


1.2 Digitization of drawing

In recent years, the evolution and diversification of drawing software is remarkable. Since
1975 when the world's first paint software, "BitRectEditor" was launched, it developed rapidly.
Thereafter, from Adobe, “lllustrator” in 1987, and “Photoshop” in 1989 were released, and now
digital paintings are spreading more than analog paintings. Many types have been released, from
software packages that children can pick up casually for scribbling, to those that is used by pro-
fessionals and functions as work items. Although there are many packages of drawing software
for various purposes, each of them mainly focuses on the appearance of the works and the de-
tailed features, there are almost no software products that can give users the sensation of drawing
that is usually obtained when drawing in reality. The presence or absence of “real feel” has a
great influence on our work steps. It can change the work efficiency and relevantly cause the
users’ attachment feeling to the tools that affects the quality of the works.

1.3  Analog-like experience with sounds

There are many factors to cause the feeling of drawing, and one of the components that have
a great weight is “sound.” For example, when drawing in art lessons or classes, we can hear the
friction sound made by a pencil with a sharpened tip and paper in a quiet space. Regarding to-
day's drawing software products, many of them are particular about reproducibility of ap-
pearance of the analog works and subdivision of functions, and there have been few approaches
to the environment and tools taking the actual work operations of drawing into consideration. In
this study, we focus on the strong sensation users have when working in analog, and we assume
that incorporating the analog-like reality into digital leads to the improved work efficiency and
quality of work. As a means for that, we focus on the sounds generated by drawing operations.

2 Purpose

Today, the pen tools included in the drawing software products have been devised in various
ways to enhance expressiveness. However, even if they have visual expressiveness and changes
due to operations, it is difficult to give the “sensation of drawing” to the users. On the other hand,
when using paper and drawing tools in analog, the “real feel” of writing can be obtained firmly
from the sound, texture, and pressure. In particular, it is well known that subtle changes in the
generated sound due to the combination of drawing tool and surface material in analog drawing,
have a significant effect on the rhythm and pace of the creative production. As is obvious in the
sound of markers, which some people hate to hear, each sound is so distinctive. The sound also
changes depending on the surface material. For example, when plain paper and drawing paper
are compared, drawing paper makes users feel its roughness and experience a real feeling of
drawing more easily. Because of this quality, drawing paper is more commonly used for chil-
dren's drawings. In this study, we first focus on the sound factor in the drawing software and
conduct the following two experiments in order to enhance user’s realistic experience and ex-
amine the possibility of improving user motivation and work efficiency. First, we will define the
differences in the "working sounds" generated by the combination of various drawing tools and
surface materials. Secondly, we will clarify whether the working sound generated by the com-
bination of the drawing tool and the surface material makes a difference in the user experience.
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3 Experiment 1: Changes in the Sound by Combination of Draw-
ing Tool and Surface Material

3.1 Outline of Experiment 1

In this study, the sound heard during the work changes depending on the drawing tool being
used, and it is thought that the sound delivers a realistic experience to users. This chapter clarifies
by experiments how the sound actually changes by the combination of drawing tool and surface
material. There are various types of “real feeling” users get from drawing sounds generated by
the combination of art materials. Therefore, in this study, three most common types of drawing
tools, brush, marker and pencil are used. Then, we prepare two types of pencils: sharpened pen-
cils with pointed tips and slightly-used ones with rounded tips. As surface material, two types of
paper, plain paper and drawing paper, are used. Combinations of three types of drawing tools and
two types of surface materials are recorded to compare their differences, using waveforms. For
recording, the same space and desk were used so that no environmental conditions would cause
any errors. In addition, the experiments were conducted with the utmost effort to use average
handwriting pressure and speed to avoid any sound errors caused by differences in them.

3.2 Changes in sounds caused by combinations

During the experiment, six letters “ABC abc” were written in this order and the writing
sound was recorded. By visualizing the recorded sound source in waveforms, the differences
will be clearly shown.

3.2.1 Brush and high-quality plain paper, brush and drawing paper

Figurel show waveforms of the recorded sound generated by combining high-quality paper /
drawing paper and brush as drawing tool.

Figurel: Brush and high-quality plain paper (upper) and brush and drawing paper (lower)

There were almost no changes in the drawing sound by surface material when brush was used.
In either case, the sound is so soft that it is almost inaudible unless you have a quiet environment.
The sound looks generally louder when drawn on drawing paper than on high quality plain paper.
At the same time, with drawing paper, ink decreases quickly and a rough sound of brush rubbing
against the paper is heard.

3.2.2 Sharpened pencil and high-quality plain paper, sharpened pencil and drawing paper

Figure2 show waveforms of the recorded sound generated by combining high-quality paper /
drawing paper and sharpened pencil as drawing tool.
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Figure2: Sharpened pencil and high-quality plain paper (upper) and sharpened pencil and
drawing paper (lower)

The volume of the sound generated by drawing paper is generally more constant. No signifi-
cant changes in the volume can be observed between the sound you make at the first stroke and
that of the following strokes. On the other hand, when plain paper is used, the sound is relatively
loud at the first stroke. However, when drawing lines that follow, the volume is not much dif-
ferent from that on drawing paper.

3.2.3 Used pencil with a rounded tip and high-quality plain paper, used pencil with a
rounded tip and drawing paper

Figure3 show waveforms of recorded sound generated by combining high-quality paper /
drawing paper and used pencil with a rounded tip as drawing tool. With either surface material,
the first stroke tends to be loud, and the volume of subsequent lines varies. Overall, the sound
volume is more constant with drawing paper. The high-quality plain paper generally produces a
little louder sound, but when drawing a curvy line, the drawing paper makes a slightly louder
sound.

Figure3: Used pencil with a rounded tip and high-quality plain paper (upper) and used pencil
with a rounded tip and drawing paper (lower)

3.2.4 Marker and high-quality plain paper, marker and drawing paper

Figure4 show waveforms of recorded sound generated by combining high-quality paper /
drawing paper and marker as drawing tool.

Figure4: Marker and high-quality plain paper (upper) and marker and drawing paper (lower)
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With drawing paper, variation in sound volume is smaller, but overall it is loud. With
high-quality plain paper, the variation in sound volume is so large as to show a clear difference
between the first stroke and the subsequent lines. The sound of the first stroke is louder when the
marker is paired with high quality plain paper, but the drawing paper makes a louder sound when
lines and curves are drawn.

33 Differences in sounds caused by combinations

Of all the drawing tools, the loudest sound is generated by marker, followed by pencil with a
rounded tip, pencil with a sharp tip, and brush. The overall sound volume gradually decreases in
this order. 1so, when using a drawing tool other than brush, high quality plain paper has more
variations in sound volume while drawing paper is more consistent in terms of loudness. This is
considered to be due to the sound of marker hitting the base underneath the surface material such
as desk. The sound can get loud because of thinness of the paper.

4 Experiment 2: Correlation between drawing sounds and sen-
sation of drawing
4.1 Outline of Experiment 2

n e periment was conducted to verify whether the drawing sounds would increase work ef-
ficiency and the real feeling of drawing. The € aminees were 3 people, who use computers on a
daily basis. n  periment 2, we ¢ amined the changes in the users sensation of drawing ¢ pe-
rience by comparing the sounds generated during drawing by si combinations of three kinds of
typical drawing tools (brush, pencil, marker) and two kinds of surface materials (quality paper,
drawing paper), which were also used in  periment . The participants drawn a certain volume
of te t in a state where they could not hear any sounds for earplugs and in a state where they
could hear their own drawing sounds in a quiet environment. fter that, the e aminees answered
to the questionnaire about the sensation and work efficiency given by the drawing sounds for
statistical verification.

4.2 Combination of brush and surface materials

4.2.  rush and high-quality plain paper

Figures and show the questionnaire results carried out after the sub ect ¢ periment with a
combination of brush and high-quality paper. When drawing with a brush on high-quality paper,
straight drawn lines are easy to dry quickly. urvy lines do not dry instantly in areas where lines
overlap, and it takes about minutes to dry.  straight line can be drawn about 4 c¢m without
getting scratchy. t takes a long time for the brush to be worn out completely even after the lines
getting scratchy. However, as the brush tip begins to break up due to the lack of ink, the number
of the derivative lines increases, and it becomes difficult to draw. Many e periment participants
reported that their work efficiency was not increased very much when no sound was heard.
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Silence With Sound

Extremely well
Hremey we Not at all well

0% (0)

slightly well
8% (1)

Not at all well
31% (4)

slightly well
23% (3)

Figure5,6: Questionnaire results regarding work efficiency when using brush and high-quality
paper

4.2.1 Brush and drawing paper

Figures 7 and 8 show the questionnaire results carried out after the subject experiment with a
combination of brush and drawing paper. Drawing with a brush on drawing paper has the char-
acteristic that lines fade and dry quickly. When drawing a straight line, it is possible to draw
smoothly about 160 cm. After then, most parts of the line soon fade. Even if a stroke starts with a
faint point, it is possible to draw a line reducing the parts that get scratchy by moving the brush
slowly. It is difficult to draw the curvy lines with the brush that is rather dry, and the lines be-
come awkward. Since ink is easily absorbed into the drawing paper, we can catch the
ink-spreading sound, and the sound of the line’s getting scratchy and the sound that the brush
itself rubbing against the paper.

Silence With Sound

Extremely well Not at all well
0%(0)

0% (0)
Slightly well
0% (0)

Slightly well
61%(8)

Figure7,8: Questionnaire results regarding work efficiency when using brush and drawing paper

4.3 Outline of Experiment 2

4.3.1 Pencil and high-quality plain paper

Figures 9 and 10 show the questionnaire results carried out after the subject experiment with a
combination of pencil and high-quality paper. When using a sharpened pencil, there is little
change in the line weight and the darkness due to writing pressure. When using a pencil with a
rounded tip that has been already used to some extent, the darkness changes little. If the writing
pressure is strong, the line weight tends to be thick, and when the writing pressure is weak, it
tends to be thin. Pencils are hard to be worn out, and people can work for a long time without
sharpening them very often. As a result of the experiment, compared with other combinations,
there were many participants who grasped the difference in work efficiency in each of the cases:
with or without the sound.
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Silence —_ With Sound
Extremely well Not at all well ™~
0%(0) 0%(0)

' Slightly well

0%(0)
Figure9,10: Questionnaire results regarding work efficiency when using pencil and high-quality
paper

Not at
all well
8%(1)

Slightly well
54%(7)

4.3.2 Pencil and drawing paper

Figures 11 and 12 show the questionnaire results carried out after the subject experiment with
a combination of pencil and drawing paper. When drawing with a pencil on drawing paper, the
“real feel” of drawing is most easily obtained. Because of the thickness of the paper, it is easy to
draw, and the line darkness can be clearly changed by the writing pressure. When straight lines
are repeatedly drawn on an A3 size of drawing paper with the just sharpened pencil, the tip will
have to be rounded after about 3000 cm drawing that deserves about 1 and a half paper. As the
pencil is rounded, the drawn lines gradually get thicker. As a result of the experiment, many
participants reported that their work efficiency was increased when there was the sound of this
combination compared to other combinations.

Silence With Sound

Not at all well
Extremely well 0%(0)
0% (0)

Slightly well
0% (0)

Not at all well
23% (3)

Slightly well
46% (6)

Figure11,12: Questionnaire results regarding work efficiency when using pencil and drawing paper

4.4 Combination with marker and surface materials

4.4.1 Marker and high-quality plain paper

Figures 13 and 14 show the questionnaire results carried out after the subject experiment with
a combination of marker and high-quality paper. When drawing with a marker on high-quality
plain paper, the ink spreading way differs depending on each of the cases to draw a point or
drawing a line. The color appears more clearly and vividly when drawing a point than drawing a
line. Although it depends on the shape of the tip, the surface where the maker and the paper come
into contact is reduced due to subtle changes in the user’s individual holding and writing way.
This can lead to inability of smooth drawing. As a result of the experiment, majority of the peo-
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ple answered that their work efficiency was improved with the sound, but there were also many
ambiguous answers: “Neither.”

Silence With Sound

Extremely well

Not at all well Extremely well
0%(0)

0%(0) — 0% (0)

Not at all well —
[0

Slightly well
15%(2)

Slightly well
46%(6)

Figure13, 14. Questionnaire results regarding work efficiency when using marker and
high-quality paper

4.4.2 Marker and drawing paper

Figures 15 and 16 show the questionnaire results carried out after the subject experiment with
a combination of marker and drawing paper. When drawing with a marker on drawing paper
cause a strong sensation that ink is being absorbed into drawing paper. In many cases,
“ink-spread” may occur depending on the drawing to overlap the lines like curvy lines or the
pausing moment for which we are just holding the marker in contact with the paper. There are
various marker shapes, for example, types of a rounded tip and a rectangular tip. No matter what
kind of marker is used, differences in points and lines are likely to occur due to subtle changes of
holding and drawing way, and irregular lines tend to be born. As a result of the experiment, as
with the one for marker and high-quality paper, opinions were relatively distributed. In addition,
there were some opinions that the work efficiency was not improved because the participants
originally disliked the sound generated by marker and the drawing paper.

Silence With Sound

Extremely well

0% (0) Not at all well

0%(0) —

Not at all
well
15% (2)

well

)

Slightly well
39% (5)

Figurel5, 16. Questionnaire results regarding work efficiency when using marker and drawing paper

5 Conclusion and future work

5.1 Conclusion

In recent drawing software, there are many types of products, and it is possible to use them
properly depending on the different purposes. However, the variety is only limited to the touches
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of the finished works on the screen and the output of the works. Naturally, we hear various
sounds in our lives. Since usually people are aware of sounds almost unconsciously, it may be
difficult to get public empathy for the phenomena that the sound changes depending on the
combination of drawing tools and surface materials during drawing. However, by the experi-
ments in this paper, it was clear that there was a change of the waveforms depending on the
combination of the drawing tools and the surface materials. In addition, we were able to capture
the limitations how long the tools can be utilized by the combinations and each combination’s
characteristic. Based on this, we propose that the factor “sounds”, which is taken for granted in
our everyday lives, provide sensation of drawing for users without the feel of complexity. In-
corporating “analog-like reality” into the system can be achieved in this way, instead of sug-
gesting new works and specifications in drawing software.

5.2 Future Work

The experiments conducted in this paper were just some examples, and other combinations of
drawing tools and surface materials are possible. There are also prospective combinations using
drawing tools such as chalk and crayon, and surface materials such as Japanese paper and
blackboard, which are previously mentioned in the first half of this paper. Out of them, some
combinations would not enable users to draw properly. In the future, we will explore and ex-
amine the factors that give us a sense of reality from a different point of view besides “sounds”
featured here. We will also proceed with the further implementation of "sounds that provide the
realistic experience of drawing" through the development and the subject experiments based on
this paper.
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