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Abstract 
In daily computer use, the input devices are necessary.  However, the people who have 
difficulties in fine motor skills have trouble with using the usual p0inting input devices, 
because delicate motions are needed. However, this simple gesture is difficult or sometimes 
impossible for some people if they have physical disability or arthritis. 

I suggest an alternative mouse design to solve the problem. The alternative mouse, named 
Deache mouse, is designed in a ball shape, moves the cursor by rolling it and click by pressing 
the ball. The core idea was formulated based on a heuristic point of view, and it was refined 
during the prototyping processes. Then, the concept and prototype of the alternative mouse 
were tested with two user groups.   

The usability of the alternative mouse for the general computer work was proven, and the 
learnability of the Deache mouse was observed as well. However, the scroll, orientation 
setting, and feedback functions should be improved. 

For the last but not least, this thesis shows that more is needed in future research related 
to the alternative mouse, to conduct user tests with people who have difficulties in fine motor 
skill, test the movement preference, and examine long term usability and learnability. 

 
Keywords: Alternative input device, Alternative mouse design, Input device, Pointing device 

1. Introduction 
From a couple of decades ago, the computer became an essential part of our daily life. We use 
it for office work, entertainment, communication, and many other purposes. The input devices, 
for instance, touch screen, keyboard, and mouse are necessary for everyday computer usage. 
Especially the computer mouse become one of the essential input devices since the invention 
of the graphic user interface (GUI). These days, many users use track-pad as an alternative 
when they use laptops, but the mouse is preferred when users play games or work on graphic 
design. 

The first mouse was invented by Douglas Engelbart (Barnes, 1997), which tracks the 
movement of two wheels rolling vertically and horizontally. It had an entirely different shape 
compared to the mouse we use these days; however, the ball mouse adopted the same 
technique. After the invention of the ball mouse, it has been improved using a laser sensor and 
become more accurate and durable. To prevent the carpal tunnel syndrome (CTS), the mouse 
is developed in an ergonomic shape and to make it portable; the wireless mouse was invented. 
However, after the invention of the 3-button mouse, which has been used from the 1980s, the 
overall shape has not been changed that much and improved its function restrictively. The 
general mouse is still targeted only the majority of the users and has not become inclusive. 

Because of its conservative improvements, people who cannot use the standardized shape 
mouse experiences difficulties when they use computers. Therefore, they have had to use 
assistive devices that are specially designed for them. However, most of them are hard to apply 
to the users' daily life because of its size and price. For instance, the eye-controlled pointing 
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system can be the alternative input device, but the instrument is yet expensive for an individual, 
and as the eye movement is unconsciously controlled based on user's subconscious interest 
(Yarbus, 2013) the user needs to steadily focus on a target and move slower than the usual eye 
movement (Bates & Istance, 2003). 

The advent of computers and smart devices enables people with disabilities to live an 
independent life by letting them do what was impossible before. Like many other users, people 
who have disabilities can get information, services, and products at their home and can 
communicate with others, using alternative communication methods (e.g. text-based 
communication using dictation, voice generator, symbol-based communication, etc.). These 
improvements change their life, which previously depended on their guardians' or institutions' 
situation. Thus, to provide more possibilities and opportunities to them, I think more 
alternatives in input devices need to be invented to improve the special users' experience and 
make it easier to use computers and smart devices. Thus, there are potential to develop 
alternative input devices in order to improve special users' experience and make it easier to 
use computers and smart devices.   

To give a better experience for people with disabilities, this thesis will suggest an alternative 
mouse design which is suitable for people who have fine motor skill impairment. Fine motor 
skills usually mean the delicate activities using fingers moving small muscles with proper 
strength and coordinating them, for example, writing letters with a pencil, buttoning up shirts, 
and typing letters. The fine motor skill impairment occurs often associated with many other 
disabilities like Down syndrome, autism spectrum disorders or amblyopia (Bruni, 2006; 
Webber, Wood, Gole & Brown,2008; Lloyd, MacDonald & Lord, 2013).  

Therefore, to ease the difficulties and frustration of people with fine motor skill 
impairments when they use computers or smart devices, the question for my research is this: 

 
How can an alternative way of a computer input device be designed for people who have 
difficulties with fine motor skills? 
 

To answer this question, I investigated the demands from a heuristic point of view which 
comes from the experience of the present researcher teaching students who have severe 
motoric disabilities. Based on this, I created a design with every consideration from the shape 
to the function. After that, I evaluated the design by discussing with experts and conducting 
user tests. The user test was conducted with HCI experts (n=4) and general users (n=10), to 
find improvements in the design and examine whether the presented idea of an alternative 
input device was understandable and acceptable. 

2. Related Research 
Many researchers have developed and improved computer input devices for people who could 
not be included in the life with computers. Various devices have been invented under the 
assistive technology area, and Chen (2001), Eom et al. (2007) and Barreto, Scargle, and 
Adjouad (2000) tried to use different kinds of sensors for a computer mouse. Gajos, Wobbrock, 
and Weld (2008), Koester, LoPresti, and Simpson (2005) and Findlater, Jansen, Shinohara, 
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Dixon, Kamb, Rakita, and Wobbrock (2010) tried to modify the software without changing the 
hardware to reduce the demand for detailed control. Other than developing alternative 
pointing devices, Marti and Iacono (2015) adopted squeezing interface to give users new 
experiences. The summary of related research will be described below. 

Brodwin, Star, and Cardoso (2004) 
summarized the pros and cons of 
computer assistive technologies for 
people with disabilities. When it comes to 
pointing input devices, they mentioned 
trackballs, joysticks, hands-free mouse 
(e.g. head pointer, mouth stick) and the 
eye-tracking technology. The trackball 
(Figure 1) has the same logic as the ball 
mouse, but people roll the ball itself. It 
has advantages in its stationary position 
because it prevents the cord from being 
tangled and requires less movement. It is 
also produced in various size so that users can choose one that fits them. However, for some 
users, the surface of the ball is too slippery to control. 

 The joystick is the pointing controller that we usually use for a game controller and call 
joystick. It is also a stationary device, and people can adjust the sensitivity of the nob. However, 
it usually needs an additional button for clicking, so users need to move their hand between 
the button and nob. Moreover, it needs a wider range of wrist extension compared to a usual 
mouse (Karlqvist et al., 1999). The handsfree mouse comes mainly in two kinds: head pointer 
and mouse stick. Users wear a helmet with a stick attached near to the forehead or bite a stick 
with V-shape nob then point the touch screen or pick keys with the tip. The hands-free mouse 
is considered as one of the easiest and fastest ways for users because of its simplicity, but it 
causes neck pain due to the repeated head movement. (Bates et al. 2003) 

The eye-tracking technology, as mentioned before, is regarded as one of the best alternative 
input devices for people with disabilities. A person with a severe physical disability may still 
have possibilities to move facial muscles, including the eyes. However, the user also needs to 
have enough strength or enough gadgets to hold the head in one direction, and it is hard to 
control because of unconscious eye movement. Other researchers tried to use different sensors 
instead of the usual mouse's laser sensor, for example, Chen (2001) suggested head-operated 
mouse using tilting sensors. This research was targeted on people who have severe physical 
disabilities and who use their head to control the pointer. The users wear the sensor like a 
helmet, and the sensor detects the lateral and vertical movement of their head. The accuracy 
was similar to the non-disabled people who used the same device. Also, there was also not 
much difference in time cost, which means the alternative input device can make people with 
disabilities perform similarly with non-disabled people. Eom et al. (2007) also used a gyro 
sensor to move the mouse cursor. In this research, the researchers attached the sensor on 
glasses, which is similar to the investigation of Chen (2001) as both measured the movement 
of users' head. Barreto et al. (2000) used electromyographic bio-signals as an input signal for 

Figure 1 Trackball 
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a computer mouse. They used the voluntary facial movement and classified it into two-
dimensional movement, left click and ON/OFF signals.  

Researchers also made changes in software to reduce the detailed pointing demands. Gajos 
et al. (2008) used software to generate better interface automatically, or bigger interface in the 
system and the users used the usual mouse or trackball for an input device. The participants 
could point the cursor on their goal a bit faster, and the accuracy was improved remarkably. 
Koester et al. (2005) tried to adjust the control-display gain of a mouse to enhance the 
performance of users who have a different level of muscle tension. Findlater et al. (2010) used 
enhanced area cursor to reduce detailed motions of users by enabling users to click 
inaccurately to reach the goal. 

There was also research that adopted squeezing interface to their product. Marti and Iacono 
(2015) covered a tablet with soft silicone cover, and the users squeeze the handles behind to 
zoom in and out the display. Even though it took a longer time for users to zoom in and out, 
compared to the usual interface, the users could get tactile feedback and the feeling and way 
of this interaction made people interested in it and feel pleasure. 

3. Theoretical Framework 

3.1 Three Phases in HCI 
The method that is used in this thesis follows the key points that have been considered 
importantly though out the history of HCI. I would like to describe the three phases in HCI and 
shortly explain how it is used in the user test to make it clear that this thesis is in line with the 
history of HCI. 

The history of HCI started with the advent of the personal computer to improve the usability 
of all users who wanted to work with computers (Carroll & Kjeldskov 2013). In the early stage 
of HCI, interaction is viewed in a cognitive way focusing on human being, studied by rigid 
guidelines (Bødker, 2015). This point of view does not consider human activities going beyond 
a strict guideline. The problem of this viewpoint is that once the situation is encompassed by 
ethical and cultural factors that are not easily translated into formal structures, it would cause 
a different result. During the user test in this thesis, I measured the direct performance in a 
gaming task to compare the scores between usual mouse usage and Deache mouse usage. 

When the HCI was on the second wave, however, the researchers started to focus on the 
context and information flow in HCI design. Theories that focus on cognitive process such as 
activity theory (Kaptelinin, 1996; Kaptelinin et al., 2003) raised and merged into HCI. They 
noticed that the understanding and social context of the design process could not be translated 
and understood in the same respect (Resende, Busch & Pereira, 2017). Moreover, the way how 
people will use technology could easily go beyond the initial plan. Furthermore, the focus was 
on the environment and interaction within a community of practice. Situated action, distributed 
cognition and activity theory became the foundation for theoretical reflection. To observe the 
influence of context, I set and particular activity in the user test and observed how well they 
are able to conduct the activity.  
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Finally, the third wave of HCI emerged when interactive computing technology reached the 
daily lives of people. Also, the use of context and application types were broadened and 
intermixed with culture, emotion, and experiences. In this stage, HCI focused on the expansion 
of the cognition to the emotion (Bødker, 2006). Therefore, the theories that look beyond the 
activity rise in this wave such as user experience theory (Hassenzahl & Tractinsky, 2006). The 
importance of emotion and experience is also considered in this thesis, as questions that asking 
about the users feeling and thought are followed. 

3.2 Universal design 
Researchers from the Center for Universal Design at North Carolina State University defined 
universal design “the design of products and environments to be usable by all people, to the 
greatest extent possible, without the need for adaptation or specialized design.” Nowadays, 
universal design or accessible design is used not only in the HCI field but also in many other 
research fields to embrace more different kind of people and to prevent discrimination and 
segregation. Even though the concept is developed long time ago (Goldsmith, 1967), this 
design concept and principles are still commonly used in disability studies. For example, King-
Sears et al. (2015) and Glaser (2017) used the universal design concept and its principle in 
teaching process for school-aged children. Sometimes, the universal design is misunderstood 
as the design only for people with disabilities, but this is the design concept for everyone. The 
design features of the universal or accessible design concern that requiring less physical effort, 
easy to understand, reasonable price for general customers, avoiding specific cultural 
metaphors and being acceptable in a social context. During the research of The Center for 
Universal Design between 1994 and 1997, the researchers developed a set of universal design 
guidelines (Story, 2001), and in this research, the alternative mouse is also designed based on 
the universal or acceptable design principles as follows: 
Principle 1: Equitable Use: The design is beneficial for people with diverse abilities while 

providing identical means of use for all users. It should not stigmatize the user 
by providing a different design. 

Principle 2: Flexibility in Use: The design includes a wide range of personal preferences and 
abilities by providing alternatives in methods of use. 

Principle 3: Simple and Intuitive Use: The way of using the design is straightforward to 
understand, regardless of the user’s backgrounds. 

Principle 4: Perceptible Information: The design delivers important information effectively to 
the user. If it is necessary, give the information in different ways. (e.g. verbal, 
pictorial, literal, etc.) 

Principle 5: Tolerance for Error: The design minimizes possibilities of accidental or 
unintended actions. 

Principle 6: Low Physical Effort: The design can be used efficiently and conveniently and with 
a minimum of fatigue, which allows a user to keep a neutral body position.  

Principle 7: Size and Space for Appropriate use: The design should be made in an appropriate 
size. 

3.3 Prototyping 
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A prototype is the original form or typical example, foundation or standard of any object. The 
prototype can be an unfinished version of the information system or an initial model of the 
system or concrete representation (Beyon, 2014) that demonstrates important functions of 
future artefact (Houde & Hill, 1997). Prototyping is a user-centred development method 
(Kankainen, 2003). One of the important goals of prototyping is to meet the needs of end users. 
Developers who understand the persona of future users or target users continue to use 
prototypes in the development process, and developers improve the problems of a prototype 
to meet the end users' needs. 

One advantage of the prototype is that it can reduce development time. Traditional methods 
take a long time to come up with an operational system, but prototyping produces results that 
users can evaluate in a relatively short period. Besides, traditional system development 
methods can detect errors only after the system is completed, but when developers use a 
prototype, they can find the errors in the earlier stage. 

Focusing on tangible products, however, can undermine or underscore the system's 
documentation that is essential for system maintenance, especially when the system needs to 
be modified and repaired over time. And finally, developers need to aware that more money 
and time can be spent when they use prototyping. Prototyping is easy to change at any time, 
but as system changes continue, the time and cost will increase. 

There are various kinds of prototypes, but the proof of principle prototyping and visual 
prototyping which were used in this study will be explained below. 

3.3.1 Low fidelity prototype 
 Low fidelity prototypes, shortly referred to as lo-fi prototypes, are often described as simple 
and low-tech concepts. This is for getting ideas out of your head, starting simply with pencils 
and paper, and finally creating things that can be tested to get feedback. 

While making lo-fi prototypes, designers or developers do not need to worry about the 
technical aspects so they can instead focus more on the ideation process, additionally, those 
with no special technical skills can also participate in the brainstorming process. It is also a 
prototype of paper, pen, and simple tools so it can be used to reflect real-time feedback during 
meetings by modifying ideas or prototypes. Low- fidelity prototyping allows designers and 
users to focus on high-level interaction design and information architecture, rather than on 
details such as visual style (Landay & Myers, 2001; Wong, 1992). 

3.3.2 High fidelity prototype 
High fidelity prototype, shortly called hi-fi prototype, is functional and interactive, unlike the 
lo-fi prototype. Almost like the final product, the prototype has enough interactivity to test the 
feel and usability by the users or designers (Rudd, Stern & Isensee, 1996). 

Hi-fi prototypes reduce the ambiguity between people sharing and testing together because 
people do not need to guess the function, usage, shape, or response of the product. In addition, 
there is a possibility that the language may be interpreted differently. If you share the hi-fi 
prototype, both the person who proposed the idea and the person who explained it could 
convey the idea. 

3.3.3 Visual prototyping 
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Visual prototypes are prototypes that can be used to simulate the actual appearance of a 
product or system (Matkovic, Gracanin, Jelovic & Hauser, 2008). It is not made for practical 
use but is made visually identical to the final product. An example is to render a 3D design and 
make it look like an actual photo or to create an enlarged or reduced figure of the product. 
Designers can also combine and edit several videos to make them look as if they were recorded 
and make them look like they exist. This prototyping method is often used to publicize and 
explain a product or service in front of a large number of people or audience and is a way to 
effectively explain the concept and shape of a product to the public. 

4. Prototype Development 
Based on previous research, a summary of design features that an alternative or new computer 
mouse design should have as follow:  

� Consider flexibility to use various body parts in addition to hands 
� Consider reducing the demand for fine motoric skills. 
� Consider fatigue to not accumulate quickly for long usage time 
� Make sure that the surface is not slippery so that it can be used by users who can only 

control it with a small part of their body. 

4.1 Design features 
The alternative mouse named Deache mouse1 is designed in a spherical shape to make it easier 
to roll around the mouse with hand or any limb. The surface is covered with silicone which is 
soft and not slippery so that it is easier to control it then the trackball and users can squeeze it 
to click with it. Around the whole surface, there are small bumps which prevent the mouse 
from rolling away from the table and give physical feedback to users while making it easier to 
grab or hold the mouse with their arm. The soft material of the surface compromises the 
disadvantages of bumpy surface, which can accidentally harm users. The prototype is made in 
14cm diameter size, as this size is big enough to control with palm or wrist, but it can be made 
in any different size depends on the users' need. 

When the mouse is connected to computers or Android devices, the pointer moves along 
the mouse’s movement so that users can move the cursor by rolling the ball with their hands. 
The users can click by squeezing or pushing down the ball as the barometric pressure sensor 
in the mouse detects the squeezing motion. The silicone cover covers and seals the sensors so 
that the pressure sensor can detect the air pressure generated by the users’ squeezing gesture. 
Because it is firmly sealed, it is also allowed to wash the mouse to keep it clean. The Deache 
mouse does not make any clicking sound, which is aural feedback that indicates whether the 
user clicked or not instead it has a sound generator that makes a small beeping sound when 
the user squeezes it. 

These design features are all based on the principles of universal design, and the detailed 
description will be explained below. 

Principle 1: Equitable Use 

                                                
1 Deache means ‘alternative’ in Korean 
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The alternative mouse is designed not only for special users but also for general users so that 
this design doesn’t stigmatize special user groups by isolating or segregating them. 

Principle 2: Flexibility in Use 
Without changing the shape or attaching extra parts, users can use the alternative mouse with 
their palm, wrist, elbow, feet or whichever body part they want, as the surface is not slippery. 
Moreover, it is possible to adjust the sensitivity of accelerometer and pressure sensor 
depending on the user’s ability or preference. For example, users who cannot move a wide 
range can control the mouse cursor with less movement. 

Principle 3: Simple and Intuitive Use 
The shape of the mouse itself explains how to use it. The metaphor of ball is usually rolling or 
throwing regardless of culture or generation. Because of this metaphor, users can easily 
understand how it works without much explanation. Besides, this alternative mouse does not 
have additional buttons that can harm the simplicity. The adequate sound feedback for clicking 
also increases the intuitiveness as it gives information to users whether they successfully 
clicked or not. 

Principle 4: Perceptible Information 
As mentioned above, the simplicity of design prevents giving unnecessary or exceeding 
information to users. 

Principle 5: Tolerance for Error 
While generating the algorithm of cursor movement, the ball movement data is filtered to 
make the cursor move smoothly. This prevents the users to click the wrong area as the cursor 
moves steadily. However, there is no alternatives or backups in the mouse design, even when 
users click a wrong button or when they miss the mouse and make the cursor move to another 
side.  However, users can partly compensate for this problem using other software solutions 
such as pressing undo key or go-back key. 

Principle 6: Low Physical Effort 
The sixth principle is the key principle that was considered the most in this design. Compared 
to the typical computer mouse which requires high dexterity, meaning the skilful performance 
or ability without difficulty in using the hands, the Deache mouse requires much less skill and 
can be controlled with less detailed motion.   

Principle 7: Size and Space for Appropriate use 
Even though the prototype was made in one size, the Deache mouse can be made in different 
sizes depending on users' need. If the ball can cover the sensors and battery, the ball can be 
made smaller than the prototype, and if it is not hard to roll and squeeze, the ball can be made 
bigger.  

4.2 Low-fidelity prototype and video prototype 
Before developing an interactive device, I explained the concept and idea behind the Deache 
mouse to four experts in HCI and six experts in disability study by making a low fidelity 
prototype and discussed whether the new design could increase the computer usability and 
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accessibility of people who have difficulties in fine motor skill. The lo-fi prototype (Figure 1) is 
made with a plastic ball covered with an uneven sponge, and a video prototype (Figure 2) was 
created which shows the use of the Deache mouse synchronized with cursor movement. The 
experts expected that the alternative design could meet the needs of special users, and it is 
worth to develop into an interactive device after watching the video prototype. Besides, during 
the discussion with HCI experts, we handled the technical issue how to embody the idea with 
which sensor and logic and with disability study experts also discussed what kind of external 
problems such as hygienic issues and the possibility of injury should be considered.  

To get advice, I talked with six experts in a 1: 1 or 2: 1 interview via online, using an open-
ended interview method. They spoke about the limitations of other alternative input devices 
by sharing what they experienced while they taught students with disabilities. They said that 
students with myasthenia gravis, which means lacking sufficient power in muscles (Jaretzki et 
al., 2000), were not able to roll the ball of a trackball. The trackball, which is the most often 
used alternative input device is too sleek to roll for them, and they could handle it only with 
the teacher's physical instruction. Also, the touchpad, which is easy-to-find and does not need 
much power to interact is often used, but the students who cannot bring their arms in the 
direction of their eyes could not use the touchpad. 

After being explained the design of the Deache mouse, the experts said they could not 
guarantee that it will work for every person, like many other alternative devices, but they also 
said some might need this Deache computer mouse. The safety issue was considered important. 
The experts worried about the user being hurt when the mouse was thrown or dropped, and 
the danger of the device being destroyed. It is a relatively inexpensive input device, but it is not 
easy to afford the cost if it breaks too often. 

4.3 High-fidelity prototype 
The technical part of the mouse is built with Adafruit circuit playground, which has an 
accelerometer in it. It also implements the Bluetooth Human Interface Device (HID) protocol, 
which enables the mouse to work on every device that supports regular Bluetooth connection 
such as pads, smartphones, computers etc. A Bluetooth module, Bluefruit LE was attached to 

Figure 2 Lo-fi prototype Figure 2 Video prototype 
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the circuit to make it communicate with computers wirelessly, and it enables the users to 
optimize the rolling interface. To detect the changes in air pressure, GY-BMP280-3.3 pressure 
sensor module is also attached to the main circuit. The whole board is covered with a plastic 
ball with holes on it to protect the sensors from squeezing motion, keep the sphere shape of 
the silicone cover and detect the pressure at the same time. The silicone cover is made out of 
the 3D printed mould.  

4.3.1 Technical implementation of movement 
The accelerometer sensor in the Deache mouse reads the 3-dimensional movement and prints 
out 2-dimensional signals after calculation, which controls the mouse cursor on the screen. 
Using 3 different data, x-axis data which reads left and right or horizontal movement, y-axis 
data which reads up and down , and vertical movement and z-axis data which reads the flip of 
board, the algorithm is designed to move the cursor to a single direction even when the actual 
value of the data is changing with its roll. The ideal setting for the mouse is to be able to find 
the right orientation in whichever position, but because of the sensitivity of the sensor and 

Figure 3 Hi-fi prototype of  the alternative mouse and its circuit 
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imperfect coding, it is not embodied in the prototype. Therefore, the prototype has only limited 
movement, letting users roll only 180° and not rotating the ball and change the orientation. 

The data processing method of this mouse, using 3D data to print 2D data is hard to find 
from precedents. Usually, the 3D data is used to represent 3D movement or to navigate a 3D 
environment. For instance, many game controllers detect the movement of users and print 
similar movement on the screen or use AHRS (attitude heading reference system) to direct 
and orient the same position that the controllers do. VR (virtual reality) gears also use 3-
dimensional data to simulate the motion of navigating the 3D environment. Or otherwise, 
some systems use 2D data to imitate 3D movement. For example, in many 3D simulation 
games, users move their mouse right and left on the desk surface, which is a flat and 2D 
movement, to look ‘around’ the game environment which feels like rotating their heads. 

However, as mentioned before, most of the system does not use 3D data to show 2D 
information because it seems like a waste to use more intricate and heavy data to print simple 
result. Though, in this research, the Deache mouse is reading 3D data from the rolling motion 
to show 2D movement on screen to reduce the physical requirement. 

5. Method 

5.1 Ethical consideration 
During the user test and whole study, I followed the four main ethical principles that are 
described in Vetenskapsrådet (The Swedish Research Council, n.d.). Before every test with 
participants, I informed them about the purpose of the test and thesis. All of the participants 
took part in the test voluntarily and could stop the test if they want. All data were collected 
with the agreement of participants and stored in private computer while not allowing others 
to access it. The data was used only for this study, and all the information was stored 
anonymized. 

5.2 User test participants  
The participants were divided into two groups, experts and general users, because experts have 
a different mindset and focus on different things, since they have more knowledge and have 
different cognitive skills, compared to general users (Yesilada, Brajnik & Harper, 2009). 
Because of those differences, these groups might generate different test results and describe 
usability differently. Besides, under the consideration of the possible errors, the tests with 
experts can help to screen out or refine the errors. 

Four HCI experts aged between 25 to 29 participated in the user test. They were all students 
who were studying HCI and two of them were female.  

User tests were conducted on general users as well. The Deache mouse was tested with not-
experts a total of 10 people between the ages of 21 and 30. Four female and six male 
participants testes the prototype and nine of them were students. The general user testers were 
gathered using the snowball sampling method. All of them had higher education and use the 
computer for daily work, study or leisure (such as Word processor, PowerPoint, pdf viewer, 
watching YouTube or Netflix and playing games). 
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5.3 Procedure  
To test the usability of the Deache mouse, the controlled experiments were conducted. The 

controlled experiment is an experiment that tests only one variable at one time and is a widely 
used approach to evaluating interfaces and styles of interaction (Blandford, Cox & Cairns, 
2008), and to understanding cognition in the context of interactions with systems (e.g. Li et 
al, 2006). While conducting the controlled experiment, researchers observe and measure the 
outcome resulted from the change of one variable. To prevent other changes from other 
variables that can cause random effects, researchers need to design structured and consecutive 
experiments.   

To compare the usability of the Deache mouse with a typical mouse, the type of computer 
mouse is set as a controlled variable in this research. Also, to reduce the effect of orders of two 
tests, half of the participants used the typical mouse first, and the other half used the Deache 
mouse first. All tests were designed identically regardless of the tester group of HCI experts 
and potential users. Every test was conducted in a quiet room (university lecture room or 
private room at participants' home), each tester participated individually, and each session 
took 20~45 minutes. To prevent omission and misinterpretation, all sessions were screen 
recorded, and all conversation was recorded as well. 

Before starting the tasks, every tester tried the Deache mouse and the typical Bluetooth 
mouse to understand the logic and get used to it. The testers completed two types of tasks as 
follows: 1) Visit Netflix, surf the main-page, and play any movie or series the participant wants. 
2) Playing a mouse clicking game at www.mouseaccuracy.com (Figure 4) and check the target 
efficiency and click accuracy. I arranged two tasks for testers because the results of the two 
tasks can examine different aspects of mouse usability. The surfing task is for checking the 
usability of the Deache mouse in daily usage, not for testing the efficiency or effectiveness of 
it. On the other hand, the other task is testing the effectiveness and efficiency of the Deache 
mouse. In addition, the gaming task is for testing the null hypothesis that there are no 
differences between usual mouse and Deache mouse, while the Netflix task is a more open 
section for generally observe the users modality. 

The reason for suggesting surfing Netflix as the first task is that this activity is one of the 
tasks that many users frequently and commonly do with computers. It is also a task that can 
be smoothly performed without requiring diverse mouse use, for example, dragging, double-
clicking, and right-clicking. The simplicity of the task also allows us to concentrate on the tasks 
itself. 

The clicking game is usually for training faster and more accurate mouse clicking for gamers 
or other users. After playing the game on this site, players can check their score, target 
efficiency and click accuracy.  The score is calculated by the game itself, and it is influenced by 
the number of clicked targets and speed. Target efficiency is the percentage of targets clicked 
among all targets that appeared on the screen during play time, and it shows how many targets 
the player had missed. Click accuracy is a percentage of the exact number of clicks the player 
has made among the total number of clicks the player had made, which shows how accurately 
the player had clicked. The detailed order of each task can be analysed as below. 

Task 1) Surfing Netflix for watching a series 
1. Click Netflix icon among the bookmarks on the blank page. 
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2. Choose a profile of their own. 
3. Scroll up and down the page to find an interesting series. 
4. Click a series and watch. 

Task 2) Playing a mouse clicking game at www.mouseaccuracy.com 
1. Check the game setting (Easy mode, large size targets and 30 seconds of duration 

time). 
2. Click the ‘Start' button when the participant is ready. 
3. Click targets on the screen when they appear and before they disappear. 
4. When the game ends, check the scores. 

5.4 Semi-structured interview 
After each controlled experiment, a semi-structured interview was conducted. The semi-
structured interview is one of the most commonly used research methods in the social science 
research area since this form of interviewing has some degree of predetermined order but still 
ensures flexibility in the way issues are addressed by the informant (Dunn, 2000). It is better 

Figure 4 Screenshot of www.mouseaccuracy.com (Home screen and game-play screen) 
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for researchers to prepare interview guides before the interview since it prevents unnecessary 
and repetitive questions, being off-topic and time delay. However, this method allows for an 
open response of participants rather than a ‘yes or no’ type answer (Longhurst, 2003), so that 
the process can be changed a bit during the interview. 

After finishing two tasks, several follow-up questions were asked to participants. These 
questions were for checking not only the accuracy and efficiency of the Deache mouse but also 
to check the users' subjective feeling and experience, which are also important when it comes 
to developing a new product. The follow-up questions were asked in the semi-structured 
interview format so that the interview guides were written before the test, and the questions 
were set in order. The participants answered to following 7 questions:  

5.5 Thematic analysis 
Braun and Clarke (2006) defined the thematic analysis is a method for qualitative research 
which finds, analyses and reports themes or patterns out of data. This research method is not 
bound to a specific theoretical framework so that it can be used flexibly. Due to the flexibility, 
a person who does not have lots of knowledge about qualitative research can relatively easily 
and quickly apply this method, and even the reported data or the result is also easy for readers 
or audiences to understand. This method also helps researchers to effectively epitomize the 
vast amount of data into several key features, which is useful for participatory research 
paradigm. Furthermore, researchers and readers can efficiently collate the similarities and 
differences across the data and can come across new insights while the researcher group, 
connect and summarize the data. 

Braun and Clarke (2006) summarized the process of thematic analysis in 6 steps. 
1. Familiarizing yourself with your data: The first step is understanding the data. 

Researchers can transcribe the data if it is necessary and read it repeatedly and note 
down the first ideas. 

2. Generating initial codes: To the next, researchers need to code interesting or 
important features of the data in a systematic way across the whole data set then 
collect the data which is relevant to each code. 

3. Searching for themes: After the data got coded, these codes can be grouped into 
potential themes. The other relevant data can be continuously gathered for each 
possible theme. 

4. Reviewing themes: Researchers should check if the themes are related to coded data 
and the entire data set and gather a thematic ‘map' of the analysis. 

5. Defining and naming themes: The next step is refining the details of each theme and 
finding out clear definitions and names of each theme. 

6. Producing the report 
In this thesis, I followed these 6 steps of thematic analysis to find patterns of data and 

deduct meaningful results out of interviews. 
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6. Results 
The thematic analysis method was used for collecting and analysing data. Each interview was 
transcribed, and opinions of experts and general users were combined and colour-coded if they 
have the same meaning. After that, the topics that can be classified into the same theme are 
grouped, named and listed. The quantitative data, in other words, the results of game tasks are 
gathered and merged into a table below. 

6.1 Test Result 
Since the expert participants all quickly understood the idea behind the Deache mouse and 
already had knowledge about user test, they finished all tasks in 10 minutes and total test time 
with interview took around 25minutes on average. At the first few minutes, testers got 
confused about the orientation of Deache mouse, because the prototype should have been set 
in a specific direction, but soon they found the direction or at least after a short explanation, 
they became confident about using the Deache mouse. The experts took 2 minutes 58 seconds 
on average for completing the first task, surfing Netflix page to find a series. As the task was 
not for checking the speed, all participants freely surfed the page, watching the trailer, adding 
in ‘my list', playing videos, and going back to list to see another series, so the duration time 
was all different depends on the users' habit. While participants conducted the second task, 
they tried the mouse clicking game one or two times more, and they all got a slightly better 
score than the last try.   

On average, it took slightly longer for general users than experts in terms of understanding 
how the mouse works and how to control it. It took about 5 minutes to test the mouse before 
starting the test, which was around 3 minutes longer compared to the expert group. It took an 
average of 35 minutes for them to complete the task, including the start-up explanations and 
the full interview. They took an average of 3 minutes and 36 seconds for the first task and tried 
twice for the second task (Table 1). 

 

6.2 General 
After the experiment, all expert participants said the texture of the prototype's surface is comfy, 
and the rolling gesture is entertaining. 8 participants out of 10 general users talked that it was 
fun but difficult to use and the other two seemed still confused until the end of the user test. 
The detail of these two participants would be described below in the ‘Modality' section, but in 
short, they did not fully understand the way of controlling it. 

Tester Task 1 Task 2 
 Usual mouse 1st try 2nd try Average 

Experts 2’58” 
Score 78.75 3 4.5 3.75 

Target efficiency 53 2.75 4 3.375 
Click accuracy 79.75 19.25 21.75 20.5 

General 
Users 3’36” 

Score 87.5 6.625 7 6.81 
Target efficiency 58.6 7.25 7.33 7.29 

Click accuracy 80.6 23.75 29.33 26.54 

Total 3’27” 
Score 85 4.64 5.79 5.22 

Target efficiency 57 4.93 5.86 3.4 
Click accuracy 80.36 19.07 25.07 22.07 

Table 1 Results of user tests 
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The novelty of its feeling and way of use was strange for them but also interesting at the 
same time. Even though there were issues during the tests, all participants completed the tasks. 
During the test, 1) the cursor moved to a wrong direction as the ball rotates continuously, and 
2) the clicking function was not perfect so that sometimes the sensor did not detect the 
pressure or there were delays between action and click. 

Analysing the table listed above (Table 1), we cannot see a significant correlation between 
game results using a normal mouse and results using the Deache mouse in the second task. In 
other words, using a usual mouse more proficiently does not make the alternative mouse usage 
more proficient. None of the subcategories, score, target efficiency and click accuracy, has co-
relation with usual mouse usage. 

All the testers, including experts and general users, tried the Deache mouse two or three 
times for the clicking game task. By comparing the mean value of the second task results, we 
can see the testers generally got a better result on the second try. It was a very short time to 
get used to it, but 11 out of 14 participants got a better result for the second and third try. At 
the last try, 4 participants said they are getting familiar with it and they also certainly said they 
might get a better score if they use the mouse for a longer time. However, there are 3 
participants in the general user group who received a lower score than the first attempt on task 
2 in the second attempt. It is considered to be a problem of concentration and fatigue in the 
experiment. The participants might have tension and good concentration on the first try, but 
in the second try, it seems to have lower scores due to loss of concentration or fatigue. 

6.3 Core idea 

6.3.1 Physical characteristics 
About the shape and texture of the surface surrounding the mouse, 11 out of 14 said it is 

interesting and entertaining. But the other three asked me why it does not have a smooth ball 
shape, and if the bumps are necessary. They preferred the smooth ball shape at first, but when 
it was explained that the bumps were to prevent the ball from rolling away, not to slip from the 
hand, and give physical feedback on the motion, they were all satisfied and understood the 
need. 

One general user participant said that the texture itself has many advantages because there 
are quite a lot of people who buy stuff to get satisfied such as stress balls, interesting computer 
peripherals, or even simply funny but useless items. The alternate mouse is durable enough to 
throw due to its soft cover and shock absorbing outer material. This characteristic shows the 
possibility of the Deache mouse being used as a device for relieving stress in everyday work or 
just for fun. This was a new perspective that did not focus on the practicality, efficiency, and 
effectiveness of the Deache mouse. 

Participants also talked about the size of the Deache mouse. Six people said that the size is 
too big, particularly, female participants with small hands all mentioned about the size. The 
large size, especially for people with disabilities, brings about convenient manipulation, but 
many expect that the arm will become tired easily because the arm must stay in the air. To 
compensate for this problem, the size of the ball should be made in a smaller size or the surface 
for rolling around the mouse should be lower than the usual table. 
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One expert and three general users mentioned durability that comes from the surface of the 
Deache mouse. Smooth and soft surfaces can absorb shocks, so users may be less likely to 
break it even if they accidentally drop the ball. Especially school-age children or students with 
moderate disabilities can throw the ball, but the shock absorbing surface may prevent 
accidents that are caused by throwing. In addition, two participants suggested the possibility 
of using this mouse for something other than moving the cursor while throwing the ball up 
and down, such as pivoting 3-dimensional object in a screen.  

6.3.2 Control 
The function of the Deache mouse moving the cursor by rolling the ball was interesting for all 
participants due to its novelty. However, because of the limited functionality of the prototype, 
testers could not scroll up and down. Eleven of the testers asked how they can scroll, and the 
others said, “it seems like I cannot scroll with it, I would click the scroll bar here.” As many 
participants said and felt uncomfortable, the scrolling function needs to be improved. 

Even though they said the Deache mouse would be easier to use at the end, they pointed 
out that it will demand much training until they and the people with disabilities get used to it. 
As it takes time to get used to a new game controller, they said people would need to train to 
get used to the movement, speed and click sensitivity of the Deache mouse. Once people 
unconsciously comprehend the way of using the Deache mouse, they will perform better, even 
similar to the usual mouse. 2 participants of general user test pointed out that it will take a 
considerable amount of time for practice, and one of the participants who said this comment 
was negative about the adaptation to the Deache mouse and the exercise requirements, he said, 
"Even though it is fun to use, I will continue to use my regular mouse for my daily use instead 
of adapting to it with a lot of time." Participants also stated that the time required for individual 
adaptation would also be an important factor. The other tester said that she uses her computer 
every day, but she always takes a long time to adapt to a new machine even when she needed 
to use the touchpad for the first time. She also mentioned that there would be some who 
experiences the same situation whenever they need to try a new device, so it is important to 
consider the future user's adaptation time. Considered to this training process, an expert said 
the comfy but funny texture and movement would make the training less boring and let people 
quickly learn the way of use.  

6.3.3 Prediction of Deache mouse use by people with motoric 
impairments 
10 participants said the Deache mouse reduces the demand of dexterity due to its simplicity. 
They also predicted that this feature might reduce the physical requirement of controlling 
mouse for people who have difficulties in fine motor skill and increase their computer usability 
and accessibility. The comfy and soft feeling of the surface may decrease the tension, and 
unlike the usual mouse, the shape of the Deache mouse does not force users to use a certain 
part of their body, and it does not need to be held tightly, so that the users can use any part of 
their body not only the hands but also their wrist and arm. One expert participant pointed out 
that either the buttonless design may feel unpractical at first for people who are familiar to the 
usual mouse, but it also requires less complicated gestures which reduce the physical 
requirements.   
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6.4 Netflix task vs Gaming task  
Netflix tasks and game tasks had different feature as what I wanted to observe from each task 
was different. The Netflix task was to see if the alternate mouse was available in everyday 
situations, while the game task was to compare the performance of the Deache mouse with 
that of a usual mouse. As the purpose of each task is different, the user's attitude and anxiety 
were also different. 

Netflix was the first activity of the test for all participants, so it was difficult to set direction 
at first. However, 12 participants out of 14 learned the way of controlling within a minute. They 
moved the cursor to the place they wanted and searched for the series they wanted to see. As 
mentioned earlier, there was no scroll wheel, but they moved the screen up or down by clicking 
on the scroll bar. One of the general user testers said, "The current screen lists series and 
movies based on your preference, but if I imagine it's on my computer, I think I will find the 
series I want faster." 

But the situation at the mouse clicking game was slightly different. From the moment they 
started the game, because of the quickly appearing and disappearing targets, the enthusiasm 
to get a good score, and the irritation from the inaccurate prototype, the participants, got more 
nervous and sensitive. The more they hurried, the more they felt that the mouse control did 
not work properly. The orientation of the mouse changed every time they tried to hold the 
mouse again. The belief that they could do better made them try the game once or twice more. 
Eight participants wondered as they did not think they would get such a bad score. 

6.5 Modality 
A couple of general user participants struggled with understanding the concept of moving the 
mouse cursor by rolling the ball. In other words, they might have understood logically what 
the concept is, but when I observed their physical movements, it seemed that they were not 
controlling the ball as its design intent. Although this was not directly addressed by the 
participants, it required a relatively long time of explanation when compared to other 
participants, and some participants needed physical instruction. 

The Deache mouse is designed into a ball shape that can be pressed to reduce the dexterity 
and physical requirements for moving the cursor, but not to have an additional button for 
entering a click. As discussed earlier in related research part, it is a design result after 
considering the drawbacks of many other alternative input devices. However, when I observed 
the usage patterns of testers during the experiment, I thought that the considerations might 
not be irrefutable. Similar to a joystick, two of the general user participants repeated the 
gesture tilting the mouse to the right to move the cursor to the right and tilting back again 
while using the alternate mouse. In order to prevent further confusion, I gave physical 
instruction in the middle of the test, but after a few minutes, they repeated the same gesture.  

In addition, one of the general user participants showed modality in that their usual mouse 
habits also affected the use of Deache mouse. Although I tried to reduce the impact on the use 
of a regular mouse by using the Latin square design, it was hard to escape the influence of the 
habit of making a computer mouse that someone has used for more than 10 years. One 
participant took a mouse-up motion from the surface so often, which shook the mouse cursor 
on the screen and prevented it from proceeding in the right direction. For the participant, I 



 

  
 

19 

gave a physical instruction and practised separately, but after a while, she used the Deache 
mouse again like before. Another participant also clicked the protuberance on the alternate 
mouse surface as if it were a button, which could not be an effective click input, which also 
means that the use of previous generic computer mouse affects the use of the Deache mouse. 

6.6 Prototype quality issue 
The prototype was not perfect as a factory-made product so that there were still errors and 
problems with it. All of the participants said if the code and the sensitivity of the sensor get 
refined and make the Deache mouse be controlled as the users’ intent, the Deache mouse 
would perform better than now. 

Regarding movement, since the Deache mouse used in the test only moves in a limited 
orientation, sometimes the cursor moves in a different direction when the direction had been 
changed as it is being used. Also, because the sensitivity of the accelerometer sensor was set 
high to enable moving the entire screen with limited movement, the mouse cursor often moved 
unstable. Besides, because the sensor measures not only the tilt but also the acceleration, the 
speed of the cursor varies with the speed of the roll, making it difficult for most participants to 
reach the right edge of the screen where the scroll bar is located.  

When it comes to clicking function, the accuracy of the air pressure sensor was not reliable. 
Often, the mouse was continuously clicked regardless of the tester's control, occasionally a 
delay occurred so that it clicked a few seconds later when the mouse was pressed, and 
sometimes there was no response even when the mouse was pressed. The prototype also had 
an opening for modification of codes and wiring check of the board, which disturbed accurate 
measurement of air pressure. 

7. Discussion 

7.1 Implied meaning of user tests 
When comparing the result of the usual mouse and the Deache mouse in the second task (Table 
1), the performance of Deache mouse seems almost 'useless' compared to the usual mouse. In 
other words, the numbers listed in the table, ostensibly, the Deache mouse is completely 
unsuccessful. 

The participants showed much lower achievement and efficiency than the Deache mouse in 
the second task, but the first task was completed without big problems, and the overall feeling 
of use was positive. During the interview, one participant said: "I'm disappointed with the 
game result because it felt better and smoother when I used it for Netflix."   

These results will be more interestingly analysed with the recent HCI trend. While previous 
HCI had emphasized the measurable results of controlled experiments based on rigid 
guidelines (Bødker, 2015), recent HCI studies which have shifted to second and third waves 
focus on context and experience more (Bødker, 2006). During the first wave of HCI, 
researchers focused on rigid guideline design, and only objective results. Applying to this study, 
only the results derived from the second task is reliable. However, during the second wave, the 
emphasis was placed on the context in which hardware or software was used, and more 
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recently, within the third wave, the emphasis was on the individual user's feelings and 
experience which is beyond the visible results (Bødker, 2006). This meant that the results of 
the objective test did not necessarily match the user's experience and feelings. As Bødker and 
many other researchers in the HCI field said, this study shows that more than just visible 
results should be analysed and analysed to demonstrate the validity of a computer system. 

7.2 Possible improvements 
Although an alternative mouse for people who have difficulties in fine motor skill was newly 
designed and developed in this research, it still has lots of problems and space for 
improvement. The purpose of reducing physical requirement narrowed the viewpoint so that 
the other functions and features are neglected. A few of the problems during the research got 
resolved, but many others are still existing because of the limitation of time and material. Some 
of the problems of the Deache mouse come from lack of functions that are existing in the usual 
mouse, and some are from its own design features. 

7.2.1 Absence of right-click button and scroll wheel 
While sketching the mouse features, right-click was designed to be triggered with longer-press, 
like many other touch interfaces, but this feature was not implemented at the prototype, thus, 
it was not tested with users either. However, the right click is necessary for computer users if 
they want to explore other options. Moreover, the definition of ‘longer-press' is ambiguous, 
and people who have fine motor skill impairments may need a different setting for sending 
‘longer-press' signal. 

The scroll wheel attached on the computer mouse enables users to effectively surf long 
pages on documents or internet pages. It reduces the time and distance of movement for 
typical mouse usage. However, this key or function is not embedded in the Deache mouse, and 
any other solution for the scroll key was not devised. Thus, users need to click the scroll bar on 
the right side of the screen to move up and down the pages, which requires more time and 
movement as well. The Deache mouse needs an adequate trigger that makes the rolling feature 
to work as a scroll wheel.  

However, both right click and scrolling problem can be resolved with software solutions. 
For example, users can set specific areas on the screen that triggers scrolling. In addition, users 
can set an icon to float on the screen and when they click it, it can set the click as right click as 
well.  

7.2.2 Possibility of resetting orientation 
Even if a sensor that can detect more changes, orientation can always be changed by 
unconscious movement and by intense use, unless a method that maps the ball to a specific 
surface is used. Hardware and software solutions can be applied to solve this problem. First, 
there is a hardware method that allows the user to adjust the orientation manually by mixing 
different colours or by inserting indicators instead of uniformizing the surface of the mouse in 
a single colour. One of the general users suggested that colour coding or adding a symbol on 
the surface might help users to physically set the orientation of the mouse by themselves. On 
the other hand, as a software method, a physical button can be inserted so that when the user 
presses the physical button, the current orientation is set as a reference. During the interview 
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with testers, two of the experts suggested adding a button or gesture to reset the orientation as 
many other game controllers do. They said this feature might allow the users to fix the 
orientating problem by themselves. Deache mouse with this reset feature will allow users to 
cope with the problem of orientation. 

7.2.3 Better way of giving feedback 
One participant of the experts said the way of giving feedback should be improved. The beeping 
sound from the Arduino board was not loud enough to give feedback when it is inside the 
sealed ball so that the testers were unsure whether if they clicked or not. Only four of the 
participants mentioned the sound feedback. The volume of the sound can be a bit louder but 
not too aggressive, which could make the users embarrassed or caused them to feel 
uncomfortable in quiet places. On the other hand, the feedback can also be given visually with 
light. For example, a gentle glowing signal can notice the users whether the press was enough. 

7.2.4 Adopting 6-axis accelerometer and gyro sensor 
The current prototype is made with a 3-axis accelerometer that is embedded in the Arduino 
board to make a compact prototype while not using the breadboard for sensor connecting. In 
the early stage of the prototyping, this sensor was enough to visualize the idea. However, when 
the chips are embedded in the ball and rolled in a wider range, it is found that the prototype 
can only work in limited orientation if the 3-axis accelerometer is used. The Deache mouse is 
set to have high sensitivity to enable the cursor to move the whole screen. This resulted in high-
speed mouse movement, and the cursor gets shook when the users try to click which lowers 
the accuracy of the Deache mouse. 

If the mouse is made with a better gyro and accelerometer sensor that can detect the 
rotation of each axis and the orientation of the ball, users can freely and stably control the 
Deache mouse with lower speed and less sensitivity. 

7.3 Future research suggestions 

7.3.1 User test with potential users 
Even with the continuous attempts to contact people who have difficulties in fine motor skills, 
it was hard to find, meet and conduct the user test with them. Even though the design idea or 
inspiration was based on my experience teaching students who have severe physical 
disabilities, they also had intellectual disability and gross motor skill impairments which mean 
they were not the exact target user that was set in this research. Moreover, the proving process 
with target users after developing the product is necessary to see the usability for a certain 
target group. However, this product has not conducted a user test with target users, which 
would have enabled researchers to get more inspiration and help them to find other 
improvements that are sometimes hard to find for general users.  

In addition, it is also possible that some of the target users may not have used the usual 
mouse before because of its dexterity. As mentioned in the user test section, many of the 
testers' performance was affected by the habit of the typical mouse use. I think the learning 
process and result would be different if the target users who have not used the usual mouse 
started the pointing training with the Deache mouse. 
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7.3.2 Comparing the user preference of joystick and ball control 
As mentioned earlier in the modality part of the result, some of the user test participants held 
the ball in hand and applied the motion of the joystick. In this observation experiment, we can 
deduce the following questions. "Do people prefer joystick movements over the rolling-ball 
movement? If so, is this a matter of familiarity?" From the same viewpoint, we can also ask, " 
How do people with fine motor skill impairments prefer to control? " 

In order to answer these questions, the tests should be conducted with more samples 
because the preferences of each individual can vary for a variety of reasons and will cause 
varying results. A sufficient number of samples will be needed to capture a certain pattern or 
tendency in the various outcomes. 

Also, it is necessary to prepare various tasks to measure preference. As discussed in this 
thesis, routine tasks and tasks that require a variety of skills can be prepared to measure 
preferences according to situations. 

Because preference may be a matter of familiarity, long-term research also needs to be 
considered. Not as much as a regular mouse, but many people have used joysticks in game 
consoles. That's why people familiar with joysticks are likely to prefer this move. Long-term 
studies might be needed to eliminate this familiarity factor. 

In addition to this, it is also necessary to look at how people with disabilities prefer to 
operate. It is difficult for general users to guess the usability of people with disabilities, 
especially about motoric impairments, as everybody shows different symptoms in the range, 
severity, and stiffness. Therefore, it is necessary to consider what kind of manipulation is 
appropriate for each movement. 

7.3.3 Examining long term usability and learnability 
As mentioned in the general result part, users often got the best score on the first try, rather 
than on the second when they used the Deache mouse. Also, as many of the participants 
pointed out, the adaptation period and training intensity of the Deache mouse will affect the 
practicality and efficiency of the Deache mouse. Therefore, the controlled experiment should 
be extended for an in-depth study of this phenomenon. To measure long term usability and 
learnability, it is necessary to observe and measure the user's mouse usage for a longer period 
and determine how long it takes for them to adapt to the Deache mouse. 

The progress in using the Deache mouse in short time proves the learnability of it. 
Learnability means software, hardware or application is easy to learn for certain target of users 
(Grossman, Fitzmaurice & Attar, 2009). Even though the Deache mouse is not tested with 
people, who have difficulties in using fine motor skill, the final target users, the learnability in 
general means it is also learnable for other special users who have the different intellectual and 
physical ability. If there is a proper instructional adaptation, which means a process of 
choosing and applying an appropriate teaching method based on an assessment of an 
individual who was unsuccessful for previous lessons (Glasser, 1977), the special users can also 
learn the concept of new design and can get used to it. 

To understand this phenomenon a little more, I think it is necessary to conduct experiments 
on more samples and to study the long-term use by measuring more than 3 attempts. 
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8. Conclusion 
In this paper, I try to design and test a new pointing input device that reduces physical 
demands for people who have difficulties with fine motor skills. Based on HCI theories such 
as universal design and prototyping, the idea about an alternative input device gets concretized. 
Further, I conducted a literature study of precedents on pointing input devices and various 
alternatives. The previous studies have attempted to try different methods to use pointing 
techniques with lower accurate control and fewer movements, and have gained inspiration for 
points to consider in a new design. 

The prototype of the Deache mouse that can be interacted with is developed in two steps.  
While the first prototype is based on my personal experience and ideas, the second prototype 
was developed based on the discussion with HCI and disability studies experts. I then 
conducted a user test to test the idea and prototype of this alternative mouse using the hi-fi 
prototype. 

I predicted that there would be a significant difference between experts and general users 
in the test result so I set up two different test groups. Although there was no significant 
difference in the results, the test results in all groups were able to demonstrate the usability of 
the idea and to make considerable improvements. It took some time for testers to use the 
Deache mouse on their first attempt because of unfamiliarity, but they completed the task, 
which represents the everyday computer activity. Although all the participants recorded lower 
scores than the usual mouse in the task of verifying the efficiency and effectiveness of the 
Deache mouse, I could confirm that the user had a positive user experience beyond the 
objective score by giving the participants two different tasks. This positive user experience 
came from the pleasing texture of the alternate mouse and the way how users control it. 

Particularly, the test participants predicted that this mouse would not require delicate 
muscle movements and that it would be easy for those who had difficulty in using the usual 
mouse, even though they said the target users would need a lot of practice to master it. 

However, during the interview process, I was able to identify other shortcomings that were 
not found at the designing stage. This alternative mouse needs an additional function to scroll 
the screen, to reset the orientation, and also needs a better way of giving feedback that informs 
the user has clicked. It is also found that the size of the Deache mouse is too large that the wrist 
and the whole arm will easily become tired. In addition, we can expect a trigger for the right 
click. 

This alternative mouse contributes to universalise the design of a computer mouse by 
proposing a new shape mouse which is completely different from the development of a 
conventional computer mouse. Users can use the mouse with various parts of the body, and 
people with various cognitive abilities can easily understand how to use it because of the 
simplicity of the mouse. It also has the possibility to adjust the size to suit the user's preference. 
However, further study is needed to see if this Deache mouse requires a 'low physical effort', 
as many test participants expected their arm to get tired after a long time of use. This mouse 
was designed not only as an assistive technology specifically for people with disabilities but 
also considering the usability of general users, which does not stigmatize special users. 

In this thesis, although the target users were set as people with fine motor skill impairments, 
I could not meet them and test the ideas and prototypes. Therefore, f0r future research, I 
suggest conducting user tests with the actual target users. In addition, as some participants 
used the ball as a joystick, it would be meaningful to compare the preferences between the 
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movement of the joystick and the ball rolling. For the last but not least, I also suggest a test for 
long-term usability to test the learnability and the time requisition for familiarity. 
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Appendix 
The questionnaires used in a semi-structured interview 

1. How was it? 
2. You missed more /fewer targets when you are using the Deache mouse. What do you 

think the reason is?  
3. You showed higher / lower accuracy when you are using the Deache mouse. What do you 

think the reason is? 
4. If the prototype was improved into the final product, which means if it had better cursor 

movement and better finishing, so that have a perfect ball shape, do you think it will 
perform better result? 

5. This Deache mouse is designed for people who have difficulties in using their hand for 
detailed motion and especially for school-aged people. Do you think this design can 
improve their computer usability and accessibility? 

6. For better user experience or usability, do you think there is any point that can be 
improved? 

7. If there are any other thoughts or worries about the usage of this Deache mouse, please 
tell me. 

 


