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Neuropsychological mechanisms of eye move-
ments accompanying thinking
Yoko Hoshi, Shing-Jen Chen

Introduction

Shifting gaze during difficult cognitive activ-
ities, such as thinking, is a very common phe-
nomenon in our daily life, while its underlying
neuropsychological mechanisms remain contro-
versial. Previous studies on adults subjects
have indicated that in gaze-shifting the atten-
tion is disengaged from processing the incoming
information from the environment, thus making
Fur-

ther studies on children have suggested that a

concentration on cognitive tasks easier.

developmental approach to this phenomenon
might shed some lights on its mechanisms. To
specify the difference between children and
adults in this process, we compared the eye
movement performance of children with that of
the adults by using an eye-tracking system and
also employed near-infrared spectroscopy to

examine the neural basis of the gaze shift.

Methods

Nineteen adults (8 women, 11 men, ranging in
age from 22-29 years) and 30 children (15 girls,
15 boys, ranging in age from 5-13 years) par-
ticipated in measurements of eye movements by
an eye-tracking system (Voxer, Nac, Japan).
Thirteen adults (7 women, 6 men, ranging in age
from 21-29 years) participated in NIRS mea-
surements (OMM3000, Shimazdu, Japan). For
adults, 11 mental tasks, such as verbal fluency
task and visuospatial imagery task, were used
to elicit gaze shift. For children, 25 questions

mainly consisting of riddles were used. Sub-
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jects sat on a chair and were instructed to see
the fixation point on the wall 4 m in front of
them while listening to a question which was
presented verbally by an experimenter from
behind them. A field camera was placed about
In NIRS

measurements, subjects were instructed to look

10 cm behind the subject’s shouder.

at the video camera in front of them while
listening to the questions. Eye movements
were recorded simultaneously with NIRS mea-
surements. A total of 24 areas in the bilateral
lateral frontal regions were recorded? mea-
sured by NIRS, and changes in oxygenated Hb
(oxy-Hb), an indicator of changes in rCBF,
were analyzed in an event-related design.

The camera coordinate system space (CCSS,
480 by 640 pixels) was created by imposing the
view image taken by a field camera, standing
390 cm in front of a blank screen, onto the eye
marks (eye positions) display image. A circle
occupying the whole CCSS was divided into 8
equal radial areas emcompassing a 45 degree
angle at the center of the circle. The direction
of every gaze-shift was decided by setting the
initial fixation point at the center and reading
out the direction of the new gaze. The number
of gazed point, defined by eye marks staying
within an area of 50 pixels for more than 0.1
second, was counted for each of the 8 areas.
The area with the largest number of gazed
points was designated as the subject’s direction

of gaze-shift.

Results

Directions of gaze shift differed across individ-
uals, but were consistent within individuals
irrespective of type of questions in 15 of the 19
subjects, including 4 subjects who did not shift
For the

remaining 4 subjects, their directions of gaze

their gaze during all the trials.

shift varied according to the question type but
were limited to one or two areas in each task.
When subjects could not easily produce
answers, their gaze shift frequency increased.
The subjects with distinct directionality of
gaze-shift moved their eyes within the individ-
ual, unique areas; however, directions of each
individual eye movement from one gazed point
to another were not necessarily the same as
those of the resulted gaze-shift directionality.
Twelve of the 19 subjects had also participated
in a previous study 6 months earlier in which
questions asked were similar in type to the
present one. These subjects showed the same
patterns of gaze-shift as observed in the previ-
ous study.

Unlike adults, all younger children (5-7 years of
age) moved their eyes outside of the ccss, thus
resulting in no directionality. In contrast, four
of six 10-year old children tended to move their
eyes within the camera coordinate system, but
their directions of gaze-shift varied according
to the type of questions. When they could not
produce answer easily, their eyemovements
went outside of the camera coordinate system
like those of the younger children. The
remaining two 10 year-old children showed
adult-like patterns of gaze-shift: they showed
task-independent directionality of gaze-shift.
Four 11-year-old and two 13-year-old children
showed the adult patterns.

Gaze-shift was observed to be accompanied by
increases in oxy-Hb in the lateral prefrontal
cortex and/or the lower premotor cortex uni-
laterally or bilaterally in all the 13 subjects,
although localization of activated brain areas

varied with each subject.

Conclusions

The present results do not support the recent
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idea that the primary function of gaze-shift is to
disengage the attention away from the environ-
ment. Here, we propose an alternative inter-
pretation that gaze-shift is a behavior to orient
our attention to, and locate the imaginary
cognitive space (5, 6) and to facilitate cognitive
operations in that space. Our results concern-
ing gaze-shift-related activation of the lateral
PFC and the lower premotor cortex support
this interpretation. Adults are expected to
know how to get access to their individual
cognitive space and how to operate within it
through their live experiences, while children
do not seem to be able to locate this space
easily nor how to effectively operate within it
until 10 years of age. It is suggested that
because of the relative lack of ability in access-
ing this space, younger children move their
heads or bodies in stead of their eyes, thus
resulting in their eye marks darting outside of
the camera coordinate system. QOur data also
suggest that 10-year-old seems to be a critical
period for the development of thinking-related

eye movements.
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