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USER EXPERIENCE OF A STYLUS PEN THAT CAN PROVIDE THE TEXTURE OF PEN AND PAPER
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There is a lot of investment in research on displaying texture
through a stylus pen. However, little is known about the effect of a
stylus pen that can provide the texture of pen and paper on user
experience. This study investigated whether there is a change in
user experience when using a stylus pen that can provide pen-and-
paper texture compared with a typical stylus pen. Experiments
involving writing and drawing tasks using three tools (a stylus pen
that can provide pen-and-paper texture, a typical stylus pen, and
analogue pen and paper) were conducted, and user experiences
were compared. After a literature review that examined the factors
affecting the experience of using a pen, the experiments were
conducted to measure usability and emotions. We found little
difference between the typical stylus pen and the stylus pen in
providing texture in respect of completion time and amount of
error. However, the stylus pen that can provide texture showed
results closer to those of the analogue pen and paper, and better
results than those of the typical stylus pen in respect of familiarity
and overall satisfaction of the usability and emotional variables.
Therefore, this study confirmed that user experience is improved
when using a stylus pen that can provide the texture of pen and
paper.

OPSOMMING

Daar is al baie belé en nagevors in die nabootsing van die pen-op-
papier gevoel van 'n elektroniese stilus. Daar is egter weinige
inligting beskikbaar oor die effek wat tekstuur op gebruikers-
ervaring het. Hierdie studie ondersoek of daar 'n verandering in
gebruikerservaring is wanneer 'n stilus met pen-op-papier terugvoer
gebruik word teenoor 'n tipiese stilus wat nie terugvoer aan die
gebruiker lewer nie. Eksperimente wat skryf en teken-take insluit is
met drie gereedskapstukke (n stilus met pen-op-papier terugvoer,
'n tipiese stilus, en 'n konvensionele pen op papier) uitgevoer. Na 'n
literatuurstudie van stapel gestuur is, is die eksperimente uitgevoer
om die bruikbaarheid en subjektiewe terugvoer van die gebruiker
te bepaal. Die resultate toon min verskil tussen n tipiese stilus en
een met die pen-op-papier gevoel, beide in terme van die tyd om
die take te voltooi en die aantal foute begaan. Die stilus met pen-
op-papier terugvoer se vertoning was nader aan die van 'n
tradisionele pen, asook beter subjektiewe terugvoer van die
gebruiker in terme van vertroudheid en algehele bevrediging. Die
gevolgtrekking is dus dat 'n stilus met pen-op-papier terugvoer
gebruikerservaring verbeter.

1 INTRODUCTION

Stylus pens, used as an assistant tool in electronic notebooks in the 1980s, are now a major input
tool for electronic devices with touch screens, such as smart phones and tablets. With the
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emergence of smart devices based on touch screens, an environment has been provided to use input
tools such as a pen [1], and stylus pens are a replacement for text input [2] and graphics tools on
such devices [3]. In addition, efforts are underway to enable the use of common stylus pens on a
variety of devices through the standardisation of the stylus pen [4].

A stylus pen is derived from an analogue pen, so it is moving toward delivering a pen-like experience.
Firstly, the thickness of the stylus pen tip is gradually decreasing. For example, the thickness of the
stylus pen tip on the Samsung Galaxy Note 5 is 1.6 mm, compared with 0.7 mm on the Galaxy Note
8. Moreover, the tip of Wacom’s INTUOS creative stylus pen is noticeably smallerin the second-
generation stylus. With a thinner tip, it is possible to control the stylus precisely — as if it were an
analogue pen. Secondly, pressure sensitivity is increasing. In the Galaxy Note series, the stylus
pressure level of the Galaxy Note 5 is 2048 steps, but in the Galaxy Note 8 it has doubled to 4096
steps. Pressure sensitivity is necessary to show the effect of pressing the analogue pen. Therefore,
this increase in pressure sensitivity shows the development direction of the stylus toward something
closer to the analogue pen. Thirdly, tilt recognition technology has been applied to the stylus pen.
The tilt recognition function gives the effect of tilting the pen, which can produce a shading effect,
depending on the degree of tilt. At present, Apple has patented tilt recognition, and the Apple
pencil has it [5]. The tilt recognition function can provide the feeling of a pencil. Lastly, recently
developed stylus pens use rubber instead of plastic. For example, the S Pen of the Galaxy Note 8
has a rubber pen tip, and Wacom has stylus products that use a rubber pen tip. Through these
efforts, the feeling of friction that occurs when using an analogue pen can be felt to be similar to
that when using the stylus pen.

Despite these efforts, a stylus pen has yet to deliver the experience of pen and paper [6]. Annett,
Anderson, Bischof, and Gupth [7] conducted an experiment comparing the experience of using a
stylus pen with that of using an analogue pen. They summarised the features that need to be
considered for making stylus pens that provide an analogue-pen-like experience. The primary
features are ‘stylus accuracy’, ‘device latency’, and ‘unintended touch’, and the secondary features
are ‘texture and aesthetics’ and ‘stroke beautification’. Regarding the primary features, these have
been improved through several studies [8-11]. ‘Stroke beautification’ has also been gradually
developed, and can be seen in actual applications [12,13]. The aesthetic of a stylus pen is difficult
to determine in technical studies because it can be changed according to individual taste and current
trend, but there have been many attempts at industrial sites. On the other hand, although studies
on the texture of a stylus pen are actively conducted [14-18], they have not yet been applied to
commercial products.

A stylus pen typically uses a vibrator to create texture [14,16,18,19]. When using an analogue pen,
the vibrations occur on all axes of three-dimensional space. When one vibrator is used in a stylus
pen, it vibrates in a unidirectional axis, so the vibrations in all directions must be synthesised on
one axis [20]. Moreover, in order to display texture through a stylus pen, the texture must be
rendered on a display [21]. In addition, pressure, tilt, and azimuth should be considered for natural
stylus use behaviour [22]. This complex computing process is not an easy task because it requires
minimal latency. Furthermore, after applying the texture function to a stylus pen, miniaturisation
must also be considered [16,17]. Similarly, implementing the texture of pen and paper in a stylus
pen is not easy, and requires a lot of effort.

A lot of investment is being made to realise the texture of a typical pen through stylus pens.
Therefore, it is necessary to examine what user experience benefits can be gained from these
efforts. After understanding the effect of improving the texture feature of a typical pen, it will be
possible to determine the appropriate amount of investment needed to improve the texture feature
of the stylus pen. Therefore, this study examines the changes in user experience when using a stylus
pen that can provide the texture of pen and paper. In Section 2, we review related studies that
attempted to display textures in stylus pens, and we set up hypotheses and seek research methods.
In Section 3, the variables used in our experiments are selected, and the research methods related
to the experimental design are described. Section 4 presents the experimental results. Section 5
discusses the analysed results. Finally, in Section 6, the contents of this study are summarised, in
addition to discussing its limitations and directions for future research.
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2 RELATED WORKS

Several studies have developed stylus pens that provide textures and have evaluated their usability.
Studies that have examined whether the stylus pen that can provide texture improves performance
in a particular task have measured the complete time and error rate of the total task [17,18]. On a
tapping task that involved tapping a specific part of the display with a stylus pen, the stylus pen
providing texture did not show a satisfactory difference compared with a typical stylus pen [18]. On
the other hand, on drawing or dragging tasks that involved moving with a stylus pen while touching
the display, the stylus pen providing texture was less time-consuming [18] or had better accuracy
than a typical stylus pen [17]. Since texture is perceived through skin movements and changes [23],
a stylus pen providing texture may have a greater effect in tasks with much movement between the
stylus pen and the display, such as a drawing task, than in tasks with little movement between the
two, such as a tapping task.

Writing and free drawing using a stylus pen has been considered in many studies [16,17,19]. Writing
and drawing are the most common tasks performed using an analogue pen and paper, so they are
best suited for stylus pens that provide textures. In a study evaluating usability in these tasks,
subjective satisfaction with the use of a stylus pen developed by them was investigated. The
majority of users who participated in the test showed a positive response [17].

However, to date, no study has been conducted on emotion, which is a factor of user experience.
Understanding the changes in emotions that occur when displaying the texture of pen and paper
through a stylus pen can provide a standard for comparison when evaluating the emotions of users
when using stylus pens providing texture that will be developed in the future. Therefore, we
reviewed studies on tactile-related emotional words and stylus-related emotional words to select
the emotional evaluation variables of a stylus pen.

In a study on the perceptual dimension of the tactile texture, the perceptual dimension is composed
of words expressing the four tactile senses of ‘smooth/rough’, ‘thin/thick’, ‘uneven’, and ‘hard’
[24]. In addition, ‘comfortable’ and ‘appealing’ were used as emotional variables in studies
evaluating the usability of typical mobile stylus pens [25]. Finally, a previous study was conducted
to find the emotional factors that affect users’ satisfaction with an analogue pen. Five emotional
factors — ‘comfortable’, ‘precise’, ‘deep’, ‘natural’, and ‘refined’ were found to increase
satisfaction with the pen [26].

Overall, if a stylus pen providing texture is used instead of a typical stylus pen, a better performance
effect will be achieved in drawing tasks. It will also provide increased user satisfaction in writing
and drawing, and affect users’ emotions. To confirm these hypotheses, this study measures
performance in drawing tasks, and conducts a subjective evaluation of writing and drawing tasks.

3  METHOD

3.1 Participants

The experiment was conducted with students at Hongik University, Seoul, Republic of Korea, who
had a lot of writing activities and faced no difficulty in using touch screen-based smart devices. A
total of 27 participants were recruited through online and offline recruiting. Twenty of them were
males and seven were females, with a mean age of 23.9 years (SD = 2.87). The experiment took no
longer than 50 minutes, and an honorarium of $5 (KRW 5,000) was provided to all participants.

3.2 Tasks

All participants performed three tasks. Task 1 was to write a given sentence in the same way
(writing). Task 2 was to draw a given still life figure (drawing). Finally, Task 3 was to connect lines
along given points (point connecting). In this task, an unfinished picture was presented to
participants that was completed by connecting the points in numerical order. Participants were
instructed to complete the picture as quickly as possible, with each line being as straight as possible.
Figure 1 shows each task.
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1. Please write the following sentence in the blank space,

With coarse rice to eat, with water to drink,
and my bended amn for a pillow
I have still joy in the midst of these things.
Riches and honors acquired by nnrighteousness
are to me as a floating cloud.

@

2. Please draw the following still life in the blank space.

>,

(b)

3. Please complete the picture by conncating points in order of mumbsr.
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Figure 1: Images of the tasks: (a) Task 1 (writing task), (b) Task 2 (drawing task),
(c) Task 3 (point connecting task)



3.3 Independent variable

The independent variable, pen type, was designed at three levels: a typical stylus pen and tablet
(hereinafter ‘TS’), a modified stylus pen and paper that provides the texture of pen and paper
(hereinafter ‘MS’), and a typical ballpoint pen and paper (hereinafter ‘PP’). Wacom INTUOS CTH-
480, a graphic tablet device, and Wacom INTUOS LP-180E, a stylus pen for this tablet device, were
used for TS. MS was modified to provide the texture of an analogue pen by installing a ballpoint pen
tip on the stylus pen. When using the MS, an A4-size page was placed on the tablet device. In this
case, the tasks were performed on the paper placed on the tablet device, but the recognised
handwriting appeared on the computer screen. Figure 2 shows the pens used in this study.

'

(b) (©)

Figure 2: Images of the pens used in this study: (a) a typical stylus pen and tablet (TS), (b) a
modified stylus pen and paper (MS), (c) a typical ballpoint pen and paper (PP)

3.4 Dependent variables

‘Task completion time’ and ‘error amount’ were selected as performance measures of usability
variables. The two variables were measured through the point-connecting task only (Task 3) for only
the two stylus pens (TS and MS). PP was excluded from Task 3 because of the difference between
the image appearing on the display and the image being drawn on the paper.

‘Task completion time’ is the total time taken from the moment the initial point is touched to the
moment the last point is linked. ‘Error amount’ is the size of the area in pixels where the drawn line
deviates from the straight line connecting points (Figure 3). These variables were measured to
examine whether our MS improves the efficiency and accuracy of the drawing task.

s P

Figure 3: Example of error: red and blue areas are counted as error (see online version for
colour)

‘Familiarity’ and ‘overall satisfaction’ were selected as subjective measures of usability variables.
Familiarity was selected to check whether the stylus pen provides the familiar feel of an analogue
pen. Overall satisfaction was used to examine whether the use of the pen was satisfactory. These
two variables were measured for TS, MS, and PP in the writing task (Task 1) and the drawing task
(Task 2). In order to measure familiarity, we asked participants whether they felt familiar when
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using this pen. The responses were rated on a seven-point Likert scale, with 1 being ‘mostly disagree’
and 7 being ‘mostly agree’. Likewise, to measure overall satisfaction, participants were asked to
provide their response on a seven-point Likert scale for the item ‘I was satisfied when using this
pen’.

‘Emotions’ refers to how users feel while using products. In order to select emotional variables, the
existing stylus- and tactile-related research was reviewed. In Park, Del Pobil, and Kwon [25],
‘comfortable’ and ‘appealing’ were used as emotional variables. Further, in Picard, Dacremont,
Valentin and Giboreau [24], four emotional variables were used: ‘smooth/rough’, ‘thin/thick’,
‘uneven’, and ‘hard’. Additionally, ‘comfortable’, ‘precise’, ‘deep’, ‘natural’, and ‘refined’ were
selected as emotional variables [26]. Among them, ‘appealing’ and ‘refined’, and ‘thin/thick’ and
‘deep’ were integrated. Subsequently, to make use of semantic differential measure, each variable
was paired with antonyms. The selected emotional variables were as follows: ‘uncomfortable-
comfortable’, which means how comfortable it is to use the pen, ‘ordinary-appealing’, which means
how appealing it is to use the pen, ‘smooth-rough’, which refers to the smoothness of the pen, ‘thin-
thick’, which refers to the thickness of the pen, ‘flat-uneven’, which means how flat it is when using
the pen, ‘soft-hard’, which means how hard it is when using the pen, ‘crude-precise’, which refers
to the preciseness of the use of the pen, and ‘awkward-natural’, which means how natural it is to
use the pen. As in subjective measures of usability variables, emotional variables were measured
for TS, MS, and PP in the writing (Task 1) and drawing (Task 2) tasks. Emotional variables were
designed based on a seven-point semantic differential scale. To summarise, subjective measures
were collected from Tasks 1 and 2, while performance measures were obtained from Task 3. The
dependent variables used in this study are summarised in Table 1.

Table 1: Dependent variables

Category Variables
Performance Task completion time
. measures Error amount
Usability ——
Subjective Familiarity
measures Overall satisfaction

Uncomfortable - Comfortable

Ordinary - Appealing

Smooth - Rough
Thin - Thick
Flat - Uneven
Soft - Hard
Crude - Precise

Emotion

Awkward - Natural

3.5 Experimental environment

The experiment was conducted in a controlled laboratory with enough light and minimal noise.
Samsung DM700, a monitor-integrated computer, was used in the experiment, with the Wacom
INTUOS CTH-480 connected. The apparatus was set on a flat desk so that participants could carry
out their tasks by sitting in front of the desk.

3.6 Experimental design and procedure

An experiment moderator sat next to each participant and guided the experiment. All participants
performed the tasks with all three pens (within subject design). The order of the pens was
randomised, but counterbalanced. For each pen, participants performed the tasks in the following
order: Tasks 1, 2, and 3. Before starting the tasks, participants were allowed to practise for five
minutes with a dedicated pen to understand and familiarise themselves with how the pen worked.
After completing each task (except Task 3), a questionnaire was provided to measure the subjective
ratings of usability and emotional variables. Regarding Task 3, task completion time and error
amount were measured. After completing all three tasks with one pen, a resting time of five minutes
was given.
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4  RESULTS

A one-way ANOVA was performed for each dependent variable. Task completion time and error
amount were measured in Task 3 only for TS and MS. The significance level was 0.05.

4.1 Usability

For task completion time and error amount, a one-way ANOVA was conducted. There was no
difference in task completion time between TS (M = 27.9 s, SD = 14.39) and MS (M = 28.6 s, SD =
11.15). Further, the difference in the amount of error between TS (M = 10,032.4 pixels, SD =
2,881.74) and MS (M = 10,144.4 pixels, SD = 3,021.79) was not statistically significant. There were
no differences between TS and MS in respect of performance aspects.

Familiarity and overall satisfaction were measured in TS, MS, and PP. A one-way ANOVA and a Tukey
HSD test were conducted for each writing task and drawing task. There was a difference in
familiarity and overall satisfaction in the writing task (Table 2). In the case of familiarity, scores
were higher in the order of PP (M = 6.7, SD = .54), MS (M = 4.4, SD = 2.04), and TS (M = 3.3, SD =
1.73), and the difference among these pens was statistically significant (MS-TS, p = .030, PP-MS, p
< .001, PP-TS, p < .001). In the case of overall satisfaction, the scores of PP (M = 5.7, SD = 1.23)
were higher than those of TS (M = 3.6, SD = 1.43) and MS (M = 4.2, SD = 1.67) (ps <.001), but there
was no difference between TS and MS (p = .130).

Table 2: Results of familiarity and overall satisfaction
for one-way ANOVA and Tukey HSD tests in writing task

Dependent | Pen type F value
variables MS TS PP p
*4.4 3.3
Familiarity 4.4 *6.7 32.82 <.001
3.3 *6.7
4.2 3.6
Overall "4 *5.7 13.89 | <.001
satisfaction
3.6 *5.7

Note: For significant F ratios (bold font), * indicates which pen showed significantly higher score.

There were also statistical differences in familiarity and overall satisfaction in the drawing task
(Table 3). In the case of familiarity, PP (M = 6.7, SD = .62) scores were higher than TS (M = 3.6, SD
=1.63) and MS (M =4.2, SD = 1.99) (ps < .001). On the other hand, there was no significant difference
between TS and MS (p = .249). In the case of overall satisfaction, the scores were higher in the order
of PP (M=6.1,SD = 1.01), MS (M = 4.8, SD = 1.80), and TS (M = 3.7, SD = 1.68) (MS-TS, p = .032, PP-
MS, p = .007, PP-TS, p < .001).

Table 3: Results of familiarity and overall satisfaction
for one-way ANOVA and Tukey HSD tests in drawing task

Dependent | Pen type
. F p-value
variables MS TS PP
4.2 3.6
Familiarity 4.2 *6.7 31.16 <.001
3.6 *6.7
*4.8 3.7
Overall 43 *6.1 16.13 | <.001
satisfaction
3.7 *6.1

Note: For significant F ratios (bold font), * indicates which pen showed significantly higher score.
4.2 Emotion

One-way ANOVA and Tukey HSD tests were conducted to analyse emotional variables for each writing
and drawing task. The results of the analysis for the writing task are shown in Table 4. In the case
of uncomfortable-comfortable, PP (M = 5.8, SD = 1.36), MS (M = 4.4, SD = 1.76), and TS (M = 3.0, SD
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= 1.45), in that order, provided more comfortable emotion (PP-MS, p = .003, PP-TS, p < .001, MS-
TS, p = .004). In the case of awkward-natural, PP (M = 6.3, SD = 1.00), MS (M = 4.2, SD = 1.93), and
TS (M = 3.0, SD = 1.73), in that order, provided more natural emotion (PP-MS, p < .001, PP-TS, p <
.001, MS-TS, p =.022).

TS (M = 3.1, SD = 1.50) provided softer emotion than PP (M = 4.7, SD = 1.77) in the case of soft-hard
(p = .002). Moreover, TS tended to provide softer emotion than MS (M = 4.1, SD = 1.48) (p = .080).
On the other hand, there was no significant difference between MS and PP (p = .315).

In the case of ordinary-appealing, TS (M = 4.2, SD = 1.45) and MS (M = 4.8, SD = 1.52) provided more
appealing emotions than PP (M = 1.7, SD = 1.11) (ps < .001). On the other hand, there was no
significant difference between TS and MS (p = .257). In the case of smooth-rough, TS (M = 2.4, SD =
1.19) provided smoother emotion than PP (M = 3.6, SD = 1.67) (p = .020), but there was no significant
difference between MS (M = 3.0, SD = 1.70) and PP (p = .384). In the case of crude-precise, TS (M =
3.5, SD = 1.53) provided cruder emotion than PP (M = 4.8, SD = 1.27) (p = .003), but there was no
significant difference between MS (M = 4.0, SD = 1.48) and PP (p = .120).

There were no statistically significant differences among the three pens in the case of thin-thick (F
= .97, p = .384) and flat-uneven (F = 1.07, p = .347).

Table 4: Results of emotion variables for one-way ANOVA and Tukey HSD tests in writing task

A Pen type
Dependent variables F p-value
MS TS PP
*4.4 | 3.0
Uncomfortable B
- Comfortable 4.4 5.8 | 22.31 | <.001
3.0 | *5.8
4.8 | 4.2
Ordinary 4.8 1.7 | 40.17 | < .001
- Appealing
*4.2 | 1.7
3.0 | 2.4
Smooth 3.0 3.6 | 3.77 | .027
- Rough
2.4 | *3.6
4.0 | 4.5
Thin
- Thick 4.0 4.0 | .97 .384
4.5 | 4.0
3.1 2.7
Flat 3.1 33 | 1.07 | .347
- Uneven
2.7 | 3.3
4.1 3.1
Soft
- Hard 4.1 4.7 | 6.45 .003
3.1 | *4.7
4.0 | 3.5
Crude 4.0 48 | 5.91 | .004
- Precise
3.5 | *4.8
*4.2 | 3.0
Awkward 4.2 *6.3 | 28.51 | <.001
- Natural
3.0 | *6.3

Note: For significant F ratios (bold font), * indicates which pen showed significantly higher score.

The results of the analysis for the drawing task are shown in Table 5. In the case of uncomfortable-
comfortable, PP (M = 6.1, SD = 1.17) provided more comfortable emotion than TS (M = 3.5, SD =
1.85) and MS (M = 4.4, SD = 1.80) (ps < .001). However, MS tended to provide more comfortable
feeling than TS (p = .085). In the case of ordinary-appealing, TS (M = 4.3, SD = 1.48) and MS (M =
5.1, SD = 1.44) provided more appealing emotions than PP (M = 2.4, SD = 1.91) (ps <.001). On the
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other hand, there was no significant difference between TS and MS (p = .162). In the case of
awkward-natural, PP (M = 6.2, SD = 1.01) provided more natural emotion than TS (M = 3.2, SD = 1.65)
and MS (M = 4.0, SD = 1.89) (ps < .001). On the other hand, there was no significant difference
between TS and MS (p = .140).

In the case of smooth-rough, TS (M = 2.4, SD = 1.51) provided smoother emotion than PP (M = 3.4,
SD = 1.58) (p = .027). On the other hand, there was no significant difference between MS (M = 2.8,
SD = 1.73) and PP (p = .275). In the case of crude-precise, TS (M = 3.5, SD = 1.48) provided cruder
emotion than PP (M = 4.8, SD = 1.25) (p = .005). On the other hand, there was no significant
difference between MS (M = 4.0, SD = 1.89) and PP (p = .103).

In the case of hard-soft, TS (M = 2.9, SD = 1.48) provided softer emotion than PP (M = 4.8, SD = 1.85).
TS also tended to provide softer emotion than MS (M = 4.0, SD = 1.78) (p = 0.057). On the other
hand, the difference between MS and PP was not statistically significant (p = .136).

There were no significant differences among the three tools in the case of thin-thick (F = 0.64, p =
.536) and flat-uneven (F = 1.92, p = .151).

Table 5: Results of emotion variables
for one-way ANOVA and Tukey HSD tests in drawing task

. Pen type
Dependent variables F p-value
MS TS PP
4.4 | 3.5
Uncomfortable P
- Comfortable 4.4 6.1 | 17.28 | <.001
3.5 | *6.1
5.1 | 4.3
Ordinary 5.1 2.4 | 19.13 | <.001
- Appealing
*4.3 | 2.4
2.8 | 2.4
Smooth
- Rough 2.8 3.4 | 3.51 .035
2.4 | *3.4
3.5 | 4.1
Thin
- Thick 3.5 3.7 | 1.08 .345
4.1 3.7
3.4 | 2.6
Flat 3.4 3.1 | 1.60 | .210
- Uneven
2.6 | 3.1
40 | 2.9
Soft
- Hard 4.0 4.8 | 9.14 <.001
2.9 | *4.8
4.0 | 3.5
Crude 4.0 48 | 5.39 | .006
- Precise
3.5 | *4.8
4.0 | 3.2
Awkward 4.0 *6.2 | 26.01 | <.001
- Natural
3.2 | *6.2

Note: For significant F ratios (bold font), * indicates which pen showed significantly higher score.
5 DISCUSSION

The stylus providing texture was not effective in respect of task completion time and error amount.
The hypothesis that it will help achieve a better performance effect in drawing tasks was not
supported. It seems that it is difficult to improve performance by merely providing pen-and-paper
texture, since the stylus products are sufficiently developed in their functional aspects. Moreover,
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the Wacom stylus pen used in the experiment had excellent pressure sensitivity and little input
delay.

On the other hand, there were significant differences in respect of familiarity and overall
satisfaction, which were subjective measures of usability variables. For all tasks, PP received the
highest rating. Even if a tactile texture is provided by a stylus, it is still difficult to achieve a
subjective experience that corresponds to that provided by an analogue pen and paper. However,
MS received better evaluation than TS. Specifically, MS received better evaluation than TS for
familiarity in the writing task. Users who are familiar with writing with an analogue pen and paper
evaluated the familiarity of the stylus pen providing pen-and-paper texture higher than that of the
typical stylus pen. This is similar to the findings of previous research that reports that providing
user-friendly pen-like texture through a stylus using electrical vibrations leads to improved
handwriting [17]. In the drawing task, MS provided higher overall satisfaction than TS. These are in
line with the hypothesis that MS will help achieve increased user satisfaction in writing and drawing.

The analysis of emotional variables showed that the results for the writing and drawing tasks were
similar. First, in uncomfortable-comfortable, comfort was provided in the order of PP, MS, and TS,
and the difference among the three tools was statistically significant. Participants felt most
comfortable with the analogue pen-and-paper environment, which they normally use. They felt
more comfortable with MS, which provides a texture similar to an analogue pen, than with a typical
stylus.

In the case of ordinary-appealing, there was no difference between the existence and the
nonexistence of the pen-and-paper texture. However, there was a difference in emotion between
the analogue pen and the stylus. Compared with the stylus pen, the analogue pen and paper felt
more ordinary. This is probably because the analogue pen and paper are the most basic tools for
writing. However, the reason that the stylus pen providing texture did not feel as ordinary as the
analogue pen and paper is that the tablet on which the handwriting was written, and the monitor
on which the writing was displayed, were separate.

Regarding the analysis of smooth-rough, soft-hard, and crude-precise, the typical stylus pen did not
provide the emotion of the analogue pen and paper. However, the stylus pen providing texture
provided similar emotion compared with the analogue pen and paper. Compared with the typical
stylus pen, the analogue pen and paper was found to be rougher, harder, and more precise. In other
words, when using the stylus pen providing pen-and-paper texture, the emotions experienced with
the analogue pen and paper are felt more than those experienced with the typical stylus pen.

Regarding the analysis of awkward-natural, PP provided more natural emotions than MS and TS in
all tasks. In the writing task, MS provided more natural emotion than TS, but there was no difference
between MS and TS in the drawing task. The drawing task is relatively more complicated than the
writing task, so it is difficult to overcome the awkwardness of a common stylus pen simply by using
a stylus providing a texture similar to that of an analogue pen. These results are consistent with
those of Poupyrev, Okabe, and Maruyama [18]. The stylus providing texture was well-evaluated in
terms of usability and subjective preference in the drawing task, but it did not provide the feel of
an analogue pen and paper.

There were no differences among the three tools in the case of thin-thick and flat-uneven. These
seem to be adequately provided by typical stylus pens.

6  CONCLUSION

This study investigated the change in user experience when using a stylus pen providing the texture
of pen and paper. It attempted to examine the directions that should be taken to improve the
experience of using stylus pens by comparing a stylus pen providing texture, a typical stylus pen,
and an analogue pen and paper. Regarding task completion time and error amount, which are
performance measures of usability variables, the stylus pen providing texture did not show a
significant difference from the typical stylus pen. On the other hand, regarding familiarity and
overall satisfaction, which are subjective measures of usability variables, improvement in the
existing stylus was achieved by the stylus providing a texture similar to an analogue pen.

80



The emotions felt when using an analogue pen and paper differed markedly from those felt when
using a common stylus that does not provide texture. In particular, the analogue pen and paper, the
most commonly used writing instrument in everyday life, was more comfortable and natural. On the
other hand, using a common stylus that does not provide texture felt uncomfortable and awkward.
In this case, when a stylus is made that is capable of providing a texture similar to an analogue pen,
user emotions are closer to those felt in an actual analogue pen environment.

This study confirmed the change in user experience brought about by using a stylus pen providing
the texture of pen and paper. Directions for the further development of usability and emotional
aspects were also confirmed through comparison with an analogue pen-and-paper environment.
First, we found that efforts to provide texture through a stylus pen do not help improve its
quantitative usability. Therefore, further technical research should be conducted to increase the
quantitative usability of stylus pens. However, improvements in familiarity and user satisfaction
achieved through stylus pens that provide texture are worthwhile, and making stylus pens capable
of providing emotions similar to those experienced when using an analogue pen and paper is also an
important factor that can make stylus pens more attractive to users.

In this study, a graphic tablet was used as an experimental tool. Its characteristic is that the surface
on which the stylus pen is used is separated from the monitor device on which the output appears.
This has the limitation of not properly representing a tablet PC or smart mobile device, where the
portion on which the stylus pen is used and the display portion that produces the output are same.
This may have affected some user emotions. Therefore, it is necessary to review the results of this
study by conducting future studies on the use of textures using tablet PCs or smart mobile devices
that have no such limitation. Although this study did not develop a stylus and tablet that provide a
texture similar to that of an analogue pen and paper, it is still meaningful because it showed that
user experience can be improved through the use of a stylus pen providing texture, and confirmed
the necessity of the development of such stylus pens.
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