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spatial updating in a virtual navigation task
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The ability to navigate one’s environment is a fundamental survival skill. Spatial updating enables
the navigator to keep track of the spatial relationship between themself and their surroundings when
moving. Recent noninvasive studies that simulate spatial navigation using virtual reality and photos
of scenes have identified parallel activation of multiple brain regions. However, it is unknown if the
above activated brain regions are associated with spatial updating or with other cognitive processes.
Furthermore, recent studies suggest different theories: 1) Wang and Spelke (2002) suggest that
egocentric spatial representation dominates, wherein the subject is in the center of the reference
frame coordinates, whereas 2) Burgess (2006) suggests that both egocentric and allocentric (the
center of the reference frame is independent of the subject) representations are processed in parallel
during updating and navigation. The aim of the present study was to record electroencephalograms
(EEGs) while the subjects updated their locations during navigation. To this end, event-related
potentials (ERPs) were recorded the moment subjects entered spatial reference points and updated

their locations in a virtual environment.
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1) Virtual navigation task

Twelve healthy right-handed male subjects participated in the study. The subjects were seated 1 m
from a 20-inch LCD monitor in a chair. After setting up the EEG electrodes, the subjects were
required to manipulate a joystick with their right hand in order to navigate the virtual town presented
on the monitor. The subjects were required to sequentially trace the checkpoints from 1 to 10 along
the green line by manipulating the joystick (control phase). When subjects entered each correct
checkpoint, a beep sound was generated. After these 3 learning trials (control phase), the subjects
were required to perform the same task 3 times, except that the 10 circular checkpoints and green
line were not shown in the virtual town (test phase). However, the same beep sound was generated
when they reached each spatial reference point corresponding to each checkpoint.
2) Data analysis

The EEG data were analyzed using Matlab (\V7.10.4) with the EEGLAB toolbox. After
eliminating noises, ERPs were aligned at the moment when the subjects arrived at the checkpoints
(control phase) or spatial reference points (test phase), and averaged. The ERPs were then analyzed

by the SLORETA method (Pascual-Marqui, 2002) to estimate the current source density.
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1) Behavioral results
Elapsed time was significantly increased in the test phase compared with the control phase. These

results suggest that cognitive demand was larger in the test than in the control phases.



2) Neurophysiological results

In the test phase, more prominent vertex-positive ERPs peaking at 340 ms were observed in the
fronto-parieto-occipital area compared to the control phase. Current source density analysis of the
ERPs indicated that multiple parallel neural systems were active during spatial updating; posterior
cingulate cortex, posterior insula cortex, superior frontal gyrus including the medial frontal cortex,
retrosplenial cortex, parahippocampal cortex, entorhinal cortex, hippocampus, lingual and fusiform
cortices, middle and inferior temporal cortex, and inferior parietal lobule.
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Current source density analysis of the ERPs indicated that multiple parallel neural systems were
active during spatial updating. Humans navigate their environment by dynamically updating spatial
relations between their bodies and important landmarks in the surrounding environment using an
egocentric system (Wang and Spelke, 2002). This dynamic egocentric system includes a path
integration subsystem and a view (familiar landmarks)-dependent place recognition subsystem
(Wang and Spelke, 2002). The present study indicated that these 2 subsystems were activated; the
posterior cingulate cortex and posterior insular cortex in self-motion sensation during path
integration, and the parahippocampal cortex in a viewpoint-dependent system for
landmark-dependent place recognition. A human behavioral study suggests that these 2 subsystems
interact and their information is integrated (Kalia et al., 2013). Furthermore, behavioral studies
suggest that the egocentric system and allocentric system work in parallel during spatial updating
and navigation (Burgess, 2006; Harvey et al., 2008). The present results indicate a parallel activation
of allocentric (hippocampus) and egocentric (parahippocampal gyrus) systems. Our results provide
neurophysiological evidence that humans use multiple spatial representations with different
reference frames for spatial updating during navigation. On the other hand, the inferior medial
occipital lobe (lingual and fusiform gyri), right inferior temporal cortex, parahippocampal cortex,
and hippocampus, which were activated during updating in the present study, are associated with
route learning in a real environment (Barrash et al., 2000). These findings suggest that not only

updating processes but also learning and consolidation processes take place simultaneously.
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