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Abstract.

Two experiments were conducted to explore the relationship between eye movement and perception of an ob-
ject's shape by touch. In Experiment 1, subjects’ eye movements were recorded during the exploration of object
by touch. In Experiment 2, recognition of the shape of objects by touch was compared when eye movements were
suppressed and when natural eye movements were allowed. Analysis shows that there is a specific pattern of eye
movement in each subject during tactile exploration and these eye movements affect the perception of shape by

touch.

In general, there are two types of studies of eye movement during problem-solving tasks.
One type of study investigates the strategy of problem-solving by detecting where the subject is
looking. The other type investigates the relationship between brain activity and eye movement
during problem solving (Takeda,1994) . Both types of studies examine the relationship between
information processing and eye movement.

Some researchers have found that the number of eye movements increases during
problem-solving tasks (Stoy, 1930; Lorens & Darrow, 1962; Amadeo & Shagass, 1963);
however, Nakamizo (1971) found that the number of eye movement did not increase during a
mental arithmetic task, so results are inconsistent, although it is certain that there are relation-
ships between eye movement and some psychological tasks (Koga, 1983; Yamada, 1983).

We were interested in the relationship between perception of an object’s shape due to touch
and eye movement. An object’s shape can be perceived in both visual and tactile modalities. In
other words, we are capable of recognizing the shape of objects by touch alone. If there are
some relationships between eye movement and problem solving, may specific eye movements be
observed during tactile exploration? What kinds of eye movement pattern appear during per-
ceiving the shape of object by touch? Is the ability to perceive the shape of an object by touch
affected if eye movement is controlled?

In Experiment 1, eye movement was recorded by an eye movement analyzer during the ex-

ploration of object’s shape by touch. In Experiment 2, we investigated whether the suppression
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of eye movement affects the ability to perceive shape by touch by using a cross-modal matching
task. Were there differences in performance on the matching task between the condition with
suppressed eye movement and that with natural eye movement would suggest the possibility

that eye movement plays a role as a cue in recognition of the shape of an object by touch.

EXPERIMENT 1

In Experiment 1, while subjects explored an object tactilely to determine its shape, their eye

movement patterns were recorded using an eye movement analyzer.
Method

Subjects. The subjects were 9 female students, all of them were 19 years old, recruited
from Oita Prefectural College of Arts and Culture. The subjects were divided into two groups
arbitrary according to experimental conditions.

Apparatus. An eye movement analyzer (TALK EYE: TAKEI KIKI KOGYO CO.LTD.) was
used to analyze and record eye movement during tactile exploration.

Stimuli. The stimuli consisted of "codon” which provide a complete basis for describing any
wiggly curve and hence can be used to enumerate a class of silhouettes (Hoffman & Richards,
1982) . Codon quadruples were chosen as stimuli (Figure 1, see Richards, koendeeink, &
Hoffmanet, 1988) . A codon was made of white plastic board, 0.7 c¢m thick and 6 cm in size.
Each stimulus was stuck on a black paper panel (20X20cm) .

Procedure. With the subject wearing the eye-movement analyzer, the first stimulus on her
lap and covered with 23 X 23 X 15cm enclosed box. So the subject could not see the stimulus.
Then the subject’s right hand was guided to the stimulus by the experimenter. The subject was
asked to explore the stimulus for 20 sec by active touch (Gibson, 1962) and then to describe its
shape. Subjects were instructed not to close their eyes and see the forward wall naturally, that
was natural eye-movement. During the exploration, subjects’ eye movements were recorded by
the TALK EYE system. Half of the subjects were presented six codon, from No.l to No.6,
and the remainder were presented stimulus No.7 to No.12. Only six stimuli were presented be-
cause it was uncomfortable for the subject to wear the eye movement analyzer for more than 20

min.
Results and Discussion
Traces of the eye movements of each subject corresponding to each stimulus are shown in Fi-

gure 1. The eye movements of subject 1 for codon No.4 and subject 4 for codon No.6 were not

recorded because of computer failure, so those parts of Figure 1 are left blank.
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Figure I. Traces of eye movements during the exploration by touch.
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Traces of eye movements seem to suggest there is a pattern of eye movement for each subject
during the tactile exploration of objects. Within each subject the traces of eye movement for
each codon are similar to each other. However, although it seems that the outline of the eye
movement was consistent for each subject, there are subtle differences within the trace for each

codon. Those differences may reflect the differences among shapes of codons.

EXPERIMENT 2

In Experiment 1, we found that there was the same pattern of eye movement during the ex-
ploration of the shapes of objects for each subject. In Experiment 2, we investigated whether
performance on the shape-perception task differed between the condition with eye movement

suppressed and natural eye movement.
Method

Subjects. The subjects were 28 female students recruited from Oita Prefectural College of
Arts and Culture. They were all 18- or 19-year-olds. The subjects were divided into two
groups arbitrary according to the experimental conditions.

Apparatus. Data collection was controlled by NEC9801-FApersonal computer with a
keyboard. The comparison stimuli were presented on the screen at a viewing distance of about
40 cm.

Stimuli. The sample stimuli were same as those used in the Experiment 1.

The comparison stimuli were presented on the CRT in a 3 x 4 matrix of blue line drawings.

Procedure. The task was a type of cross-modal matching to sample. The subject faced the
CRT of the computer and the two experimenters sat on each side of the subject. One experimen-
ter presented the sample stimulus, which were same stimuli as in Experiment 1, the same way
as in Experiment 1. The other experimenter operated the computer. One experimenter pre-
sented the stimulus with a box put over the stimulus on the subject’s lap and guided the sub-
ject’s right hand to the stimulus. The subject was asked to explore the stimulus for 5-sec by ac-
tive touch (Gibson, 1962) without seeing it. After 5 sec the stimulus was withdrawn and 12
stimuli (codon line drawings) were presented on the CRT. The subject had to choose the stimu-
li which corresponded to the one she has touched by typing the key corresponded to the stimu-
lus position on the CRT simultaneously. The order of presentation of sample stimuli and the
positions of comparison stimuli on the CRT were randomized on every trial.

Each subject was tested with 12 codons. It was possible to give 12 stimuli to the subjects,
because they did not wear the eye-movement analyzer. There were two experimental
conditions. Half of the subjects had to fixate a point on the center of the CRT during the ex-
ploration (suppressed eye movement), The remainder of the subjects were allowed natural eye

movement during the exploration, that is, instructed to look at the CRT naturally. Previously
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we tested whether subjects continued to fixate the center of CRT when instructed to fixate by
using the eye-movement analyzer (TALK EYE) . The results of this test suggested that we
could control the subject’s eye movement by instruction.

Results and Discussion

The results of Experiment 2 are shown in Figure 2 and Figure 3.
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Figure 2. Percentage of correct responses Figure 3. Mean reaction time in suppressed
in suppressed eye movement condition and eye movement condition and natural eye
natural eye movement condition. movement condition.

Figure 2 shows the mean percentage of correct responses in the two conditions. A significant
difference was found between success on the suppressed eve-movement and natural
eve-movement (t=3.55, df=24, p <0.01). The percentage of correct responses in the condition
with natural eye movement was higher than that with suppressed eye movement. Figure 3
shows the mean reaction time for responses, which was significantly longer in the natural

eye-movement condition than in suppressed eye-movement condition (t=2.59, df=é4, p <0.02)

GENERAL DISCUSSION

Tow main conclusions can be drawn from these studies. First, there are regular patterns of
eye movement specific to each subject during the exploration of objects by touch (Experiment
1). Second, there is some relationship between eye movement and the ability to perceive an ob-
ject’s shape by touch (Experiment 2) . Specifically, the percentage of correct responses in the
task requiring perception of shape by touch was higher when eye movements were natural than

when eye movements were suppressed.
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There are many reports of relationships between cognitive tasks and eye movement, but not
tactile tasks like as in our experiments. However, little is known about individual differences
in the pattern of eye-movements during the tasks. According to Takeda (1994), the cognitive
style of the subjects is reflected in the scanpaths elicited during a task required comparisons of
figures.

The specific patterns of eye movement during the exploration of an object’s shape suggest the
possibility that the information processing involved in the perception of shape by touch pro-
duces movements of the eyes as a side effect. These movements would not influence the cource
of the information processing but arise purely as a consequence of it, similar to the phenomena
of lateral eye movement (Day, 1964: Duke, 1968; Weiten & Etaugh, 1973) . However, some of
the eye movements recorded in our studies were not mere movements to the right or left. Sug-
gesting a need to explore the relationship between each pattern of eye-movement and the shape
of the codon presented. This may answer why suppressive eye-movement makes this kind of
cross—-modal matching task difficult. ’

One possible reason for lowered performance in the condition with suppressed eye-movement
concerns attention. Some level of attention may be necessary to fixate a point on the screen,
leaving less attentional resources for the task of perceiving shape. Such dispersion of attention
might result in decreasing the percentage of correct responses. However, we seem to be able to
fixate a target without attention. If so, the subjects recognize the shape of objects in suppres-
sed eye movement condition. The subject might have used eye movement as a cue for the recog-
nition of the shape without consciousness. In the suppressed eye-movement condition,
however, they could not use eye movement as a cue. For this reason, performance in the natu-
ral eye movement condition was superior to that in the suppressed eye movement condition. We
may be able to speculate that the differences in subjects’ confidence were reflected in the diffe-
rent mean reaction times in the two conditions. In brief, because subjects had high confidence
in their ability to discriminate the shape of the object in the natural eye movement condition,
they tended to search until they found the exact target. In contrast, in the suppressed eye
movement condition subjects had low confidence in their ability to discriminate the shape and
were therefore more influenced by the request to respond as soon as possible.

In conclusion, eye-movement affects performance in this cross-modal matching task matching
between perceptions of the shape of an object shape by touch and by vision. These eye move-
ments are subject-specific and may be systematically related to the shape of the perceived
object. However, these are only exploratory experiments. We are currently engaged in more

sophisticated experimental work which aims to specify these relationships in detail.
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