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INTRODUCTION

Hemispheric Specialization

in Haptic Perception--Left Hand Superiority

for Spatial Discrimination

There is a growing body of evidence of hemispheric
specialization for tactile perception (see summary in Harris,
1975). 1In light of what is known of the respective hemi-
spheres, the left hemisphere is specialized for verbal
abilities, the right hemisphere is specialized for visual-
spatial abilities, and the anatomical connections between
hand and hemisphere are primarily contralateral. Thus, one
might expect that the left hand, the non-dominant hand for
most people, will perform better than the right hand on
tactual-spatial discrimination tasks. This does not agree
with our common-sense understanding of hand differences,
wherein the right hand is assumed superior on all tasks,
but it is supported by the available research.

Levy-Agresti and Sperry (1968) gave a task designed to
measure ability to think three-dimensionally to adult pa-
tients whose forebrain commissures had been surgically
divided. The subjects had to visually match three-dimen-
sional forms held either in their left or right hand to the

same forms drawn as expanded patterns on cards. Left hand



performance was superior.

Milner and Taylor (1972) also found superior left hand
performance with cerebral commissurotomy subjects, In a
test of matching tactile patterns, for six of seven sub-
jects, left hand performance was unequivocally superior to
the right.

A study by Ingram (1975) also suggests left hand
superiority in haptic spatial discrimination. She gave 103
normal, right-handed boys and girls a variety of simple
tasks. As expected the right hand was superior to the left
hand in a test of the rate of tapping a telegraph key with
the index finger. However, in tests of hand positioning and
finger spacing that required the fingers to be arranged in
spatial configuration with reference to each other, the left
hand performed better than the right hand.

Witelson (1974) used a different procedure for assess-
ing hemispheric differences in haptic perception with chil-
dren. She presented both non-linguistic stimuli (unfamiliar
meaningless 4- to 8-sided shapes) and linguistic stimuli
(cut-outs of English letters) to 47 right-handed boys, ages
6 to 14, On any trial the child felt either two linguistic
or two non-linguistic forms and had to identify the forms
by pointing to a visual display. The non-linguistic mate-
rial was recognized more accurately by the left hand across
all ages. Thus, by at least 6 years of age, in right-handed
boys, the right hemisphere seems to be specialized in

processing non-linguistic spatial information in the tactile
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modality. She also found a non-significant trend towards
left hand superiority in the recognition of the linguistic
forms. This suggests a possible left hand superiority in
haptic perception that is enhanced by the use of non-verbal
stimuli.

Witelson (1976) extended her study by investigating
200 right-handed boys and girls, ages 6 to 13. 1In this
experiment she presented only non-linguistic tactual stimuli
to the subjects. The results confirmed her previous find-
ings as the boys showed superior performance with the left
hand across all ages. The results for the girls will be
discussed later.

In a study using Witelson's dichhaptic presentation
procedure, Gardner et al. (1977) found greater accuracy for
non-linguistic shapes felt with the left hand with 60 left-

and right-handed adult men and women.

Hand Differences:

A Function of Style of Haptic Exploration?

The tactile differences found may be the result of dif-
ferences in style of haptic exploration, rather than in
basic differences in performance between the hands. For
example, left hand exploration might be more active and
far-ranging, while striving to gain an overall and complete
picture of the object being explored, while right hand explo-
ration could be more discrete and piecemeal (Harris, 1975).

These modes of exploration would be consistent with the
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overall cognitive style that Levy-Agresti and Sperry
(1968) propose as characteristic of each hemisphere. That
is, the right hand (left hemisphere) analyzes information
sequentially, in a linear fashion, abstracting the rele-
vant details to which linguistic labels can be attached.
The left hand (right hemisphere) operates by perceiving
the overall stimulus configuration and processes informa-
tion in terms of wholes.

Studies using an electro-mechanical stimulator (Carmon
and Dyson, 1967) to passively stimulate subjects do suggest
that there is a basic difference in performance between the
hands. The stimulator is composed of three metal rods
arranged in a linear array that can be applied to a sub-
ject's palm. A grid is stamped on each subject's hand to
insure uniform application. With the apparatus, force,
area and direction of stimulation, and duration of applica-
tion can be controlled. Two studies using this technique
(Carmon and Benton, 1969; Fontenot and Benton, 1971) demon-
strated that a significant proportion of right-handed adults
with right hemisphere disease showed bilateral and equal
impairment in identifying the direction of tactile stimu-
lation, while those subjects with left hemisphere disease
showed only unilateral contralateral impairment. This re-
sult suggests that the right hemisphere plays the dominant
role in mediating aspects of spatial perception.

In another study following the same procedure (Benton,

Levin, and Varney, 1973), 24 normal right-handed adults
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were required to match direction of stimulation with a
visual display that contained four different directions of
stimulation. Again, the left hand was superior, strength-
ening the hypothesis that the right hemisphere is prominent
in mediating spatial aspects of perception.

In an extension of the electro-mechanical stimulation
studies, Nachshon and Carmon (1975) tested 80 right-handed
adults in four experiments. One set of experiments com-
pared the abilities of the two hands to perform sequential
tasks, while another set compared the spatial abilities of
the two hands. The results indicated that the subjects
performed better with their right hand on the sequential
task, but were superior with the left hand on the reproduc-

tion of a spatial pattern.

Braille Studies

In their review of Braille research, Nolan and Kederis
(1969) conclude that the basic perceptual unit in Braille
perception is the individual Braille character. The ease of
recognition of Braille characters is affected by various fac-
tors including number of dots, configuration of dots, and
amount of open space within the character. They also indi-
cate that while most Braille teachers encourage students to
use both hands while reading Braille, there has been little
systematic study of differences between the hands.

Perhaps the first suggestions of left hand superiority

for Braille discrimination came from discussions and :
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experiments reported by Smith (1929) about whether the left
or right hand was better for reading Braille, or whether
two hands were better than either alone. In an attempt to
resolve this issue Graseman (cited in Smith, 1929; no ref-
erence given) had blind students read a Braille text with
both hands, then with each hand separately. Almost half of
the subjects relied more on the left hand while the rest of
the subjects split their performance between the right hand
and both hands. Based on the results, Graseman (Smith,
1929) concluded that the left index finger is the preferred
and proper reading finger of the blind.

White (1969) has reviewed a number of studies which
have investigated central processing of tachistoscopically
presented visual material. These studies suggest the pos-
sibility of the superiority of the left hemisphere in the
recognition of linguistic material as a result of acquired,
directional reading habits.

In an early report that investigated this possibility,
Smith (1929) conducted a study with a sighted woman (of un-
specified handedness) that repeated the Braille reading
tests used by Graseman. Passages were read by both hands
simul taneously followed by the left, then the right hand
alone. A right-to-left reading direction was added to the
standard left-to-right direction. The results with this one
subject indicated a left hand superiority in both reading

directions, although there was some indication that the
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superiority was enhanced by the left-to-right reading
direction.

Recent experiments by Hermelin and O'Connor (1971la,
1971b) support these early results. In one experiment
(Experiment 1, 1971la; 1971b), 14 right-handed and 2 ambi-
dextrous children, all blind from birth, were required to
read Braille passages equated for level of difficulty.
Handedness was defined by performing seven ordinary actions.
Twelve children read with the index finger of each hand
held close together, while the other four children used
mainly the index finger of the left hand. However, during
the experiment, the children were required to read sen-
tences with both the middle and index fingers of both hands.
The results showed that for both hands the scores obtained
from the index fingers were superior to the scores of the
middle fingers. The left-hand scores were higher than the
right-hand scores for the middle finger, but not the index
finger. Also, the left index, but not middle, finger was
significantly faster than the right index finger.

In a second experiment (1971la), 15 blind adults, 25 to
65 years of age, were tested. Nine subjects had been blind
from birth while the other six had lost their sight later
in life. The subjects were required to read various order-
ings of 26 individual Braille letters of the alphabet ar-
ranged in vertical columns and to be read fromi top to bottom

with only the middle finger. This procedure was designed to
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diminish the influence of left-to-right reading direction.
Again, left-hand scores were significantly better, although
there was no difference in reading speed.

In both experiments, Hermelin and O'Connor compared
the results for the index and middle finger. Since the sub-
jects all had previous practice with their index finger,
while none apparently had ever used the middle finger of
either hand, it was expected that the scores were signifi-
cantly higher for the index finger when tested against the
middle finger, regardless of hand used. But when the un-
practiced middle finger was used, the difference favoring
the left hand increased. This suggests that hand asymme-
tries are attenuated by practice, and conversely, that max-
imal differences are obtained when novel experimental situ-
ations are used.

Taken together, these Braille studies strongly indicate
that the discrimination of Braille characters is better per-
formed with the left hand. At first glance this finding is
surprising, since we know that the left hemisphere is special-
ized for linguistic processing (Kimura, 1961), one might
expect that Braille letters, being symbols of the alphabet,
would be better discriminated by the right hand (left hemi-
sphere). But the Braille design may be critical. Hermelin
and O'Connor pointed out that Braille characters are comn-
posed of a varying number of dots arranged in different

configurations, and similar dot patterns presented visually
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in a tachistoscope are perceived more accurately by the
right hemisphere (Kimura, 1969). Hermelin and O'Connor
thus hypothesized that Braille dots first must be encoded
in the brain as spatial configurations and that the linguis-
tic labels are then added or incorporated to produce the
entire Braille letter and its name. It should be noted that
they are unspecific about this process. It is unclear
whether they mean that the dot configurations are encoded
sometime during the course of the learning trials or at any
given instant, i.e., while an individual letter is being

felt.

Sighted vs. Blind Subjects

One problem with the Hermelin and O'Connor experiments
is that of prior experience. All the subjects were blind
and had previous training with Braille reading. A right-
handed person will write with his right hand but will feel
the letters to be copied with his left hand. To control
for this early practice effect, Rudel, Denckla, and Spalten
(1974) carried out an experiment with 80 sighted children,
ages 7 to 14. All subjects were right-handed and had to
learn six Braille letters with one hand and six different
letters with the other hand. Using a paired-associate pro-
cedure, 40 children were trained first with the left hand,
then the right hand; the sequence was reversed for the remain-
ing children. Generally, the left hand performed better.

However, this difference was significant only among the
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oldest children. 1In fact for the youngest children, the
right hand was superior. It is possible that with sighted
children required to learn verbal labels to spatial config-
urations, language is involved in the task to a greater
degree than with blind subjects who are being tested on a
familiar task. It is further possible that in the youngest
sighted children the right hand superiority would have been
reversed to a left hand superiority after the verbal asso-
ciations had been well learned. Rudel et al. suggest that
suggest that any explanation of the left hand Braille super-
iority that invokes the activity of either hemisphere alone
is inadequate. They further suggest that reading by touch
only becomes a right hemisphere function only after receiv-
ing some sort of "instruction" from the left hemisphere
through verbalization.

To further study the relationship between Braille learn-
ing and hemispheric asymmetry, Rudel, Denckla, and Hirsch
(1977) tested 120 right-handed subjects, 60 boys and 60 girls,
ages 7 to 14 as in the previous study, with the addition of
an adult group (ages 20 to 40). The purpose of the experi-
ment was to isolate the tactile modality by having the sub-
jects discriminate pairs of Braille letters, without the
associated letter names. Subjects were required to compare
the two letters in a pair, with the same hand, and to deter-
mine whether they were the same or different.

The results revealed no differences between the left
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and right hands for both the same and different pairs but
paralleled the results of the previous study. Overall,
the left hand was superior, although the only significant
difference again was for the oldest children. Rudel et al.
concluded that the language requirement in the previous
experiment was of minor importance to the results and was
far outweighed by the difficulty of the discriminations,
just as having names attached to faces does not shift
superior recognition from the right to left hemisphere.
They also concluded that right hemisphere specialization
for spatial functions begins at an early age and may even
be innate. They further state that this asymmetry manifests
itself at different ages in the course of development de-
pending on the task, difficulty of the discrimination, and

prior familiarity with the stimuli.

Left-handers

All the Braille studies reported have used only right-
handed subjects to maximize the chances of obtaining the
predicted results. But excluding left-handers amounts to
excluding the only known variations from the established pat-
tern of lateral hemispheric specialization, when the experi-
menters have no other assurance that hemispheric speciali-
zation is being tested at all. All research on hemispheric
specialization depends on the assumption that for right-
handers, the speech centers of control are in the left hemi-

sphere. Branch, Milner, and Rasmussen (1964), using the
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Wada (1960) technique of anesthetization of each hemisphere
separately, found that 907% of the right-handers did have
their major speech centers in the left hemisphere. But of
the left-handers, 647 had their major speech centers con-
trolled in the right hemisphere, 20% in their left hemi-
sphere, and 167 showed bilateral control. These results
supported earlier formulations (Hécaen and Sauget, 1971)
that left-handers are less lateralized than right-handers,
that is, the separation of function in the hemispheres is
not so complete as in right-handers.

A number of studies of hemispheric difference have used
handedness as a variable. Kimura (196l1) tested left-handers
whose speech centers, as determined by the Wada technique,
were controlled in the right hemisphere with a dichotic
listening procedure. The dichotic technique, devised by
Broadbent (1954), uses two simultaneous channels for pre-
senting stimuli. Typically, a spoken digit or letter is
delivered to one ear while a different digit or letter is
delivered to the other ear. Several pairs of stimuli are
delivered during a trial, and the subject is then asked to
repeat all the numbers or letters he has heard. Under these
circumstances, there typically is a right ear (left hemi-
sphere) advantage (REA) for letters and numbers (Kimura,
1961; Milner, 1962; Kimura, 1967). Subjects remember more
sounds delivered to the right ear than to the left ear. 1In

left-handed subjects, Kimura (1961) found the effect is
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reversed. The left ear (right hemisphere) was superior in
recognition of letters and digits, a result contradictory
to the notion of weaker lateralization for left-handers.

A few visual-field studies have used handedness as a
variable. The usual procedure is to project a target, often
numbers or letters, tachistoscopically to either the left or
right visual field (LVF, RVF) of either eye. Since for each
eye, the visual connections are between the left visual field
and the occipital lobe of the right hemisphere, the roles
of the cerebral hemispheres can be assessed independently.
Results of these experiments typically indicate that for
right-handers, letters and digits presented in the right
visual field are identified more accurately than those pre-
sented in the left visual field (Mishkin and Forgays, 1952;
Kimura, 1966; McKeever and Huling, 1971).

Ledlow, Swenson, and Carter (1972) tested a group of
ten left-handed men using the tachistoscopic procedure.
Consistent with the hypothesis that left-handers are less
lateralized than right-handers, no difference was found be-
tween left visual field and right visual field scores for

the recognition of single letters.

Handedness and Spatial Ability

The hypothesis of weaker lateralization of function
for left-handers has led to the suggestion that left-handers
are relatively weaker in non-verbal, visual-spatial skills

(Levy, 1969; Miller, 1971). 1In fact there have been some
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studies reporting that left-handers have poorer spatial
ability than right-handers. Levy (1969) tested a group of
10 left-handed and 15 right-handed men using the Wechsler
Adult Intelligence Scale (WAIS). The WAIS is subdivided
into two major factor-scales: Verbal and Performance. The
Performance subtests are assumed to reflect spatial ability.
A comparison of the scores for the two groups of the two
factors revealed no difference between left- and right-
handers on the Verbal factor, but there was a significant
difference on the Performance factor that favored the right-
handers. Levy's subjects, however, were graduate science
students at the California Institute of Technology, and in
the extreme upper end of the I.Q. range. Therefore, her
results may not be generalized.

Newcombe and Radcliffe (1973) tested 823 left- and
right-handed men and women in their survey of nine Oxford-
shire, London villages. The test used was a shorthand ver-
sion of the WAIS. Handedness was assessed by a 7-item ques-
tionnaire. The 26 '"pure'" left-handers, 139 '"mixed-handers,"
and 658 right-handers displayed no significant difference
either in Performance level or in the pattern of scores on
the subtests comprising either of the two factors, Verbal
and Performance.

Whereas the previous studies did not necessarily involve
mental transformation, there have been other studies suggest-
ing handedness differences in spatial tests that required

more explicit use of mental transformation or rotation of
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the stimuli. Miller (1971) compared the performance of
29 right-handed and 23 "mixed-handed" left-handed under-
graduates on a test of verbal intelligence and another test
requiring visual manipulation of two- and three-dimensional
shapes. The right-handers significantly outperformed the
left-handers on the spatial test, but there was no differ-
ence on the verbal test.

In another study using several measures of hemispheric
asymmetry, McGlone and Davidson (1973) tested 80 left- and
49 right-handed high school students on spatial abilities
tests that required the subjects to mentally rotate two-
dimensional figures in order to match identical stimuli
drawn in different orientations. The experimenters also
administered a dichotic words test and a tachistoscopic dot
enumeration test. They found that some left-handers per-
formed poorer than right-handers on spatial tests, those
who showed higher left ear scores in the dichotic words test.
Thus, spatial performance was poorest in left-handers whose
brain functions were ''reversed,'" where the left hemisphere
subserves non-verbal functions and the right hemisphere
verbal functions. The authors suggest that the left hemi-
sphere is simply not so efficient as the right hemisphere
in processing non-verbal information, regardless of handed-
ness.

Nebes (1971) went one step further by directly assess-

ing ''gestalt" processing, hypothetically subserved by the
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right hemisphere. He tested 26 left- and right-handed
college men and women on a haptic-visual matching task.

The subjects were required to infer a total stimulus con-
figuration from incomplete information by blindly explor-
ing an arc taken from one of three sizes of complete cir-
cles lying before him with his index finger. The right-
handers performed significantly better than the left-
handers on the experimental task of part-whole matching but
not on the control tasks in which parts were matched to
parts or whole circles to whole circles.

Hardyck and Petrinovich (1977), in their review of
left-handedness, cite four replications of the Nebes study
that found no differences between left- and right-handed
subjects on the part-whole matching task. They conclude
that the assumption of cognitive and performance deficits
in the left-handed is an artifact of observations on clinic
populations. They further emphasize that the validity of
the classification of handedness, particularly for left-
handers, is open to serious question, and that there is a
high possibility of misclassifying left-handers as right-
handers.

Hardyck, Petrinovich, and Goldman (1976) conducted their
own investigation of handedness differences. They studied
7688 school children, grades 1 through 6, of whom 740 were
left-handed. The children were tested on a variety of tests,

including a figure copying task, attention tasks, and the
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Lorge-Thorndike intelligence test. The results disclosed
no differences between left- and right-handers on any of
the measures studied. Also, eyedness and socio-economic
level were not related to the differences between left-
and right-handers. The particularly relevant findings
were of no differences on the figure copying test and on
the non-verbal parts of the intelligence test.

Based on their findings and literature review, Hardyck
and Petrinovich (1977) conclude that there is a systematic
relationship between handedness and cerebral dominance, al-
though it is not exact. They also conclude that assessment
of family history of handedness increases the precision of
the lateralization relationships. They further propose a
continuum of handedness which at one end includes right-
handers with no familial left-handedness, who are strongly
lateralized for verbal and spatial functions, in the left
and right hemispheres respectively. At the other end of the
continuum are those left-handers with a family history of
left-handedness whose functions are least lateralized, i.e.,
there is more likely to be bilateral representation of
verbal and spatial abilities. Between these two extremes
are right-handers with familial left-handedness who are
presumed to show greater bilateral representation of func-
tion than right-handers without familial left-handedness
but less bilateral representation than the familial left-
handers. The final group is those left-handers with no

family history of left-handedness which the authors propose
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to classify with the right-handers. Their review of the
research indicates that localization of function for this
group is nearly identical to that of the right-handers.

Hardyck's conclusions serve to emphasize that grouping
together all left-handers may conceal important differences.
Annett (1970) conducted a thorough analysis of handedness
and concluded that the handedness distribution is not dis-
crete, composed of only left- and right-handers and some
"mixed"-handers, but is a continuous distribution. Few of
the studies using left-handers have taken this finding into
account. The present study will apply this rationale to

the study of haptic perception.

Sex Differences

Another variable this study will investigate is sex dif-
ferences in haptic spatial perception. Harris (1976) has
viewed a great variety of studies which indicate that males
show decidedly superior performance in tests of spatial
ability. Harris indicates that a developmental difference
in language between boys and girls may be related to the male
spatial superiority. He cites evidence that indicates girls
progress not only faster than boys in language development
but also in verbal fluency and vocabulary, skills subserved
by the left cerebral hemisphere, at least for right-handers.
This female superiority appears as early as 12 months of age
on some tasks and continues through preschool, elementary

school, high school, and college.
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It is an interesting question whether these sex dif-
ferences in the development of language skill are reflected
by sex differences in the onset of functional lateraliza-
tion of the cerebral hemispheres. Kimura (1963) tested 120
right-handed children from ages 4 through 9 using the
dichotic listening technique where spoken digits were pre-
sented simultaneously to both ears. She found a right ear
(left hemisphere) superiority for both boys and girls, but
there was no indication of an earlier or stronger right ear
advantage in girls.

Other studies, however, have reported sex differences
in the development of language lateralization. Pizzamiglio
and Cecchini (1971) presented dichotic pairs of words to
192 children, ages 5 through 10. They found a stronger
lateralization effect (right ear superiority) for girls than
boys in the youngest children. Buffery (1971) tested 80
boys and 80 girls, all right-handed, who ranged from age 3
through age 11. The task required the child to draw, simul-
taneously, with eyes closed, a square with one hand and a
circle with the other. The girls of all ages showed a left
or non-preferred hand superiority in the drawing of the
square. The youngest boys showed a right (preferred) hand
superiority but at age 7 and up, they showed a left hand
superiority. Among the 3-7 year olds, girls showed a
greater degree of right hand preference than did boys.

Buffery suggests that these results are evidence for
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earlier language lateralization in girls than in boys.
The boys drew the square better with their preferred hand
for a longer time than the girls even though their left
hand is controlled by the right (spatial) hemisphere. The
implication is that the boys' cerebral hemispheres remain
non-lateralized longer than the girls' hemispheres. The
boys' responses will then be more motorically rather than
linguistically controlled until laterialization occurs.

Harris (1976) suggests the consequence of boys' slower
language development may be a longer period of time during
which boys will be primarily encoding information spatially
rather than linguistically, perhaps contributing to the
overall male superiority for spatial skills. He also sug-
gests another consequence of this sex difference. The
females' greater language use and competence in childhood
may continue to predispose them in adulthood to use lan-
guage modes in spatial analysis. Thus, language may com-
pete with spatial modes in the processing of spatial
information, and the competition could lead to a performance
decrement.

Sherman (1967) says much the same thing in her review
of sex differences in spatial perception. She says girls
are more likely than boys to satisfy needs by use of social
communication mediated by language. Thus girls, already
prone to rely on a verbal, socially mediated approach to

problems, may not exercise and develop their spatial skills.
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Braille is a mixture of verbal and spatial components
perhaps providing for different strategies to solve the
task. There then may also be sex differences in the ap-
proach or solution to learning Braille letters. Rudel et
al. (1973) found evidence to suggest that females may make
use of verbal mediation strategies when learning the names
of 12 Braille letters, 6 to each hand. While there were no
overall performance differences between boys and girls, they
found that 7- and 8-year-old girls did better on a Braille
reading test with their right hand, while boys did equally
well with both hands. Among 13- and l4-year-olds, however,
the boys' left-hand scores were significantly better than
their right-hand scores, while there was no statistically
significant difference for the girls. From these results,
Rudel et al. suggested that children required language,
either overtly or covertly, to codify the discriminations
between the configuration of dots, and that girls did more
such linguistic coding than boys. Consequently, boys were
better able to make full use of the spatial capacities of
their right hemisphere.

It should be mentioned that in their later study, Rudel
et al. (1977) found the same results when the discrimina-
tions did not require the learning of letter names. This
suggests that the later emergence of left hand superiority
for girls, compared with boys, may reflect delayed onset of
right hemisphere mediation of spatial tasks in girls. Al-

though males may display earlier spatial lateralization of
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function, this does not in itself confer an advantage.
Rudel et al. found no overall sex differences in either
the Braille letter naming or same-different discrimination
experiments. The difference favoring the left hand
appeared sooner among the males, but also disappeared sooner
with some loss of accuracy in the adult male group, at least
in the "non-verbal' Braille experiment. The left hand advan-
tage may have disappeared because the discrimination task
was too easy.

Witelson (1977) found a left hand superiority in 6-year-
0old children in her study of dichhaptic presentation of non-
verbal tactual stimuli. As in the Rudel et al. studies,
there were no overall sex differences. The girls also
showed no left hand superiority at any age. Witelson argued
that for girls there is bilateral hemispheric representation
of spatial function and that the same neural structures may
have different functions for males and females.

Majeres (1977) suggests that females may have some
special skill predisposing them to more efficient verbal
encoding of non-verbal material. The experimental task con-
sisted of successive identification of stimuli presented in
lists by tapping matching items on response cards. When
the identification response was to tap the shapes, no sex
differences were found. However, when the response was to
tap words or colors, the females were significantly faster

in reaction time than the males.



23

In another study Lake and Bryden (1976) tested 144
right- and left-handed men and women on a dichotic presen-
tation of consonant-vowel syllables to assess the contri-
bution of sex and familial handedness history to cerebral
dominance. The results indicated no overall sex or handed-
ness differences for recognition of the dichotic syllables,
but there was a significant right ear superiority across
subjects that was stronger for males than females. The
authors conclude that the stronger laterality among males
suggests that there are sex differences in cerebral organi-
zation, possibly because men and women employ different
strategies on the dichotic listening task. Further analysis
revealed that the presence of familial sinistrality in-
creased the likelihood that females would show atypical
left ear superiority, while for males the presence of
familial sinistrality increased the possibility of right
ear superiority.

McGlone and Kertesz (1973) tested adult patients with
left and right cerebral hemisphere damage. Spatial impair-
ment was greatest in males with right hemisphere lesions,
suggesting that the right hemisphere may be more specialized
for spatial processes in men than in women or that women
had previously depended more on left hemisphere modes of
processing. They also found a significant correlation be-
tween verbal scores and spatial scores for females with
left hemisphere damage but no such relationship for any of

the other patient groups. The implication was that females
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make more use of verbal mediation strategies than males in
at least some non-verbal tasks.

McGlone and Davidson (1973) also looked at sex differ-
ences and their relation to hemispheric lateralization.
They tested 53 men and 40 women on a tachistoscopic dot
enumeration test and a dichotic words test. They found that
only females, especially left-handed females, who showed a
left ear superiority on a dichotic words test performed less
well on the spatial tasks, suggesting that the left hemi-
sphere is not so efficient as the right hemisphere in
processing spatial or non-verbal information.

The present study will further explore the relationship

between sex, handedness, and cerebral lateralization.

Conjugate Lateral Eye Movements

None of the cited studies of Braille discrimination
have directly assessed hemisphere activation, rather hypoth-
eses about cerebral differentiation are generated from hand
performance scores. It would be very valuable to have an
independent measure to monitor which hemisphere is more
activated than the other during the learning of Braille
letters.

Kinsbourne (1972) has proposed a hypothesis of hemis-
pheric specialization which assumes that when one cerebral
hemisphere is activated more than the other, the eyes and
head will move in a direction contralateral to the more

activated hemisphere. Kinsbourne (1974) cites evidence from
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studies of electrical stimulation and hemispheric destruc-
tion by disease that shows that each cerebral hemisphere
subserves eye gaze and head and body turning toward the
opposite side of space. Thus, frontal areas of the brain
control turning of the eyes and head, and when the frontal
areas of both hemispheres are activated equally, the eyes
will focus straight ahead. But when one or the other hemi-
sphere is activated by cognitive functioning, a neural
"overflow'" is created that causes eye movements contra-
lateral to that hemisphere. Kinsbourne suggests that since
each cerebral hemisphere serves the contralateral half of
space, orientation to one side of space would coincide with
activity within the contralateral hemisphere, and when
stimuli enlist either left or right hemisphere processing
facilities, attention will bias to the contralateral side.

Kinsbourne (1972) tested this hypothesis on both left-
and right-handed subjects. He first asked them spatial,
verbal, and numerical questions and then monitored their
eye movements. For right-handers, direction of eye movement
was related to problem type: subjects moved their eyes to
the left in response to spatial questions, to the right in
response to verbal questions, and showed no consistent left
or right movements in response to the numerical questions.
The left-handers showed no left or right preferential eye
movements regardless of problem type.

Kinsbourne's results suggest that, at least for right-

handers, a subject's conjugate lateral eye movements can be
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used as a check or monitor to determine which hemisphere

is more activated by the subject and thus to determine each
subject's mode of information processing. If the predomi-
nant strategies during the learning trials are verbal, then
right-handed subjects should make right lateral eye move-
ments. If the dot configurations that make up Braille char-
acters are being predominantly processed spatially, then

right-handers should make left lateral eye movements.

The Present Study

The present study proposes to investigate, in normal,
sighted young adults, the relationship between sex and hand-
edness of subject on performance in a task of haptic percep-
tion (Braille learning). The independent variables under
consideration are sex and handedness of subjects, while the
dependent variables are measures of Braille learning and
conjugate lateral eye movements.

While the study is largely exploratory in nature, the
following predictions are specified in order to aid concep-
tualization of the study:

As has been found in previous studies of Braille dis-
criminations, no overall performance differences are predicted
in this study between males and females. Also, no overall
performance differences are predicted between left- and
right-handers.

It is also predicted that right-handers will show a

non-preferred hand (left hand) superiority on the Braille
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discriminations, but familial left-handers, because of
weaker cerebral lateralization, will not display a non-
preferred hand (right hand) superiority. Non-familial left-
handers are hypothesized to perform like right-handers and
show a preferred hand (left hand) Braille superiority.

The study will further investigate conjugate lateral
eye movements and their relationship to Braille learning
for each of the sex X handedness subject groups. For
right-handers it is predicted that they will make more left
than right eye movements, reflecting greater activation of
the right (spatial) hemisphere during the learning trials.
Left-handers are predicted not to display any differences

in the frequency of left and right eye movements.



METHOD

Materials

Sixteen letters of the alphabet were used, divided into
four subsets of four letters each (see Table 1). Subsets 1
and 2 made up set A, and subsets 3 and 4 made up set B (see
Table 1). In each subset one letter was composed of 2 doté,
two letters were 3 dots, and one letter was 4 dots (see
Figure 1). Letters used in each subset were taken from
both the beginning and final parts of the alphabet. Fur-
ther, to minimize auditory confusion, no letters that rhymed
or sounded alike were used together in any one subset. Each
letter was produced by a Braille typewriter in the middle of
an ordinary 33" X 24" (8.9cm X 6.4cm) plastic playing card.
The cards were coated with lacquer to keep the dots from

wearing down after repeated use.

Subjects

The subjects were 48 Michigan State University under-
graduate students, 24 men and 24 women. Of the 48 subjects,
12 men and 12 women were right-handed, and 12 men and 12
women were left-handed as determined by use of preferred
hand in writing. None of the subjects were familiar with

Braille letters.

28



Table 1

Composition of Sets and Subsets

Subset 1 Subset 2
Set A BJNS KDHR
Subset 1 Subset 2

Set B CFUW IVOM
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SET A Subset 1 Subset 2
B J N S K D H R
S L X ° [ ] [ 2 [ L4
. .: .0 : - » [ :o
SET B Subset 1 Subset 2
C F U 1] I \ 0 M
L ] L ] e o L] L 2N |
. PR [ ] ® - [ 4 Py
L J » ®o o
Figure 1

Braille Letters Used in Experiment
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Assignment of Subjects to Groups

Each subject was assigned one 8-letter set (one 4-
letter subset to each hand). Thus a distinct set of
letters was assigned to each hand. The assignment of sub-
sets and sets was counterbalanced across subjects (see
Table 2) so that the same combinations of the presentation
of the stimuli were represented an equal number of times
to each hand within each of the four sex X handedness
groups: left-handed males, left-handed females, right-

handed males, and right-handed females.

Procedure

The subject sat at a table with his chin in a chin
rest. The table was partitioned so that when the subject
placed his hands on the table, he could see neither his
hands, the experimenter, nor the Braille cards. The walls
of the laboratory were covered with brown cloth to provide
a completely uniform background.

Each subject was told that he would learn to read
Braille letters as blind people do. He would be asked to
name and remember various Braille letters by feeling them.
It was pointed out that the dot arrangement of the Braille
letters had not been designed to physically resemble the
names of the letters.

There were three.male experimenters. One sat on the
floor, hidden from view of the subject, and slid the Braille

cards, according to a prearranged schedule, into one or the
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other of two metal card-holders. The holders could be
adjusted in position on the table so that the subject was
comfortable feeling the letters while his head was in the
chin rest. The holders were placed side by side, anchored
to the table, close enough so that the subject's left and
right forefingers, the fingers used to feel the letters,
were each approximately three inches (7.6cm) to the left
and right of the body midline.

The subject held both his hands on the table with his
forefingers resting on the card-holders. The trial began as
soon as the experimenter had slid the card into position,
either to the subject's left or right hand. Immediately
the experimenter depressed and then released a wooden key
that was connected to a six-pen event recorder that was
located in another room of the laboratory. The key acti-
vated one of the ink pens énd recorded the beginning of each
trial. The experimenter had a watch to time the trials.
Each subject had five seconds to feel the pattern after
which the card was removed from the holder. The experiment-
er then asked for the name of the letter. The subject had
three seconds to respond. Each of the subject's responses
was recorded on a sheet of paper by the experimenter.

A correction procedure was used on all trials. Whether
the subject gave no name, an incorrect name, or the correct
name for that letter, the experimenter gave the correct name.
Then the next trial began with a new card being slid into

place.
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The subject was given two practice trials to become
familiarized with the procedure. Two practice letters,
different from the letters used in the experimental trials,
were used. One letter was first placed under the subject's
right hand, and he was asked to feel the dots for five sec-
onds. The experimenter withdrew the letter and named it.
The second practice letter was then presented to the sub-
ject's left hand. Afterwards, the subject was told he
would receive repeated presentations of new letters, and
that he must try to learn their names. There was no men-
tion of the number of letters to be presented, or that a
distinct set would be assigned to each hand. The subject
was told only that letters would be placed under alternate
hands on successive trials.

In the experimental trials, one 2-dot, two 3-dot, and
one 4-dot Braille letter was given to each hand of every
subject. The four letters assigned to each subject's hand
were each presented ten times for a total of forty trials
per hand. The hands were tested in straight alternation
throughout the eighty trials, the first trial always being
started with the right hand. The letters were presented so
that within a block of eight trials per hand, all four let-
ters were presented twice in random order with the additional
constraint that no letter followed itself. The entire pro-

cedure took approximately thirty minutes.
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Eye Movements

Each subject's eye movements were monitored by a hid-
den camera and transmitted through a closed-circuit tele-
vision system to a television monitor in another room of
the laboratory.

One of three judges recorded each subject's eye move-
ments from the television monitor. The judge depressed one
key on an event recorder for left lateral eye movements, and
another key for right eye movements. Each key was held down
until the eyes returned to center position. The resulting
ink tracings produced a record of the number and duration
of eye movements in each direction.

Reliability of the three judges for number of eye move-
ments, but not duration, was checked on practice subjects
before any experimental subjects were tested. The correla-
tion coefficient of judge 1 with judge 2 was .95, judge 1

with judge 3 was .98, and judge 2 with judge 3 was .96.

Figure Recall Tests

After the learning trials were completed, each subject
was given a booklet of eight 82" X 11" (21.6cm X 27.9cm)
blank white sheets of paper. At the top of each sheet the
name of one of the letters was printed. The subject was
instructed to draw '"as accurately as you can in all respects
and details" the dot configuration for each letter that he
had been given in the experiment. This procedure was desig-

nated as the "memory'" condition in the figure recall test.
y g
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Immediately after these drawings were completed, the
subject was asked to feel each of the letters once again,
for five seconds, with the hand to which the letter had
been assigned. Before each of these '"feeling' presenta-
tions, the experimenter named the letter. After the presen-
tation, the subject was asked to draw the configuration on
a blank sheet of paper as before. This procedure was desig-
nated as the 'mon-memory'" condition in the figure recall

test.

Handedness and Eyedness Tests

After the figure recall procedure, each subject was
requested to fill out a 1l2-item handedness questionnaire
(Annett, 1970). The subject was then asked whether there
was any incidence of left-handedness in his family, either
in the immediate family or related by blood in some way.

Three tests were used to determine eye dominance. The
subject was asked to look at the experimenter with first
one eye closed and then the other eye closed, and then state
which eye he preferred to use for the task. Second, the
subject was asked to pretend that he was shooting a rifle
and to determine which eye he used for sighting. Third, the
subject was told to hold a pencil vertically with his pre-
ferred hand and to line it up with a pencil held vertically
by the experimenter about two feet from the subject. Once
this was accomplished, the experimenter noted which eye was

used to achieve the alignment of the two pencils..
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Two-point Limen Test

The final procedure was a sensitivity test of the two
forefingers that each subject used to feel the dots. Using
a compass with two sharp points, the experimenter deter-

mined the two-point limen for each forefinger by the method

of ascending and descending limits.



RESULTS

Learning Scores

For each subject the number of correct letter identifi-
cations for each hand was computed. These results are
shown for each of the four sex X handedness groups in
Table 3. For the right-handed males, 7 subjects showed a
non-preferred hand superiority. Five of these 7 subjects
showed a "strong' non-preferred hand superiority, defined
as a difference of four or more correct identifications.
Three right-handed males displayed a '"strong' preferred hand
superiority.

Seven of the right-handed females showed a non-preferred
hand superiority. Three of the 7 displayed a '"strong"
superiority. Two of the right-handed females showed a
"strong'' preferred hand superiority.

For the left-handers, 5 (4 "strong'') males and 10 (6
"strong') females showed a non-preferred hand superiority.
One left-handed male and female displayed a ''strong' pre-
ferred hand superiority.

An analysis of variance for repeated measures was car-
ried out on these learning scores for the independent vari-
ables of sex, handedness, hand used, and trial blocks. For

purposes of the analysis, a trial block was defined as five

38
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Table 3

Learning Scores for
Individual Subjects

Right-handed Males Right-handed Females
Subject Right hand Left hand Subject Right hand Left hand
1 15 23 1 24 23
2 17 17 2 21 23
3 15 20 3 19 21
4 14 7 4 29 28
5 21 29 5 10 10
6 12 20 6 15 17
7 15 28 7 8 19
8 30 25 8 24 19
9 12 5 9 20 22
10 24 25 10 21 14
11 16 13 11 9 23
12 14 16 12 7 15
Mean 17.08 19.00 Mean 17.25 19.50
Standard Standard
Deviation 5.35 7.75 Deviation 7.29 4.91
Left-handed Males Left-handed Females
Subject Right hand Left hand Subject Right hand Left hand
1 18 10 1 30 29
2 10 13 2 19 16
3 15 17 3 24 19
4 13 15 4 26 17
5 33 29 5 19 18
6 19 22 6 21 26
7 21 9 7 13 13
8 29 26 8 20 10
9 8 9 9 18 11
10 19 21 10 30 28
11 13 23 11 21 14
12 20 11 12 28 27
Mean 18.17 17.08 Mean 22.42 19.00
Standard Standard

Deviation 7.28 6.97 Deviation 5.25 6.84
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consecutive trial presentations to one hand, thus making
eight total trial blocks per hand.

The results (see Table 4 for ANOVA table) disclosed
non-significant effects for both sex and handedness (both
F's < 1.0). The scores for the two handedness groups are
illustrated in Figure 2A, the scores for the two sexes in
Figure 2B. As can be seen from Figure 2A, the learning
curve for the left-handers is practically identical to the
curve for right-handers, the left-handers having a slightly,
but not significantly, higher overall score. The females
did slightly, but not significantly, better than the males
(see Figure 2B).

Both parts of Figure 2 show a significant learning
effect over trials (F = 81.77, df = 7/308; p < .0005). Per-
formance improved steadily, almost linearly, across trials
for all four sex X handedness groups (see Figure 3) so that
by the last trial block, all the subjects, as a group, were
averaging approximately 3.7 letter identifications for each
hand, where maximum score is 5.

While there were no overall significant hand differ-
ences (right hand vs. left hand; F < 1.0), the pertinent
handedness X hand used interaction was significant (F = 6.97,
df = 1/44; p = .0l; see Table 5). Within each handedness
group, the mean score of correct responses was greater for
the non-preferred hand.

Post hoc tests of comparison of the main effects of the



Analysis of Variance of

Table 4

Learning Scores

Source of Variance

Sex

Handedness

Hand used

Trial blocks

Sex X handedness

Sex X hand used
Handedness X hand used
Sex X blocks
Handedness X blocks
Hand used X blocks

Sex X handedness X
hand used

Sex X handedness X
blocks

Sex X hand used X blocks

Sex X handedness X
hand used X blocks

o.
N NN H O R g H e Im

F
.98
41
.00
81.
.79
.22

77

.97
.48
.26
.03

.75

.18

.37

.86

41

Probability of F
.327
.526
.980
< .0005

.378
.641
.011
.852
.268
411

.392

.989
.023

.542
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Figure 3C

Learning Scores for
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Table 5

Learning Scores:
Handedness X Hand Used

HAND USED

Right hand Left hand
2.125----- L 2.406 2.266
1.431 1.676
2.536----- S 2.260 2.398
1.611 1.590
2.330 2.333 Marginals

First line is cell mean.

Second line is cell standard deviation.

1

t = 1.88, df

1.85, df

44; p < .05

2 44; p < .05

t
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interaction indicated that for the right-handers, the left
hand performed significantly better than the right hand
(t =1.88, df = 44; p < .05). Similarly, for the left-
handers, the right hand was significantly superior to the
left hand (t = 1.85, df = 44; p < .05). This effect is
illustrated in Figure 4 which also reveals that the non-
preferred hand superiority emerged only by the fourth trial
block. The implied interaction of trial blocks with the
handedness and hand used variables was significant (F =
2.37, df = 7/308; p = .023).

As can be seen from Figure 4, early in the experimental
trials, there was either no difference between the hands, or,
in the case of the right-handers, the preferred hand score
was greater. But by trial block 4, for both the left- and
right-handers, the non-preferred hand scores were greater,
and this superiority was retained throughout the remaining
trials. By the eighth block of trials, the right-handers'
mean non-preferred hand score was 3.8 out of a maximum of
5, with their mean preferred hand score 3.4. For the left-
handers, the mean score in the last trial block was 4.0

for the non-preferred hand and 3.5 for the preferred hand.

Sex Differences

As mentioned, there were no sex differences in the
learning scores, although the non-significant differences
slightly favored the females. However, some additional

findings do suggest a difference between males and females.
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