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No hemispheric differences for mental
rotation of letters or polygons

WILLIAM COHEN
University of California, San Diego, California

and

JOHN POLICH
Scripps Clinic, La Jolla, California

Hemispheric effects for mental rotation were assessed with letters and polygons presented in
their normal or mirror-image form at various degrees of rotation from upright to the center,left,
and right visual fields. Mean reaction times and error rates for center-field processing were shorter
than for those for either the left or right visual-field presentations. No evidence was found of
any hemispheric differences for either the letter (verbal) or polygon (spatial) stimuli. These results
suggest that the cognitive processes underlying mental rotation are not hemisphere-specific.
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Despite a large number of studies using mental rota
tion paradigms (Cooper, 1975; Shepard & Metzler, 1971)
to explore biological variables relevant to the cognitive
operations underlying observed reaction-time data (e.g .,
Childs & Polich, 1979; Kail, 1985; Kershner, 1979; Loh
man, 1986; Tapley & Bryden, 1977), the neuropsycho
logical locus of the mental rotation effects remains un
clear. Some neurophysiological evidence for superior
right-hemisphere (RH) mental rotation processing has
been reported for lesion studies of humans who have
suffered exclusive left- or right-hemispheric damage:
When required to mentally rotate manikin pictures or
three-dimensional landscape scenes, subjects with RH
damage performed more poorly than did subjects with left
hemisphere (LH) damage (Butters & Barton, 1970; Kim,
Morrow, Passafiume, & Boller, 1984; Ratcliff, 1979) .
However, other lesion data suggest that both hemispheres
can contribute to the performance of these tasks when
stimuli are complex (Butters, Barton, & Brody , 1970;
De Renzi, 1978; Kim et al., 1984) . Electroencephalo
graphic recordings from normal individuals asked to ro
tate three-dimensional cube shapes (Shepard & Metzler,
1971) produced greater RH activity than did control con
ditions, but only at specific measurement sites (Ornstein,
Johnstone, Herron, & Swencionis, 1980; Papanicolaou
et al., 1987) . Additional reports assessing complex
visuospatial performance with these techniques have not
obtained strong RH effects (Galin, Johnstone, & Herron,
1978; Gevins et al., 1979) .
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A similar lack of consistency for the lateralization of
hemispheric differences for mental rotation tasks also has
been reported for behavioral measures . Several mental
rotation investigations using reaction time and perfor
mance accuracy have demonstrated that the RH was faster
and/or more accurate than the LH when either letters or
geometric forms were employed as stimuli, although only
when the angle of rotation from normal was relatively
large (Cohen, 1975; Jones & Anuza , 1982) . Additional
studies have shown that , under some conditions, mental
rotation was carried out in the LH more accurately than
in the RH, with letters and three-dimensional cube shapes
as stimuli (Corballis, Macadie, & Beale, 1985; McGuin
ness & Bartell, 1982; Ornstein et al. , 1980) . When men
tal rotation techniques have been combined with stimu
lus matching procedures, an RH advantage for letter
stimuli and an LH advantage for nonsense line figures
have been reported (Fischer & Pellegrino, 1988; Simion,
Bagnara, Bisiacchi, Roncato, & Umilta, 1980) . Taken
together, these variegated findings suggest that mental ro
tation may not engage only an RH or LH neuropsycho
logical process. Rather, each hemisphere may contribute
to mental rotation effects depending on the exigencies of
the stimulus materials, task parameters, and subject popu
lations, as have been found with other laterality paradigms
(e.g., Hellige, Corwin, & Jonsson, 1984; Moscovitch,
Scullion, & Christie, 1976; Polich, 1986) .

Because of these difficulties, the present study was un
dertaken to provide a straightforward and comprehensive
assessment of hemispheric differences for mental rotation
processes. First, both verbal (letters) and spatial (poly
gons) stimuli were assessed within the same group of sub
jects to determine whether the overall type of stimulus
materials would contribute significantly to mental rota 
tion laterality patterns. Second, the canonical " normal
versus mirror-reversed" judgment task was used to en
sure maximum similarity to previous center-field
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METHOD

Figure 1, Stimulus materials for the letter and polygon items
presented in upright normal and reversed conditions.

Subjects
A total of 24 male subjects (18-24 years of age) were obtained from

undergraduate psychology courses at the University of California, San
Diego . All subjects were strongly right-handed as assessed by a brief
questionnaire (Bryden, 1977) and were screened for vision problems,
learning deficits, and neurological insult. The subjects were given course
credit or were paid for their participation.

The reaction times (RTs) from the four different stimuli
presented at the same degree of rotation and in the same
visual field were used to compute the mean correct RT
for those conditions for each subject. The overall percent
error (PE) was computed from the percentage of incor
rect responses from each of the four stimuli for each sub
ject. Error trials were not included in the calculation of
the RT data. Invalid responses were treated as errors and
defined as pressing both buttons simultaneously or
responding in excess of an arbitrary limit of 3,500 msec
following stimulus presentation. Data from the training
and 24 practice trials were considered as warm-up and
excluded from all statistical analyses.

Each subject was allowed to view the cards any time throughout the
experiment.

Although the letter and polygon conditions were presented separately ,
they employed the same procedures. First , a training phase occurred
in which the four different stimuli were presented tachistoscopically as
upright in both their normal and mirror forms in the CVF to provide
an introduction to the task situation with the simple examples. Each
training-trial block, consisting of eight trials, was ended when the sub
ject completed two consecutive trial blocks without error. The practice
phase consisted of 24 trials with six examples of each stimulus shown
at randomly selected orientations and in any visual field. This proce
dure acquainted the subjects with some of the more demanding aspects
of the task and facilitated accurate responding at the beginning of the
testing phase . Next , the testing phase occurred, wherein each stimulus
in each visual field and every orientation was presented randomly. During
the practice and testing phases , feedback was given only for incorrect
responses . If the subject requested, the stimulus to an incorrect response
could be viewed and studied .

The following sequence of events occurred on each trial : The ex
perimenter said "ready," and, approximately I sec later, the subject
saw a blank white screen for 2,000 msec, followed by a red dot in the
middle of a white screen for 1,500 msec. The stimulus then was presented
for 100 msec, followed by a blank white screen. After 1,000 msec , the
field became dark . The subjects responded with a buttonpress that indi
cated either a normal or reversed judgment. Rest periods were provided
between stimulus conditions and when requested. At the completion of
the experiment, the subject was debriefed about the nature of the study
and possible results .

Reaction Time
The mean RTs from letter and polygon stimuli for each

degree of rotation from upright and normal or reversed
judgment for each of the three visual-field presentation
conditions are illustrated in Figures 2 and 3. A four-factor
(stimulus X judgment X visual field X angle of rotation)
analysis of variance was performed on the mean RTs from
all subjects. This overall analysis demonstrated very
strong main effects for stimulus type [F(l,23) = 54.4,
p < .001], judgment [F(I,23) = 18.8, p < .001], and
angle of rotation [F(3,69) = 73 .9, p < .00 1]. These
results indicate that the mental rotation task produced RT
patterns in the expected manner, independently of visual
field. Thus , subjects took longer to identify polygons than
to identify letters, it was easier for them to identify nor
mal stimuli than mirror-image ones, and, as angle of ro
tation from upright increased, so did RT.

RESULTS
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Apparatus and Stimuli
Stimuli were presented on a Gerbrands three-channel tachistoscope

linked to an lliM/XT computer that recorded response selection and
reaction time for each stimulus condition. The subjects responded by
pressing one of two microswitches mounted in a hand-held box that was
linked to the computer. The stimuli were the four letters F, G, J, R
and four polygons, as illustrated in Figure I . Each letter or figure was
presented in its normal or mirror-image fonn and subtended a visual
angle of 2.8 0

• The stimuli were presented to either the center visual
field (CVF) , the right visual field/left hemisphere (RVF/LH), or the
left visual field/right hemisphere (LVF/RH) . Lateral presentations were
made with the center of the stimulus projected 2.8 0 to the right or left
of fixation. Each stimulus also was rotated from upright in a clockwise
direction at either 00,600

, 1200
, or 1800

, and presented in its normal
or mirror-reversed fonn at each degree of rotation. Hence, the total num
ber of presentations for both the letter condition and the polygon condi
tion was 96 , excluding practice and training trials.

paradigms. Third, a comparatively large sample of right
handed males was employed in order to maximize
hemispheric processing differences. Thus, if mental ro
tation processes for verbal and spatial stimuli are local
ized to one or the other hemisphere, any reasonably con
sistent laterality differences should be detected with the
application of classic mental rotation procedures to a
hemispherically well-differentiated subject population.

Design and Procedure
One half of the subjects received the letters condition first and one

half received the polygons condition first, with half of each group
responding "normal " and half responding " reversed " with the right
hand. Each subject read an instruction sheet that explained the nature
of the stimuli, response requirements, and rest periods. The experimenter
reiterated these instructions and stressed that, while speed was impor
tant, accuracy was essential . For both conditions, study cards, which
consisted of each stimulus shown in its normal and mirrored upright
form , were constructed. The subject studied the cards to learn which
fonn of the letters and polygons was normal and which was reversed.
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A significant effect for visual field was also found
[F(2.46) =8. 12. p < .00 1]. As expected . the subjects
responded faster to stimuli presented to the CVF than to
stimulus presentation to either periphery. with the means
for the CVF . RVF. and LVF at 1.126 . 1.197 . and
1.190 msec, respectively. However . when the data from
LVF and RVF were analyzed separately to assess any
hemispheric interactions. main effects similar to the over
all analysis were found for task. judgment. and angular
departure. but no main effects or significant interactions
emerged for visual-field presentat ion (p > .25 in all
cases). Thus . the RH or LH did not process either stimu
lus type significantly faster than the other for any of the
experimental variables .

Percent Error
The PE data from letter and polygon stimuli for each

degree of rotation from upright and normal or reversed
judgment for each of the visual-field presentat ion condi-

tions are illustrated in Figures 4 and 5. The PE data was
subjected to the same four-factor analysis of variance as
were the RT data. Strong effects were found for stimulus
type [FO .23) = 31.2 . p < .00 1], judgment[FO .23) =
4.9. p < .05], and angle of rotation [F(3 .69) = 18.5.
p < .001]. An interaction between judgment. visual-field
presentation. and angle of rotation from upright also was
observed [F(6.138) = 2.8 . p < .03]. In general. the sub
jects made more errors when identifying polygons as op
posed to letters . and fewer errors when identifying nor
mal rather than mirror- image stimuli; PE increased as the
angle of rotation increased .

A significant effect for visual field also was observed
[F(2 .46) = 3.9 . p < .05]. The subjects made fewer er
rors in response to CVF presentations than to stimulus
presentation to either periphery. with the mean error rates
for the CVF. RVF. and LVF at 9.7% . 13.0% . and
12.3% . respectively . The RVF and LVF data were ana
lyzed separately to assess any hemispheric interactions.
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Figure 2. Mean reaction time from the letter stimuli for normal
and reversed judgments as a function of degree of rotation from
upright for the three visual-field presentation conditions.

Figure 3. Mean reaction time from the polygon stimuli for nor
mal and reversed judgments as a function of degree of rotation from
upright for the three visual-field presentation conditions .
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Figure 4. Mean percent error from the letter stimuli for normal
and reversed judgments as a function of degree of rotation from
upright for the three visual-field presentation conditions.
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Figure 5. Mean percent error from the polygon stimuli for nor
mal and reversed judgments as a function of degree of rotation from
upright for the three visual-field presentation conditions .
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Similar main effects as found for the overall analysis were
obtained for task, judgment, and angular departure.
However, no difference between LH and RH stimulus
presentations were observed (p > .35 in all cases). The
three-way interaction between judgment, visual field, and
angle of rotation was significant [F(3,69) = 4.1,
P < .03], but this most likely reflects the wide variabil
ity of the PE data between the letter and polygon condi
tions (see Figures 4 and 5) rather than a meaningful be
havioral outcome .

DISCUSSION

A standard mental rotation task applied to explore hemispheric differ
ences yielded results similar to those of previous center-field studies .
In general , longer RTs and more PE were observed for stimulus presen
tations at large rotations from upright (Cooper, 1975; Shepard & Metz
ler , 1971) . However, no significant effects between the RYF/LH and
LYF/RH presentations for either the letter or polygon stimuli were ob 
tained . Despite suggestions from previous behavioral mental rota
tion/hemispheric specialization studies on normals that the RH (Cohen,
1975; Jones & Anuza, 1982; Simion et a1 ., 1980) or LH (Corballis et a1.,
19~5; Fischer & Pellegrino, 1988 ; McGuinness & Bartell , 1982 ; Om
stem et al. , 1980) may be more effective for the mental rotation ofdiffer
ent types of stimuli, no statistically reliable evidence for such a differential
efficiency was obtained in the present study.

. As illustrated in Figures 2 and 3, the LH was generally more effi
cient for the letter stimuli, while the RH was generally more efficient
for the ~lygon stimuli. Although these trendsare suggestive, they cannot
be considered as real because of their weak statistical consistency. These
outcomes may represent a failure to reject a null hypothesis that is false
(T ype II error). However, to counter thi s possibility , the present study
was purposefully designed to maximize the likelihood of obtaining sig
nificant hemi spheric differences with a comparatively large sample size
(N = 24) of highly homogeneous (undergraduates) and well-lateralized
(strongly right-handed male) subjects. Hen ce , the experimental condi
nons employed should have been quite sensitive to laterality effects for
thi s tas k , although variations on the procedure with other stimulus
materials (e .g., a matching paradigm with three-dimensional cube stimuli
used in cente r-field mental rotation studies) may yield more consistent
hemispheric differences. Given the lack of reliable laterality results in
~e present stu~y, it is reasonable to assume that if hemispheric processing
differences exi st for mental rotation task s employing letters and poly
gons as stimuli, they are relatively ephemeral. Th is outcome supports
the conclusion of the variegated findings reported previously: despite
the compelling visuospatial nature of the mental rotation paradigm for
center-field presentations, task performance appears to employ both LH
and RH processe s.
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