
Analysis of Eye Hand Interaction in Drawing
Figure and Letter

For the Development of Handwrite-Training Device

Yumiko Muto1 and Takeshi Muto2(&)

1 Department of Information Processing, Interdisciplinary Graduate School of
Science and Engineering, Tokyo Institute of Technology, 4259 G2-1, Nagatsuta,

Midoriku, Yokohama, Kanagawa 226-8503, Japan
muto.yumiko@gmail.com

2 Faculty of Information and Communications, Bunkyo University, 1100,
Namegaya, Chigasaki, Kanagawa 253-8550, Japan

muto@shonan.bunkyo.ac.jp

Abstract. We investigated the eye hand interaction by focusing on the position
of fixation, in order to clarify the role of eye in drawing. In the experiment,
participants were asked to draw the simple circle and popular Chinese letters
under the three different conditions; drawing by using the pen which is out of
ink, tracing and drawing. The result showed that three modes of eye-hand
behaviour were observed. We suggested that these three modes should be
considered to develop the training device to realize more effective
handwrite-training.

Keywords: Handwriting � Handwrite training � Eye-hand interaction �
Motor control

1 Introduction

Human beings can express their individualities or sensibilities through drawing of
characters and figures. Handwriting training is for drawing figures and letters by using
writing instruments in order to write or draw such hand-written letters or drawing
accurately and beautifully. In conventional handwriting training, tracing of letters using
a writing instrument such as a pen or a transcription while looking a copybook is a
common method, based on the view point of motor learning.

On the other hand, in recent years, a technique to more effectively perform the
handwriting training by providing sounds or images using computer technology has
been proposed (e.g., a handwrite-training device for training in visually exchanging a
model draw-stroke motion with another person [1]). The above-mentioned studies were
different from the handwriting training based on the motor learning conventionally
used and reported that effective handwriting training could be achieved by providing
controlled sensory information to a trainee.

According to the above-mentioned backgrounds, in this study, authors focused on
the point that the draw-stoke of handwriting was principally performed based on the
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sensory information from eyes, we investigate the relationship between eye information
and motion control in handwriting, aiming at developing the handwrite-training device
in consideration of the position of fixation. Specifically, we analyze time variation
processes of spatial positions of tips of a position of fixation and a pen in handwriting
by using an eye mark recorder and extract patterns of positional relationship of the pen
tip and the position of fixation.

2 Related Study

Few studies on the sight line during drawing letters or figures had been performed by
the year 2000, and early studies were conducted by measuring the sight line of a
professional painter [2, 3]. However, in recent years, studies of the role of the sight line
in drawing of simple lines or figures are gradually conducted with average test subjects.
As a result, the study revealed that the sight line and the hand movements had a
bilateral relationship [4]. In addition, Tchalenko measured the sight line in drawing of
simple straight line, curve, and square and reported two types of signature sight lines
(1. a sight line following a pen tip and 2. a sight line for watching a target point such as
an endpoint of a line prior to the movements of the hand) [5]. In the studies of the
reaching movements and the holding movements, it has been reported that the coor-
dination of the sight line and the hand movements becomes strong when the sight line
moves following a moving object [6, 7].

3 Experimental Approach

3.1 Experiment Device

In this study, we created an experiment environment as shown in Fig. 1 in order to
measure the movements of the position of fixation during the draw-stroke motion.
A test subject wore an eye mark recorder (EMR-8B, NAC Image Technology, Inc.) and
wrote, with a ballpoint pen, on a B4-size white plain paper attached on a 19” LCD
monitor (LCD-AD195 GB, I-O DATA DEVICE, Inc.) placed in front of the subject at
a distance of 47 cm from a subject’s eye. All experiments were conducted in a quiet
room with sufficient illumination.

3.2 Experiment Condition

This experiment was started after the test subject wore the eye mark recorder and then
the recorder was sufficiently calibrated. The test subject was asked to see a sample of a
perfect circle (with a 0.5 mm thick black solid line having a diameter of 10 cm) drawn
in a center of the B4-size white plain paper for a few seconds in order to recognize a
task figure. From prior studies, it had been known that the position of fixation of the
subject moved to the corners in each time figures with corners were presented and
therefore the movements of the position of fixation become complex in whole [4, 5]. In
addition, if small figures were presented, drawing time become short, and the basic
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movements of the position of fixation were hardly captured. For the above reasons, this
study adopted a slightly large perfect circle with the diameter of 10 cm as the task in the
Experiment #1 in order to clearly investigate the basic movements of the position of
fixation during the draw-stroke motion. As the task in the Experiment #2, drawing
relatively simple Chinese letters “田”, “永” for Japanese inside of 10 × 10 cm square
were adopted.

In the experiment, the following three different conditions were prepared, and the
test subject drew the perfect circle as the task figure clockwise in one stroke (Exper-
iment #1) or the target letter in usual stroke order (Experiment #2) on the white plain
paper attached of the LCD monitor once in each condition. Only in the Experiment #1,
in order not to arise variations in the starting point of writing among all test subjects, a
red “+” symbol in 1 cm square size was presented on the LCD monitor (at a position of
5 cm above the center of the paper) for only one second after the start of the
experiment.

(a) No Ink Condition: Draw a circle with a pen which did not leave the handwriting.
(b) Normal Condition: Draw a circle with a pen (black).
(c) Tracing Condition: Trace a task figure drawn on a paper; use a pen without ink

as the condition (a).

3.3 Analysis

Acquisition of Coordinate Data of Position of fixation and Pen Tip. The move-
ments of the position of fixation and the pen tip for each test subject were recorded with
a CCD camera of the position of the eye mark recorder mounted on a head of the
subject as video of 29.97 fps with superimposed position of fixation pointers. The video
data was processed as follows by using a motion capture software (PV-studio 2D, L.A.
B Inc.) and converted into coordinate data in time series. After correcting the lens
curvature, we used tracking functions of the software to extract the time series data of
the coordinates of both the position of fixation pointer and the movements of the pen

Fig. 1. Experiment environment
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tip. After that, we converted the time series data into the absolute coordinate system in
which a yellow marker point attached on an upper section of the monitor was deter-
mined to be a reference point. Furthermore, we calculated draw-stroke time in each
condition through the method.

Analysis on Position of Fixation Point. First, we calculated the distance d(t) between
the fixation point and the pen tip from the fixation point (xeðtÞ; yeðtÞ) and the coordinate
of the pen tip (xpðtÞ; ypðtÞ) at a given point in time d(t) based on the following Eq. (1).

dðtÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðxeðtÞ � xpðtÞÞ2 þ ðyeðtÞ � ypðtÞÞ2
q

ð1Þ

Also, in order to investigate the movement of the position of fixation in which the
subject watches the endpoint prior to the hand movement, we determined min d(t).
newly calculated with the Eq. (2) in this study.

mindðtÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðxeðtÞ � xpð~tÞÞ2 þ ðyeðtÞ � yð~tÞÞ2
q

ð2Þ

where min d(t) is the shortest distance between the fixation point (xeðtÞ; yeðtÞ) at time t
and the path of the draw-stroke, and the (xpð~tÞ; ypð~tÞ) is the coordinates on the path of the
draw-stroke indicating the shortest distance. At this time, the fixation point is in a
position ahead of the pen tip, and t�~t is obtained.

By conducting the above analysis, it is considered possible to quantitatively sep-
arate two kinds of the phenomenon on the positional relationship between the position
of fixation and pen tip that has already been reported in the prior study.

Classification Method of Movements of Position of fixation and Pen Tip. In a case
where a human captures an object in the center of the retina, it is generally known that the
viewing angle is physiologically within the range of 2.5 deg. This is referred to as central
vision, and it is also known that the central vision is conscious and the response to the
moving object is weak. From the facts described above, in this study, we defined that
the range within 2.0 cm was the position of fixation in proximity of the pen tip; because
the distance between the eye and the monitor was 47 cm (47 ∙ tan 2.5[deg] ≒ 2.0 cm).

4 Experiment #1

4.1 Movements of Position of Fixation and Pent Tip on Each Condition

With the analysis method described in the above Sect. 3.3 and DFT analysis of time
series data of the fixation point and the pen tip, the distance d(t) between the fixation
point and the pen tip and the time series data of the shortest distance min d(t) between
the fixation point and the path of the draw-stroke are shown in Figs. 2 and 3. The eye
gaze data shows significant difference between the conditions, more than the data of
pen tips .

In addition, the values of d(t) and min d(t) averaged over the test subjects are listed
on Table 1. The result of one-way analysis of variance revealed that the mean values of
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d(t) and min d(t) had significant differences under the conditions (a) through (c) (d(t):
F(2, 33) = 17.31, p < 0.01; min d(t): F(2, 33) = 7.95, p < 0.01). Furthermore, it is found
that the distance d(t) between the fixation point and the pen tip is 1.7 cm in the tracing
on the condition (c). The result shows that the position of fixation tends to correspond
in proximity to the pen tip (c.f., Sect. 3.3).

4.2 Detection of Position of Fixation Following Pen Tip

In order to investigate the proximity state of the fixation point and the pen tip, we
focused on the distance d(t) between the fixation point and the pen tip and determined
the rate of the state where d(t) at draw-stroke time is 2 cm or less (Fig. 4 ➀).

As a result, it has been found that the condition (c) maintains significantly higher
rate than the condition (a) or (b) (F(2, 33) = 10.90, p < 0.01; Post hoc comparisons:

Fig. 2. Examples of eye and pen movement and the time series of d(t) and min d(t)
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p < 0.05). That is, in a case of the tracing on the condition (c), it can be found that the
fixation point is positioned in proximity of the pen tip in comparison with the other
conditions, and the position of fixation follows the pen tip.

4.3 Detection of Position of Fixation Prior to Movements of Hand

The results of the experiment in the Sect. 4.2 showed that the position of fixation is not
only following the pen tip. Therefore, we determined, other than the fixation point in
proximity of the pen tip, the fixation point where the shortest distance min d(t) between
the fixation point and the path of the draw-stroke became 2 cm or less (c.f., Sect. 3.3).
Accordingly, we investigated the phenomenon in which the position of fixation was
fixed on a position in proximity of the path ahead of the position of the pen tip. The

Fig. 3. An analysis of eye and pen movement and d(t) and min d(t).

Table 1. Average (S.D.) of d(t) and min d(t)

Condition d(t) [cm] min d(t) [cm]

(a) 4.0 (0.8) 2.3 (1.0)
(b) 3.6 (1.4) 1.9 (0.8)
(c) 1.7 (0.6) 1.0 (0.4)
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results of determination of the rate for all fixation point are shown in Fig. 4 ②. As a
result, it was revealed that there were no differences among the conditions (a) through
(c) (F(2, 33) = 0.59, p = 0.56). That is, it is found that such movements of the position
of fixation prior to the pen tip were observed irrespective of the condition.

4.4 Other Fixation Point

We determined the rate of the fixation point that could not explain in the experiments of
Sects. 4.2 and 4.3 (the fixation point located in the position away from the pen tip or the
path of the draw-stroke) among all fixation points (Fig. 4 ③). The result showed that,
under all the conditions, there were the fixation points which could not explain in the
experiments of Sects. 4.2 and 4.3. Furthermore, in a case of drawing with a pen without
ink on the condition (a) which does not leave the handwriting, the result showed that
the rate of the fixation point in the position away from the pen tip and the path of the
draw-stroke was higher than that on the other conditions (b) and (c) (F(2, 33) = 8.62,
p < 0.01; Post hoc comparisons: p < 0.05)).

4.5 Roles of Eye Movements

Under the condition (b), similar to the condition (a) in which the handwriting is not left
the position of fixation in the position away from the pen tip or the path of the
draw-stroke was revealed in addition to two categories (a position of fixation following
the pen tip and a position of fixation indicating the goal point prior to the movements of
the hand). From the result, it is suggested that the position of fixation has at least three
roles in the draw-stroke motion.

It has been revealed that the first role of the position of fixation following the pen
tip is principally observed in the draw-stroke for adjusting to the sample already drawn
as the tracing or immediately after the starting of the drawing, named Close Pursuit
(CP) mode. The second role of the position of fixation which serves as the role of an
attainment target prior to the pen tip has been performed in the same rate on all the
conditions, named Target Locking (TL) mode. The third role is considered to be a
role for perceiving the overall draw-stroke motion since the position of fixation is
principally positioned in the center part away from the pen tip or the path of the
draw-stroke, named Overlooking (OL) mode.

Fig. 4. The rates of d(t) ≤ 2 cm, min d(t) ≤ 2 cm and others in each experimental conditions
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5 Experiment #2

5.1 Movements of Position of Fixation and Pent Tip on Each Condition

Figure 5 shows the typical examples of the movements of the position of fixation and
the pen tip in each conditions of the letters “永” and “田”. It has been found that the
position of fixation has moved inside of smaller area than the area of the pen tip, in
the condition (a). On the other hand, in condition (b), the area of the movements of the
position of fixation has been larger than the area in the condition (a), becoming to more
similar shape of the movements of pen tip. Additionally, in the condition (c), the
movements of the position of fixation has tended to be longer than other conditions,
becoming to the most similar shape of the movements of pen tip.

Figure 6 shows the average of time rate among the all 3 roles of eye movement in
the experiments, classified to the data of time series of the distance of each time (min d
(t)) and the minimum distance (min d(t)) between the fixation and the pen tip, during
handwriting of “永”, by the method named at last Sect. 4.5.

Then, in the condition (c), the rate of Close pursuit mode (CP) has been significant
larger than the other modes (F(8,72) = 18.24, p < 0.001; Post hoc comparisons:
p < 0.05). However in the other conditions, such tendency has not been observed.
Additionally, the rate of OL has been significantly smaller (Post hoc comparisons:
p < 0.001) than CP, except in the freehand condition.

When the letter “田” has been written, the rate of OL has been significantly smaller
than TL in the all 3 conditions, also smaller than CP in the condition (b) & (c), as
shown in Fig. 5. (F(8,72) = 15.22, p < 0.001; Post hoc comparisons: p < 0.001).

Fig. 5. Motion of pen tip’s and fixation x-y coordinate value during handwriting
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5.2 Difference of Movements of the Position of Fixation
from Target Letters

In the conditions (b) & (c), it has been observed that the rate of OL was significantly
smaller than the rate of CP when they wrote “永” and “田”, then the result is as same as
the results in experiment #1.

Especially the rate of OL is also significantly smaller than the rate of TL when they
wrote “田”. The letter “田” has relatively simpler structure than the letter “永”.
Accordingly delicate curve line required delicate motion control or complicated stroke
like “harai” (sweeping stroke) or “hane” (upward stroke) are not so necessary when
they write the letter “田”. Therefore they can achieve the drawing task, even if con-
trolling pen tip just following simple straight line, watching the pen tips or the target
point, then the rate of OL has been smaller than also TL. On the other hand, the
tendency that the rete of OL has been smaller than the rate of TL when they draw the
letter “田”, in the freehand condition. This result may say that they draw the target
letter by TL or CP mainly even in the freehand condition they cannot visually rec-
ognize the stroke because the structure of “田” is simple which already mentioned.

On the other hand, there have not observed significant difference between the 3
modes when they draw “永”. So the draw stroke of “永” has been realized by not only
TL or CP but also all 3 modes which involve OL, properly. Already mentioned, the
draw control when they draw the letter “永”, contain the 3 basic draw strokes; “tome”
(stop stroke), “hane” (upward stroke), “Harai” (sweeping stroke). Therefore it may be
more difficult to recognize the error information with the target for controlling pen tip
or to anticipate the target point, than drawing more simple figures. So they draw the
target figure, perceiving and overlooking the whole motion of pen tip by peripheral
vision, focusing their eyes on far point from the pen tip and stroke lines. Also it has
been known that the peripheral vision is superior in perception of movement to the
central vision that partially captures the object [8].

It is suggested that the role of the sight line on the condition (a) is to perceive
overall draw-stroke motion with the peripheral vision in addition to two basic roles. It
might be inferred from the suggestion that, in the case of drawing “永”, the rate of OL
was not significantly smaller than the rates of other 2 modes, being different from the
case of drawing “田”. Therefore we suggest that they use 3 kinds of the model properly
to control the motion of pen tip dexterously in case of drawing more complicated letter
than drawing simple figure.

Fig. 6. Classification of position of fixation motion during writing “永”&“田”
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6 Conclusion

In this study, we investigated the relationship between eye information and motion
control in handwriting, aiming at developing the handwrite-training device in con-
sideration of the position of fixation. In the experiment #1, we adapted the drawing of a
circle that was the simplest figure without corners as a task, analyzed time variation
processes of spatial positions of tips of a position of fixation and a pen, and extracted
patterns of positional relationship of the pen tip and the position of fixation. As a result,
we revealed three basic roles of the position of fixation in the draw-stroke motion.

In the Experiment #2, we adapted the drawing of two kinds of popular Chinese
letters, analyzed time variation extracted patterns of positional relationship of the pen
tip and the position of fixation, by the three basic roles of the position of fixation
suggested in Experiment #1. As the results, it has been observed that the eye control
mode of CP and TL were used mainly in case of drawing the letter “田” which is
relatively simple figure but the mode of OL were not. However in case of drawing more
complicated letter “永”, it have been suggested that not only TL and CP but also OL
have been used, which means all 3 eye control mode were applied properly for drawing
figures.

Although additional investigation is needed about how the motion control with the
peripheral vision is conducted, we can presume that the overall draw-stroke motion is
perceived with the peripheral vision, the control target is internally created, and the
balance of the whole figures can be maintained. Thus, it is considered that such roles
are necessary functions for maintaining good appearances of letters and figures.
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