of the three words, the subject was asked to 

repeat them. This process was repeated twice to each ear. 

For the dichotic li s tening test, each subject was in­

structed that he or she would hear a set of three words to 

each ear, that the word heard ill the left ear would be differ­

ent from the word simultaneously at the right ear, and that at 

the end of each three pair set, he or she was to report to the 
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tester as many of the six words as he could recall. Instruc­

tion s stressed that different words would be heard by each 

ear and that the subject was to attend to both ears. Res­

pons es were recorded by the te s ter on a sheet containing all 

the stimuli by ticking each correct response. Six practice 

trials were followed by 20 test trials. To control for 

channel effects (one channel louder than the other), half the 

subjects within each handedness group and sex received the 

first 10 trials with headphones in the normal position (order 

·one) and the second 10 trials with headphones in the reverse 

position (order two). The other 30 subjects received order 

two followed by order one. 

Manual skill tests were administered in the following 

order: Scissors, Tapping, Pegs, Reaction Time, Handwriting. 

This test order interspersed tests that required greater 

concentration and hand use with less strenuous tests. 

The order of administration and scoring procedure for 

the cognitive tests, Vocabulary, Similiarities, Block Design, 

and Object Assembly was according to instructions in the 

WAIS manual (Wechsler, 1955). 

4. Data Analysi s 

Handedne ss . To achieve MS scores, a converted dif­

ference score was computed: R,.;.L/ ~ R+L where R = right hand 

score and L = left hand score (Shankweiler and Studdert­

Kennedy, 1975). Use of Shankweiler and Studdert-Kennedy's 

difference score permitted comparison of their re sults to 

those of the pre sent study. 
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Satz's (1975) recommendation to minimize misclassifi­

cation for tests of hemispheric lateralization was followed. 

The tests were treated as measures of degree of left hemi­

sphere control rather than measures of left versus right 

hemisphere control (see Chapter I, p. 46). Therefore, a 

large positive MS score represented strong right hand super­

iority and left hemisphere control; a small or negative MS 

score represented weak lateralization, or bilateral hemi­

sphere control. If clinical estimates can be considered 

representative, approximately JO% (9 subjects) of the SC 

left handed g--roup may be misclassified. However, if left 

handedness was considered representative of right hemisphere 

control, 70% (21 subjects) might be misclassified. 

Prior to testing the hypotheses, MS scores were exa­

mined in terms of SC, Previous researchers have observed 

that left handers' performance and preference are more 

heterogeneous than are right handers. Differences between 

SC left and right handed groups were tested via separate 

analyses of variance (ANOVAS) for each MS test. The 2 x 2 

ANOVAS tested the effects of SC and Sex on MS scores. No 

interaction or Sex effects were expected but significant SC 

effects were expected on each MS test. SC left handers' MS 

scores were expected to distribute around means close to 

zero (equivalent ability with both hands) while right handers' 

MS scores were expected to distribute around means favouring 

right hand superiority. Whether SC left handers are a more 

heterogeneous group than SC right handers in terms of their 

MS scores was checked via Fmax tests for each MS test. 



Handedness and. speech lateralization. Transformed 

dichotic listening scores were computed us ing Kuhn's (1973) 
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phi coefficient: phi= R-L ; where R = the number 
~ R+L [2T-(R+L)] 

of right ear correct response s , L = the number of correct 

left ear responses, and T = the number of dichotomous pre­

sentations. Kuhn has shown that a difference score for 

dichotic responses based on the phi coefficient compensates 

for variations in accuracy. The weight attached to the ear 

difference (EA) is systematically increased as performance 

departs from the point where the maximum right minus left 

ear score can be obtained. Kuhn's phi coefficient was used 

by Shankweiler and Studdert-Kennedy (1976) to compute dicho­

tic listening scores. The use of phi in the present study 

simplifies comparison of the results of the two studies. 

A ,:t-test compared order effects on EA for the two 

groups. 

Hypothesis one, A 2 x 2 MOVA tested the effects of 

SC and Sex on EA. The interaction and Sex effect were not 

expected to reach significance. SC was expected to have a 

significant effect on EA:, the SC right handed group was 

expected to have a significantly larger mean EA than the SC 

left handed group. 

Hypothesis two. Stepwise regression was used to 

test the r ·elationship between the MS predictors and the 

criterion, EA on the dichotic listening test. Predictor 

variables were entered into the equation one at a time. 

The variable with the largest correlation with EA entered 
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first, followed at each step by the entrance of the variable 

with the next largest partial correlation with EA. A signi­

ficant multiple correlation was expected between the set of 

MS tests and EA. 

Hypothesis three. It was hypothesized that the common 

finding of the SC~EA relationship is due to the association of 

MS on SC and EA. To test this hypothesis, the correlation 

between SC and EA was computed, with the effects of each of 

the 5 MS measures controlled. The resulting partial corre­

lation between SC and EA was not expected to be significant. 

For comparative purposes, the correlation between SC and EA 

with no control for the effect of MS was also computed. This 

correlation was expected to reach significance (see Hypo­

thesis one). 

Handedness and. cognitive ability. Hypotheses five 

and six were tested by a multiple regression procedure anala­

gous to ANOVA, but which handles . both categorical and con­

tinuous variables. The procedure is described in Appendix 

c. 
For a direct comparison of the results to those ob­

tained by Levy (1969), the subjects were then divided accord­

ing to Levy's definition of handedness into right and left 

handed groups. Those subjects who stated preference for the 

right hand for every activity on the Hand Preference Question­

naire were classified as right handed. Those sub_jects who 

stated preference for the left hand for one or more of the 

activities on the Hand Preference Questionnaire were 
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classified a s left handed. The effect s of sex and handedness 

on spatial ability scores and on verbal-spatial discrepancy 

scores were then tested via separate 2 x 2 analyses of vari­

ance. 



CHAPTER III 

RESULTS 

1~ Handedness 

There is no concensus regarding the definition and 

measurement of handedness. For purposes of comparison, 

three commonly used measurement methods were examined. 

Separate 2 x 2 ANOVAS to test the effects of Sex (S) and 

Self-classification of Handedness (SC) on transformed manual 

skill difference scores yielded no significant S x SC inter­

action or Sex effects on 4 of the 5 MS tests. Sex had a 

significanteffect on Pegs: Females had larger MS . scores than 

males. SC had a significant effect on each of the MS tests 

(Tables 1 to 5). The right handed group had mean difference 

scores favouring right hand superiority and the left handed 

group had mean difference scores favouring left hand superior­

ity on each MS test (Table 6). With one exception, the 

variance for each MS test was equivalent for the SC right and 

left handed groups. fmax analyses testing the size of the 

smaller variance against the size of the larger for each MS 

test was not significant for Handwriting, Reaction Time, 

Scissors, or Finger Tapping. The variances were significantly 

different for Crawford Pegs (Fmax = J.19; df = 59, 59; 



_:p<.01). The SC right handed group was more variable than 

the SC left handed group on this MS test. 

Examination of MS score distributions for the combined 

groups of SC right and left handers reveals continuous, uni­

modal distributions for 4 of the 5 MS measures (Figures 1-5). 

Scores on the MS test, Handwriting, yielded a bimodal distri­

bution; SC right handers obtained MS scores favouring right 

hand superiority and SC left handers obtained MS scores fa­

vouring left hand superiority. Handwriting was also the 

only activity for which all left handers stated preference 

for the left hand, despite the choice of the 6 questions on 

the Preference Questionnaire as the ones Annett (1970) found 

to be the best discriminators between right and left handers. 

Of the total number of responses for the remaining 5 ques­

tions, the JO SC left handers gave 78.66% left hand responses, 

16.66% right hand responses and 4.66% both hand responses. 

SC right handers stated preference for the right hand for 

every activity on the Hand Preference Questionnaire. These 

results are consistent with previous researchers' findings 

that left handers are more variable with respect to manual 

preference and skill than are right handers (cf. Benton, 

Myers and Polder, 1962). 

-In summary, Figures 1-5 show that the range of manual 

skill scores is approximately the same for SC left as for 

SC right handers; group means tend to be smaller for SC 

left handers than for SC right handers; and the score 

distributions overlap for the combined right and left handed 



Table 1 

AN OVA: Self- Classification of Handedness (SC) and 

Sex (S) Effects on Reaction Time1 

Sums of 
Source Squares df F 

SC 131 . 894 1 35. 62-:i-~-

s .074 1 .02 

s X SC .293 1 .08 

Error 207.344 56 

Total 339.605 59 

*i!-p<. 001 

-ti2 

. JS 

.oo 

.oo 

1Reaction Time == R-L/ ~ R+L; where R == the right hand score 

and L == the left hand score on the Manual Skill Test. 
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Table 2 

ANOVA: Self-Classification of Handedness {.SC) and 

Sex (s)· Effects on Scissors1 

Sums of 
Source Squares df F 

-SC 518. 696 1 64. 71** 

s 2. 082 1 .26 

s X SC 2.046 1 .26 

Error 448.897 56 

Total 971.722 59 

*-l!-p<.001 

412 

,53 

.oo 

.oo 

1scissors = R-L/ JR+L; where R = the right hand score and 

L = the left hand score on the Manual Skill Test . 

• 



Table 3 

ANOVA: Self-Classification of Handedness (SC) and 

Sex (S) Effects on Tapping1-

Sums of 
Source Squares df F 

SC 20.879 1 47.85** 

s .517 1 1.18 

s X SC .420 1 .96 

Error 24.434 56 

Total 46.250 59 

**p<. 001 

70 

--h2 

.45 

.01 

.01 

1Tapping = R-L/ ~R+L; where R = the right hand score and L = 

the left hand. score on the Manual Skill test. 



Table 4 

ANOVA: Self-Classification of Handedness (SC) 

And Sex (S) Effects on Crawford Pegs 

Sums of 
Source Squares df F 

SC 129.355 1 22.05-:i-* 

s 30.496 1 5,19* 

s X SC 9.571 1 1.63 

Error 328.585 56 

Total 498.008 59 

* p<. 025 

71 

~'). 

.26 

.06 

.02 

Crawford Pegs= R-L/ JR+L; where R = the right hand score 

and L = the left hand score on thi s Manual Skill Test. 



MOVA: 

Source 

SC 

s 

S x SC 

Error 

Total 

**p<. 001 

Table 5 

Self-Classification of Handedness (SC) and 

Sex (S) Effects on Handwri tin/ 

Sums of 
Squares df F 

705.454 1 273. 69*~-

.894 1 .35 

.828 1 . 32 

144.343 56 

851.520 59 

72 

-11,2 

.83 

.oo 

.00 

1
Handwri ting = R-L/ r R+L where R = the right hand score and 

L = the left hand score on this ~lanual Skill Test. 



Table 6 

Means and Standard Deviations for Right 

and Left Handers on Five Manual 

Skill Tests1 

Right Handers Left Handers 
Mean Standard Mean Standard 

Deviation Deviation 

Reaction Time 1.23 
( seconds) 

1.71 -1.73 2.06 

Scissors 5.29 
( seconds) 

2.J6 0.59 3.17 

Tapping 0.84 
(no. of taps) 

0.71 -0.49 0.54 

Pegs 
(no. of pegs) 

1.98 J.11 -0.96 1.74 

Handwriting 4.12 · 1.12 -J.06 1.24 
( seconds) 

1The formula R+L/ JR-L; where R = right hand score and L = 

left hand score, was used to derive each subject's score 

on each Manual Skill Test. 
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Figure 1. Subjects' right minus left hand score distribu­

. tions on the manual skill test, Reaction Time: 

R-L/ ~ R+L. 
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groups. Taken together, these factors indicate a greater 

tendency among SC left handers than among SC right handers 

toward superior skill with the nonpreferred hand. That is, 

the individual left hander ·may exhibit superior right hand 

skill, superior left hand skill or equivalent ability with 

both hands, on different tasks, while the individual right 

hander is more likely to exhibit some degree of right hand 

superiority. 

2, Handedness and Speech Lateralization 
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Counterbalancing by the presentation of dichotic 

stimuli in two different orders had no effect on EA scores: 

the 1-test for order effects in the presentation of dichotic 

listening stimuli was not significant: (1 = .08; df = 58; 

p=>.10). 

Hypothesis one. It was hypothesized that left hemi­

sphere control of speech processing was greater for right 

handers than for left handers. The 2 x 2 .AN0VA testing the 

effects of Sex and SC on EA yielded no significant Sex by 

SC interaction or Sex effects. As expected, the SC effect 

was significant: the mean right EA was greater for the SC 

right handed group (X = .117; sd = ,210) than for the SC 

left handed group (X = .007; sd = .222), supporting the 

first hypothesis (Table 7). 

The combined right and left handed groups' EA scores 

formed a symmetrical distribution with a mean of .062 and a 

standard deviation of .221 (Figure 6). 



Hypothesis two. Because manual skill and speech 

lateralization were hypothesized to reflect hemispheric 

specialization which varies in degree, MS and EA were ex­

pected to be significantly correlated. The stepwise mul­

tiple regression relating the 5 MS tests to EA for the 

total~ of 60 subjects yielded a significant multiple cor­

r .elation of . 50 and a squared multiple correlation of . 25, 

supporting the second hypothesis (Table 8). 

Scissors, the first predictor to enter the equation, 

accounted for 17% of the explained variance. The inclusion 

of the other four predictors in the regression equation did 

not significantly increase the explained var.iance: 
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2 R2 · = (R~ - Ri)/(K5 - K1 ) = ,254 - ,174/5-1 = (Rs l' F ________ _ _____ 1.44, 

(1 - R~)/(N-k-1) 1-.254/60-5-1 

df = 4,54; p> . 05) 

Whereas only one MS measure made a significant con­

tribution to the regression equation for the present study, 

Shankweiler and Studdert-Kennedy (1975) reported that signi­

ficant contributions were made to the stepwise regression by 

4 of 5 MS measures in their study of the handedness - speech 

lateralization relationship. vifferences between the two 

studies in the relative contributions of the predictors can 

be attributed in part to high intercorrelations between the 

MS tests and to the addition of two new MS tests in the pre­

sent study. Regression coefficients tend to be unstable, 
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chang:ing when variables are added to the equation and changing 

from sample to sample, particularly when the predictors are 

highly correlated (Kurl:inger and Pedhazur, 1973). 

Hypothesis three. It was hypothesized that SC was 

related to EA because of the influence of MS on SC and EA. 

The partial correlation between SC and EA with MS effects 

controlled for was not significant, support:ing this hypo­

thesis (r = ,07; df = 53; B>,30). As expected, the EA-SC 

correlation was significant when the MS effect was not con­

trolled (r = ,25; df = EB; B<,03). Correlations between EA, 

SC and the 5 MS tests are given :in Table 9. The manual 

skills incorporated in the MS measures can tentatively be 

considered the basis of "handedness," accounting for the com­

mon finding of a handedness - speech lateralization relation­

ship such that SC left handers show smaller right EA than 

SC right handers (Hypothesis one). 

3. Handedness and Cognitive Abilities 

Lateralization was operationally defined by the MS 

test, Scissors, to test handedness - cognitive abilities 

hypotheses because Scissors correlated highly with other MS 

tests and made the only significant contribution to the MS -

EA regression equation. 

Hypothesis four. The hypothesis that strongly 

lateralized adults have greater spatial ability than 

weakly lateralized adults was not supported. The multiple 

regression procedure used to test the hypothesis 

yielded the follow:ing results: a significant 
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Source 

Handedness 

Sex (S) 

H X s 

Within 

Total 

Table 7 

ANOVA: Handedness and Sex Effects 

on Dichotic Listening Scores 1 

ss df F 

(H) .112 1 4.78* 

.004 1 .17 

.014 1 .61 

1.311 56 

1.441 59 

~2 

.08 

.oo 

.01 

1Dichotic listening scores were derived via the formula: 
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where R = the number of correct 

right ear responses, L = the number of correct left ear 

responses, and T = the number of dichotomous presentations. 



Variable 

Scissors 

Table 8 

Multiple Regression of Difference Scores 

for Five Manual Skill Tests on Dichotic 

Listening Ear Advantage 

R2 
R2 

R change ss df 

.418 .175 .174 .506 1 
2.391 58 

Handwriting .437 .191 .017 .555 2 
2.342 57 

Tapping .474 .225 .033 .651 
5t 2.246 

Pegs .503 .254 .029 .734 4 
2.163 55 

Reaction Time .504 .254 .000 .737 5 
2.160 54 

**p<. 001 
*p<. 01 
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F 

12.28** 

6.75* 

5.41* 

4.67* 

3.68* 



Dichotic 
Listening 

Self-
Classification 

Hand 
Writing 

Reaction 
Time 

Scissors 

Finger 
Tapping 

Crawford 
Pegs 

***p<. 001 
* ➔1-p<, 01 
*p<, 05 

Table 9 

Intercorrelations Between Self-Classification 

of Handedness, Manual Skill and Dichotic 

.Listening Scores for 60 Subjects 

Dichotic Self- Hand Reaction Finger Crawford 
Listening Classification Writing Time Scissors Tapping Pegs 

1.00 

,25* 1.00 

.19 0 95*** 1.00 

.11 .62*** • 64*..,'"* 1.00 

. 42~,H}* , 73*·** .69*** -51*** 1,00 

,33** ,73*** .70*** . 46*..,~* .62*** 1,00 

.09 • 51*** ,47*** .41*** ,43*** ,63*** 1.00 

CP 
~ 
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squared multiple correlation of .173 between Sex, MS, the 

Sex by MS interaction and spatial test scores; a nonsign.i­

ficant percentage of the variance accounted for by the in­

teraction; and significant percentages of the variance ac­

counted for by Sex, Males achieving higher spatial scores 

then Females; and by 1VIS. The relationship between MS and 
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spatial ability was opposite to the expected direction. The 

more strongly the MS score favoured the right hand, the lower 

the spatial score tended to be (Table 10). 

In order to compare the effect on the results of 

handedness defined by MS to those obtaining when Levy's 

( 1969) method of hand classification was used ( see page 55 ) 

subjects were divided on the basis of Self-Classification 

into right and left handed groups, each group containing 

15 male and 15 female subjects. These groups met Levy's 

criteria for right or left handedness: right handers stated 

preference for the right hand for every task on the Hand 

Preference Questionnaire; left handers stated preference 

for the left hand for at least one task. A 2 x 2 ANOVA 

was used to test the effects of Handedness and Sex on spa­

tial ability. The interaction and Handedness effecis were 

not significant, although left handers tended to achieve 

slightly higher spatial scores than right handers (Table 11). 

The Sex effect was, of course, significant, since the same 

Male and Female subjects were used for both the regression 

analyses and the ANOVA ( Table 12). 



Table 10 

Multiple Regression: Manual Skill 

and Sex Effects on Spatial A bili ~ 

Source 1 

R2 
SA.S,MS,SMS 

R2 
SA.S,MS 

a) 2 
R SA.MS 

adjusted for S 

b) 2 
R SA,S 

adjusted for MS 

2 
R SA.SMS 

Residual 

(1 - R2 
SA. S, MS, SMS) 

**p<. 01 

*p<. 05 

ss (R2) df 

.173 3 

.162 2 

.069 1 

,086 1 

.011 1 

.821 56 

F 

3-93* 

5-52** 

4.71* 

5.87* 

.75 

1 SA = Spatial Ability, S = Sex, MS = Manual Skill and SMS = 
the Sex by Manual Skill Interaction. 

87 



Right Handers 

Left Handers 

Table 11 

Means and Standard Deviations for 

Male and Female Right and Left 

Handers on the Spatial Ability 

Test 

Males 

Mean Standard Mean 
Deviation 

25.40 3.21 22 .20 

25.80 4.00 24.60 

88 

Females 

Standard 
Deviation 

2.73 

3.56 
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Table 12 

ANOVA: Handedness and Sex Effects 

on Spatial Ability 

Source ss df F 
~ n 

Handedness (H ) 29 . 40 1 2 . 50 .04 

Sex {S ) 72 . 60 1 6.18* . 09 

s X H 15 . 00 1 1 . 28 .02 

Within 658 . 00 56 

Total 775 . 00 59 

*p<. 02 
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HYPothesis five. The hypothesis that WL subjects 

show greater discrepancies between verbal and spatial ability 

than SL subjects was not supported. The overall squared 

multiple correlation between Sex, MS, the Sex by MS inter­

action and verbal - spatial difference scores was not sig­

nificant (~2 
== .040; _E == .79; :2_>.05). Therefore the analy­

sis was discontinued. 

Subjects were again divided into right and left 

handed groups for a comparison of the effects of the two 

methods of defining handedness on the results ( see page 88 ) . 

A 2 x 2 ANOVA testing the effects of Sex, Handedness, and the 

Sex by Handedness interaction on verbal - spatial difference 

scores yielded no significant _E values (Table 13). However, 

the tendency for Females to have higher verbal - spatial 

difference scores than Males, and right handers to have higher 

verbal - spatial difference scores than left handers is con­

sistent with the results found for both the ANOVA and regres­

sion analyses for Hypothesis three (Table 14). 

In summary, no support was found for a spatial decre­

ment for WL subjects or for a greater discrepancy between 

verbal and spatial abilities for WL subjects. Redivision 

of subjects in accordance with Levy's (1969) definition of 

handedness into right and left handed groups revealed no 

significant differences between these groups in spatial 

ability or in the discrepancy between verbal and spatial 

abilities. 
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Table 13 

ANOVA: Handedness and Sex Effects 

on Verbal-Spatial Discrepancy 

Source ss df F -n2 

Handedness (H) 21.60 1 1.76 .03 

Sex (S) 15.00 1 1.22 .02 

S X H 1.07 1 .09 .oo 

Within 687.73 56 

Total 725.40 59 



Right Handers 

Left Handers 

Table 14 

Means and Standard Deviations for 

Male and Female Right and Left 

Handers' Verbal-Spatial 

Discrepancy 

Males Females 

Mean Standard Mean Standard 
Deviation Deviation 

4.87 3.30 6.40 3.33 

4.13 3.03 4.87 3.14 
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1. Handedness 

CHAPTER IV 

DISCUSSION 

The present results are in accord with previous 

cerebral dominance related research into the parameters of 

handedness. The reports by Benton, Myers and Folder (1962) 

and Satz, Achenbach and Fennell (1967) that self-classification 

results in misclassification in terms of manual preference and 

skill were supported by the finding that SC left handers fre­

quently stated preference for, or showed superior skill with, 

the right hand. Annett•s (1970) view of handedness as a 

continuum of preference, applied to manual skill by Shankweiler 

and Studdert-Kennedy (1975) was also verified by the present 

results. 

Oldfield (1971) found that writing hand was the basis 

of self-classification in his investigation of handedness. 

That all left handers stated preference for the left hand 

for writing but varied in their hand preference for other 

activities supports the view that writing hand was also 

the basis of self-classification for subjects in the present 

study. Handwriting was also the only MS test for which 

subjects' scores were bimodally distributed; all SC left 

handers attained higher left hand scores and all SC right 

handers attained higher right hand scores . The SC left 



handers' consistent statement of left hand preference for 

Handwriting on the Hand Preference Questionnaire indicates 

consistent practise with the left hand and no practise with 

the right hand for the SC left handed group on this task. 

A practise effect might therefore account, in part, for SC 

left handers' consistent left hand superiority on the 

Handwriting MS test and their tendency toward equivalent 

right-left hand ability on other MS tests. Presumably, 

practise has less effect on the other, somewhat more novel 

MS tests. 
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The SC right and left handed groups' difference 

scores on each of the other four manual skill measures over­

lapped to form continuous, unimodal distributions. The MS 

distributions may be representative of varying degrees of 

hemispheric specialization for behaviours requiring fine 

sensorimotor control (Shankweiler and Studdert-Kennedy, 

1975). The implications of the handedness data for a model 

of hemispheric specialization are discussed in greater de­

tail below. 

2. Handedness and Speech Lateralization 

While a relationship between cerebral control of 

speech processing and handedness is accepted by most cere­

bral dominance researchers, little is known about this rela­

tionship beyond the evidence that SC left handers do not 

show the same pattern of left hemisphere dominance for 

speech and language processing as SC right handers. The 
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common finding of a smaller EA on t he dichotic listening 

test for left than right handers is considered to reflect 

the atypical dominance pattern of left handers and is gener­

ally interpreted as due to a tendency toward bilateral 

organization of speech processing for this group. The 

finding of a smaller mean EA on the dichotic listening 

test for SC left than for SC right handers is consistent 

with previous research results. However, the interpretation 

of this finding as due to bilateral control of speech processing 

in left handers does little to clarify the handedness -

speech lateralization relationship. 

Investigators have attempted to expand knowledge 

about the handedness - speech lateralization relationship 

by examining the effects of variables such as family history 

of left handedness and strength of hand preference on EA on 

the dichotic listening test. These investigations have con­

tributed little to the development of a model of cerebral 

dominance capable of generating further hypotheses concerning 

the relationship of handedness to speech processing. There 

is some evidence that right hand preference is influenced 

by the relatively greater right than left hand skill for 

tasks which require fine sensorimotor control (cf. Barnsley 

and Rabinovitch, 1970; Provins and Cunliffe, 1972). Rela­

tive to this evidence, Semmes (1968) has suggested that the 

underlying basis of left hemisphere dominance is the super­

iority of this hemisphere for behaviours requiring fine 



sens orimotor control, such as manual skills and speech. 

Of the atypical left handed group who appear not to fit 

the left hemisphere speech control - right hand preference 

rule, Semmes concludes that there is a tendency in ~his 

group towards diffuse, bilateral hemispheric representa­

tion of manual skills and speech. Extending Semmes' con­

struct, Shankweiler and Studdert-Kennedy (1975) concluded 

that left hemisphere dominance for manual skill and speech 

processing is a matter of degree. They supported a hypo­

thesis of a continuum of hemispheric specialization that 

is observable as a correlational relationship between right 

ear (left hemisphere) advantage on the dichotic listening 

test and right hand superiority on manual skill tests. 

The findings of the present study, particularly the 

finding of a significant multiple correlation between MS and 

EA for the sample of 60 right and left handed male and fe­

male adult subjects, lend support to the view that manual 

skill and speech lateralization are related gradients. 

Shankweiler and Studdert-Kennedy's results were obtained 

from subject samples consisting primarily of right handed 

males. The present results, obtained from male and female, 

right and left handers extend the generalizability of their 

construct of hemispheric specialization. 

The use of different verbal dichotic stimuli in the 

present study demonstrate that the result is not peculiar 

to the processing of one type of verbal stimuli. That Sex 
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had no effect on EA, or on 4 of 5 MS tests, indicates that 

the distribution of EA and MS scores are similar for males 

and females, supporting the view that the hemispheric spe­

cialization construct, which MS and EA are cons idered to 

represent, is the same for female s as for males. 

The EA and MS scores were biased in favour of right 

side superiority, indicating a tendency for contralateral, 

left hemisphere control of speech processing and manual 

skill for the total sample of 60 subjects. However, when 

the SC left handed group's EA and MS are examined separately, 

the bias toward right EA is less pronounced, and MS scores 

reflect a slight left hand superiority on the manual skill 

tests. 

Ad~pting Shankweiler and Studdert-Kennedy's (1975) 

construct to fit the clinical evidence of right hemisphere 

speech control for an estimated JO% of the left handed 

population, dominance may be cons idered to range through 

varying degrees of left hemisphere control, with a shift 

to right hemisphere control for approximately 3% of ·the 

total population (See Chapter I:l). Left handedness, then, 

may represent one end of a continuum of hemispheric special­

ization, rather than deviation from a typical dominance pat­

tern. Many of the SC left handers in this study exhibited 

right hand superiority on MS tests and right EA. The results 

indicate that control of manual skills and speech can be 

considered to be primarily from the left hemisphere for 

these subjects, despite their self-classification as left 
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handed. Other SC left handed subjects demonstrated left hand 

superiority on MS te s ts and left EA on the dichotic listen-

ing test. It is reasonable to assume that the left side 

superiority reflects greater right hemisphere control for 

these subjects, just as right side superiority was assumed 

to reflect greater left hemisphere control for the other 

subj e ·.: ts. Alternatively, control of manual skills and speech 

processing may be posited from the left hemisphere via 

stronger ipsilateral than contralateral sensorimotor pathways 

and ipsilateral cortical control (cf. Levy, 1974). Evidence 

of the dominating role of the contralateral auditory pathways 

for speech perception (cf. Kimura, 1961), plus incidence 

figures indicating right hemisphere control for approximately 

JO% of all left handers implicate varying degrees of contra­

lateral right hemisphere control as the more important factor 

for subjects exhibiting left hand and ear superiority. While, 

more than JO% of the SC left handed group showed superior 

skill with the left hand on manual skill measures, a degree 

of unreliability in manual skill difference scores plus the 

unknown effects of previous practise would account in part for 

the over representation of subjects in this group. 

In summary, the results support Semmes' (1968) view 

that hemispheric control for manual skills and speech pro­

cessing are related and Shankweiler and Studdert-Kennedy's 

(1975) view that this contr ol varies in degree across in­

dividuals. Varying degrees of hemispheric specialization for 

manual skills and speech, while generally a function of the 
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left hemisphere, may be reversed and a function of the right 

hemisphere for some sub jects. 

Conf irmation of the hypothesis that the SC-EA corre­

lation is dimini shed when the influence of MS on the corre­

lation is held constant supports the view that manual skill 

requiring fine sensorimotor control is the basis of the 

handedness parameter for the relationship of hand self­

classification to speech lateralization. The common finding 

of a smaller mean right EA for SC left handers than for SC right 

handers (cf. Knox and Boone, 1971) is attributable to the 

influence of manual skill on the relationship. Because SC 

left handers more often than SC right handers have left EA 

or equivalent right-left ear scores on the dichotic listening 

test, and EA is correlated with MS, a left handed group's 

mean EA will be smaller than a right handed group's EA on · 

the dichotic listening test. 

The results discussed above demonstrate the greater 

potential of the manual skill method over the self­

classification method of determining handedness for clari­

fication of the handedness - speech lateralization relation­

shipo The specific parameters of manual skill integral to 

the relationship require further investigation. 

The manual tests used in the present study required 

rapid, sequentially organized movement. Thus, the MS-EA 

correlation lends some support to Shankweiler and 

Studdert-Kennedy's (1975) premise that the handedness -

speech lateralization relationship is due to left hemisphere 

superiority for fine sensorimotor control of rapid, 



sequentially organized, rule governed behaviour. The re­

cently published finding of a significant correlation 

between MS and EA for dichotically presented temporal 
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(i.e. sequenced) rhythm patterns also supports this premise 

(Natale, 1977). Further verification would be obtained by 

examining the divergent validity of the premise: manual 

tests requiring rapid, sequentially organized, rule 

governed behaviour would be expected to correlate more 

highly with each other and with EA than manual tests requir­

ing other factors, such as steadiness and strength. 

3. Handedness and Cognitive Abilities 

Posited differences between right and left handers in 

the cerebral control of verbal and spatial abilities led to 

the formulation of hypotheses concerning the relationship of 

these abilities to differing patterns of dominance. Levy 

(1969) concluded that because there is a tendency to bila­

teral language processing among left handers, they would 

show a spatial deficit relative to right handers. Levy 

(1974) later suggested that the left handed population is 

bimodally distributed such that either verbal or spatial ·· 

decrement would be present. Therefore, the discrepancy 

between verbal and spatial ability would be larger for 

left than for right handers. 

In the present study, Levy's (1969, 1974) suggestions 

regarding the relationship of handedness to speech lateraliz­

ation were assessed. The results discussed above support 
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the view that left handers as a group are weakly lateralized 

in terms of cerebral hemispheric control of manual skill and 

speech processing. The SC left handers as a group showed 

smaller right minus left difference scores than right 

handers on manual skill and dichotic listening tests. The 

results also support the view that handedness and spee·ch 

lateralization are related; but it was demonstrated that 

lateralization of speech processing and handedness varies in 

degree across individual~ for right as well as left handers. 

Since Levy (1969, 1974) based her hypothesis on the 

assumption that left handers are weakly lateralized (or 

have bilateral language control), it was expected that 

weakly lateralized subjects would show a spatial decrement 

and a larger verbal-spatial discrepancy than strongly later­

alized subjects. These hypotheses were not supported, There 

was no relationship between lateralization, as defined by MS 

difference scores, and verbal-spatial discrepancy. The 

relationship between lateralization and spatial ability was 

opposite to the expected direction: weakly lateralized 

subjects tended to have higher spatial scores than strongly 

lateralized subjects. There was a significant Sex effect on 

spatial scores: Males performed better than Females, but 

the absence of a MS (lateralization) by Sex interaction indi­

cated. that degree of lateralization had the same effect 

for Females as for Males. 
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Inferr ing greater spatial ability for left than for 

right handers on the basis of one MS test wo uld be question­

able. The lateralization - spatial ability correlation may 

be an artifact due to similarities between the MS test and 

the spatial tests, Both required hand use and spatial 

scores were partially dependent on speed, just as MS dif­

ference scores were based on time taken to complete the 

task. Further investigation with different subject samples 

would demonstrate the validity or invalidity of superior 

spatial ability with a lesser degree of lateralization. 

With larger subject samples it would be possible to examine 

the relationship of spatial ability to a number of manual 

skill tests, and to make within sample comparisons of inter­

correlations between manual skill test and spatial ability, 

e.g., comparison of the intercorrelations for self-classified 

right and left handed groups. 

Reanalysis of spatial scores and verbal-spatial dis­

crepancy scores after division of subjects according to 

Levy's (1969) handedness criterion yielded no significant 

differences between right and left handed groups. However, 

mean spatial scores were slightly larger and the mean 

verbal-spatial discrepancy slightly smaller for left handed 

Males and Females than for right handed Males and Females. 

Therefore the results are internally consistent. The oc­

currence of the expected Sex effect on spatial scores is 

compatible with previous findings of superior spatial 
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ability in Males (cf. McGlone and Davidson, 1975). 

Fail ure to replicate Levy's results may be related 

to the ability level of the subjects tested. Newcombe and 

Ratcliffe (1973) found no significant differences between 

right, mixed and left handed groups' spatial ability or 

between verbal~spatial discrepancy for a large (n = 823), 

hete·rogeneous subject sample. Referring to the discrepancy 

between their results and those of Levy (1969) and Miller 

(1971) who did find a spatial deficit in left handers, 

Newcombe and Ratcliffe suggested that "the demonstration 

of a verbal-performance discrepancy in small selected 

samples does not warrant a broad generalization about the 

performance [spatial] skills of left handers in the normal 

population, although it may apply to selected groups at 

the extreme ends of the ability scale" (Newcombe and 

Ratcliffe, 1973, p. 401). 

The basis of a spatial deficit in small, selected 

groups of left handers will remain obscure, and therefore 

difficult to replicate, until a model of hemispheric spe­

cialization which can account for variation in lateraliza­

tion has been more fully developed and validat ed. 
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Appendix A 

Stimuli for the Dicho t ic Lis tening Test 

1 . pack tent cat port tea cow 

2 . fame sum bond fur sale bee 

3 . duck ship gas deck shoe gun 

4. vine zone mob vane zoo meal 

5. nose pride track name plate trail 

6. coast flight sake c orn fleet sunk 

7. bowl damp good bell deed game 

8. shine vent zest sheep vast zeal 

9 . mass nine pin mill nail pace 

10. tin cloth faith torn clock fresh 

11 . spit belt night speak bark need 

12 . shell guard volt shore guest vault 

13. there mad nick though map note 

14. pig teeth crust pal tongue cream 

15 . fault sand brain flag send blown 

16. ditch glow shirt dawn give shift 

17. view this mouth vim then mink 

18 . noon pork tan noun pan top 

19. cord fit stamp coop fog style 

20 . bank noise glove birth neck grain 

21. sheet v oice than shame verb that 

22. mine nice cord male nudge coop 



Appendix B 

As an instrument for the measurement of verbal and 

spatial abilities, the WAIS (Wechsler, 1955) has several 

advantages. It is well standard.ized and reliable, and 

factor analysis studies have demonstrated the Verbal 
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and Performance factors to be robust. Studies carried out 

with brain damaged patients have shown that the Performance 

IQ is depressed with right hemisphere damage and the Verbal 

IQ is depressed with left hemisphere damage, lending sup­

port for the use of the WAIS to compare tasks which are 

normally controlled by the right or the left hemisphere. 

Other tests than the WAIS yielding verbal and non­

verbal IQ' s may provide more "pure" measures of verbal and 

spatial processing ability but are not without drawbacks: 

e.g., Guilford's tests while based on factor analysis and 

designed as "pure" tests tend to show higher correlations 

between tests measuring dissimilar abilities than between 

tests measuring similar abilities (Cronbach, 1970). The 

California Test of Mental Maturity provides verbal and non­

verbal IQ's but according to Cronbach (1970) there is little 

evidence to indicate the practical significance of differ­

ences between the two IQ's. The Primary Mental Abilities 

Tes ts, which devel oped out of Thurs tone's factor analytic 

work, includes tests of factors (Verbal Comprehension and 

Verbal Fluency) which might be used as measures of verbal 

ability, and a test of Spatial Orientation which might be 



used as a test of spatial ability, but reliablity is low 

for some tests (e.g., Word Fluency: r = .72) and correla­

tions between tests representing different factors are un­

satisfactorily high (Nunnally, 1970). While o·ther tests 
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of intellectual, or cognitive, functioning which yield 

separate · scores for verbal and spatial abilities are avail­

able, the WAIS is superior in terms of reliability, subtest 

intercorrelations and standardization. 

Since short forms of the WAIS, which may include two 

or more subtests, generally correlate at .90 or above with 

full WAIS IQ scores OVIatarazzo, 1972) four WAIS subtests were 

considered sufficient for the purposes of this study. The 

tests of verbal ability, Vocabulary and Similarities, are 

highly reliable (£ = .95 and r = .86, respectively) and 

correlate well with the Verbal IQ score(£= ,86 and r = .80), 

The spatial tests, Block Design and Object Assembly, are 

reliable (r = .84 and r = .70) and correlate well with the 

Performance IQ(£= .83 and r = .80). 



Appendix C 

To test handedness - cognitive abilities hypotheses, 

handedness has been defined by Manual Skill difference 

scores (MS). MS can be treated as a continuous variable 

116 

or partitioned to form a discrete variable of two or more 

levels. Partitioning a continuous variable in order to 

achieve a factorial design is problematic for the following 

reasons: a) Partitioning a continuous variable results in 

loss of variance and therefore a lower probability of signi­

ficant results; b) Partitioning MS will inevitably result in 

unequal Q'S; c) Because females commonly score lower on 

spatial tests than males, the Sex effect has to be controlled 

for, The result of b) and c) is a factorial design with 

unequal g's. 

If MS is not partitioned but retained as a continuous 

variable, the problem of interpreting the results of an un­

equal g's factorial analysis is avoided. Since multiple 

regression will handle both categorical and continuous 

variables and interactions between them, this method was 

used to test hypotheses three and four. The steps of this 

procedure are listed below. 

a) A multiple regression analysis tests the overall 

effect of the variables MS, Sex, and the MS x Sex interaction 

on spatial ability ( or the verbal-spatial disparity). The 

resulting squared multiple correlation is the total percen­

tage of variance accounted for by the relationship between 



the independent variables and the dependent variable . The 

squared multiple correlation is tested for significance by 

the following F ratio: 

F = 

R2 
SA.S,MS,SMS)/K 

2 
(l - R SA.S,MS,SMP)/(N-k-1) 

where R2 is the squared multiple correlation coefficient, 

SA is the criterion or dependent variable, Sis the Sex 

variable, MS is the MS variable and SMS is the Sex by MS 

interaction. N is the total number of subjects and k the 

total number of predictors, or independent variables. 
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If the F value is not significant the analysis is ter­

minated here. If the overall percentage of variance accounted 

for is significant, the next step is a test of the Sex by MS 

interaction. 

b) A second regression analysis is performed, omit­

ting the interaction variable. The difference between the 

two R2 values represents the interaction effect and is tested 

by the following I ratio: 

(R2 R2 
F = SA.S,MS,SMS - SA.S,MS)/(k1 -k2 ) 

2 
(l - R SA.S,MS,SMS)/(N-k-1) 

The interaction represents differences between Males 

and Females in the slopes of the MS - Spatial Ability regres­

sion lines. If the interaction is significant, separate 

regression equations are necessary for Males and Females. 

If the interaction is not significant, the effect of the 
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continuous variable, MS is tested. 

c) The MS effect is tested by performing a regression 

of Sex on Spatial Ability and subtracting .the R2 value from 

the R2 for the multiple regression which includes both 

Sex and MS. The resulting ~2 represents the effect of MS 

with the Sex effect partialled out. That is, variance in 

Spatial Ability that is shared by Sex and MS is removed. 

The R
2 

is •·tested by the following F ratio: 

(R2 - R2 
SA.S,MS SA.S}/(k1-k2 ) 

2 
(l - R SA.S,MS)/(N-k-1) 

F = 

d) The final test is a test of differences in the 

intercepts, or the elevation of the MS - Spatial Ability 

regression lines for Males and Females. The Sex effect is 

tested by performing a regression of MS on Spatial Ability 

and subtracting the ~2 value from the R2 for the multiple 

regression of Sex and MS on Spatial Ability. The resulting 

R2 is tested by the F ratio: 

( 2 R2 
R SA.S,MP - SA.MP)/(k1-k2 ) 

F = 

(l - R SA.S,MP)/(N-k-1) 

In summary, this series of regression analyses yields 

the overall percentage of variance accounted for, · the per­

centage of variance accounted for by the Sex by MS interac­

tion, and the percentage of variance accounted for by the Sex 

and MS effects. Each effect can be tested for significance 

by the appropriate f ratio, as illustrated (Kurlinger and 



Pedhazur, 1973; Nie, Hull, Jenkins, Steinbrenner, and Bent, 

197 5). 

119 



120 

Appendix D 

Glossary of Terms and Abbreviations 

agnosia - inability to attach meaning to sen sory impressions. 

aphasia - a disorder of speech which may occur as an inability 

to understand speech and/or an inability to use 

speech. 

apraxia - the inability to manipulate or to deal intelligently 

with objects. 

cognitive abilities - the term is used to refer jointly to: 

verbal reasoning ability which is generally under 

the control of the left hemisphere and visuospatial 

reasoning ability which is generally under the con­

trol of the right hemisphere. 

EA - subjects' ear advantage on the dichotic listening 

test computed via the formula: R-L/JR+L [2T-(R+L)] 

hemispheric dominance - traditionally, the term has referred 

to the greater control of the left, or major, 

hemisphere for language processing--and, by infer­

ence, all cognitive processing. The right, or 

minor, hemisphere is now known to play a controlling 

role in visuospatial perception and appears to be 

essential to spatial reasoning ability. 

hemispheric lateralization - also refers to unilateral hemi­

spheric control of functions such as speech, manual 

skill and visuospatial processing ,but implies vari­

ation in degree of asymmetrical control. 
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hemispheric specialization - the mechani sm proposed by Semmes 

(1968) and adopted by Shankweiler and Studdert­

Kennedy (1974) to underlie the greater control of 

one hemisphere for behaviors requiring fine sensori­

motor control, such as manual skills and speech. 

MS - the term refers collectively to the subjects' 

right minus left hand scores on five manual skill 

tests computed via the formula: MS= R-L/ JR+L 

where R = right hand score and L == left hand score. 

SC - subjects' self-classification as right or left 

handed. 

SL - strongly lateralized - unilateral left hemisphere 

control of speech and manual skill ( see WL) . 

VHF - visual half-field. Stimuli can be presented 

tachistoscopically separately to the right VHF, which 

projects to the left hemisphere, or to the left VHF, 

which projects to the right hemisphere. 

~ - weakly lateralized - refers to a lesser degree of 

unilateral left hemisphere cicmtrol of manual skills 

and speech, or a tendency toward bilateral hemispheric• 

control of these processes. 
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