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Abstract

Because of smartfication in societies, various kinds of physical interfaces have become soft-
warized. Regarding mobile environments, devices are designed on the basis that users do not
need to use physical keyboards or mice. Most of the softwareized interfaces have higher per-
formance than physical ones. However, there are many people who feel that the softwarized
interfaces are hard to use despite of their high performance. They carry physical keyboards or
external mice instead of softwareized interfaces. We suppose that this phenomenon is caused
because humans want “tangible feeling of operations (the use)” when they use computer or
machine interfaces. Almost all software-interfaces are hard to provide humans with “tangible
feeling of operations (the use)”. Implementing “sensory reality of the use” to the applications
integrated to the mobile devices is indispensable to the software-interfaces. We proposed
“sMosue”, which is the application (app) that turns a smartphone into a mouse. With sMouse, the
users can obtain the mice interfaces utilizing smartphones, which most people always bring .with
them at all times. The user can use a smartphone as a mouse without carrying a physical mouse,
streamlining of works is expected. In this paper, we describe outline of sMouse and its devel-
opment purpose. In addition, we also explain the newly added function to provide “tangible
feeling of operations (the use)”, and performed its usability evaluation.
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1 Introduction

A computer mouse is an indispensable device to use a computer. Mouse has a longer history than
expected. Since it was implemented by Douglas Engelbart (1925-2013) in 1968, it has continued
to evolve up to the present. In 1991, Logitech Inc. developed a wireless mouse. Then, accom-
panied with improvement of wireless technology and battery function, and the evolution for high
accuracy and miniaturization are still in progress to meet a high demand. In recent years, pursuit
of higher quality and miniaturization of laptop computers and the increasing use of cloud ser-
vices are also prominent. They generalized, the environment so-called “mobile office”. It can be
said that a wireless mouse is suitable for the lifestyle in which we can work anywhere if there is
an Internet connection.
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Usually, a laptop computer has a track pad instead of a mouse. Its quality has been also im-
proved spectacularly. In addition, other than a track pad, there are many alternatives as input
interfaces. Today, a mouse is no longer an indispensable item to carry with a laptop computer.
For example, today, there is a high demand for touchscreen laptops with which the users can
directly tap the screen to operate the computer. It reflects the social situation that smartphones
and tablets are popular. There are systems that the users can operate by eye movements. They are
mainly for physically challenged people, and those systems undergo intense studies with high
interests. If the development of the systems is completed, they will be very useful tools that can
be operated only by wearable devices such as glasses. Also, Tsuzaki tried to operate a computer
by gestures [2]. The users can operate the proposed system only by small devices to put on the
fingers. Space-conserving is expected and the users do not have to carry normal mice. Sakata is
developing a system upon which the users can operate the projected images by feet [3]. Even
though both hands are not free, the users can operate the system and also zoom the image to be
displayed. Kikuchi tried to develop a system that can be operated by earphones and they uti-lized
ears as interfaces. There are a limited number of the input commands that can be manipulated,
however, simple operations become easier regardless of locations.

Thus many kinds of input devices have been devised and commercialized. However, there are
many people who like mice that we have been familiar with for a long time, and they still use
mice as interfaces. In fact, a mouse continues evolving, and mouse grip designs, pointing accu-
racy and customizability has been improved. In this way, a mouse is an optimized device for the
uses of computers.

However, today, the small laptops have various functions. In addition, every data is stored in
the cloud service. Those technologies have generalized the mobile office environment. The
number of the people who avoid carrying external devices is increasing. Although there is a great
need for mice, to carry the external devices does not suit to modern lifestyles. Thereupon, we
proposed the app called “sMouse” to turn the smartphone to an external mouse. The app pro-
vides the equivalent operability with the mouse without carrying the external device.

2 Purpose and Aim

The concept of sMouse is “sensory reality” for its use. The detail will be described using a term,
“analog operability” upon “3.1 Concept”. In recent years, various tools like calculators, books,
and calendars have digitized as applications and also laser projection keyboards have appeared.
As the society changes to so-called "Smart society", the physical interfaces have gone. The dig-
itized interfaces have higher specs than the physical interfaces, however, they still remain as
commodities in reality.

Why is there a demand for the analogical tools now? In operability between analog objects,
which exists in reality, and applications, there is a big difference: with or without “sensory real-
ity”. The operations for applications on mobile devices only cause sensations of tapping or
sliding a flat surface. There are no operations like pushing buttons, turning pages, or moving the
objects. However, the actual objects require the users to perform more operations that cause
sensory reality. Regarding the operations for application, the users cannot acquire tangible
feeling. Because applications do not provide tangible feeling, the users tend to do wrong oper-
ations or repeat same operations. That is why the users have an impression that digitized inter-
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faces are useful, however they are hard to use. On the other hand, it is clear that applications
bring us not only high specs but also space-saving and efficiency of works.

What we need to research is how to implement “sensory reality of the use” on the proposed
application for the society in which various objects are integrated to a smartphone. By adding
"sensory reality of use" effect to applications integrated in the mobile devices, we suppose that
the applications will become easier to use and it leads to enrich the smart society. In this study,
we aim to improve operability by implementing a function to provide sensory reality (of the use)
to sMouse. In addition, we conduct an evaluation experiment of the influence on operability
under the condition that functions to provide sensory reality (of the use) are implemented to the
software interface, and we verified its effectiveness.

3 About “sMouse”

“sMouse” is an application that we have developed [1]. The users can use sMouse as an extra
device without carrying an external device because the implemented smartphone app works as a
substitute for the external device.

3.1 Concepts

sMouse has mainly two concepts. One is “analog-like operability”, which is associated with
sensory reality for the use of the interface, and the other is “prevention of being from copied” by
implementation of “analog-like operability” regarding the design.

3.1.1 Analog-like Operability

Analog-like operability of sMouse is based on the idea to incorporate “analog” into digital.
Today, because of IT development, recently electric appliances and other utensils are controlled
by computers behind our sight and they acquire data and show the optimum function for users or
consumers. The idea of loT (Internet of Things) is also common, and every kind of device or
environment is connected to the Internet for digitization.

Our aim is not the practice of IoT, with which various objects are connected to the Internet and
digitalized. In contrast, We aim to practice the idea to add an analog-like tool or operability to the
digital devices or environments because we suppose that it leads to the realization of the truly
user-friendly devices. The term “analog-like operability” means an operational quality with
which the user can intuitively acquire tangible feeling of operating the applied devices. Opera-
tion system of sMouse is different from the other previous mouse apps. The system requires the
user to hold, grip, and move the smartphone itself. This enables the user to get tangible feeling
like using a physical mouse. In this paper, we refer to this kind of operability, which provides
sensory reality as “analog-like operability”.

3.1.2 Prevention of being from Copied

We also suppose that “analog-like operability” can prevent the app design from “pakuri”. In
recent years, “pakuri (in this paper, it is defined as “taking” that cannot be said to be a crime in
most of the context, but is the act which is not supposed to do by someone else in Japanese. It can
sometimes mean a crime depending on the context)” problems including right or wrong discus-
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sion are occurring frequently regarding digital tools and environments. That is because most of
the similarities originates from internal program, and those similarities are difficult to notice
intuitively. Regarding the Internet, various services or software are appearing. When one service
gains popularity or starts spreading, many similar services and software appear. It is common
that the service released later solves the problems of the preceding service, and acquires the
reputation as a better service.

Of course, patents protect the services or software, however the similarities often develop to
be a legal conflict including accusations. In many cases, recent new services or software on the
Internet start from small ideas of individuals, and they rapidly develop to be a scale that cannot
be managed at the individual level. It is not always the case that the users apply for or acquire
patents beforehand. It is difficult to keep away the new ideas of mechanisms or systems from
becoming victims of “pakuri”. On the other hand, the uniqueness of visual designs or interfaces,
and the gimmicks or systems that users can experience with their physical senses like convenient
goods, increase the possibility to prevent themselves from being copied. Because everyone can
see the obvious similarity in appearance intuitively, there are few people who seek to copy the
visual design. “Analog-like operability” enable the users to acquire tangible feeling of operation
and it is easy to find out if there is similar operability. Because pakuri will soon be discovered,
there are few people who positively copy the interface with “analog-like operability”. sMouse is
effective not only for space-saving of mobile office, but also for one of the attempts based on the
concept: “the design that prevents being from copied”.

3.2 Existing Other Mouse Apps

All mouse apps released currently are remote mouse apps. The user can operate a pointer on the
computer screen by tapping the touch screen of smartphone. These operations are similar to the
ones for a remote track pad, and they are far from the actual operations for a physical mouse. Of
course, it is difficult for the previous mouse apps to create sensory reality like using a physical
mouse.

3.3 Design of “sMouse”

We presuppose the use on iPhone by Apple Inc. By acquiring position information using the
accelerometer, which is equipped on iPhones. The smartphones can function as mice. In this
section, we describe the execution image of sMouse in detail. The prototype, which was pro-
posed in this paper, was designed in the motif of a mouse device. If the user taps on the clicking
part like a normal mouse, the user can perform click operation on the computer connected by
Bluetooth. How to use is also same as a mouse. The user can control the cursor on the computer
by moving the smartphone back and forth and around like a physical mouse. The app does not
have any other features like functions to operate PowerPoint or music player. It has a mouse
function only. This is because mice we usually use do not have such functions.

Bluetooth is used for the connection to the computers. There are two reasons. One is to pre-
vent operations by other people who use the same app, as the situation is seen with the existing
apps. The other is to enable the operation for the computers in environments without Wi-Fi.
Today, it has become common for people to carry computers. However, it is not always the case
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that where one is going has Wi-Fi environment. Some cafés are supplying services for Wi-Fi
environments. However, most of the case, the services require charges. The use of sMouse pre-
supposes that the distance between the computer and the mouse is close. Therefore, Bluetooth
connection is better than Wi-Fi connection because of low price and functionality that works in
any environment.

Fig. I shows the transition diagram of sMouse. By tapping <START> button on Main screen,
the screen switches to the next screen. In this stage, the smartphone is not connected to the
computer yet. When the user taps <CONNECT> button, the screen switches to Connected
screen and, the smartphone will be connected to the computer that has recognized the
smartphone in advance. In this mode, the user can use the smartphone as a mouse device. If the
user taps <DISCONNECT> button at the bottom of the screen, the connection is deactivated,
and the screen will switch back to the previous screen. Fig. 2 shows execution image of the

prototype app.
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Figure 1: Transition diagram of the app

Figure 2: Prototype sMouse
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3.4 Design of “sMouse”

2 ¢

sMouse that is accompanied with actual moves like “holding”, “dragging”, and “pushing” is
closer to a physical mouse than software interfaces displayed on screens or track pads with which
the users cannot gain tangible feeling of the use. We added a function that provides users with
“sensory reality of operation”, and performed its usability evaluation.

4 Evaluation of sMouse Operability

In this study, we focused on “sound and vibration” as elements to provide sensory reality of
operating a mouse. Almost all physical mice in the market, have click buttons that slightly sink
when users click them. It gives the users tangible feeling of pushing the button. In accordance
with that, the mouse makes “clicking” sound. The scroll wheel provides tangible feeling of ro-
tation and “rotating” sound when the wheel is rotated. Those delicate sounds and vibrations give
users comfort and “tangible feeling of using devices” We suppose that they influence on work
efficiency for the tasks to be processed with computers. Thereupon, we added a function that
replicate “sensory reality of operation” to sMouse using sounds and vibrations. We investigated
how sensory reality of “sounds and vibrations” effects on operability of the interface.

4.1 Evaluation Method

We created four kinds of sMouse apps that different actions are setup for mouse-button-clicking.
We conducted a questionnaire survey on 22 males and females in their teens and 20s. Tablel
shows the click action details. On the screen for operations, the same mouse pictures are to be
displayed.

Table.1: Application1~4 Click Action Event

App  App name Sound  Vibration

Appl Plain App X X None

App2 Sound App @ X Clicking sound

App3  Vibration App X O Vibrations

App4 Mixture App O O Clicking sound and Vibrations

The examinees used those apps 1 to 4 in turn, compared each other, and evaluated their us-
er-friendliness.
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4.2 Result of Evaluation

Table 2 shows result of evaluation. Numbers are rounded down to the second decimal place.

Table.2: Result of Evaluation (Unit: %)

User-friendly No difference  User-hostile Don’t know

App 2

Compared with Appl 81.8 13.6 0 4.5
App3

Compared with Appl 77.2 9.0 9.0 4.5
Compared with App2 454 22.7 31.8 0
App4

Compared with Appl 81.8 0 13.6 9.0
Compared with App2 454 13.6 36.3 4.5
Compared with App3 50.0 22.7 22.7 0

4.3 Result of Evaluation
We consider the comparison result of each application.
4.3.1 App 1 (Plain App)

App 1 is the most difficult to use, compared with any of 2, 3 and 4. From this, it turned out that
implementing some action for clicks gives the user-friendly impression.

4.3.2 App2 (Sound App) and App3 (Vibration App)

Comparing sound with vibrations, there are more people who feel that app is slightly easier to
use with vibrations rather than clicking sound. As a reason, it can be inferred that the users are
stimulated more with vibration rather than sound alone as “sensation”. There is a feeling of the
click button’s bouncing back when pressing the button of a mouse. Vibrations are different from
that, however, because similar feeling can be obtained, it seems that there are many people who
find that the application with vibrations is user-friendly.

However, when comparing App 1 to App 2, there is no one who finds that App 2 is harder to
use, whereas some people evaluate App3 as " User-hostile " when comparing App 1 with App 3.
It means that vibration effect is not necessarily easy to use.

When operating a smartphone as a mouse, since it is placed on the desk for operations, the
vibration sounds can be noisy because of the echo. That was pointed out at the time of the
evaluation experiment. A normal mouse make “clicking” sound. However, the vibration sound is
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dull sound like “buzzzz” which is unfamiliar with the users when operating the normal mouse. It
seems that some people feel a sense of incompatibility.

4.3.3 App4 (Mixture App)

Compared to App 1, it seems that there are many people who feel that App4 is easy to use as with
App 2 and 3. However, when comparing App4 with App 2 and App 3, the results vary. Overall,
the percentage of the people who feel that App 4 is easy to use is the largest, however comparing
the usability of App 4 with App 2, the difference in the percentage is only 2 points. Since there is
no big difference, the usability of App 2 also cannot be ignored.

The cause of the dispersion of the result is that the vibration, “buzzzz” was not made at the
timing of “clicking” sound. Ideally, vibrations that match to "clicking" sound are to be made. It is
necessary to adjust the length and strength of the vibration to make them as close as possible to
the impression of the clicking sounds.

Taking as a whole of the evaluation results, there are few people who selected ‘“No difference”
or “Don’t know”, and the percentage is less than 5 points. Therefore, it is clear that setting the
action events at the time of clicking affects operability. We found that operability is improved
when "sensory reality of clicking” is implemented. Vibrations are most effective when imple-
menting "sensory reality of clicking" and the sound is second-best. However, if these are both
made at the same timing, the evaluation on operability becomes unstable. We need to be careful.
It is necessary to set them in the way that matches both as stimulation.

5 Conclusion

In this paper, we evaluated usability of sMouse, which turns a smartphone into a mouse. We
implemented “sensory reality of operation”, which is the concept of sMouse by sound and vi-
brations, and conducted questionnaire survey. As a result, we found that app with “sensory real-
ity” is more user-friendly than plain app. In addition, it became clear that vibrations are slightly
more effect ive than sound. This fact can be also applied to the other apps, and it can be expected
to be the important guideline when considering future operability of smartphone apps.

Since it was found that we need to match sound and vibrations as stimulation, it is necessary to
consider how to set them concretely. It is also required to verify difference in operability com-
paring the combination of sound and vibration effects with the cases in which sound or vibration
effect is set alone.

In this paper, we conducted evaluation survey only for the click function, however a mouse
also has a scroll wheel function. Regarding this function as well, we will produce sensory reality
of operation and perform an evaluation survey to improve usability.
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