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SUMMARY

In a mental rotation study, if the degree of the rotation angle
of a visual stimulus becomes large, the response time for
congruence judgment increases. Simultaneously, the cranial
nerve becomes active. However, the relevance of the reac-
tion response time to the same mental rotation angle degree
conditions (e.g., the angle difference is 180°), and cranial
nerve activity is unclear. Therefore, this study examined the
relationship between the reaction time for congruence judg-
ment in the degree of the rotation angle of the same visual
stimulus, and the cranial nerve activity that resulted in alpha
attenuation of the index.

Twelve university students (seven male and five female; mean
age = 20.3 years, standard deviation SD = 0.9) judged as
quickly as possible whether two poses corresponded to each
other or not. The angular difference between the two poses
was 0° or 180°. The EEG signals were recorded from Fp1,
Fp2, F3, F4, C3, C4, P3, and P4 electrodes according to the
international 10-20 electrode system, and the frequency
bands of a (8—13 Hz) was analyzed.

The results showed the response time at 0° was faster than
that at 180°, and the response time was correlated with the
amplitude of P4 while judging at 180°.

These results indicated that the 180° visual stimulus needs
to be mentally rotated; the cranial nerve activity of the right
parietal region increases when the response time is quick
and the cranial nerve activity of the right parietal region be-
come comparatively small.
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BACKGROUND

Numerous studies using a mental rotation task have examined the relation-
ship between perceived visual imagery and mental representation. Shepard and
Metzler (1971) concurrently presented participants with two three-dimensional
objects at several different orientations, and requested judgments if the two ob-
jects were same shape or not. The result showed that reaction time for these
judgments increased as the degree of difference between the two objects in-
creased. This result raises the possibility that participants first represent an object,
and then compare the object with other objects using mental rotation. Moreover,
since the reaction time for the judgment became faster when participants were
told the rotation angle of the object in advance, it was inferred that participants
can prepare for mental rotation before manipulating the representation (e.g.,
Cooper, 1976; Cooper & Shepard, 1973).

In contrast, it has been reported that the frontal and parietal regions of the
brain were activated when participants had to mentally rotate or invert from left
to right the direction of a visual object (e.g., Heil, 2002; Zacks, Rypma, Gabrieli,
Tversky, & Glover, 1999). For example, Roberts and Bell (2003) measured the
electroencephalogram (EEG) as male and female university students undertook
two- and three-dimensional object mental rotation tasks. Although males exhib-
ited faster reaction times and more correct responses than females for compli-
cated three-dimensional rotations, the response amplitude of both male and
female right parietal lobe was larger than that of other brain areas. Koscik,
O’Leary, Moser, Andreasen, and Nopoulos (2009) reported that the gray matter
of the parietal lobe in females was larger than that in males, and that this mor-
phologic difference makes the mental rotation task disadvantageous in females.
In contrast, the male parietal lobe area is larger than that of females, which is
more advantageous for mental rotation. Moreover, the synchronization pattern
of the amplitude of alpha 1 (8.5-10 Hz) and alpha 2 (10.5-12 Hz) between the
electrode of the frontal lobe and the parietal lobe increased during the mental
rotation of letters (Thomas, Dalecki, and Abeln, 2013). In the mental rotation and
mental transmission of the others’ body part when compared to the observer’s
own body part, the left posterior parietal lobe was strongly activated (Overney,
Michel, Harris and Pegna, 2005; Overnry and Blanke, 2009; Dhindsa, Drobinin,
King, Hall, Burgess and Becker, 2014; Mikicin and Kowalczyk 2015).

From these reports, it is clear that the response time on the mental rotation
task becomes longer as the degree of the rotation angle of the visual image in
mental rotation increase, and the parietal lobe is activated. However, the relation
of the response time and cortical activity in the same degree of rotation angle
on the mental rotation task was not considered. For example, if the relationship
between the response time and cortical activity in the same degree of the rotation
angle on the mental rotation task is considered, then it becomes possible to eval-
uate response time as an indicator of the cognitive efforts in a cerebral infarction
patient’s rehabilitation during mental rotation.
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We examined the relevance of the response time and alpha attenuation, as
an index of cognitive decision processes activation (e.g., Boiten, Sergeant, &
Geuze 1992; Gevins & Smith, 2000; Stipacek, Grabner, Neuper, Fink, & Neu-
bauer, 2003), in the same degree of the rotation angle of a mental rotation task.
We predicted that the conditions in which the rotation of a visual imagery is re-
quired delays reaction time, since increased cognitive efforts are needed when
compared to the conditions where no rotation is required. Moreover, it is ex-
pected that the alpha wave is attenuated when a quick response time is observed
since the participants increase cognitive efforts to respond quickly to the condi-
tions asked for rotation. In mental rotation, due to activation of the parietal lobe,
we predicted a positive correlation between the response time and the degree
of parietal lobe activity.

MATERIAL AND METHODS

Participants
All experiments were conducted with the approval of the Doshisha University
Ethics Committee for Scientific Research Involving Human Subjects. All partici-
pants signed an informed consent form. Twelve healthy university students (7
male and 5 female; mean age = 20.3 years, standard deviation [SD] = 0.9) par-
ticipated in this experiment.

Task, materials, and design

Participants were required to judge as quickly as possible whether two wooden
dolls were posed in the same way. The poses were presented on a 22-inch wide
CPU monitor, which was placed 50 cm away from the participants’ eyes (see
Figure 1).

After participants received an explanation of the experiment, an electrode cap
(Electro-Cap International, Inc., USA) was placed on their head. The cap was
placed according to the international 10-20 electrode system: signals were
recorded from Fp1, Fp2, F3, F4, C3, C4, P3, and P4 electrodes. Both EEGs and
EOGs were sampled at 500 Hz using an EEG-1200 system (Nihon Kohden, Inc.,
Japan), and band-pass filtered at 0.15-60-Hz. The impedance of all electrodes
was 10 kQ or less.

First, the participant relaxed for one minute with eyes open and one minute
with eyes closed. Next, two wooden dolls were shown simultaneously on the
monitor, one on the left and the other on the right side. There were three possible
poses. The left-side model was presented at a front or rear angle, whereas the
right-side model was presented at 0° or 180°, relative to the front of the pose
(i.e., a front parallel view). The participant pressed “1” with their left index finger
on a ten-key panel if they judged that the models had the same pose, and “3”
with right index finger if they judged a different pose. After the response, the
current percent correct was presented on the monitor. There were 80 trials, in-
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Figure 1. A sample of poses used in this experiment

cluding eight non-task related pictures used to obtain a baseline for analyzing
the EEG data, which were presented in random order. The participants were
free to look anywhere they wanted during the experiment.

Data processing and dependent variables

The data were analyzed by conducting 256-point FFTs (Fast Fourier transforms)
using ATAMAP Il (Kissei Comtec, Inc., Japan). Raw data were analyzed at 1.95
Hz resolution; two 0.51-s units were averaged to yield a 1.02-s epoch for analysis.

The frequency band was a (8—13 Hz). The data that included artifacts were
excluded from analysis. We used content (uV) to compare the transition of data,
and determined the content (uV) remainders for a by comparing the task judgment
data and the observations of non-task—related pictures (the landscape pictures).
That is, the remainders were positive if the content (uV) during the judgments was
higher than those during the observations of non-task related pictures.

Statistical analysis

A two-way analysis of variance (ANOVA) was used for the analysis of the re-
action time and the percent correct responses. All significant effects are reported
at p < .05, with effect sizes reported as n?, and statistical power reported as ¢.
Post hoc comparisons of the means were performed using the Tukey HSD test.
A multiple stepwise regression was used to examine the relationship between
the reaction time and the content (uV) remainders of a data. IBM SPSS Version
22 J (IBM SPSS Japan, Inc., Japan) statistical software was used for all statistical
analyses.

352



Ishikura, Mental rotation and alpha attenuation

RESULTS

Reaction times and correct responses

We used a two-way ANOVA to compare the reaction time between the angular
differences (0 and 180°) and sex differences (male and female). Figure 2 shows
the mean reaction time and standard deviation for each angular difference. The
angle effect was significant, F (1, 10) =37.12, p=.01,n?=.79, ¢ = 1.00. The re-
action time for 0° was faster than that for 180°. The effect of sex difference was
not significant.

To compare the proportions of correct responses as a function of angles (0°
and 180°) x sex (male and female), we used a similar two-way ANOVA. Figure
3 shows the mean proportion of correct responses and the standard deviation.
The main effect of the proportions of correct responses was significant, F (1, 10)
=17.33, p=.01, n?= .63, ¢ = .96. The percent correct at 0° was greater than the
percent correct at 180°. The effect of sex difference was not significant.

Reaction times versus EEG
We used stepwise multiple regression analysis to examine the relationship
between the reaction times and the content (uV) remainders of a for each elec-
trode. The result of the regression for 180° (F(1, 10) = 6.13, p = .03) was signif-
icant. The standardized partial regression coefficient was significant for P4 at
180° (0.62). The regression analysis for 0° was not significant.
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Figure 2. Reaction times for each angular difference
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Figure 3. The proportion of correct answers for each angular difference

DISCUSSION

This study examined the relationship between the reaction time in which the
congruence judgment of the degree of rotation angle of the same visual stim-
ulus occurs, and the cranial nerve activity, which induced the alpha attenuation
of the index. The results suggest that the accuracy of the response time and
the accuracy of response for mental rotation of 0° was faster and more accurate
than that for 180°. These results supported the notion that the judgment reaction
time increased as the degree of difference between the two objects increased in
the mental rotation task (Shepard & Metzler, 1971). The hypothesis of this study
was that the conditions that require rotation of visual imagery are reflected in the
delay of the reaction time. In other words, the cognitive effort required in the 180°
condition was compared with the 0° condition, which required no rotation. How-
ever, we found no difference between the performance of male and female par-
ticipants on the three-dimensional mental rotation task, in contrast to the findings
of Roberts and Bell (2003) Moreover, analysis of the response time and the alpha
wave attenuation indicated that the content becomes smaller as the response
time becomes quicker at P4 in the 180° condition. This result proves that the
right parietal lobe (electrode P4) is activated when the response time is quick,
thereby supporting our hypothesis that alpha wave attenuation is observed when
the response time is quick. This finding is also consistent with the results of
Roberts and Bell’s study, which reported that the response amplitude in the right
parietal lobe in both men and women was larger than that in other brain areas
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during the performance of a complex three-dimensional block design mental ro-
tation task (Roberts and Bell, 2003). According to Overney, et al (2005), Overnry
and Blanke (2009), and Dhindsa, et al (2014), the left posterior parietal lobe is
strongly activated during mental rotation and mental transmission involving the
body part of another person compared to the observer’s own body part. Conse-
quently, in the current study, the results obtained in the mental rotation task in-
volving wooden dolls suggested that the participants’ judgments did not involve
their own body image.

Statement of informed consent
All procedures followed the ethical standards of the relevant committees on
human experimentation (institutional and national) and with the Helsinki Decla-
ration of 1975, as revised in 2000 (5). Informed consent was obtained from all
patients included in the study.
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