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In both the psychological and neuropsychological literature, the fact that the two
hemispheres of the human brain are specialized for different component contributions to
cognitive performance is well documented (Geschwind and Galaburda, 1987; Hellige, 1990).
Moreover, these left/right patterns of functional mediation are known to differ from subject
to subject or among groups of subjects in relation to several individual difference variables,
including biological sex, hand preference, and intellectual reasoning ability (Harshman and
Hampson, 1987; O’Boyle and Hellige, 1989). For example, males are thought to be
characterized by a highly lateralized pattern of cerebral organization, while females are
considered to have a more diffuse functional organization (McGlone, 1980; O’Boyle and
Hoff, 1987). Also, left-handers may be less lateralized than right-handers (Bradshaw and
Nettleton, 1983; Bryden, 1982), and adolescents of extremely high intellectual ability may
exhibit enhanced reliance on RH functioning during basic information processing, a capacity
that may contribute to their intellectual giftedness (O’Boyle and Benbow, 1990).

Regarding the latter, Benbow (1986) has reported that the incidence of left-handedness,
myopia and susceptibility to immune disorders are all more prevalent in precocious individuals
as compared to the general population. Given that such characteristics may be considered
“soft” physiological signs of enhanced RH development (Geschwind and Behan, 1982, i.e.,
the fetal testosterone hypothesis), she speculated that the functional organization of the gifted
brain might be somewhat different from that of average ability individuals. Specifically, she
hypothesized that the usual performance asymmetries found on various laterality tasks would
be diminished, or perhaps, even reversed in the gifted (Benbow and Benbow, 1987; Benbow,
1988).

To investigate this possibility, O’Boyle and Benbow (1990) had precocious (i.e., the top
1/2% in intellectual ability as measured by SAT performance at age 13) and matched average
ability subjects perform a dichotic listening for syllables task (cf. Hellige and Wong, 1983)
and a free-union chimeric face task (cf. Levy, Banich, Heller and Burton, 1983). In the
dichotic listening task, average ability subjects exhibited the usual right ear/left hemisphere
(re/LH) advantage, reflecting the specialized capacity of the LH for linguistic processing.
For gifted subjects, however, not only did they recognize more syllables than average ability
subjects, but they were equally accurate with either ear. This pattern suggests that in the
gifted brain the RH plays an uncharacteristically prominent role during information processing,
even for the analysis of linguistic information.

In the chimeric face portion of their study, subjects were required to free-view pairs of
half-faces constructed of a leftside smile/rightside neutral or a rightside smile/leftside neutral
expression of the same person. The task at hand was to decide which of the two faces (one
composite as compared to its mirror image) appears to be the happier. Previous research
has demonstrated that when the side of the face expressing the smile is contralateral to the
RH of the observer, that composite is reliably judged to be the happier (Levy et al., 1983).
This preference is thought to reflect the specialized capacity of the RH for complex
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visuospatial analysis and for the determination of facial affect (Sackheim and Gur, 1978;
Sackheim, Gur and Saucy, 1978). In the O’Boyle and Benbow study, both gifted and average
ability subjects exhibited a RH bias but, as anticipated from their dichotic listening
performance, the gifted were significantly more likely to choose the leftside smile/rightside
neutral composites. This finding is indicative of enhanced RH involvement in the task.
Interestingly, the degree of this RH bias correlated with gifted SAT performance — the
stronger the bias, and thus the greater the involvement of the RH, the higher their SAT
scores. Notably, in a related EEG study O’Boyle, Alexander and Benbow (1991) have
demonstrated that, during chimeric face processing, gifted males (but not females) exhibit
alpha-wave suppression localized to the right temporal lobe (indicative of cortical activation
of this region), while no such lateralized electrophysiological activity was detected in average
ability subjects.

From the findings reviewed above, one conclusion that can be drawn is that the RH of
gifted individuals appears to play a prominent role during basic information processing. Thus,
the present study was conducted to provide converging evidence in support of this enhanced
RH hypothesis. The basic technique employed was the concurrent finger-tapping paradigm
In this procedure, subjects are required to use their left and right hands to unimanually tap
a key as quickly as possible while either sitting silently (the baseline condition), or while
performing some additional mental task simultaneously (the concurrent load condition). In
such dual-task situations, a concurrent verbal task (e.g., reading aloud) is known to produce
a significant reduction in tapping rate for the right hand, leaving left-hand tapping virtually
unaffected (Hellige and Longstreth, 1983; Kinsbourne and Hiscock, 1978; van Strien and
Bouma, 1988). The reasoning here is that the specialized processing resources of the LH
are split between motor control of the right hand and the linguistic requirements of reading
aloud, thereby producing a selective decrement in tapping rate (Hellige and Kee, 1991)
Similarly, for a concurrent spatial task (e.g., encoding a random form into memory), the
left-hand would exhibit a reduction in tapping rate as RH resources would be divided between
control of the left hand and the processing of a spatial input (Dalby, 1980; Kee, Matteson
and Hellige, 1989).

In the present study, of particular interest are the patterns of tapping reduction that may
be observed for mathematically gifted as compared to average ability subjects. In light of
the hypothesis that the RH of precocious individuals is particularly engaged during cognitive
processing, it may be that during performance of a concurrent verbal task, both their right
and left hands would exhibit a reduction in tapping rate. In contrast, those of average ability
would show the prototypical right-hand decrement. Concerning the impact of a concurrent
spatial load, one might anticipate that both groups of subjects would exhibit a reduction in
left-hand tapping rate due to a division of RH resources between spatial processing and
motor control of the contralateral hand. The gifted, however, would exhibit a significantly
larger reduction owing to their enhanced RH involvement during basic information processing.
With these predictions in mind, the present experiment was conducted in the following fashion.

MATERIALS AND METHOD
Subjects

The gifted group consisted of 24 right-handed adolescent males selected from the
Challenges for Youth-Talented and Gifted (CY-TAG) Program at lowa State University
Hand preference was determined using a modified version of the Edinburgh Handedness
Inventory (Oldfield, 1971). These 7th and 8th graders (mean age = 13.2 years) represent the
top 1/4% in mathematical ability as measured by the Scholastic Aptitude Test (SAT). SAT-
Math scores for the gifted group ranged from 550 to 800 points, with a mean score of 670.
On this test, 200 is the minimum and 800 is the maximum. The 16 males comprising the
average ability group were recruited from a local junior-high school and matched for age
hand preference and socioeconomic status. By definition, average ability subjects were unable
to successfully complete the SAT-Math exam. Both groups were screened for neurological
disorder and current medication use. Gifted subjects participated on a volunteer basis, while
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average ability subjects were paid $ 10.00.

Procedure

Subjects were asked to tap a key with their left or right index finger for 10 secs while
they sat silently (Control Condition), read a paragraph aloud (Verbal Load), or encoded a
random form into memory (Spatial Load). In the concurrent verbal task, subjects were
instructed to read a paragraph for comprehension and to continue reading to the end of the
paragraph, even though the time interval for tapping would have elapsed (as indicated by
the sound of a beep). Upon completion, they were given a multiple-choice question about
its content. In the concurrent spatial task, subjects were asked to memorize an “exploded”
Vanderplas and Garvin (1959) form. The term exploded refers to the fact that each target
form was split into quadrants separated about 9 mm from each other. Subjects were instructed
to mentally pull the quadrants together and to encode the form as it would appear if all four
parts were joined at the center (O’Boyle, Van Wyhe-Lawler and Miller, 1987; see Figure
1). Upon completion of the tapping interval, subjects were required to point to the intact
target form within a 5X6 matrix of distractors. In all conditions, the tapping key was
positioned at body midline, approximately 35 cm in front of the subject. During the concurrent
tasks, stimuli were mounted on cardboard and placed about 50 cm from the subject at eye-
level. The number of taps in a given 10 sec time interval was monitored using a
microcomputer.

Design

All subjects were given a set of a practice trials (with each hand) to familiarize themselves
with the tapping apparatus. Subsequently, they were given two, 10 sec intervals per hand,
in each of the three experimental conditions for u total of 12 tapping trials. To control for
order effects, the sequential combinations of hand and task were counterbalanced across
subjects in each group. Within groups, half of the participants began finger-tapping with
their left hand and the other half with their right hand.

RESULTS

For both groups, the dependent variable of interest was the reduction in tapping rate for
the left and right hands during concurrent verbal and spatial task performance (relative to
baseline). Thus, the tapping data for each of the two concurrent load conditions were evaluated
independently. Mean number of taps per sec as a function of group membership and task
can be seen in Figures 2 and 3.

Concurrent Verbal Task

A 2 Group (Gifted/Control) X2 Hand (Left/Right) X2 Load (Baseline/Verbal) mixed
design Analysis of Variance (ANOVA) was conducted on the mean number of taps for each
of the eight experimental conditions. The results of this analysis revealed significant main
effects for Group (F=5.042; d.f.=1, 38; p=.028), Hand (F= 19.680; d.f.= 1, 38; p<.001)
and Load (F=50.016; d.f.= 1, 38; p<.001). Essentially, the gifted tapped faster than average
ability subjects; the right hand tapped faster than the left hand; and irrespective of Hand or
Group membership, subjects tapped faster at baseline than in the verbal load condition
Moreover, a significant Hand XLoad interaction (F=10.561; d.f.=1, 38; p=.002) was
obtained. Post-hoc analyses using Duncan’s Multiple Range Test (Duncan, 1955) revealed
that right-hand tapping was significantly reduced by the concurrent verbal load (p<.05),
while left-hand tapping was not. Of particular importance is the presence of a marginally
reliable Group X Hand X Load interaction (F=3.747; d.f. =1, 38; p=.057) indicating that the
pattern of interference produced by the concurrent verbal load was different for gifted as
compared to average ability subjects

In light of this higher-order interaction, independent 2 Hand X 2 Load repeated measures
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Fig. 2 - Mean taps per second for the left and right hands of gifted and average ability subjects
during baseline and concurrent verbal task performance

ANOVA'’s were conducted on the tapping data generated by each group. As depicted in
Figure 2, for average ability subjects, there were significant main effects for Hand (F=4.387;
df.=1, 60; p=.038) and Load (F=23.282; d.f.= 1, 60; p<.0001), with the right hand tapping
faster than the left hand and the concurrent verbal task reducing tapping rate relative to
baseline. Of particular interest is the finding of a significant Hand X Load interaction
(F=5.078; d.f.= 1, 60; p=.026). Post-hoc evaluation of this effect revealed that for average
ability subjects, only their right-hand tapping rate was significantly reduced relative to baseline
under the conditions of the concurrent verbal load (p<.05). Their left-hand tapping rate was
essentially unaffected.
For gifted subjects, there were again significant main effects for Hand (F=8.446; d.f.= |

92; p=.004) and Load (F=13.996; d.f.=1, 92; p<.001), with the right hand tapping faster
than the left hand, and reliably fewer taps per sec in the concurrent verbal load condition
as compared to baseline. In contrast to average ability subjects, however, there was no
significant Hand X Load interaction (F=.281; d.f.= 1, 92). In the gifted, both their left and
right hand tapping rates were significantly reduced in the concurrent verbal task condition.
Notably, gifted and average ability subjects did not differ with respect to their ability to
answer the question following the paragraph, suggesting equivalent comprehension levels
for the two groups (Gifted=46%, Average =39%: t=.806; d.f. =39; p<.43).

Concurrent Spatial Task

A 2 Group (Gifted/Control)<2 Hand (Left/Right) X2 Load (Baseline/Spatial) mixed
design ANOVA revealed significant main effect for Group (F=4.691; d.f.= 1, 38; p=.034),
Hand (F=75.881; d.f.=1, 38; p<.001) and Load (F=5419, d.f.=1, 38; p=.024). As can
be seen in Figure 3, gifted subjects tapped faster than average ability subjects, the right hand













