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A Fundamental Study of Tool Embodiment for Human Dynamic Analysis Relating
to Handling and Stability of Driving
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In the course of formulating methods for evaluating
the handling and stability of driving an automobile,
attention was focused on embodiments of the size of
the automobile and its movements, which the operator
absorbs into his or her own sensorimotor system. An
experiment was devised to clarify the relationship
between embodiment and sensorimotor activity. The
experiment involved cutting paper with scissors in a
virtual reality environment, where that action would be
considered equivalent to steering an automobile from
the perspective of processing sensorimotor system
information.

In a virtual reality environment, the sensory
quantity that accompanies activity is provided to
the operator as feedback information. When this
information was changed in various ways, the
corresponding changes that occurred in the cerebral
blood flow clarified the relationship between the
feeling of actual operation generated during operation
and the activity of the central nervous system. It
was also found that the feeling of actual operation
requires an appropriate sensory quantity to be
presented, and that time delay in presenting the
sensory quantity alters the feeling of actual operation.
This experimentation during the manipulation of
tools produced results that led to new ideas regarding
evaluation of the handling and stability of driving of
automobiles from the perspective of embodiment. In
other words, it led to the proposal that it is necessary
to evaluate the sensory information generated during
driving.
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Table 1  Experimental tasks for measurement of brain
VTR observation

H Real task VR tasks task

[%]

L \ \

c

Q | " | X i

T Real paper |VR paper Auditory and |Observing

S | with real with VR tactile video

E | scissors scissors sensory recording of

g generated information |real task

5 using sensor | added to performed by
glove on task at left  |someone else
right hand
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Vibrators on right-hand glove. Five small
motors are placed at circled locations on
the tops of the fingers and one on the
palm.

\
»

/

Fig. 2 VR environment with right and left hands, a
pair of scissors, and a sheet of paper
displayed by CG
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VTR observation
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information

Fig. 3 Experimental result for measurement of brain
activation
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Table 2 Results of Scheffe’s method of paired
comparison with Nakaya’s modification

Source Sum of Degree Unbiased F

squares of variance

freedom

Total 100 48
Main effects 85.187 3 28.395 241.54
Main effects x 9.3125 21 0.4434 3.7721
personal
Combination 0.5625 3 0.1875 1.5949
effects
Error 4.9375 42 0.1175

Here, F( 3,7,0.01)=8.451252 < 241.54, F(21,7,0.01)=6.132382 > 3.7721,
F(3,42,0.01)=4.285255 > 1.5949
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