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Handedness ( I ):Laterality of Spatial and Weight

Discrimination Guided by Kinesthesis
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ABSTRACT

Studies on cerebral hemispheric lateralization of handedness, language activity, spatial perception, and manual task
were reviewed to examine the experimental hypothesis. The identical task procedure for kinesthetically guided thumb
angle discrimination and weight discrimination was employed to investigate whether lateral dominance was consistent
or not. Only spatial task produced laterality effect, suggesting that handedness should be carefully assessed if a manual

task is used.

In the previous report®?*’, a topic of function-
al asymmetries of the hand was reviewed from
the stand point of cerebral hemispheric laterality
and the origin of handedness was proposed to
be innate rather than acquired. Since the cere-
bral dominance for the language activity and that
for the manual task would relate, the commonal-
ity of these two areas in the left brain is strong-
ly believed to exist. In this paper, the theories
of handedness was reviewed and the experimen-
tal results of the cerebral hemispheric lateral-
ities with respect to kinesthesis were reported.

GescuwiIND and Levitsky (1968)* ¢7 demonstrat-
ed that there was an easily detectable asymme-
try in the human brain that involved the upper

surface of the posterior portion of the left tem-

poral lobe. This area is called “planum tempora-
le” and constitutes the temporal speech region.
This asymmetry was reported to exist even in
the brain of human fetus and infant®> 27> 2%’
Lemay and CuLeeras (1972)" °° discovered the
brain asymmetry of the sylvian fissures in human
ancestors. These findings strongly suggested the
importance of genetic or intrauterine influences.
As GescawinD and G ALABURDA (1985)3> 142 15
suggested that there is a strong relationship
between handedness and speech control. If
he or she is right handed, the speech center
locates in the left hemisphere with very few
exceptions® ®*’ . Although there are strong im-
plications of hereditary influence, the studies

of family handedness do not always reveal the
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same results explained by the major gene
model > *°’ .

Different variations between right and left
handedness have been reported. OLDFIELD
(1971)2* reported that left-handedness is usua-
lly found to be more common in male than
female. Strong left-handedness is more frequent
in dyslexia and stuttering®®’. Judging from the
fact that males show more frequent develop-
mental disorder, Gescawinp et al, ' 1+ 1%
proposed that the male hormone, teststerone,
would play important role for the cause of
hemispheric laterality in fetus. On the other
hand, AnneTT (1978) %’ explained the origin of
handedness as that both nongenetic accidental
influences on early physical growth and genetic
factor to dextrality played important roles in
the formation of handedness. Although the origin
of handedness is not clear at present, research
results suggest that handedness relates with
hemispheric laterality.

In the study of cereberal lateralities, anatomi-
cal, functional, and chemical asymmetries of
the brain are the main research subjects. The
functional asymmetries especially have been
investigated most intensively. Among them,
visual and auditory stimulus were most often

d'?’> ** and kinesthetically guided manual

use
tasks have not been used intensively. One of the
main purposes of this stdy is to investigate the
asymmetry through the modality of kinesthesis.

While most manual tasks show right hand su-
peiority *?, there are some tasks on which the
left hand performs better. The tactile line ori-
entation test reported by Benton, VarnEY and
Hamsner(1978)*, finger flexion task by Kimura
and VanperwoLr (1970)*®° | finger spatial task
by NacsHon and Carmon (1975)%*° | and hand
posturing and finger spacing tasks of INgram
(1975)* 7 all showed a left hand advantage. On
the other hand, relatively few studies have asses-

sed asymmetry in processing kinesthetic input.

Roy and MacKenzie(1978)%°°, using “bimanual”
or simultaneous movement of the two arms,
did not observe the lateralization effect, but did
show left thumb superiority over the right in
reproducing angles when both thumbs were
moved simultaneously. COLLEY (1984 )", however,
failed to replicate Roy and MacKenzie's findings
for the thumbs. Nisnizawa(1987)%°° ,
thumb angle positioning task, reported that the

using a

left thumb showed greater sensitivity of angular
position detection than the right. Those findings
suggest that regardless of the handedness, the
left hand performs better than the right in this
kind of tasks. This might be due to better proc-
essing of spatial information in these tasks by
the right hemisphere.

However, if a task is free from eiter sequential
or spatial judgement, the functional dominance
of the hand can not be predicted. To examine
this hypothesis, the thumb positioning task with
weight was employed and whether the thumb
laterality would be consistent or inconsistent

between spatial and weight tasks was examined.
METHOD

Fifty female students majoring nutrition served
as the subjects in this experiment. The subjects
were divided into two groups, Group 1 (Space
judgement group) and Group 2 (Weight judge-
ment group).

Through the thumb positioning task, each sub-
ject was instructed to judge whether the test
thumb position is larger or smaller than the
standard position (Group 1) or whether the
test weignt is heavier or lighter than the stand
ard weight (Group 2). The experimental proce-
dure was identical between two groups except
for what she judges. Each subject made judgem-
ents with both right and left thumbs but the
order of the side to start was counterbalanced.

The experimental apparatus is shown in Fig.

1. For both groups, the resting angle between
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Fig. 1. Experimental Apparatus.

trials was set at 30 degrees. The standard angle
was 45 degrees and the comparison angle ranged

between 42 and 48 degrees in one-degree of
seven steps. Each of the seven comparison an-

gles including same degree as the standard was

given seven times for a total run of 49 trials.
As shown in the Fig. 1., a line was tied on the
top of the needle and a magnet plate was attach-
ed on the other end of line through a puliey.

The load was attached on the magnet and used

as the stimulus weight. The weights ranged
seven steps from 24.0 to 36.0 grams at 1.0
gram interval with 30.0 grams as the standard
weight. At the message “Up to standard”, the
subject moved her thumb until being blocked
by a stop set at 45 degrees with standard weight
of 30.0 grams. After holding this position for
three sec, the thumb was returned to the resting
position in response to the instruction “Down
to rest” and hold for 3 more sec. Then at the
next command “Up to test”, the thumb was again
abducted until the comparison angle with one
of seven weight and held for 3 sec. Finally,
the instruction “Judge and down” terminated
the trial. The subject was instructed to say
“Larger” or “Smaller” at the end of each trial.
Eventually, each angle had seven different
weights, making 49 (7 angles times 7 weights)
combinations with no duplication of angle weight
combination. The subjects in Group 2 moved
their thumbs with the same procedure as the

Group 1 and discriminated the weight.

RESULTS AND DISCUSSION

The percentage of responses in which compar-
ison was judged to be larger than standard was

plotted against the comparisom angle (Fig. 2).
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Fig. 2. pictorial presentation of Difference

Limen and Constant Error

The difference limen was calculated as one-half
the difference between the angle or weight
judged larger 75% of the time and that judged
as larger only 25% of the time than the standard
angle or weight, as indicated by GaLANTER
(1962) ' ', Another dependent variable, con-
stant error, was obtained as the difference
between the angle or weight judged larger 50%
of the time and the standard. Since the relation-
ship between per-cent larger judgements and
stimulus intensity was sigmotid rather than linear,
a “probit analysis” was used to estimate the
25th, 50th, and 75th percentiles of each subject’s
responses.

Means and standard deviations of each side
on difference limen and constant error are
given in Table 1 and 2. The difference limen
and constant error between the right and left
thumbs were tested by a related t-test for the

position and weight discrimination tasks respec-



tively. Only difference limen of spatial task
(angle discrimination) showed significant diffe-
rence (t=1.8407, df=24, p <0.05, one-tailed)

between hands.

Table 1. Difference Limen: Means and

Standard Deviations

Group 1 (Space) 2 (Weight)
(degree) (gram)
Side R L R —L_
Mean 1—16 * @ I% 1.38
S.D. 0.429 0.255 0.515 0.636
N 25 25 25 25
% p <0.05

Table 2. Constant Error: Means and

Standard Deviations

G roup 1 (Space) 2 (Weight)

(degree) ~ (gram)
Side R L R L
Mean 0—@ 0—06 —(7.5 -TBO
S.D. 0.415 0.488 0.692 0.765
N 25 25 25 25

The results of this experiment indicated that
the left thumb had more sensitive angular posi-
tion discriminability than the right thumb in the
right handed subjects. Although the experimen-
tal procedure was identical between two tasks,
the observed lateral difference was inconsistent.
In the brain, spatial judgement was dominantly
processed in the right hemisphere as indicated
by other sensory modalities. This might have
caused the left thumb dominance. However, the
weight discrimination ability, which is believed
to be evolutionally old function, was not latera-
lized in the present study. These findings sup-
port the assumption that the direction of lateral

dominance of manual task is predictable.
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