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Abstract
A common task in many computer applications is positioning objects on the screen. In real
life one would simply move the object on the two dimensional plane in one seamless
motion translating and rotating simultaneously. These actions must be performed separately
with a standard computer mouse when positioning two dimensional (2D) objects.
In the forty years since the first computer mouse was invented several alternative input
devices have been produced and evaluated. Most have been developed for a specific domain
and studies have consistently shown a standard mouse is still preferred for pointing
performance.
This study proposes a mouse input device, the TwistMouse, with three degrees of freedom:
horizontal (x), vertical (y) and rotational (z) on a two dimensional plane which can be used
to simultaneously translate and rotate for improved efficiency, effectiveness and user
satisfaction in object positioning tasks on screen. In all other respects it acts like a standard
contemporary computer mouse. This report presents a methodology for evaluating such a
device with a task adapted from real world business applications. The positioning mode of
the TwistMouse, a standard mouse and a mouse which is set up to use the wheel for rotation
are assessed using a single prototype device.
One mode performed significantly better than the others in this study; but it was the wheel
mouse mode and not the TwistMouse mode as hypothesised.
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Chapter 1

Introduction

We move physical objects everyday, sliding them along that counter top or table translating
and rotating them simultaneously into the desired position and orientation. When we grasp
our computer mouse to perform the same task on the screen we are constrained to
performing these actions one at a time; translation and rotation are executed as separate
actions. This is because the standard computer mouse has only two degrees of freedom.
The computer mouse was conceived in the 1960’s as an input device that could be used in a
“natural way” to indicate position on a display screen (Engelbart, 1970). Since its release
the mouse has gained wide acceptance as an input device. It has also undergone many
transformations but its core functionality has remained largely unchanged. The mouse is
essentially a device that can sense motion in the horizontal and vertical directions and
translate this to a pointer on a computer screen. There have been innovations in mouse
design and function but those that have ventured beyond the realm of two degrees of
freedom (2DoF) are generally designed for a specific application. As remarked by Kruger,
Carpendale, Scott, and Tang (2005) the use of the non-traditional input devices makes some
methods of input technology dependent.
The rise of the field of Human Computer Interaction (HCI) in the 1980’s has motivated us
to review some of what we have simply accepted, or adapted to because there was no
alternative. The work of Wang, McKenzie, Summers and Booth (1998) in the field of
cognitive ergonomics has shown that there is a “more natural” way to position objects than
that offered by the standard mouse and that this could improve efficiency in positioning task
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performance times on the computer. The “more natural” way is to translate and rotate the
object simultaneously to its new location and orientation.
This work describes the construction and usability testing of a prototype computer mouse
that can be used to position objects by translating and rotating them simultaneously to the
desired location on the screen. The study is based on an unpublished University of Otago
Intellectual Property Description for “TwistMouse – a computer mouse system providing
three degrees of freedom” by Dr Holger Regenbrecht, Department of Information Science.
The “TwistMouse” integrates two optical sensors in a single computer mouse each reporting
x-y positional data (Figure 1.1). When the mouse is moved on the table-top, not only can
the horizontal and vertical movement be detected, but the change in the angle of rotation of
the mouse can be calculated from the two sets of x-y coordinates. Associated software can
then render the mouse motion on screen in the dragging action of the cursor on the object
during positioning tasks. In pointing and clicking tasks the TwistMouse behaves as a
standard computer mouse.

Figure 1.1: TwistMouse concept: additional (second) optical sensor gives 3DOF (x, y, β); from a
University of Otago Intellectual Property Description by Dr. Holger Regenbrecht.

The concept of a mouse that can be used to rotate and translate graphical user interface
objects simultaneously is not new; it has been around for at least ten years. In 1997
MacKenzie, Soukoreff & Pal presented a “Two Ball Mouse that Affords Three Degrees of
Freedom” at the Conference on Human Factors in Computing Systems in Atlanta, Georgia,
USA. Since then there have been other prototypes and several patent applications in the US
and further a field. However, there has been no published conclusive empirical validation of
the claims that such a device is better for 2D object positioning tasks on a screen.
It is the objective of this study to determine that a computer mouse with three degrees of
freedom (3DoF) - the TwistMouse, is more efficient, effective or satisfying to users for 2D

8

object positioning tasks on a screen than the click-and-drag method offered by a standard
mouse in popular office applications such as those offered by Microsoft Office or
OpenOffice. This study will also compare TwistMouse performance to that of an alternative
method where the mouse wheel is used for rotation.

1.1 Scope
This study is constrained to the prototype device developed by the researcher. The device
can be used in three modes:
•

As a standard mouse with 2DoF that uses a click and drag method on an on-screen
rotate handle to rotate an object (as in Microsoft Office applications Word and
PowerPoint).

•

As a wheel mouse – a standard mouse that senses rotation through the scroll wheel.
MacKenzie et al. (1997) characterised this as 2+1DoF: “the mouse has the two
positional degrees of freedom, controlled as usual, and a third, but separate,
rotational degree of freedom controlled by a finger.

•

As a “TwistMouse” – a standard mouse with an additional (second) optical sensor.
The change in the angle of rotation can be calculated from the two sets of x-y
positional data reported by the sensors. This gives the mouse 3DoF so it can be used
to simultaneously translate and rotate an object on screen.

The TwistMouse technique of the device is evaluated against the other two techniques for
positioning 2D objects on screen. The task used to test the techniques or modes in the study
mimics those encountered in real world applications like Microsoft Office or Open Office
word processing and presentation applications. Quantitative measures are used to assess the
efficiency and effectiveness of the mouse modes and satisfaction is assessed using a
questionnaire. Study participants are selected from student and staff volunteers at the
University of Otago’s School of Business.
A limitation of the study is that familiarity with the prototype device is restricted to one
predefined training session.
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1.2 Importance of the Study
Several devices have been suggested for extending the functionality of the mouse to
multiple degrees of freedom but it appears to be important for user acceptance that the
mouse acts like a regular mouse most of the time (MacKenzie, Soukoreff & Pal, 1997) and
input does not become device dependent. The importance of this study lies in the possible
applications of a TwistMouse device should it be found to be effective, efficient and/or gain
the satisfaction of study participants. Some possible applications identified so far are
(Regenbrecht, unpublished):
•

Arranging graphical elements on screen. This could extend from simple 2D
manipulations in common office applications like Microsoft Word, PowerPoint or
Publisher through to more complex drawing programs.

•

Puzzle assembly in Computer games. Keyboard input to control puzzle piece
rotation could become mouse based. For example “Tetris” pieces could be rotated by
turning the mouse rather than using the arrow keys.

•

Arranging objects, flexible parts (like tubes/wires) in Computer Aided Design
programs. For example the shape of a curve/bend could be changed with a single
drag.

•

Direct control of on-screen knobs. Mouse motion could directly map to the onscreen action of rotating a knob.

•

A standard 3DoF mouse input device could open the path for the development of
new menu forms (rotational instead of linear) or rotated windows in Graphical User
Interfaces for operating systems in general.

•

Navigation in 3D environments.

Because the TwistMouse offers simultaneous rotation and translation in positioning tasks
but acts like a regular mouse most of the time it mitigates the need to change devices for
certain tasks. Thus, the TwistMouse could replace the contemporary computer mouse as the
standard input device for the desktop computer. Even if this assertion appears too optimistic
the significance of it can be brought down to simple economics. It is estimated there will be
one billion personal computers in use by the end of 2008; two billion by 2015 (Forrester
Research Inc., 2007) and the world-market for individually sold mice is currently worth
US$2 billion a year (Cyclo Technology, 2007).
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Today, successful product development usually incorporates usability testing from concept
to market place. This study will test the TwistMouse concept by providing empirical
evidence of the usability of a prototype device.

1.3 Definition of Terms
Mouse Modes:
Standard Mouse (Standard):
(Standard): A mouse with 2DoF (horizontal (x) and vertical (y))
that uses a separate click-and-drag method on a rotate handle to rotate an object on
screen. The standard mouse rotation method used in this study (Figure 1.2) is similar to
that used in Microsoft Office applications PowerPoint, Word and Publisher (Figure 1.3).

Figure 1.2: Rotation in standard mouse mode as
implemented for this study

Figure 1.3: Microsoft Office rotation method as
present in PowerPoint, Word and Publisher

Position the cursor over the handle and press the left
mouse button. The arrow changes to a hand and the
object can be rotated by dragging the cursor in the
direction of the desired movement (as used in study
test application).

Position the rotating tool over the rotating
handle. As you click and drag the handle, dotted
lines around the clip guide you; from
http://office.microsoft.com/

Wheel Mouse (Wheel):
(Wheel): A standard mouse which senses rotation through the scroll
wheel. This device has 2+1DoF (Figure 1.4).
TwistMouse (Twist):
(Twist): a standard mouse with an additional (second) optical sensor.
This device has 3DoF (Figure 1.4).
2D: Two dimensional or two dimensions
2DoF:
DoF: Two degrees of freedom. These are defined for 2D as the horizontal (x) and the
vertical (y) degree of freedom (Figure 1.4).
2+1DoF:
2+1DoF Two plus one degrees of freedom. These are defined for 2D as horizontal (x),
vertical (y) and a third but separate rotational (z) degree of freedom (Figure 1.4). The
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rotational degree of freedom is separate in that the method of achieving it is distinct from
that of the x and the y positional degree of freedom (MacKenzie et al., 1997).
3DoF:
3DoF: Three degrees of freedom. These are defined in this study for 2D as the horizontal
(x), the vertical (y) and the rotational (z) degree of freedom (Figure 1.4).

Figure 1.4: A two-dimensional surface with three degrees
of freedom: x, y, and THETA-z. (MacKenzie et al., 1997)

Participant: Refers to a subject in the study or a person interacting with the interface.
Human
Human Computer Interaction (HCI):
(HCI): Human-Computer Interaction is a discipline
concerned with the design, evaluation and implementation of interactive computing systems
for human use and with the study of major phenomena surrounding them (SIGCHI
Curriculum Development Group, 1992)
Mouse resolution: the resolution of a mouse describes how far the mouse pointer will
move across the screen with a certain amount of mouse device movement. Resolution may
be changed by the software or user.

The following definitions are adapted from ISO 9241 part 11 (1998):
(1998):
Usability: The extent to which a product can be used by specified users to achieve
specified goals with effectiveness, efficiency and satisfaction in a specified context of use.
Effectiveness: the accuracy and completeness with which users achieve specified goals.
In this study the goal is to accurately position 2D objects on screen in a test application
using a computer mouse set up in one of the three mouse modes.
Efficiency: the resources expended in relation to the accuracy and completeness with
which users achieve goals. In this study time is measured as the resource expended. The
most efficient mouse mode is the one with which it takes the least time to perform the task.
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Satisfaction: is the freedom from discomfort, and positive attitudes of users towards the
use of the product. In this study the product is the mouse mode and user satisfaction is
measured using questionnaires after the user has performed a study task.
Context of use: The users, goals, tasks, equipment (hardware, software and materials)
and the physical and social environments in which a product is used.
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Chapter 2

Review of Related Literature
Literature

2.1 Introduction
This research will determine if a computer mouse, the TwistMouse, with three degrees of
freedom (horizontal (x), vertical (y) and rotational (z)) is more efficient, effective and
satisfactory to users for 2D object positioning tasks on a computer screen than a wheel
mouse or a standard mouse.
This review of related literature will briefly examine the history and evolution of the
computer mouse presenting some of the innovations that give perspective and provide the
context for the study. Relevant studies from the field of cognitive ergonomics that define
the key concepts on which this research is based will then be discussed before the focus will
narrow to an examination of alternative mouse devices for 2D positioning tasks. This
review concludes with a critique of recent research directly related to this study and a
discussion of the proposed research in relation to this review.

2.2 The History of the Computer Mouse
The computer mouse was conceived by Douglas Engelbart in the 1960s while he was
working at Stanford Research Institute. The device he patented as an x-y position indicator
for a display screen (Engelbart, 1970) was intended to indicate position on a computer
screen in a “natural way” that didn’t interfere with work flow. The mouse was chosen from
several experimental pointing devices after extensive usability testing. The original mouse
was designed to be used in conjunction with a "chord key-set," a five-fingered keyboard.
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Bill English who built the mouse for Engelbart continued to develop the device over a
number of years after moving to Xerox PARC – notably in 1972 the wheels were replaced
by a rolling ball mechanism. It was the Xerox PARC group who also settled on the modern
technique of using both hands to type on a full-size keyboard and grabbing the mouse when
required (Pang, 2001).
It wasn’t until 15 years after its invention that the first commercial mouse appeared as part
of the Xerox Star computer system. It was Apple who had the first commercial success with
the mouse when they released the Macintosh in 1984. Authorities in the field of human
computer interaction, Zhai & MacKenzie (1998), claim the mouse gained wide acceptance
in the personal computing market as an input device largely because of its simplicity and
convenience. The development of the mouse and that of a user interface that supports direct
manipulation of graphical objects on a computer display screen became interdependent.
The Roller-ball mouse was the predominant form used with personal computers throughout
the 1980s and 1990s. This optomechanical device is constructed around a rubber coated ball
that sits between two rollers inside the mouse – one positioned to detect horizontal
movement and the other to detect vertical movement. When the mouse is dragged across a
flat surface the ball spins the rollers. Each roller in turn is connected to a perforated disc
through which the light from two (infrared) light emitting diodes (LED) is shone (Figure
2.1).

Figure 2.1: Schematic of a roller-ball mouse (Advameg Inc, 2007)

When the discs spin the light from the diodes shining through the slots is detected as pulses
by two sensors on the other side of each disc. The rate of the pulsing is directly proportional
to the speed of the mouse and the distance it has travelled. Direction is determined by which
of the two sensors associated with each disc detects the light from the diodes first. There is a
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small piece of plastic between one of the sensors and the disc which blocks the light from
the bottom half of the disc causing one sensor to see the light before the other depending on
the direction the mouse is travelling. The speed, distance and directional data is sent to the
computer system in a binary stream where the mouse driver software converts it into pointer
motion along the x and y axis on the screen (Brain & Carmack, 2000).
There was an abundance of innovation in input device design during the 1980s and 1990s
but most of it was tailored to specialised applications or domains. Scott Mackenzie, a key
contributor in the field of Human Computer Interaction, developed a prototype two-ball
mouse that supported simultaneous rotation and translation (MacKenzie et al., 1997).
The next significant advance in mouse technology came in late 1999 when Agilent
Technologies introduced the now ubiquitous optical mouse. It overcame most of the
common problems encountered with its mechanical predecessor; there are no moving parts
to wear, dirt doesn’t interfere with the tracking sensors, tracking resolution is increased
meaning there is a smoother on screen response to movement and the optical mouse can
work on nearly all surfaces. Agilent Technologies (2001, p.2) describe the optical mouse as
“essentially a tiny, high speed video camera and image processor”. Generally optical mice
have a red LED that bounces light off the surface beneath the mouse. The light is collected
by a plastic lens that focuses a black and white image of a small section of the surface
beneath on a sensor. The sensor takes overlapping pictures at the rate of at least 1500
frames per second as the mouse moves (Agilent Technologies, 2001); (Figure 2.2).

Figure 2.2: Optical mice illuminate an area of the work surface with an LED,
to reveal a microscopic pattern of highlights and shadows. These patterns are
reflected onto the navigation sensor, which takes pictures at a rate of 1500
images per second or more (Agilent Technologies, 2001).
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Most optical mice have a resolution of 400 or 800 dots per inch (dpi). This is the number of
pixels per inch that the optical sensor can detect. The higher the resolution the less you have
to move the mouse to achieve a response. The pictures are analysed by the optical
navigation engine which detects textures and other features in the image and tracks how
their position has changed. Based on these changes the optical navigation engine is able to
determine x-y coordinates for the mouse movement which it sends to the computer.

Figure 2.3: Logitech First Wheel Mouse; from http://w ww.compuvisor.com/logfirwheelm.html

Arguably the most significant change to the standard computer mouse in the last 2 decades
from the user’s perspective has been the addition of the scroll wheel (Figure 2.3).
The movement of the scroll wheel is detected in a similar way to that of the roller ball. The
wheel is perforated and an LED and sensor are used to generate and detect flashes of light
as the wheel spins. The light pulses are then processed and reported as movement. The
scroll wheel quickly gained user acceptance and is now a standard feature of the mouse.
This is despite the fact it offers little performance gain in pointing and scrolling tasks (Zhai,
Smith & Selker, 1997; Igarashi & Hinckley, 2000).
Other mouse innovations include wireless mice, multimedia mice combining additional
buttons for use with multimedia systems (e.g. play, pause and volume control), gaming
mice that allow dpi rates to be adjusted on the fly, motion-based mice which use a
gyroscope to track motion as they waved in the air and the tilting scroll wheel mouse which
can scroll vertically and horizontally.

2.3 Cognitive Ergonomics and Mouse Evolution
Human computer interaction and usability studies have always played an integral role in the
development and evaluation of computer input devices. However, as contended by Jacob,
Sibert, McFarlane and Mullen (1994, p.3) “The design of current input devices and their
interaction techniques have been driven more by what is technologically feasible than from
an understanding of human performance” and “Their success relies in part on the welldocumented human ability to adapt.”
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This is supported in part by key theories from the field of cognitive ergonomics that
underpin the TwistMouse concept:
According to the theory of processing of perceptual structure (Garner, 1974; Garner &
Felfoldy, 1970) the attributes of objects in multidimensional spaces can have different
dominant perceptual structures, integral or separable. Jacob, Sibert, McFarlane and Mullen
(1994) took this theory and hypothesized that the distinction between perceptual structures
would be a key to performance of multidimensional input devices on multidimensional
tasks. In this seminal work they concluded performance is improved when the perceptual
structure of the task matches the control structure of the device.
This theory was studied in the context of object transportation and orientation by the human
hand by Wang, McKenzie, Summers and Booth (1998) and they were able to conclude that
object transportation and orientation by the human hand have a parallel and interdependent
structure. Further to this they empirically determined that the total object manipulation time
is less than the sum of the object translation time and the rotation time.
Today’s standard computer mouse constrains the user to performing the translation and
rotation of objects separately on the computer screen. From the work of Wang et al. (1998)
it follows that the application of the natural structure of human object manipulation to the
computer interface (matching the perceptual structure of the task to the control structure of
the input device) should improve the efficiency of positioning tasks.

2.4 Mouse–
Mouse–Based Rotation
The use of the non-traditional input devices makes some methods of input technology
dependent (Kruger, Carpendale, Scott & Tang 2005). It is therefore important that we
develop devices that can be used with standard applications on the personal computer.
Although users have adapted well to the control structure of the standard mouse rotation,
with this device it is generally considered to be awkward positioning objects on a screen
because they just do not have the degrees of freedom that humans have when positioning a
physical object with their hand.
People have proposed some form of mouse-based rotation for about the last 20 years. From
the literature two main schools of thought have emerged. The first uses two computer mice
to accomplish orientation and began with seminal research of Buxton and Myers (1986).
Supporters of this mode of interaction (Latulipe, Kaplan & Clarke, 2005), claim that it is
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faster for simultaneous rotation and translation of objects than for the other approach which
uses single-mouse techniques. However the single-mouse techniques used in their study
were not simultaneous. Rather, they required some kind of mode switch between rotation
and translation. Writing of a simultaneous single mouse technique, the researchers contend
“that type of technique does not offer the same type of precision as the techniques
considered here, although a comparison would be interesting” (Latulipe, Kaplan & Clarke,
2005, p.2) - their claim appears to lack a supporting empirical study. A few of the devices
which have been proposed over the years are:
2.4.1

A Two-Ball Mouse (MacKenzie, Soukoreff & Pal, 1997):

The mechanics of the conventional roller ball mouse restrict the potential of the device to be
adapted to offer more than 2DoF. A solution to increasing the mouse’s capabilities is to add
a second sensing mechanism. The x-y and rotational motion of the mouse is obtained from
the x-y displacement data of the two mechanical ball mechanisms coupled inside the chassis
of a standard mouse. With two sets of x-y displacement data the angular motion of the
mouse is obtained through a simple calculation.
A problem the developers faced was how to engage the third degree of freedom. After some
testing they settled on a two-handed approach. The object is acquired in the usual way, by
pressing the primary mouse button. Movement in 3DoF mode is engaged by holding down
the CTRL or ALT key while moving the mouse; otherwise movement was in 2DoF mode.
The CTRL key offered a 1:1 angular mapping of hand-to-object, while a 5:1 mapping could
be obtained with the ALT key. Mackenzie et al. (1997, p.304) stated: “The latter helps
extend the range of rotation beyond that afforded by the biomechanics of the lower arm”.
While this device was prototyped (Figure 2.4) no formal empirical study has been reported
measuring its performance.

Figure 2.4: Two-Ball Mouse – bottom view and top view with cover and
balls removed (MacKenzie et al., 1997).
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2.4.2

The Rockin’ Mouse (Balakrishnan, Baudel, Kurtenbach, & Fitzmaurice, 1997):

This device (Figure 2.5) has four degrees of freedom but it does not sense the yaw angle,
rather it senses relative x-y position and tilting along both axes. In their paper the
researchers reported a 30% performance gain over a regular mouse for 3D positioning tasks.
A 2D study was not performed.

Figure 2.5: Tilting action of the Rockin’ Mouse (Balakrishnan et al., 1997).

2.4.3

A Pointing Device Having Rotational Sensing Mechanisms (Bohn, 2003):

This concept design is the subject of U.S. patent 6,618,038. Bohn (2003) describes his
device as “A computer mouse has a plurality of motion sensors. The motion sensors
generate data corresponding to their movement relative to a surface and transmit the data to
a processor for analysis. The processor determines the rotational motion of the computer
mouse and causes an image displayed on an associated video screen to rotate proportionally
to the relative movement of the computer mouse” (Figure 2.6). Bohn discloses several
embodiments of the pointing device in his patent application; most separate rotation from
translation in a 2+1DoF arrangement.

Figure 2.6: Schematic diagram of the Bohn Mouse (U.S. Patent 6,618,038)
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2.4.4

Mushaca (Poston & Srikanth, 2007):

The Mushaca was originally described in one and two sensor embodiments (Poston &
Srikanth, n.d.). The two sensor device (Figure 2.7) has been prototyped but no empirical
study has been reported evaluating its relative performance and usability. Mushaca featured
at “Engineer 2007”, India’s NITK technical symposium and a competition was held for
original applications that could benefit from the use of a 3DoF mouse. Poston and Srikanth
published software drivers for a Microsoft Windows operating system and instructions for
building a prototype of their 3DoF mouse on the World Wide Web. Review of this literature
has revealed Mushaca is very similar in concept to the TwistMouse.

Figure 2.7: Drawing showing motion of 3DOF device (Poston & Srikanth, 2007)

Poston and Srikanth (2007) have applied for patents in the United States and United
Kingdom for this device as a “Computer Input Device Enabling Three Degrees of Freedom
and Related Input and Feedback Methods”. The U.S. application (20070146325) was
published on 28th June 2007. In this application Poston and Srikanth (2007, p8) describe
their mouse as “reporting not merely a change .DELTA.x and a change .DELTA.y in the
position (x, y) between successive reports, but also a .DELTA.theta, the change 912 [sic] in
its planar direction on the desk or mouse pad. The ‘gear ratio’ of physical rotation to
reported angular change may be adjusted, as may the effective point (X,Y) on the mouse
whose motions are reported” (Figure 2.7). They discuss creating “third party plug-ins” for
applications that support a standard mouse to extend their functionality with the 3DoF
device. When only the x-y position of the cursor is required, as in selecting a button or link
by moving the cursor there and clicking the device behaves as a standard mouse.
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Little information is available about the single sensor device other than they are working on
an algorithm.
2.4.5

3Style Mouse (Crew, 2002):

This is a cordless mouse (Figure 2.8) that senses absolute yaw angle with a compass-like
setup. The mouse rotates on a flat plane, in addition to normal mouse operation. It is said to
be suited for a range of applications including video and audio via a ‘jog wheel’ action.
However, there appears to be no formal study of the mouse’s usability and video
demonstrations show it being used more as a 2+1DoF device. The 3style mouse is in preproduction prototype stage and was demonstrated at the Las Vegas Consumer Electronics
Show in January 2007. The underlying technology of the mouse is the subject of a US
patent (7,154,475).

Figure 2.8: Cylo® 3style™ Mouse; from http://www.cylo.com.au/

2.4.6

The Yawing Mouse (Almeida & Cuband, 2006)

The Study
Recent work by Almeida and Cuband (2006) describes a “three degrees of freedom (DoF)”
interaction technique based on a device made from two cordless laptop mice glued together
on their lateral side (Figure 2.9).

Figure 2.9: The Yawing Mouse (Almeida & Cuband, 2006).
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The performance of the device in positioning tasks was compared to a 2+1DoF mouse that
used the wheel to perform rotation and a 2DoF standard mouse that switched movement
from translation to rotation when the left mouse button remained pressed (it is assumed this
refers to the use of the standard rotation tool). The performance gain of the technique used
by the 3DoF devices was small compared with the 2+1DoF and 2DoF mouse techniques.
However, the results were interpreted optimistically to conclude that the device with 3DoF
outperformed the others.
The pilot study with 16 subjects (11 male, 5 female) involved performing a single
simplified 3D window interface task several times under the four experimental conditions
(different mice and ways of handling rotation). The test application was run on a Linux
system using the XInput library extension of X11 to allow the X Window System separate
access to the data from the additional sensor. The subjects had to perform a 3DoF matching
task, placing a rectangular solid box inside a target rectangular “translucent” box (Figure
2.10). The solid box was yellow and had a black-and-white document facsimile applied as a
texture onto one of its front faces. Both boxes were constrained to the ground and had the
same height. The target box was 5% larger, in width and in depth, than the controlled box.
The solid box was considered to be matched with the “translucent” box only if it was
oriented in such a way that its front face was visible to the subject. The “translucent” box,
initially red, became green once the solid box was completely inside it and correctly
orientated (Figure 10). There was a direct mapping between the devices and the object on
screen in the test.

Figure 2.10: 3DoF Matching Task (Almeida & Cuband, 2006)

Each subject was given a demonstration and practice time. The study had a within subjects
Latin Square design with a pre-test questionnaire to determine any confounding variables.
Although not explicitly stated there was some evidence in the paper that user satisfaction
was determined using a survey with some type of 5 point scale for subject evaluations.
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Descriptive statistics were used in the interpretation of results and a Kolmogorov-Smirnov
(KS) Goodness-of-fit test was used to determine if the results were significant between the
four groups.
The conclusion of the researchers was that the results were positive and fostered further
investigation.
The Study Critique
While the Almeida and Cuband (2006) study contributed some useful information to the
field the following points were noted:
•

The 3DoF devices in the Almeida and Cuband study were significantly different to
the 2DoF devices in size and shape and certain “awkwardness” was noted which
appeared to affect the way subjects performed certain tasks. The danger in not
controlling this aspect of the study is the subjects may alter their “normal” object
transportation and orientation process (Wang, McKenzie, Summers & Booth 1998).
This was probably implied in the researcher’s conclusion that “the results are
positive and foster further investigation”.

•

Only 16 subjects performed a single task of short duration for the study. The result
of the Kolmogorov-Smirnov (KS) test over 4 couples of distributions was not
significant.

•

The efficiency and satisfaction of the devices was measured but not their
effectiveness. It is normally necessary to provide at least one measure for
effectiveness as well as efficiency and satisfaction in a usability evaluation (ISO
9241 part 11, 1998).

•

There were few details about the User Satisfaction Assessment. ISO 9241 part 9
(2000) sets out an industry standard questionnaire for testing user satisfaction.

While each researcher optimistically discusses the potential of their device, the cognitive
ergonomic studies suggest a 3DoF mouse input device offers the most potential for
improved performance. However, it is evident from the points outlined above and the
conclusions drawn in the Almeida and Cuband (2006) study (one of the few to examine the
usability aspects of such a device) that there is need for further investigation into the 3DoF
mouse. Clearly, a prototype device designed to support comfortable user task performance
and an accepted methodology for usability testing are key to achieving this goal.
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2.5 Input Device Selection, Usability Testing and Analysis
The International Standard 9241 (2000): “Ergonomic requirements for office work with
visual display terminals (VDTs)” outlines requirements for non-keyboard input devices in
part 9. The standard specifies design requirements and recommendations for non-keyboard
input devices that are intended to address the fifth to ninety-fifth percentile of the
population. ISO 9241 states 25 subjects for usability studies with input devices should be
sufficient for a 95% level of confidence in the statistical analysis.
A 3DoF mouse device is not included in the standard presumably because there would be
insufficient published ergonomic information for such a device. The standard includes a
dragging test as a one-directional or multi-directional task to evaluate clicking and dragging
objects to specific locations that could be adapted to test pointing devices in repositioning
tasks that also require an object to be rotated into the correct orientation.

The path

following test and tracing test could also be adapted for testing control of the object during
dragging tasks that involve rotation and translation. Specific information about these tests is
contained in appendix A: ISO 9241, part 9 Testing of efficiency and effectiveness.
Much of the evaluation of performance in the ISO standard is based on Fitts’ Law1 and uses
Throughput2 as the index of performance. The ISO formula for Throughput incorporates
both the speed and accuracy in users’ behaviour. However, Douglas, Kirkpatrick and
MacKenzie (1999) feel this does not replace separate measures of both speed as movement
time and accuracy as error rate. Consequently they recommend computing them as separate
dependent variables.
The ISO standard also includes methods for assessing user comfort. One of the
recommended methods is to have subjects subjectively rate the devices using a
questionnaire form which assesses aspects of operation, fatigue, comfort and overall
usability using a 7-point rating scale (After-Task Questionnaire: Assessment of Comfort,
questions 1 – 12, Appendix E). The standard states that the rating scales yield interval-scale
data that given the underlying assumptions are met can be analysed with standard analysis

1

Fitts Law - The time to acquire a target is a function of the distance to and size of the target.

2

Throughput is derived from speed and accuracy, represented by movement time and end-point selection
coordinates respectively. Throughput = Effective index of difficulty where effective index of difficulty is the
Movement time
measure, in bits, of the user precision achieved in accomplishing a task expressed as selection, pointing,
dragging or tracing.
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of variance statistical techniques. Douglas et al. (1999) assert that the data should be
classified as ordinal rather than interval scale. They also contend the questions are too
vague to pick up specific problems with a device and recommend an additional open-ended
questionnaire that asks subjects to comment on different aspects of the device and its
performance in the tasks including making suggestion on how they would improve the
device.
ISO 9241 provides information about two additional types of tests that it suggests could be
useful in the evaluating non-keyboard input devices. The first, postural analysis, is an
objective way to determine the extent of deviations from neutral where the frequency and
amount of such a deviation is an indicator of biomechanical stress. The other biomechanical
load can be indicated by muscle activity and strength and has “the advantage that it
indicates effort level that cannot often be observed or implied from user satisfaction ratings
or from measures of postures” (ISO 9241 part 9, 2000, p 41). However obtaining this
measure requires specialist test administrators and data-collection instruments.
In general, the standard states that an appropriate input device is effective, efficient and
satisfactory for the tasks being performed and the intended work environment; it notes that
appropriateness may be enhanced by software. Guiding principles for operability and
controllability, design requirements and recommendations and measurement conditions,
conventions and methods detailed in the standard will be referenced widely in the following
sections of this report.
International Standards for HCI and usability are developed under the auspices of the
International Organisation for Standardisation (ISO) and the International Electrotechnical
Commission (IEC). Groups of experts, nominated by members of the ISO perform the
technical work for the standard. The process of standard development is a lengthy one often
taking several years with formal voting procedures for acceptance of each part of the draft
document.
The benefit to this study of following an appropriate International standard is the material
presented in the standard represents the leading edge of good practice and design and is
suitable for universal, worldwide use. International Standards carry such weight that they
can be used to support legal requirements and can be cited in contracts to help assure the
usability of products (Bevan, 2001).
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2.6 Summary of Important Findings in Relation to Intended Study
From the literature it is known that matching the perceptual structure of the task to the
control structure of the input device could improve task performance (Wang et al., 1998). It
has also been contended that it is important for user acceptance that an input device looks
and acts like a regular mouse “most of the time” (MacKenzie et al., 1997). While
International Standard 9241, part 9 (2000) has provided important design considerations for
the construction of a prototype device.
The TwistMouse concept already specifies an arrangement of optical sensors for motion
detection and a method of operation that will truly provide 3DoF rather than the 2+1DoF of
many of the devices proposed to date. In this respect it is very similar to Mushaca (Poston &
Srikanth, 2007) and it can behave as a standard mouse when only the x-y position of the
cursor is required, as in selecting a button or link by moving the cursor there and clicking
the device. The initial TwistMouse concept did not specify a mouse to display mapping
although a 1:1 mapping had been discussed. On reviewing the literature this mapping was
increased so the range of rotation can be extended beyond that afforded by the
biomechanics of the lower arm (MacKenzie et al., 1997; Poston and Srikanth, 2007). This is
also thought to be an important consideration as the cord of the prototype device could
inhibit mouse movement if the range exceeded 90° on either side of a vertical mouse
starting position.
This TwistMouse study extends the work of Almeida and Cuband (2006) by applying more
of the usability testing and assessment principles from International Standard 9241, part 9
(2000). An important improvement on their study is the single prototype device (set up in
standard, wheel or twist mode) used for all testing.
This study tests a greater number and wider variety of participants than the Almeida and
Cuband study (2006) in an effort to obtain statistically significant results that are
generalisable. Effectiveness is evaluated as part of the usability testing for the
appropriateness of the TwistMouse for 2D positioning tasks on a screen. Methods defined in
ISO 9241, pt 9 (2000) are used as the basis for TwistMouse assessments but measures of
speed and accuracy will be used in the analysis as recommended by Douglas et al. (1999).
Throughput will not be calculated for the task as this is not considered the best measure for
evaluating the appropriateness of a positioning technique involving rotation under the test
conditions in this study.
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2.7 Hypotheses
This review of related literature has provided support and method for testing the following
three hypotheses that collectively contend the TwistMouse is an appropriate device for
positioning 2D objects on a computer screen:
Hypothesis 1: The effectiveness of the computer mice for positioning 2D objects on
screen increases in the order standard mouse, wheel mouse, TwistMouse.
Hypothesis 2: The efficiency of the computer mice for positioning 2D objects on a screen
increases in the order standard mouse, wheel mouse, TwistMouse.
Hypothesis 3:
3 The TwistMouse will be at least as satisfactory to users for positioning 2D
objects on a screen as the wheel mouse and both will be more satisfactory to users than the
standard mouse.
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Chapter 3

Building a Prototype TwistMouse

3.1 Introduction
A prototype TwistMouse was required to undertake this study. Originally it was thought the
hardware from two small laptop mice could be connected together with a USB hub inside
the chassis of a larger standard computer mouse with some modifications to accommodate
the second optical sensor. This proved to be a non-trivial task and time, budget and skill
constraints saw a substitute prototype design produced. The design for the second prototype
combined ideas from the researcher with a prototype design developed for Mushaca (Poston
& Srikanth, 2007). Working within the stated constraints, the prototype TwistMouse was
designed as much as possible to support comfortable user task performance as outlined in
ISO 9241 part 9 (2000). Some of these considerations are discussed in a following section.
The finished device is able to be configured as any standard mouse including changing the
button configuration for left-handed users. Informal pilot tests with a small number of
subjects were used to select the final mouse settings for the study.
A wireless option was not considered for the prototype.

3.2 Materials and Construction
The prototype TwistMouse is constructed from two “Genius NetScroll+ Mini Traveler”
laptop mice with 800dpi optical sensors. The shortened mice are glued together nose to tail
and connected through an internal USB hub. The buttons and scroll wheel of the front
mouse in the combination are retained while it is shortened by removing a small section of
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the rear chassis. The scroll wheel and buttons of the rear mouse were able to be removed by
excising a portion of the circuit board. The chassis of the rear mouse is shortened so as to be
just large enough to accommodate the shortened board (Figure 3.1).
A “Targus micro travel USB 2.0 4-port hub” is used inside the combined chassis to connect
the two modified devices. A two port hub would have been sufficient for the task but the
choice was dictated by the availability of a device small enough to fit inside the case of the
prototype. The USB connectors were removed from the hub to reduce its size and the
connecting wires from the mouse circuit boards and the wire with a USB connection for the
computer were soldered directly onto the pins of the hub (Figure 3.1).

USB Hub

Mouse 1

Mouse 2

Figure 3.1: The prototype mouse used in this study was constructed from 2 laptop mice and a USB hub.

3.3 Meeting ISO 9241,
9241, part 9 Design Requirements
Design requirements specified in ISO 9241 part 9 (2000) for the computer mouse are
considered in the prototype TwistMouse as follows:
•

Sensor location requirement: The motion sensing point should be located under
the fingers rather than under the palm of the hand.
NOTE: the term finger includes the thumb.
TwistMouse compliance: the front optical sensor is under the fingers during normal
use but the rear sensor is more under the upper part of the palm of the hand than the
fingers.

•

Button motion requirement: The device should be designed such that during its
intended use the fingers should be able to make contact and actuate buttons without
excessive deviation from a neutral posture.
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NOTE: “Excessive” means, for example, interfering with accuracy or causing
muscular strain.
TwistMouse compliance: This requirement appears to be met in the prototype.
•

Button actuation requirement: It should be possible to press the buttons on the
mouse without reducing control of the mouse.
TwistMouse compliance: This requirement appears to be met in the prototype but
some subjects reported finger strain which could lead to reduction in control if it
became severe. An initial attempt at running the study tests revealed a problem with
the right mouse button causing it to intermittently stick in the pressed position. This
problem was resolved when the mouse was dismantled and reassembled during the
investigation of another problem.

•

Resolution Consistency requirement: the resolution of the mouse should be
independent of both the position of the device on the work-surface and the position
of the pointer on the display.
TwistMouse compliance: Early pilot tests of the prototype TwistMouse revealed a
problem with “cursor wander” a condition where the on screen cursor moves
independently on the input device. This problem appeared to be solved by using the
mouse on a mouse pad. However, just into main testing for this study the problem
returned with such severity the testing had to be abandoned while a solution was
found.
The usual cause of dirt of sensors did not appear to apply in this case. After
shielding was wrapped around a length of cable in the prototype in an attempt to
solve a possible interference problem, the cursor wander disappeared and the device
was stable for the rest of testing.

The prototype device was not considered ready for this study until all issues relating to the
above requirements had been resolved. The only exception was the sensor placement which
had to deviate from the ISO requirement due to design constraints.

3.4 Mouse Software Drivers
Time constraints on this study necessitated the use of third party software drivers which had
not been tested in an empirical study. The software drivers used for Mushaca (Srikanth,
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2005) were chosen for TwistMouse because of the similarity in the two concepts and they
were available for Microsoft Windows XP with service pack 2, the operating system of the
computer used for testing. Mushaca uses two drivers: MouSim9 (Srikanth, 2005) and
CPNMouse (Westergaard, 2004).
Each optical sensor in the TwistMouse mode reports x-y positional data. The two streams of
x-y positional data are reported via the CPN Tools binary filter driver in Windows XP
(Westergaard, 2002). The “MouSim9” software module makes the x-y data available to the
application programmer through the mouse wheel application programming interface (API).
Some simple arithmetic is used to calculate the overall x-y and angular motion of the mouse
in the test application.
The CPN Tools binary filter driver must be installed for each component mouse device.
This is achieved by connecting the prototype device to the computer to register the two
component mouse devices then updating each mouse driver with the CPN Tools binary
filter driver through the Windows device manager.
Standard, wheel and twist modes are activated in the test application. Twist mode requires
MouSim9.exe to be running so that the x-y data from the second optical sensor is reported
via the scroll wheel API rather than scroll wheel rotations.

3.5 Mouse Settings
Informal pilot studies were conducted with a small number of participants to determine
optimal mouse settings for the usability testing of the TwistMouse. A significant problem
was encountered in Twist mode with pointer speed and its conflicting effect on the
translation and rotation components of the pointer movement. Reducing the pointer speed
improved rotational accuracy in all three mouse modes tested but in Twist mode this
adversely affected translation performance. At a reduced pointer speed an inexperienced
user could encounter problems with the pointer momentarily stopping during a move with a
high translation component in Twist mode. More experienced users appeared to twist the
mouse more freely and did not meet the problem as often.
A pointer speed of 3/10 was chosen for the study and the “enhance pointer precision”
checkbox of the mouse item in the Microsoft Windows XP control panel was unchecked
disabling the mouse acceleration algorithm. There is a 1:1 mapping of mouse to pointer
movement in standard mode and a rotation of 10 degrees per scroll wheel click was chosen
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as suitable for wheel mode. In twist mode a mouse rotation of 45 degrees yields an onscreen rotation of 90 degrees; a 2:1 mapping of mouse to pointer movement. These
mappings are applied in the test application for the standard and wheel modes and the Twist
mode also requires MouSim9 (Srikanth, 2005) to implement the mapping.
The buttons of the prototype device can be configured for left-handed and right-handed
users. There is also a “clicklock” option available through the control panel that allows a
user to highlight or drag without holding down the mouse button. It is set by briefly clicking
the mouse button and released in the same way.
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Chapter 4

Investigating TwistMouse Usability

4.1 Introduction
This section describes the performance and comfort evaluation of the TwistMouse
conducted in September 2007. Quantitative and qualitative data are collected in this study to
evaluate the efficiency, effectiveness and user satisfaction of the TwistMouse mode of
positioning 2D objects on screen and compare it to two alternative modes: that of a standard
mouse and a wheel mouse. A within subjects experimental design is used for this study.

4.2 Research Variables
4.2.1 Independent and Dependant Variables
The independent variable in this study is the mouse mode. It is a nominal scale variable
with values of:
•

Standard Mouse (Standard): A mouse with 2DoF (horizontal x and vertical y) that
uses a separate click and drag method on a rotate handle to rotate an object on
screen. The standard mouse rotation method used in this study is similar to that used
in the Microsoft Office applications Word, PowerPoint and Publisher.

•

Wheel Mouse (Wheel): A standard mouse which senses rotation through the scroll
wheel. The two positional degrees of freedom (horizontal x and vertical y) are
controlled as usual, and the third, but separate, rotational (z) degree of freedom is
controlled rotating the mouse wheel with a finger. However, it is also possible to
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perform translation and rotation simultaneously with the wheel mouse configuration
used in this study.
•

TwistMouse (Twist): a standard mouse with an additional (second) optical sensor.
The change in the angle of rotation is calculated from the two sets of x-y positional
data reported by the sensors. Movement of the mouse across a flat surface can
simultaneously translate and rotate an object on screen.

Each of these independent variables is implemented on a single prototype mouse device as
described in section 3 of this report.
The dependent variables in this study are efficiency, effectiveness and satisfaction. These
variables are defined as follows:
•

Efficiency: is measured as the time it takes to complete the 2D object positioning
task used in this study with a particular mouse mode. The most efficient mouse
mode is the one with which the least time is taken to perform the task.

•

Effectiveness: is the accuracy and completeness of the task. In this study it is
measured as the number of objects placed correctly (within the test limits) relative to
the total number of objects for placement in the test. The most effective mouse mode
is the one with an accuracy and completeness score closest to 100%.

•

Satisfaction: the user’s subjective rating of freedom from discomfort while using a
particular mode in the test and their positive attitudes towards that mouse mode. In
this study satisfaction is measured with questionnaires. Questionnaire items include
physical operation, fatigue and learnability.

4.2.2

Potentially Confounding Variables

Several potentially confounding variables have been identified in this study and steps have
been taken to mitigate their effect. As with any study that sets out to compare an innovative
product with one that is well established there is a risk that over-familiarity with the existing
product may bias a subjects’ attitude in favour of that product and they will reject the novel
or innovative. It would have been almost impossible to find people who have not been
exposed to the standard computer mouse to participate in this study so each subject’s
computer use is assessed in a demographic survey. In a similar way a subjects’ lack of
familiarity with a mouse mode could introduce a bias if they have to learn that mode of
operation while performing the test. In this study subjects are given a training application to
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improve their skill with the mouse modes before starting the test. There was no time limit
placed on training; subjects were encouraged to practice until they were satisfied they had
mastered the technique. A single device is used for all three techniques or mouse modes to
control the way the treatments were delivered to the subjects. This device may be less
comfortable than a standard mouse but it equalises the conditions.
A within subjects design is chosen for a comparative test of the mouse modes. While this
design offers the advantage of requiring fewer subjects because each is exposed to each
level of the independent variable, it is also a simple way to minimise the individual
differences between subjects. It does however suffer from one major disadvantage: once
subjects are exposed to one level of the independent variable, they are “contaminated” in
that they can not be changed back to the people they were before the exposure. After this
exposure their behaviour in the tests may be subject to an order effect i.e. it may depend on
the order in which they were exposed to the independent variables. Two order effects
considered as possible confounding variables in this study are learning and fatigue. The
order of presentation of the mouse modes is counterbalanced to minimise the effect of test
order. Counterbalancing distributes an equal amount of the confounding effect to each level
of the independent variable.
Other potentially confounding variables which have been identified are gender, nonpreferred hand for mouse use, and age. Hoffman, Wai and Yim (1997) confirmed earlier
research by Hoffman (1997) that found in simple tasks left-handers showed no significant
difference in performance when using their “non-preferred” hand and were generally
superior in performance than right-handers using their “non-preferred” hand. Wahlström,
Svensson, Hagberg and Johnson (2000) determined that women worked with a higher
musculoskeletal load than men with a computer mouse. This may impact on comfort
determinations. While an age-related performance decline has been observed in mouse
input tasks by Chaparro, Bohan, Fernandez, Kattel and Choi (1999).
These confounding variables can be controlled or measured. An equal number of males and
females subjects are included in the study, the test environment is customised to the
subject’s preferred hand for mouse use and the age group of each subject is recorded as part
of a pre-study survey. Any potential participants with disabilities which could impair their
performance in the study for example physical disabilities of the hand, arm, shoulder and
neck or uncorrected vision impairment are screened in the participant demographic
questionnaire (Appendix C) and would have been excluded from this study.
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4.3 Research Methodology
4.3.1

Subjects

Twenty-four subjects (12 male and 12 female) from the University of Otago, School of
Business staff and students volunteered to participate in this study. Most subjects were in
the 18 - 24 (11) or 25 - 34 (8) age group, with 3 in the 35 - 44 group and 1 in each of the 45
- 54 and 55 - 64 age groups. All of the subjects were experienced mouse users and regularly
positioned objects on screen using the click and drag method of Microsoft Office or
OpenOffice applications as defined earlier in this report. Two subjects had used a computer
mouse with three or more degrees of freedom and three subjects indicated a standard mouse
as the only non-keyboard input device they had ever used. None of the subjects had used the
prototype device or tested the three mouse modes (as implemented in this study) prior to
this experiment.
Although three subjects indicated they were left-handed and one claimed to be left-handed
or right-handed depending on the task, all preferred to use a computer mouse in a righthanded setup. A chocolate bar or energy drink was offered as a reward upon conclusion of
the testing session.
4.3.2

Task

The task scenario used in this study is an abstraction of the type of 2D object positioning
task that a user might perform in the real world when composing a Microsoft PowerPoint
presentation or compiling some promotional material using Microsoft Publisher. A Java 5.0
application was developed (with Eclipse 3.2) as the tool for collecting data for the
efficiency and effectiveness evaluation of the three mouse modes. The task presented in the
application is essentially a matching task; subjects are required to position 16 numbered
squares (pieces) on top of the corresponding square in 4x4 grid in the correct orientation
(Figure 4.1) using the prototype computer mouse in each of the test modes. The application
was described to subjects in this study as a simple puzzle.
Transparent pieces which turn from a yellow to a green colour when selected (piece 1,
Figure 4.1), are presented to the subject in a random order (the same for each subject) and in
different 90 degree orientations at the top left corner of the screen. When a piece is selected
during the standard mode test a rotation handle appears for the standard mode method of
click and drag rotation (Figure 1.2).
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Figure 4.1: Screenshot of the test application showing puzzle pieces in different states and positions.

The grid containing the corresponding numbered squares presented in order from left to
right, top to bottom is blue in colour and positioned in the centre of the screen. The squares
of the grid are 5% larger than the moveable pieces that are to be positioned on top of them.
The user does not receive feedback from the system when a piece was correctly positioned
(piece 6, Figure 4.1) but a misaligned piece (piece 7, Figure 4.1) is visually significant in
that any section of the piece that is not over the grid is yellow in colour compared to the
green colour of overlapping the transparent yellow piece on the blue grid. Subjects are
instructed that a correctly aligned piece has the number in the upper left-hand corner as the
squares in the grid and it is completely inside the the grid square of the same number. They
are told that aligning the piece and grid numbers perfectly is not part of the test (the piece
number may not be directly on top of the grid number but the piece can be correctly aligned
because the grid square is slightly larger than the puzzle piece), the numbers are only
present for orientation.
The test software presents instructions for each task and records data on the number and
type of mouse clicks and time to complete the task. Buttons at the bottom of the screen start

38

or stop a test and are enabled only as required and according to the treatment plan the
subject is receiving. When the TwistMouse (Twist) mode is tested a window pops up for the
subject to start the ancillary MouSim9 application by clicking on a button to “acquire” the
mice. Comprehensive instructions for doing this are provided by the test application. The
application also takes a screenshot for evaluation of the number and type of placement
errors when a subject indicates they have completed the task by clicking the “FINISHED”
button. Although instructed to move as quickly and accurately as possible, subjects are not
provided with performance feedback during the task. However, once the finished button is
clicked subject performance data for the round just completed is printed to the screen.
The training application was similar in appearance to the test application but the puzzle
pieces are un-numbered triangles and there is no set task. The colour scheme is the same as
that used for the test application and the pieces are presented to the participant in the same
position. However, instead of a grid the window contains two blue triangles the same size as
the puzzle pieces and a solid black line. Subjects are given detailed instructions on how they
could use these objects to align the puzzle pieces while practicing the rotation techniques.
4.3.3

Questionnaires

The instruments selected to measure user satisfaction of the mouse modes were an after-task
and post-study questionnaire. Satisfaction describes a user’s subjective response when using
the product. User satisfaction is generally thought to be an important correlate of motivation
to use a product and it may affect performance in some cases.
The after-task questionnaire is an independent ratings assessment of the subject’s
impression of each mouse mode being tested while the post-survey questionnaire is a
comparative assessment of the mouse modes. A participant demographic questionnaire was
also included in this study.
After-task Questionnaire
The after-task questionnaire used in this study (Appendix E) is comprised of two parts. The
first part: “Assessment of Comfort”, consists of twelve questions taken from ISO 9241, part
9, Annex C (ISO, 2000) and an open ended question asking the participant to describe how
they physically grasped the mouse during the task. The questions cover issues of physical
operation, fatigue and comfort, speed and accuracy, and overall usability. Participants are
asked to draw a circle around the number on a 7-point Likert scale that best describes their
impression of each characteristic for the mouse mode they have just used. The scale is
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formatted in a positive direction, with the highest values being associated with the most
positive impressions.
The second part of the after-task questionnaire “Assessment of Attitude” focuses more
directly on user satisfaction. The eight questions are a subset of the IBM Computer System
Usability Questionnaire (CSUQ) (Lewis, 1995). The questions cover aspects of efficiency,
effectiveness, comfort, learnability, productivity and general satisfaction. The participant is
asked to subjectively rate their satisfaction with the system used to perform the task on a 7point Likert scale formatted in a negative direction, with the highest values being associated
with the most negative impressions. A section for comments is included with each question
in this part and participants are asked to elaborate on their answers.
Post-study Questionnaire
The post-study questionnaire used in this study (Appendix F) is also made up of two parts.
The first part: “User preferences”, consists of seven questions adapted from the IBM PostStudy System Usability Questionnaire (PSSUQ) (Lewis, 1995). Subjects are asked to rank
the mouse modes in order of preference for the given characteristics which are ease of use,
precision, speed, comfort, learnability, productivity and general appeal.
The second part of this questionnaire is concerned with the design of the prototype device.
Subjects are asked to indicate how appealing they found the prototype device and whether
the device influenced their assessment of the mouse mode on a 7-point Likert scale. The
scale is formatted in a negative direction, with the highest values being associated with the
most negative impressions. An open ended question asking the subject to describe any
improvements they thought could be made to the prototype and why, is also included.
All questions in the post-study questionnaire also invite subjects to comment further.
Participant Demographic Questionnaire
A demographic questionnaire is used to collect general participant information such as age
group, gender, hand dominance, disabilities and computer and input device experience. This
nominal data may be used to control for the confounding variables, to identify unsuitable
subjects for exclusion from the study, to provide the necessary information for customising
the experimental mouse setup, and may be useful later when interpreting a subject’s
behaviour and performance in the test.
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4.3.4

Hardware

In this study the experimental task was presented on a personal computer (PC) with a
hyperthreaded Intel Pentium4 central processing unit (CPU) running at 3.60GHz. The
machine had 1GB of random access memory (RAM). The screen, a 15inch colour liquid
crystal display (LCD) screen was set to a resolution of 1024 x 768 pixels at 60 Hz. Even
though a keyboard was not required for the test, one standard keyboard was included in the
hardware setup so the configuration appeared to be that of a typical workstation. The PC
was running Microsoft Windows XP SP2.
Details of the prototype mouse used in the study are given in Chapter 3 of this report.
4.3.5

Environment

The test environment used for the study was a simple single-room setup with a desk on
which the screen, keyboard and mouse (on a mouse pad) were placed. An adjustable office
chair was provided for the participant to sit in while undergoing testing. A study participant
is shown using this workstation is shown in Figure 4.2.

Figure 4.2: Participant using study workstation

There was also room for an observer to sit behind and to the right of the test participant to
record informal observations of the test.
The room was located in the University of Otago’s School of Business and it was designed
and used as an office. Lighting and temperature were at an appropriate level for the test
environment and background sound and noise were minimal.
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4.3.6

Experimental Design

This study used twenty-four participants in a within subjects experimental design. Each
subject performed the 2D positioning task for each of the three mouse modes (treatments).
The order in which subjects received the treatments was completely counterbalanced using
the scheme shown in Figure 4.3. Four of the twenty four subjects were randomly assigned
to each of the six treatment plans.

Treatment Plan

1
2
3
4
5
6

Order of Presentation of Mouse Modes
Standard
Wheel
Twist
Standard
Twist
Wheel
Wheel
Twist
Standard
Wheel
Standard
Twist
Twist
Standard
Wheel
Twist
Wheel
Standard

Figure 4.3: Counterbalanced design for the presentation of the three independent mouse modes

A within subjects design was chosen for this study because previous research (Almeida &
Cuband, 2006) indicates the effect of the simultaneous translation and rotation on task
completion times may not be strong. With a between subjects design any differences in the
mouse mode results may be overshadowed by differences in the makeup of the test groups.
This is not an issue when using a within subjects design because the same subjects are
testing each of the independent variables.
4.3.7

Procedure

When participants were recruited for this study they were informally screened for
suitability, then booked into individual sessions. Although sessions were scheduled at
intervals of 1.5 hours over 5 days, most ranged from 0.5 to1 hour in duration.
Upon arrival a participant was greeted and asked to sit at the workstation and make
themselves comfortable. The purpose of the study (to investigate the usability of different
mouse based methods for positioning 2D objects on a screen and in particular the
TwistMouse) and the session procedure were outlined to the participant in a Participant
Information sheet (Appendix B). Participant rights and anonymity were explained in an
attached consent form which each participant was asked to read then sign before proceeding
with the experiment. In the next step the Demographic survey (Appendix C) was completed
by the subject. This provided information for customising the mouse setup (left and right
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button configuration) to the subject’s requirements. While these changes were made the
subject was asked to read the Task Description (Appendix D) and given an opportunity to
ask questions.
Each participant received instruction and training in the use of the prototype mouse in the
three mouse modes but this did not include any suggestion of how they should use the
technique to accomplish a task. To facilitate keeping the information consistent for each
participant the same coordinator ran each session and delivered information from a
rehearsed script using a checklist of important items as a prompt. During the instruction
section of the experiment the participant was also presented with the training application
and encouraged to use it until they felt they had mastered each mouse mode. The time
participants spent using the training application ranged from approximately 10 minutes to
almost 20 minutes.
For the actual test the coordinator entered the subject’s identification and treatment plan
numbers into the system. The subject was asked to work as quickly and accurately as
possible and to click the “FINISHED” button when they had completed the task. The
subject completed three rounds of the task, one for each mouse mode. In each round the
subject filled in an after-task questionnaire when the task was finished. At the end of the
three rounds when the subject had used all of the mouse modes in the test they completed
the post-study questionnaire. The coordinator recorded observations of how the subject used
the device and mouse modes throughout the experiment and also noted any relevant
comments made by the subject during the testing.
Each session concluded with an informal debrief when the subject was offered one of the
small participation rewards.

4.4 Assumptions
There are several assumptions underpinning this study. The first four relate to the tools used
to test the hypotheses:
•

The implementation of each mouse mode is optimised to provide the participant
with the best possible experience of the positioning technique and the standard mode
is comparable to mainstream implementations. The implication of this assumption is
that the results of this study will apply to real world tasks.
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•

The test application is suitable for measuring performance in 2D object positioning
tasks on a screen and the task is generalisable.

•

The questionnaires are a suitable measure of user satisfaction. Subjects will also be
observed during the testing in this study to gather supporting information for the
questionnaires.

•

The prototype mouse device is sufficiently like a production mouse so as not to
unduly influence a subject’s performance or evaluation of a mouse mode.

For the chosen experimental design it is assumed that if present there is a symmetrical
transfer of learning effect. The other assumption made in this study is the participants are
representative of typical computer users.
The basis of these assumptions is that they give a close-to-the-real-world context to the
study. This is important if the results from the study are to be considered as adding to the
body of knowledge in the field.

4.5 Data Collection
Several different types of data were collected in this study to compare the TwistMouse
mode with other methods of positioning 2D objects on screen.
For the efficiency evaluation the time a subject took to complete the task using a particular
mouse mode is calculated by the test application as the difference between the system time
when the subject clicked the enabled mouse mode button to start the test and timer to when
they clicked the finished button to stop the timer. This ratio scale measurement of time is
reported in seconds.
The number of mouse clicks the subject make in performing each test was also recorded by
the application. However in this study, testing revealed the data collected in the Twist mode
could be inaccurate. Although the reason for this was not discovered, the coordinator was
able to count the number of mouse clicks made during each twist mode test and a sound
recording of some tests was used to check the accuracy of this method of data collection. It
was thought this data might also be useful in the efficiency evaluation with more clicks
equating to more effort required to perform the task. However, observation of the
participants and subsequent analysis has revealed this data to be of little value compared to
the time data and it has therefore been excluded from the analysis.
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The data (discrete ratio values) was collected for the effectiveness evaluation by visually
analysing the test screen shots for the accuracy and completeness of the task. The number of
correctly positioned pieces is counted and this ratio data is expressed as a percentage of the
total number of pieces (16) to be positioned in the test.
Subjective interval and ordinal data were collected from the satisfaction survey as a rating
on a 7-point Likert scale or a ranking of mouse mode preference for a questionnaire item.
This data is used to assess the participants’ freedom from discomfort and attitude towards
the mouse mode, as a measure of their satisfaction with the mouse based technique for
positioning 2D objects on a computer screen. Some open-ended questions were also used.
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Chapter 5

Investigating TwistMouse Usability:
Usability:
Results

5.1 Introduction
The purpose of this study is to investigate the appropriateness of the TwistMouse as a
device for positioning 2D objects on a computer screen. This is done by comparing the
TwistMouse mode with two other modes: the standard mouse mode and the wheel mouse
mode, in a usability study that measures that measures their efficiency, effectiveness and
user satisfaction in the positioning task. This section of the report presents a summary of the
results of the study organised by the aspect of usability (efficiency, effectiveness or user
satisfaction) they support.
Data analysis was performed with SPSS version 13 and all significance testing was
performed at the 95% confidence interval. Generally a one-way repeated measures analysis
of variance (ANOVA) was performed to test for the significance of the effect of the
independent variable (mouse mode). Where variances were indicated to be as a result of the
independent variable post-hoc comparisons were performed using the Bonferroni
adjustment for multiple comparisons. The 7-point Likert scale data obtained in this study is
treated as interval data where the frequency distribution of the scores is approximately
normally distributed. The data collected from all 24 participants was used in this analysis;
outliers were not excluded.
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5.2 Mouse Mode Effectiveness
Table 5.1 shows the task mean error results and accuracy for the three mouse modes in the
2D positioning task used in this study. All subjects completed the task for each mouse
mode. There was little difference in the mean values and standard deviation between the
three modes. A cumulative plot of the percent of population against the number of errors
(Figure 5.1) reveals most subjects made less than 2 errors in the task for each mouse mode.

Mouse Mode Effectiveness
Effectiveness (Accuracy & Completeness)
Standard

Wheel

Twist

100%

100%

100%

.58

.67

.79

Std. Deviation

.929

.868

.932

Mean Accuracy

96%

96%

95%

Mean Completeness
Mean Errors

Table 5.1: Task error results and accuracy for mouse mode

Mouse Mode Effectiveness
Cumulative Percent of Population

100.0%
90.0%
80.0%
70.0%
60.0%
mode
Standard
Wheel
Twist

50.0%
40.0%
0

1

2

3

Number of Errors

Figure 5.1: Plot of number of errors made by the subjects
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The assumptions for a repeated measures ANOVA did not hold so nonparametric tests
(Friedman test and Wilcoxon signed-rank test) were performed to confirm there was no
significant difference in the error results.
Hypothesis 1: The effectiveness of the computer mice for positioning 2D objects on screen
increases in the order standard mouse, wheel mouse, TwistMouse was not supported in this
study as the accuracy and completeness of the tasks did not increase in the order standard
mouse, wheel mouse, TwistMouse. No significant difference was found in accuracy or
completeness and therefore effectiveness of the mouse modes for positioning 2D objects on
screen.

5.3 Mouse Mode Efficiency
Table 5.2 shows the results for the task completion time using the three mouse modes. All
but one of the twenty-four study participants was faster completing the task with the wheel
mode than with either the standard or twist mode. Figure 5.2 shows that the distribution of
the task time results for the mouse modes. The standard and wheel modes are approximately
normal in distribution while the results for the twist mode are slightly skewed.

Mouse Mode Efficiency (Task time)
Standard

Wheel

Twist

Mean

186.71

113.29

174.25

Std. Deviation

51.242

37.029

48.340

0

96

4

Most Efficient (% trials)

Table 5.2: Results for task completion time for mouse mode

The statistical assumptions having been met (Table 5.3), a repeated measures ANOVA was
conducted to assess whether there were differences between the average test times of the
three mouse modes. Results indicated that there was a significant difference F
42.129, p < .001 but post hoc comparisons are required to identify where.
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(2, 46)

=

Mouse Mode Efficiency
350
23

Task Time (seconds)

300

1

250
3

200
150
100
50
Standard

Wheel
Mouse Mode

Twist

Figure 5.2 Box plot of task time results for the three mouse modes

Mouse Mode Efficiency (Task time)
Assumption

Statistical test
-

Random selection

Discussion
Matter of research design

Normality

Kolmogorov-Smirnov p>.05
Shapiro-Wilk (except Twist p =
.045) p>.05

Normality assumed.
ANOVA is robust to departures
from normality

Homogeneity of variance

F-max = 1.91

Homogeneity of variance
assumed; F-max < 3

Sphericity

Mauchly’s W = 0.894, p = .293

Sphericity assumed, p > .05

Table 5.3: Testing for the assumptions underlying the repeated measures ANOVA for task time

Post-hoc comparisons were performed using the Bonferroni adjustment for multiple
comparisons. A significant difference was found between the means of the standard and
wheel modes: p < .001, with the task time using the wheel mode (m = 113) being less than
the task time using the standard mode (m = 187). The mean task time using the wheel mode
was also significantly less than the mean task time using the twist mode (m = 174): p <
.001. No significant difference was found between the task times for the standard and twist
modes.

49

Hypothesis 2: The efficiency of the computer mice for positioning 2D objects on a screen
increases in the order standard mouse, wheel mouse, TwistMouse was not supported in this
study as the task time did not increase in the order standard mouse, wheel mouse,
TwistMouse. The wheel mode was found to be the most efficient of the three mouse modes
for positioning 2D objects on screen; no significant difference was found in the efficiency
of the standard and twist modes.

5.4 User Satisfaction with Mouse Mode
The after-task questionnaire used to collect data for the user satisfaction evaluation of the
mouse modes in this study is divided into two parts. The first part consists of twelve items
which are used to evaluate user comfort and the second part of eight items is used to
evaluate attitude. The negatively worded scale items in the attitude section of the
questionnaire were recoded before the data were analysed.
To assess whether the items that were summed to create the comfort and attitude scores
formed reliable scales, Cronbach’s alpha was computed using the questionnaires from all 24
subjects. The alpha for the twelve items that make up the comfort scale was 0.92 while the
alpha of the eight items that make up the attitude scale was 0 .96. Generally an alpha value
above 0.70 is considered acceptable (Leech, Barrett & Morgan, 2005). All items were
retained in each scale for the subsequent analysis.
Table 5.4 shows the results of the comfort component of the satisfaction questionnaire for
the three mouse modes. The mean composite comfort score of the wheel mode is higher
than those of the standard and twist modes. Figure 5.3 shows that the distribution of the
comfort results for the mouse modes. The standard and twist modes are approximately
normal in distribution while the results for the wheel mode are slightly skewed.

Mouse Mode Comfort

Mean
Std. Deviation

Standard

Wheel

Twist

54.13

69.04

55.71

13.677

10.119

15.261

Table 5.4: Results for comfort component of the satisfaction questionnaire
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Mouse Mode Comfort
90
80

Comfort Score

70
60
50
40
30
20
Standard

Wheel
Mouse Mode

Twist

Figure 5.3: Box plot of comfort score results for the three mouse mode

The statistical assumptions having been met (Table 5.5) a repeated measures ANOVA was
conducted to assess whether there were differences between the average comfort scores of
the three mouse modes. Results indicated that there was a significant difference F (2, 46) =
14.806, p < .001 but post hoc comparisons are required to identify where.

Mouse Mode Comfort
Assumption

Statistical test
-

Random selection

Discussion
Matter of research design

Normality

Kolmogorov-Smirnov p>.05
Shapiro-Wilk p>.05

Normality assumed.
ANOVA is robust to departures
from normality

Homogeneity of variance

F-max = 1.25

Homogeneity of variance
assumed; F-max < 3

Sphericity

Mauchly’s W = 0.784, p = .069

Sphericity assumed, p > .05

Table 5.5: Testing for the assumptions underlying the repeated measures ANOVA for comfort score

Post-hoc comparisons were performed using the Bonferroni adjustment for multiple
comparisons. A significant difference was found between the means of the standard and
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wheel modes: p < .001, with the comfort score using the wheel mode (m = 69) being higher
than the comfort score using the standard mode (m = 54). The mean comfort score using the
wheel mode was also significantly higher the mean comfort score using the twist mode (m
= 56): p < .001. No significant difference was found between the comfort scores for the
standard and twist modes.
Table 5.6 shows the results of the attitude component of the satisfaction questionnaire for
the three mouse modes. The mean composite attitude score of the wheel mode is higher than
those of the standard and twist modes. Figure 5.4 shows the standard and twist modes are
approximately normal in distribution while the results for the wheel mode are slightly
skewed.

Mouse Mode Attitude

Mean
Std. Deviation

Standard

Wheel

Twist

37.88

49.83

41.29

10.518

5.715

10.255

Table 5.6: Results for comfort component of the Attitude questionnaire

Mouse Mode Attitude
60

Attitude Score

50

40
4

30

20

Standard

Wheel
Mouse Mode

Twist

Figure 5.4: Box plot of attitude score results for the three mouse modes
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The assumption of homogeneity of variance for a repeated measures ANOVA is violated for
the attitude data (F-max = 3.39) so nonparametric tests were performed. A Friedman test
was conducted to assess if there were differences among the three mean ranks, X2 (2, N =
24) = 21.94, p < .001. This indicates there were differences between the three mean ranks.
Three orthogonal contrasts were performed using Wilcoxon tests with the Bonferroni
correction (comparison-wise alpha = .017). The contrasts between standard and wheel
mode (z = -4.116, p < .001) and between wheel and twist mode (z = -3.164, p < .01) were
found to be significant; however that between standard and twist was not significant. In
both cases the significant contrasts indicated a more positive attitude towards the wheel
mode.
Hypothesis 3: The TwistMouse will be at least as satisfactory to users for positioning 2D
objects on a screen as the wheel mouse and both will be more satisfactory to users than the
standard mouse was not supported in this study as users did not find the twist mode at least
as satisfactory as the wheel mode. Taking the results for comfort and attitude together as a
score for user satisfaction the wheel mode was found to be more satisfying to the user for
positioning 2D objects on screen than either the standard or twist modes; no difference was
found between the user satisfaction of the standard and twist modes.
A bivariate correlation was performed between mouse mode comfort scores and attitude
scores. Although not part of a hypothesis in this study, it was expected that a positive
relationship would exist between these two variables. Results of the correlation indicate that
higher comfort scores are associated with more positive attitude scores: standard mode r =
.725, p < .01; wheel mode r = .759, p < .01; twist mode r = .731, p < .01.

5.5 Further Findings and Limitations
Other findings from the after-task questionnaires, results from the post-study questionnaire,
comments made by subjects about the mouse mode techniques and direct observation of
subject task performance provide further information for the mouse mode usability analysis
and highlight some possible limitations of the study. Further interesting findings and the
sources of some possible limitations are reported in the following result sections.
5.5.1

After-task Questionnaire

Hypothesis 3 is concerned with the satisfaction ranking of the mouse modes; no reference is
made to the polarity of the satisfaction (i.e. positive or negative). The Likert data were
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collected on 7-point scales and negatively worded scale items were recoded before the data
were analysed. Likert scaling is a bipolar scaling method, measuring either positive or
negative response to a statement. On the 7-point scale a value below 4 (the mid-point)
would be regarded as negative, and above 4 positive.
While the two components of satisfaction in this study (comfort and attitude) were
summations of questionnaire items these items can be analyzed separately. Responses to a
single Likert item are normally treated as ordinal data although there is much debate about
at what level it can be assumed that subjects perceive the difference between adjacent levels
as equidistant. Examining the descriptive statistical analyses of the satisfaction
questionnaire items (Appendix G) reveals the majority of the responses to comfort and
attitude items for the wheel mode were positive. Only 2 out of 192 individual attitude item
responses were negative. In comparison the majority of the responses to the smoothness and
effort items of the comfort assessment were negative for the standard and twist modes. The
twist mode also received more negative responses for actuation and there was
approximately an even split of negative and positive responses for overall comfort with the
twist mode. The standard mode received more negative responses than positive for accuracy
and there was an approximately even split of negative and positive responses for speed,
comfort and wrist fatigue in the comfort assessment and quick and efficient in the attitude
assessment for the standard mode.
Nonparametric Wilcoxon signed-rank tests indicated there was a significant difference in
the wheel mode scores for actuation, smoothness, effort, accuracy, speed and overall
comfort in the comfort assessment with the wheel mode receiving a more positive response
than the standard or twist modes. There was no significant difference in the standard and
twist mode ratings for these items and no difference between the ratings for all three modes
in overall operation and fatigue items of the comfort assessment.
The wheel mode received favourable comments from the majority of subjects with four
describing it as “cool”. A few participants (5) mentioned it was more difficult to rotate the
scroll wheel with the middle finger; normally they would have used their index finger but
this was holding down the left mouse button during the positioning tasks. Finger fatigue
was also raised by these participants and although the wheel mode received its lowest
comfort rating for finger fatigue it was still largely positive and not found to be significantly
different from the ratings for the standard and twist modes.
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In the attitude component Wilcoxon signed-rank tests indicated the wheel mode scored
significantly more positively for overall satisfaction, simplicity, effectiveness, quickness
and comfort than either the standard or twist modes. There was no significant difference in
the ratings for the standard and twist modes. There was a significant difference in the
efficiency ratings for all three modes; wheel was rated the most efficient followed by twist
then standard mode. The subjects’ more positive rating of their potential productivity with
the wheel mode over the standard mode was significant but the difference between their
rating of the twist and wheel modes and twist and standard modes was not significant. No
significant difference was determined in the learnability ratings of the three mouse modes.
5.5.2

Post-study questionnaire

The ranking scale items of the post-study questionnaire were recoded before data analysis
so the most preferred mouse mode received the highest score (i.e. 3). The plot in Figure 5.5
shows the sum of the rankings for each mouse mode on seven post-study questionnaire
items.

Post-study Questionnaire
PostMouse Mode
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Figure 5.5: Sum of the rankings for mouse mode on post-study questionnaire items

Wilcoxon signed–rank tests indicated the wheel mode was significantly the most preferred
mode for ease of use, precision, speed, comfort, productivity and appeal (Appendix H).
There was only a significant difference in the summed rankings of the standard and twist
modes for the potential productivity and appeal items. The twist mode was ranked higher
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than the standard mode. There was no difference in the collective rankings of the three
mouse modes for learnability.
Approximately 71% of the participants rated the prototype design as appealing. On the
influence of the prototype design on their assessment, participants were evenly split
between agreeing to some extent (50%) and disagreeing to some extent (50%). There was
no strong agreement or strong disagreement and no-one gave a mid-point rating.
Participants were fairly consistent in the improvements they recommended for the prototype
device design: a wider body and shorter length. However one participant commented that
they thought the longer mouse body probably reduced/prevented wrist fatigue while using
the twist mode because it held their wrist up off the desktop while performing the study
task.
5.5.3

Observations

Four important observations were made during testing. The first concerns the test
application and the implementation of rotation for the standard mode: approximately a third
of subjects appeared to have difficulty rotating pieces to align them and several commented
that the implementation was not as smooth/easy as it is in commercial products like
Microsoft Word. Secondly at least half of the participants experienced a momentary stall
while trying to translate a piece in twist mode. This appeared to be the result of moving the
mouse quickly across the desk without any consideration for rotation angle when trying to
accomplish a translation of the piece on screen. The third observation was that some
subjects (3) tried to prevent rotation during translation in twist mode and they found this
difficult to do.
The final observation made during testing was: only one subject out of twenty-four
appeared to perform translation and rotation simultaneously in wheel mode.

From

observing the way participants performed the task in standard and twist mode two main
methods of positioning the object were identified. One group of participants translated each
piece close to its correct position on the grid, rotated it to the correct orientation and then
translated it into position while the other group translated pieces into position then rotated
them to the correct orientation. No significant differences were noted in the results for the
two groups.
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The TwistMouse concept (simultaneous translation and rotation) was generally well
received but two participants commented after testing that they would prefer to perform
translation and rotation separately in positioning tasks.
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Chapter 6

Conclusions
from Investigating TwistMouse Usability

6.1 Discussion
It is reasonable to conclude from previous research that applying the natural structure of
human object manipulation (simultaneous translation and rotation) to the computer interface
should improve the efficiency of positioning tasks (Wang et al., 1998). But in this study a
3DoF mouse-based technique capable of integral manipulation performed no better in a
usability study than the standard technique similar to that available in Microsoft Office
applications. However, a third technique which used the mouse wheel to perform rotation
performed significantly better in most aspects of the study.
It is the finding of this study that the three hypotheses:
Hypothesis 1: The effectiveness of the computer mice for positioning 2D objects on
screen increases in the order standard mouse, wheel mouse, TwistMouse.

Hypothesis 2: The efficiency of the computer mice for positioning 2D objects on a screen
increases in the order standard mouse, wheel mouse, TwistMouse.
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Hypothesis 3:
3 The TwistMouse will be at least as satisfactory to users for positioning 2D
objects on a screen as the wheel mouse and both will be more satisfactory to users than the
standard mouse.
are not supported by the data obtained during the usability testing under the conditions
outlined in the body of this report. The effectiveness (hypothesis 1) of the twist mode was
not higher than that of the other modes. A mean accuracy score of 95% and a completeness
score of 100% for the twist mode was not found to be significantly different by statistical
test than the standard and wheel modes (96% accuracy; 100% completeness). The
efficiency (hypothesis 2) of the twist mode was not higher than the other modes. The wheel
mode was more efficient than the twist and standard modes as it had a statistically
significant lower mean task completion time for the study task. In fact all but one subject
was able to perform the task faster using the wheel mode. Statistical testing also indicated
that there was not a significant difference in efficiency between the standard and twist
modes. Analysis of the subjective survey data indicated subjects were more satisfied with
the wheel mode for 2D positioning tasks in the study than with the other two modes.
To speculate as to why the twist mode did not perform to expectations one should first look
at the assumptions and limitations of the study. It was assumed the implementation of each
mouse mode would be optimised to provide the participant with the best possible
experience of the positioning technique and the standard mode would be comparable to
mainstream implementations. An informal pilot study was used to select the mouse settings
for the study. Even at this early stage a significant problem was encountered in twist mode
with the pointer speed and its conflicting effect on the translation and rotation components
of the pointer movement. Reducing the pointer speed improved rotational accuracy in all
three mouse modes tested but in twist mode this adversely affected translation performance.
When using twist mode the on-screen movement of the pointer appeared to stall sometimes
and when this happened a subject would generally try to get it moving again with short fast
movements of the mouse. The net effect was probably a slightly longer task performance
time.
At least a third of subjects had problems with the rotation technique for the standard mode
and all commented it was not as easy to rotate an object in the test application as in
Microsoft Word (for example). This raises an important limitation with the study: if the
assumptions do not hold then it is questionable as to whether the results will be applicable
to a real-world task.
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A surprising result in the user satisfaction analysis was the wheel mouse received a positive
rating for finger comfort when subjects were required to rotate the wheel with their middle
finger which they normally wouldn’t use for such a task. Five subjects voiced concern about
finger fatigue but the overall results did not reflect a negative feeling. Despite this, could the
awkwardness of the technique described by some account for the fact that only one subject,
out of the twenty-four tested, rotated the object with the wheel while moving it across the
screen? During instruction on the wheel mode subjects were told the wheel could be rotated
while the mouse is moved.
It cannot be said with any certainty that the results of this study will be applicable to a realworld scenario. However, the wheel mode did perform better in this usability study than the
standard or twist modes for positioning a 2D object on a screen. These results are somewhat
at odds with previous studies which found that positioning techniques that enabled
simultaneous translation and rotation showed some performance benefits. It should be stated
though, that none of these studies were able to statistically indicate a significant difference
in performance.

6.2 Future Work
Because the results of this study may not be applicable to a real-world scenario another
study is indicated. A high quality prototype and test application that mimics more closely
the rotation methods in commercial applications would benefit another study.
Future work could include investigating the appropriateness of the technique for other
environments including 3D. Another study could perhaps investigate the use a double click
(for example) to select an object to rotate thus avoiding holding down a button during the
positioning task. Microsoft Windows already has this option available. The postural and
biomechanical tests suggested in ISO 9241, part 9 are also worth considering should a more
generalisable result be obtained in future studies.
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Experiment:
Usability analysis of mouse based input devices for 2D positioning tasks

Participant Information
Thank you for showing an interest in this project. Please read this information sheet
carefully before deciding whether or not to participate. If you decide to participate we
thank you. If you decide not to take part there will be no disadvantage to you of any kind
and we thank you for considering our request.
As part of my honours thesis am I conducting a study into the usability of different mouse
based methods for positioning 2D objects in a graphical user interface (GUI). In particular
the usability of the TwistMouse which allows the user to translate and rotate an object
simultaneously.
In this investigation you will be given a 2D object positioning task to perform with a
prototype computer mouse input device. You will be asked to perform this task three times in each round the mouse will be used in a different way to achieve the rotation component
of the positioning task. You will also be asked to evaluate the positioning method by
completing a questionnaire at the end of each round. It is estimated your total participation
time will be 1hour.

This is not in any way a test of your aptitude or competence with computers.
The results of the project may be published and will be available in the library but every
attempt will be made to preserve your anonymity.
You are most welcome to request a copy of the results of the project should you wish. The
data collected will be securely stored in such a way that only those mentioned below will be
able to gain access to it. This includes any recordings of the session screen. While not
intended, participants may be recognisable in these video recordings but they will only be
used in analysis and at the end of the project will be destroyed immediately along with any
personal information except that, as required by the University's research policy, any raw
data on which the results of the project depend will be retained in secure storage for five
years, after which it will be destroyed.
Thank you for your co-operation. If you have questions related to the study itself or the
results obtained from your participation, please feel free to contact my supervisor Dr.
Holger Regenbrecht, University of Otago, Department of Information Science, by phone at
03 479 8322, or by email at holger@infoscience.otago.ac.nz.
Jacqui Hannagan
Hanja030@student.otago.ac.nz

Please retain this sheet for your information
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Participant No:____

Experiment:
Usability analysis of mouse based input devices for 2D positioning tasks

Consent Form for Participants
I, _____________________________________ (please print your name)
•

I have read the Information Sheet concerning this project and understand what it is
about. All my questions have been answered to my satisfaction. I understand that I
am free to request further information at any stage.

•

My participation in the project is entirely voluntary

•

I understand that I may withdraw from the experiment at any time without any
disadvantage, including the withdrawal of any information I have provided.

•

I also agree to the session being recorded for later analysis and understand I may
review any recording pertaining to my participation. This data will be destroyed at the
conclusion of the project but any raw data on which the results of the project depend
may be retained in secure storage for five years, after which it will be destroyed

•

The results of the project may be published and available in the library every attempt
will be made by the researcher to preserve my anonymity.

Furthermore:
•

I may / may not (please circle one) be quoted directly

•

If quoted directly, I wish to remain anonymous / use a pseudonym (please circle one)

•

If quoted directly, I hereby grant copyright permission to the researcher for the
purpose of publication: yes / no (please circle one)

•

The researcher will confirm my consent for individual quotes

On this basis I agree to participate as a subject in this project

Signature:________________________________
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Date:_________________
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Participant No:____

Experiment:
Usability analysis of mouse based input devices for 2D positioning tasks

Participant Demographic Questionnaire
1.

Which of the following categories includes your age?

○
○
○
○
○
○
○
2.

25 – 34
35 – 44
45 – 54
55– 64
65+

Female
Male

Which is your dominant hand?

○
○
○
○
○
4.

18 – 24

What is your gender?

○
○
3.

Under 18

Left Hand
Right Hand
Left or Right Hand depending on task (Cross-dominance or Mixed-handedness)
Left and Right hand equally for all tasks (ambidextrous)
Neither - low level of dexterity (ambilevous or ambisinister)

With which hand do you most commonly control a computer mouse?

○
○
○

Left Hand
Right Hand
Left and Right hand equally (ambidextrous)
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Participant No:____

5.

Do you have any eyesight problem?

○
○

No
Yes

If Yes please specify: ______________________________________

○
6.

Rather not say

Do you wear corrective lenses (glasses or contacts)?

○
○

No
Yes

If yes will you be wearing them for this experiment?

○
○
○
7.

Not necessary
No
Yes

Do you have a disability of the hand, arm, shoulder, neck, back or other
that could affect your performance in this experiment?

○
○

No
Yes

If Yes please specify: ______________________________________

○
8.

Rather not say

How often do you use a computer?

○
○
○
○
○
○
○

Less than once a month
Once a month
Several times a month
Once a week
Several times a week
Every day
Several times a day or most of the day
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Participant No:____

9.

How often do your tasks on a computer involve positioning objects with
the click and drag to translate or rotate method (such as that used in
Microsoft Office and OpenOffice documents)?

○
○
○
○
○
○
○

Less than once a month
Once a month
Several times a month
Once a week
Several times a week
Every day
Several times a day or most of the day

10. What type(s) of non-keyboard input devices have you ever used? (please
indicate all that apply)

○
○
○
○
○
○
○

Standard computer mouse
Computer mouse with 3 or more degrees of freedom ( e.g. a specialised gaming mouse)
Touch pad
Trackball
Joystick
Game console controller
Other
Please specify: ______________________________________

11. Which non-keyboard devices do you regularly use? (please indicate all
that apply)

○
○
○
○
○
○
○

Standard computer mouse
Computer mouse with 3 or more degrees of freedom ( e.g. a specialised gaming mouse)
Touch pad
Trackball
Joystick
Game console controller
Other
Please specify: ______________________________________
76

Appendix D

Task Description

77

Experiment:
Usability analysis of mouse based input devices for 2D positioning tasks

Task Description
In this investigation you will be given a 2D object positioning task to perform with a
prototype computer mouse input device. You will be asked to perform this task three times in each round the mouse will be used a different way to achieve the rotation component of
the positioning task. You will also be asked to evaluate the method by completing a
questionnaire at the end of each round. When you have completed all tasks you will also be
asked to complete a post study questionnaire.
Before beginning the tasks you will be given time to become accustomed to the prototype
device and the three positioning modes.
These tests will be used to evaluate the efficiency and effectiveness of each of the methods
so please work as quickly and accurately as possible and leave errors uncorrected.
Please feel free to vocalise your thoughts about the positioning task during the rounds.
If you have questions related to the tasks or study please feel free to ask them now.
Thank you
Jacqui Hannagan
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Date:_________

Participant No:____

Mouse Mode: S W T

Experiment:
Usability analysis of mouse-based input devices for 2D positioning tasks

After-Task Questionnaire: Assessment of Comfort
Please draw a circle around the number that best describes your impression of each
characteristic for the mouse-based object positioning method used.

1. Force required for actuation:
1

2

3

4

5

6

Very uncomfortable

7
Very comfortable

2. Smoothness during operation:
1

2

3

4

5

6

Very rough

7
Very smooth

3. Effort required for operation:
1

2

3

4

5

6

7

Very high

Very low

4. Accuracy:
1

2

3

4

5

6

Very inaccurate

7
Very accurate

5. Operation speed:
1

2

3

4

5

6

Unacceptable

7
Acceptable

6. General comfort
1

2

3

4

Very uncomfortable

5

6

7
Very comfortable
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Date:_________

Participant No:____

Mouse Mode: S W T

7. Overall operation of input device
1

2

3

4

5

6

Very difficult
(to use)

7
Very easy
(to use)

8. Finger Fatigue:
1

2

3

4

5

6

7

Very high

None

9. Wrist Fatigue:
1

2

3

4

5

6

7

Very high

None

10. Arm Fatigue
1

2

3

4

5

6

7

Very high

None

11. Shoulder Fatigue:
1

2

3

4

5

6

7

Very high

None

12. Neck Fatigue:
1

2

3

4

5

6

7

Very high

None

13. How would you describe the way you grasped the mouse for this
task? Please consider where you placed your hand on the mouse, grip
strength, and with what part of your hand you held the mouse when
answering this question.

(Please continue on the back of this sheet if you require more space)
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Date:_________

Participant No:____

Mouse Mode: S W T

After-Task Questionnaire: Assessment of Attitude
Please read each statement and indicate how strongly you agree or disagree with the
statement by circling a number on the scale.
Please write comments to elaborate on your answers.

1.

Overall, I am satisfied with how easy it is to use this system:
1

2

3

4

5

6

Strongly Agree

7
Strongly Disagree

Comments:

2.

It was simple to use this system:
1

2

3

4

5

6

Strongly Agree

7
Strongly Disagree

Comments:

3.

I could effectively complete the tasks using this system:
1

2

3

4

5

6

Strongly Agree

7
Strongly Disagree

Comments:

4.

I was able to complete the tasks quickly using this system
1

2

3

4

Strongly Agree

5

6

7
Strongly Disagree

Comments:
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Date:_________

5.

Participant No:____

Mouse Mode: S W T

I was able to efficiently complete the tasks using this system.
1

2

3

4

5

6

Strongly Agree

7
Strongly Disagree

Comments:

6.

I felt comfortable using this system
1

2

3

4

5

6

Strongly Agree

7
Strongly Disagree

Comments:

7.

It was easy to learn to use this system
1

2

3

4

5

6

Strongly Agree

7
Strongly Disagree

Comments:

8.

I believe I could become productive quickly using this system
1

2

3

4

Strongly Agree

5

6

7
Strongly Disagree

Comments:
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Date:_________ Participant No:____

Experiment:
Usability analysis of mouse based input devices for 2D positioning tasks

Post-Study Questionnaire: User preferences
Based on your experience in this study please rank the positioning modes Standard, Scroll or
Twist in your order of preference for each of the following characteristics. Write your rank
order in the spaces provided using the numbers from 1 through 3 where 1 indicates your most
preferred or the best mode for the characteristic. Remember, no two modes can have the same
ranking.
Please write comments to elaborate on your answers.

1.

Ease of use:
(1 = best; 3 = worst)

Standard______

Scroll______

Twist______

Comments:

2.

Overall precision of the system for completing the tasks:
(1 = best; 3 = worst)

Standard______

Scroll______

Twist______

Comments:

3.

Overall speediness of the system for completing the tasks:
(1 =fastest; 3 = slowest)

Standard______

Scroll______

Comments:

85

Twist______

Date:_________ Participant No:____

4.

Comfort of use:
(1 = best; 3 = worst)

Standard______

Scroll______

Twist______

Comments:

5.

Learnability of the system
(1 = easiest to learnt; 3 = most difficult to learnt)

Standard______

Scroll______

Twist______

Comments:

6.

Rank the system according to how productive you believe you could
become with it.
(1 = most; 3 = least)

Standard______

Scroll______

Twist______

Comments:

7.

Rank the system on how it appealed to you
(1 = most; 3 = least)

Standard______

Scroll______

Comments:
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Twist______

Date:_________ Participant No:____

Post-Study Questionnaire: Prototype design
Please draw a circle around the number that best describes your impression of each
characteristic for the mouse-based object positioning method used.

1.

I found the device appealing
1

2

3

4

5

6

Strongly Agree

7
Strongly Disagree

Comments:

2.

The design of the prototype positively influenced my assessment of the
systems
1

2

3

4

Strongly Agree

5

6

7
Strongly Disagree

Comments:

3.

Describe any improvements you think could be made to the design of
the prototype device and why these improvements would be desirable

(Please continue on the back of this sheet if you require more space)
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Sum

100

6

2

4

.918

-1.197

.472

-.335

1.710

5

5.00

S

129

7

2

5

.918

.626

.472

-1.079

2.158

6

6.00

W

94

7

1

6

.918

-1.094

.472

.292

3.123

3

3.50

T

83

6

1

5

.918

-.599

.472

.533

2.172

3

3.00

S

146

7

3

4

.918

2.972

.472

-1.409

.949

6

6.00

W

Smooth (Q2)

92

7

1

6

.918

-.906

.472

.496

3.014

3

3.00

T

91

6

1

5

.918

-.806

.472

-.102

1.998

4

4.00

S

128

7

2

5

.918

-.705

.472

-.678

2.493

7

6.00

W

Effort (Q3)

89

7

1

6

.918

-.914

.472

.447

2.737

3

3.00

T

92

7

1

6

.918

-.874

.472

.039

2.754

3

3.50

S

141

89

7

3

4

.918

.919

.472

-1.283

1.505

6

6.00

W

Accuracy (Q4)

Table G.1: Descriptive statistics for the User Satisfaction Questionnaire comfort component

a Multiple modes exist. The smallest value is shown

Maximum

Minimum

Range

Std. Error of Kurtosis

Kurtosis

Std. Error of Skewness

Skewness

Variance

Mode

Median

Actuation (Q1)

Comfort Item

112

7

2

5

.918

-.878

.472

.068

2.058

5

5.00

T

108

7

2

5

.918

-.647

.472

-.402

2.000

5

5.00

S

147

7

3

4

.918

1.456

.472

-1.599

1.853

7

7.00

W

Speed (Q5)

113

7

2

5

.918

-1.038

.472

-.158

2.389

6

5.00

T

Sum

94

6

2

4

.918

-1.229

.472

.024

1.558

3(a)

4.00

S

130

7

2

5

.918

-.461

.472

-.624

2.254

7

5.50

W

105

7

2

5

.918

-1.158

.472

.294

2.853

3

4.00

T

109

7

1

6

.918

-.773

.472

-.595

2.694

6

5.00

S

144

7

3

4

.918

.299

.472

-1.040

1.391

7

6.00

W

Operation (Q7)

107

7

2

5

.918

-1.185

.472

.154

2.520

3

4.50

T

109

7

1

6

.918

-1.501

.472

-.111

4.346

7

4.00

S

113

7

2

5

.918

-.702

.472

-.312

2.389

5

5.00

W

Finger (Q8)

126

7

2

5

.918

-1.094

.472

-.447

2.543

7

6.00

T

107

7

2

5

.918

-1.203

.472

.371

2.868

3

4.00

S

133

7

2

5

.918

-.292

.472

-.872

2.433

7

6.00

W

Wrist (Q9)

90

.472

-.457

3.650

6

5.00

T

109

7

1

6

.918

-1.033

Table G.1: Descriptive statistics the User Satisfaction Questionnaire comfort component (continued)

a Multiple modes exist. The smallest value is shown

Maximum

Minimum

Range

Std. Error of Kurtosis

Kurtosis

Std. Error of Skewness

Skewness

Variance

Mode

Median

Comfort (Q6)

Comfort Item continued

126

7

1

6

.918

-.489

.472

-.762

3.413

7

6.00

S

144

7

2

5

.918

2.240

.472

-1.489

1.739

7

6.50

W

Arm (Q10)

118

7

1

6

.918

-.040

.472

-.781

3.384

5

5.00

T

135

7

2

5

.918

-.589

.472

-.746

2.418

7

6.00

S

147

7

3

4

.918

.734

.472

-1.271

1.418

7

7.00

W

127

7

1

6

.918

.196

.472

-1.081

3.607

7

6.00

T

145

7

4

3

.918

-1.128

.472

-.858

1.694

7

7.00

S

155

7

3

4

.918

6.086

.472

-2.314

.955

7

7.00

W

Neck (Q12)

145

7

3

4

.918

-.207

.472

-1.152

2.042

7

7.00

T

91

Table G.1: Descriptive statistics the User Satisfaction Questionnaire comfort component (continued)

a Multiple modes exist. The smallest value is shown

Sum

Maximum

Minimum

Range

Std. Error of Kurtosis

Kurtosis

Std. Error of Skewness

Skewness

Variance

Mode

Median

Shoulder (Q11)

Comfort Item continued

Sum

103

6

2

4

.918

-1.610

.472

-.135

2.303

6

4.50

S

144

7

4

3

.918

.437

.472

-.822

.783

6

6.00

W

114

7

2

5

.918

-1.203

.472

-.113

2.283

3(a)

5.00

T

116

7

2

5

.918

-.592

.472

-.592

2.145

5

5.00

S

153

7

5

2

.918

-.621

.472

-.705

.505

7

6.50

W

Simple (Q2)

119

7

2

5

.918

-1.048

.472

-.387

2.389

5

5.00

T

118

7

2

5

.918

-.832

.472

-.377

2.428

6

5.00

S

154

7

4

3

.918

2.795

.472

-1.528

.601

7

7.00

W

Effective (Q3)

130

7

2

5

.918

-.483

.472

-.708

2.254

6(a)

6.00

T

92

Table G.1: Descriptive statistics for the User Satisfaction Questionnaire attitude component

a Multiple modes exist. The smallest value is shown

Maximum

Minimum

Range

Std. Error of Kurtosis

Kurtosis

Std. Error of Skewness

Skewness

Variance

Mode

Median

Easy (Q1)

Attitude Item

102

7

2

5

.918

-.974

.472

.244

2.370

3

4.00

S

149

7

3

4

.918

3.794

.472

-1.675

.955

7

6.00

W

Quick (Q4)

122

7

2

5

.918

-.676

.472

-.442

2.080

6

5.00

T

Sum
106

7

2

5

.918

-1.267

.472

.198

2.601

3

4.50

S

151

7

5

2

.918

-.950

.472

-.553

.563

7

6.00

W

127

7

2

5

.918

-.342

.472

-.661

2.042

6

6.00

T

101

7

2

5

.918

-.664

.472

-.100

1.998

5

4.00

S

143

7

3

4

.918

1.726

.472

-1.052

.998

6

6.00

W

5

5.00

T

109

7

2

5

.918

-1.145

.472

.013

2.781

Comfortable (Q6)

145

7

3

4

.918

.840

.472

-1.374

1.694

7

6.50

S

152

7

4

3

.918

.718

.472

-1.176

.754

7

7.00

W

Learnability (Q7)

139

7

3

4

.918

-.059

.472

-.919

1.650

7

6.00

T

118

7

2

5

.918

-.683

.472

-.532

2.601

5(a)

5.00

S

93

150

7

4

3

.918

1.559

.472

-1.331

.804

7

6.00

W

Productivity (Q8)

Table G.1: Descriptive statistics for the User Satisfaction Questionnaire attitude component (continued)

a Multiple modes exist. The smallest value is shown

Maximum

Minimum

Range

Std. Error of Kurtosis

Kurtosis

Std. Error of Skewness

Skewness

Variance

Mode

Median

Efficient (Q5)

Attitude Item continued

131

7

3

4

.918

-.773

.472

-.712

1.824

6

6.00

T

Significance Testing of Individual Comfort and Attitude Items
Friedman Test & Wilcoxon Signed-ranks Test

Comfort Items
Actuation (Q1):
Ranks

Standard (S)
Wheel (W)

Test Statistics(a)

Mean
Rank
1.73

N

11.703

df

2.50

Twist (T)

24

Chi-Square

2

Asymp. Sig.

1.77

.003

a Friedman Test
Test Statistics(c)

Z

W-S

T-W

T-S

-2.970(a)

-2.997(b)

-.552(b)

.003

.003

.581

Asymp. Sig. (2-tailed)
a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Smoothness (Q2):
Ranks

Standard (S)
Wheel (W)
Twist (T)

Test Statistics(a)
Mean
Rank
1.50

N

24

Chi-Square

29.264

df

2.85

2

Asymp. Sig.

1.65

.000

a Friedman Test
Test Statistics(c)
W-S
Z
Asymp. Sig. (2-tailed)

T-W

T-S

-4.128

-3.952

-.930

.000

.000

.352

a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

94

Comfort Items (continued)
Effort (Q3):
Ranks

Standard (S)

Test Statistics(a)
Mean
Rank
1.73

Wheel (W)

2.54

Twist (T)

1.73

N

24

Chi-Square

13.000

df

2

Asymp. Sig.

.002

a Friedman Test
Test Statistics(c)

Z

W-S
-3.490

T-W
-3.138

T-S
-.156

.000

.002

.876

Asymp. Sig. (2-tailed)
a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Accuracy (Q4):
Ranks

Standard (S)

Test Statistics(a)
Mean
Rank
1.44

Wheel (W)

2.63

Twist (T)

1.94

N

24

Chi-Square

20.734

df

2

Asymp. Sig.

.000

a Friedman Test
Test Statistics(c)
W-S
Z
Asymp. Sig. (2-tailed)

T-W

T-S

-3.695

-2.995

-2.027

.000

.003

.043

a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Speed (Q5):
Ranks

Standard (S)
Wheel (W)
Twist (T)

Test Statistics(a)
Mean
Rank
1.63
2.58
1.79

N

24

Chi-Square
df

15.487
2

Asymp. Sig.
a Friedman Test
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.000

Comfort Items (continued)
Speed (Q5) continued:
Test Statistics(c)

Z

W-S
-3.781

T-W
-2.983

T-S
-.619

.000

.003

.536

Asymp. Sig. (2-tailed)
a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Comfort (Q6):
Ranks

Standard (S)

Test Statistics(a)
Mean
Rank
1.56

Wheel (W)

N

12.071

df

2.50

Twist (T)

24

Chi-Square

2

Asymp. Sig.

1.94

.002

a Friedman Test
Test Statistics(c)

Z

W-S
-3.160

T-W
-2.272

T-S
-1.080

.002

.023

.280

Asymp. Sig. (2-tailed)
a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Operation (Q7):
Ranks

Standard (S)

Test Statistics(a)
Mean
Rank
1.67

Wheel (W)

2.56

Twist (T)

1.77

N

24

Chi-Square

12.427

df

2

Asymp. Sig.

.002

a Friedman Test
Test Statistics(c)
W-S
Z
Asymp. Sig. (2-tailed)

T-W

T-S

-2.977

-3.296

-.131

.003

.001

.895

a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test
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Comfort Items (continued)
Finger (Q8):
Ranks

Standard (S)

Test Statistics(a)
Mean
Rank
1.90

Wheel (W)

1.92

Twist (T)

2.19

N

24

Chi-Square

1.671

df

2

Asymp. Sig.

.434

a Friedman Test
Test Statistics(c)

Z

W-S
-.531

T-W
-1.343

T-S
-1.454

.595

.179

.146

Asymp. Sig. (2-tailed)
a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Wrist (Q9):
Ranks

Standard (S)

Test Statistics(a)
Mean
Rank
1.81

Wheel (W)

2.50

Twist (T)

1.69

N

24

Chi-Square

11.165

df

2

Asymp. Sig.

.004

a Friedman Test
Test Statistics(c)
W-S
Z
Asymp. Sig. (2-tailed)

T-W

T-S

-3.028

-3.082

-.044

.002

.002

.965

a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Arm (Q10):
Ranks

Standard (S)
Wheel (W)
Twist (T)

Test Statistics(a)
Mean
Rank
1.85
2.50
1.65

N

24

Chi-Square
df

13.246
2

Asymp. Sig.
a Friedman Test
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.001

Comfort Items (continued)
Arm (Q10) continued:
Test Statistics(c)

Z

W-S
-2.170

T-W
-2.894

T-S
-.941

.030

.004

.347

Asymp. Sig. (2-tailed)
a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Shoulder (Q11):
Ranks

Standard (S)
Wheel (W)

Test Statistics(a)
Mean
Rank
1.96

N

13.236

df

2.42

Twist (T)

24

Chi-Square

2

Asymp. Sig.

1.63

.001

a Friedman Test
Test Statistics(c)

Z

W-S
-2.194

T-W
-2.477

T-S
-1.098

.028

.013

.272

Asymp. Sig. (2-tailed)
a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Neck (Q12):
Ranks

Standard (S)

Test Statistics(a)
Mean
Rank
1.85

Wheel (W)

2.25

Twist (T)

1.90

N

24

Chi-Square

5.737

df

2

Asymp. Sig.

.057

a Friedman Test
Test Statistics(c)
W-S
Z
Asymp. Sig. (2-tailed)

T-W

T-S

-1.820

-1.831

-.060

.069

.067

.952

a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test
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Attitude Items
Easy (Q1):
Ranks

Standard (S)

Test Statistics(a)
Mean
Rank
1.56

Wheel (W)

2.58

Twist (T)

1.85

N

24

Chi-Square

15.925

df

2

Asymp. Sig.

.000

a Friedman Test
Test Statistics(c)

Z

W-S
-3.616

T-W
-2.814

T-S
-1.222

.000

.005

.222

Asymp. Sig. (2-tailed)
a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Simple (Q2):
Ranks

Standard (S)

Test Statistics(a)
Mean
Rank
1.58

Wheel (W)

2.69

Twist (T)

1.73

N

24

Chi-Square

22.107

df

2

Asymp. Sig.

.000

a Friedman Test
Test Statistics(c)
W-S
Z
Asymp. Sig. (2-tailed)

T-W

T-S

-3.766

-3.454

-.045

.000

.001

.964

a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Effective (Q3):
Ranks

Standard (S)
Wheel (W)
Twist (T)

Test Statistics(a)
Mean
Rank
1.50
2.56
1.94

N

24

Chi-Square
df

17.757
2

Asymp. Sig.
a Friedman Test
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.000

Attitude Items (continued)
Effective (Q3) continued:
Test Statistics(c)

Z

W-S
-3.668

T-W
-2.836

T-S
-1.169

.000

.005

.242

Asymp. Sig. (2-tailed)
a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Quick (Q4):
Ranks

Standard (S)
Wheel (W)

Test Statistics(a)
Mean
Rank
1.46

N

19.000

df

2.56

Twist (T)

24

Chi-Square

2

Asymp. Sig.

1.98

.000

a Friedman Test
Test Statistics(c)

Z

W-S
-3.810

T-W
-2.748

T-S
-2.352

.000

.006

.019

Asymp. Sig. (2-tailed)
a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Efficient (Q5):
Ranks

Standard (S)

Test Statistics(a)
Mean
Rank
1.46

Wheel (W)

2.58

Twist (T)

1.96

N

24

Chi-Square

21.217

df

2

Asymp. Sig.

.000

a Friedman Test
Test Statistics(c)
W-S
Z
Asymp. Sig. (2-tailed)

T-W

T-S

-3.652

-2.946

-2.682

.000

.003

.007

a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test
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Attitude Items (continued)
Comfortable (Q6):
Ranks

Standard (S)

Test Statistics(a)
Mean
Rank
1.58

Wheel (W)

2.56

Twist (T)

1.85

N

24

Chi-Square

16.592

df

2

Asymp. Sig.

.000

a Friedman Test
Test Statistics(c)

Z

W-S
-3.443

T-W
-2.951

T-S
-.734

.001

.003

.463

Asymp. Sig. (2-tailed)
a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Learnability (Q7):
Ranks

Standard (S)

Test Statistics(a)
Mean
Rank
1.98

Wheel (W)

2.19

Twist (T)

1.83

N

24

Chi-Square

2.475

df

2

Asymp. Sig.

.290

a Friedman Test
Test Statistics(c)
W-S
Z
Asymp. Sig. (2-tailed)

T-W

T-S

-1.224

-1.832

-.885

.221

.067

.376

a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Productivity (Q8):
Ranks

Standard (S)
Wheel (W)
Twist (T)

Test Statistics(a)
Mean
Rank
1.58
2.42
2.00

N

24

Chi-Square
df

10.526
2

Asymp. Sig.
a Friedman Test
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.005

Attitude Items (continued)
Productivity (Q8) continued:
Test Statistics(c)

Z

W-S
-3.341

T-W
-1.960

T-S
-1.169

.001

.050

.243

Asymp. Sig. (2-tailed)
a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

102

Appendix H

Post-Study
User Satisfaction Questionnaire
Descriptive Statistics
and
Significance Testing

103

Sum

Maximum

Minimum

Range

Std. Error of Kurtosis

Kurtosis

Std. Error of Skewness

Skewness

Variance

Mode

Median

59

3

1

2

.918

-.586

.472

-.525

.346

3

2.50

S

31

3

1

2

.918

2.676

.472

1.800

.303

1

1.00

W

.472

-.497

.630

3

2.00

T

62

3

1

2

.918

.795

.472

-1.474

.514

3

3.00

S

29

2

1

1

.918

.377

.472

1.534

.172

1

1.00

W

53

3

1

2

.918

-.114

.472

-.045

.346

2

2.00

T

Overall Precision (Q2)

62

3

2

1

.918

-2.048

.472

-.361

.254

3

3.00

S

26

2

1

1

.918

9.124

.472

3.220

.080

1

1.00

W

56

3

1

2

.918

-.539

.472

-.408

.406

2

2.00

T

Overall Speediness (Q3)

55

3

1

2

.918

-.485

.472

-.280

.389

2

2.00

S

104

33

3

1

2

.918

.859

.472

1.281

.332

1

1.00

W

56

3

1

2

.918

-1.270

.472

-.741

.754

3

3.00

T

Comfort of Use (Q4)

Table H1: Descriptive statistics for the Post-Study Satisfaction Questionnaire

54

3

1

2

.918

-1.202

Ease of Use (Q1)

Satisfaction Item

51

3

1

2

.918

-1.356

.472

-.237

.636

2

2.00

S

40

3

1

2

.918

-.696

.472

.579

.493

1

2.00

W

.472

-.443

.781

3

2.50

T

53

3

1

2

.918

-1.615

Learnability (Q5)

66

3

2

1

.918

-.531

.472

-1.233

.196

3

3.00

S

28

2

1

1

.918

1.792

.472

1.910

.145

1

1.00

W

50

3

1

2

.918

-.424

.472

-.080

.428

2

2.00

T

66

3

2

1

.918

-.531

.472

-1.233

.196

3

3.00

S

32

3

1

2

.918

1.626

.472

1.522

.319

1

1.00

W

Appeal (Q7)

46

3

1

2

.918

-.912

.472

.125

.514

2

2.00

T
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Table H2: Descriptive statistics for the Post-Study Satisfaction Questionnaire (continued)

Sum

Maximum

Minimum

Range

Std. Error of Kurtosis

Kurtosis

Std. Error of Skewness

Skewness

Variance

Mode

Median

Potential Productivity (Q6)

Satisfaction Item continued

Significance Testing of Individual Comfort and Attitude Items
Friedman Test & Wilcoxon Signed-ranks Test

Post-Study Satisfaction Items
Ease of Use (Q1):
Ranks

Standard (S)

Test Statistics(a)

Mean
Rank
2.46

Wheel (W)

1.29

Twist (T)

2.25

N

24

Chi-Square

18.583

df

2

Asymp. Sig.

.000

a Friedman Test
Test Statistics(c)
W-S
Z
Asymp. Sig. (2-tailed)

T-W

T-S

-3.957

-3.035

-.852

.000

.002

.394

a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Overall Precision (Q2):
Ranks

Standard (S)
Wheel (W)
Twist (T)

Test Statistics(a)
Mean
Rank
2.58

N

24

Chi-Square

24.250

df

1.21

2

Asymp. Sig.

2.21

.000

a Friedman Test
Test Statistics(c)
W-S
Z
Asymp. Sig. (2-tailed)

T-W

T-S

-3.998

-3.967

-1.339

.000

.000

.181

a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test
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Post-Study Satisfaction Items (continued)
Overall Speediness (Q3):
Ranks

Standard (S)

Test Statistics(a)
Mean
Rank
2.58

Wheel (W)

1.08

Twist (T)

2.33

N

24

Chi-Square

31.000

df

2

Asymp. Sig.

.000

a Friedman Test
Test Statistics(c)

Z

W-S
-4.417

T-W
-3.985

T-S
-1.105

.000

.000

.269

Asymp. Sig. (2-tailed)
a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Comfort of Use (Q4):
Ranks

Standard (S)

Test Statistics(a)
Mean
Rank
2.29

Wheel (W)

1.38

Twist (T)

2.33

N

24

Chi-Square

14.083

df

2

Asymp. Sig.

.001

a Friedman Test
Test Statistics(c)
W-S
Z
Asymp. Sig. (2-tailed)

T-W

T-S

-3.598

-3.182

-.090

.000

.001

.928

a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Learnability (Q5):
Ranks

Standard (S)
Wheel (W)
Twist (T)

Test Statistics(a)
Mean
Rank
2.13
1.67
2.21

N

24

Chi-Square
df

4.083
2

Asymp. Sig.
a Friedman Test
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.130

Post-Study Satisfaction Items (continued)
Learnability (Q5) continued:
Test Statistics(c)
W-S
Z
Asymp. Sig. (2-tailed)

T-W

T-S

-1.765

-1.836

-.221

.078

.066

.825

a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

Potential Productivity (Q6):
Ranks

Standard (S)
Wheel (W)

Test Statistics(a)
Mean
Rank
2.75

N

30.333

df

1.17

Twist (T)

24

Chi-Square

2

Asymp. Sig.

2.08

.000

a Friedman Test
Test Statistics(c)
W-S
-4.428

Z

Asymp. Sig. (2-tailed)
a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

.000

T-W
-3.378

T-S
-2.675

.001

.007

Appeal (Q7):
Ranks

Standard (S)

Test Statistics(a)
Mean
Rank
1.46

Wheel (W)

1.94

Twist (T)

2.60

N

24

Chi-Square

18.840

df

2

Asymp. Sig.

.000

a Friedman Test
Test Statistics(c)

Z

W-S
-4.225

Asymp. Sig. (2-tailed)
a Based on negative ranks.
b Based on positive ranks.
c Wilcoxon Signed Ranks Test

.000

T-W
-2.156

T-S
-3.091

.031

.002
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ABSTRACT

The study is based on an unpublished University of Otago
Intellectual Property Description for “TwistMouse – a computer
mouse system providing three degrees of freedom” by Dr Holger
Regenbrecht, Department of Information Science.

We propose a mouse input device, the TwistMouse, with three
degrees of freedom: horizontal (x), vertical (y) and rotational (z)
for simultaneous translation and rotation of on-screen objects. We
describe the construction of a prototype device and present a
usability evaluation to investigate the appropriateness of the twist
mode for positioning 2D objects on screen.

The importance of this study lies in the possible applications of a
TwistMouse device should it be found to be effective, efficient
and/or gain the satisfaction of study participants. Some possible
applications identified so far are arranging graphical elements on
screen, 3D navigation, manipulations in CAD applications, puzzle
assembly and direct manipulation of on-screen knobs.

Categories and Subject Descriptors
H.5.2 User interfaces – Input devices and strategies

Because the TwistMouse offers simultaneous rotation and
translation in positioning tasks but acts like a regular mouse most
of the time it mitigates the need to change devices for certain
tasks. Taking a rather optimistic view, if the TwistMouse shows
significant gains over other devices in usability studies it could
replace the contemporary computer mouse as the standard input
device for the desktop computer.

General Terms
Design, Performance, Experimentation, Human Factors

Keywords
3DoF, mouse, simultaneous translation and rotation, usability
study

This paper is based on a dissertation work of the first author under
supervision of the second author. It first highlights some related
work in the field, describes the design and implementation of the
prototype device and the design of a usability study to test twist
mode against to other positioning modes. The usability results are
reported and discussed in relation to the hypothesis.

1. INTRODUCTION
The computer mouse was conceived in the 1960’s as an input
device that could be used in a “natural way” to indicate position
on a display screen [1]. Since its release the mouse has gained
wide acceptance as an input device. It has also undergone many
transformations but its core functionality has remained largely
unchanged.

1.1 Key Terms

The mouse is essentially a device that can sense motion in the
horizontal and vertical directions and translate this to a pointer on
a computer screen. But when we move physical objects in the real
world we translate and rotate them simultaneously. Object
manipulation is an integral task [2] and it follows that the
application of the natural structure of human object manipulation
to the computer interface (matching the perceptual structure of the
task to the control structure of the input device) should improve
the efficiency of positioning tasks [3].

Mouse Modes:
Standard Mouse (Standard): A mouse with 2DoF (horizontal
(x) and vertical (y)) that uses a separate click-and-drag
method on a rotate handle to rotate an object on screen(
similar to that used in Microsoft PowerPoint, Word and
Publisher)
Wheel Mouse (Wheel): A standard mouse which senses
rotation through the scroll wheel. This device has 2+1DoF
(Figure 1).
TwistMouse (Twist): a standard mouse with an additional
(second) optical sensor. This device has 3DoF (Figure 1.).

.

2D: Two dimensional or two dimensions
2DoF: Two degrees of freedom. These are defined for 2D as the
horizontal (x) and the vertical (y) degree of freedom (Figure 1).
2+1DoF: Two plus one degrees of freedom. These are defined for
2D as horizontal (x), vertical (y) and a third but separate rotational
(z) degree of freedom (Figure 1). The rotational degree of
freedom is separate in that the method of achieving it is distinct
from that of the x and the y positional degree of freedom [4]

Figure 1. A two-dimensional surface with three degrees of
freedom: x, y, and THETA-z [4]
OzCHI 2007, 28-30 November 2007, Adelaide, Australia. Copyright the
author(s) and CHISIG. Additional copies are available at the ACM
Digital Library (http://portal.acm.org/dl.cfm) or can be ordered
from CHISIG(secretary@chisig.org)
OzCHI 2007 Proceedings, ISBN 978-1-59593-872-5
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3DoF: Three degrees of freedom. These are defined in this study
for 2D as the horizontal (x), the vertical (y) and the rotational (z)
degree of freedom (Figure 1).

2.2 Scope
This study is constrained to the prototype device developed by the
researcher. The device can be used in three modes:

2. TWISTMOUSE
2.1 Related Work
According to the theory of processing of perceptual structure the
attributes of objects in multidimensional spaces can have different
dominant perceptual structures, integral or separable [2]. Jacob,
Sibert, McFarlane and Mullen [2] took this theory and
hypothesized that the distinction between perceptual structures
would be a key to performance of multidimensional input devices
on multidimensional tasks. In this seminal work they concluded
performance is improved when the perceptual structure of the task
matches the control structure of the device.

•

As a standard mouse with 2DoF that uses a click and drag
method on a rotate handle to rotate an object (as in Microsoft
Office applications Word and PowerPoint).

•

As a wheel mouse – a standard mouse that senses rotation
through the scroll wheel: 2+1DoF [4]

•

As a “TwistMouse” – a standard mouse with an additional
(second) optical sensor that can be used to translate and rotate
on-screen objects simultaneously.

The task used to assess usability in this study is an abstraction of a
real world positioning task such as that encountered in
applications like Microsoft Office or Open Office

This theory was studied in the context of object transportation and
orientation by the human hand [3] and it was to conclude object
transportation and orientation by the human hand have a parallel
and interdependent structure. It was also empirically determined
that the total object manipulation time is less than the sum of the
object translation time and the rotation time.

2.3 Hypotheses
This review of related literature has provided support and method
for testing the following three hypotheses that collectively
contend the TwistMouse is an appropriate device for positioning
2D objects on a computer screen:

People have proposed some form of mouse-based rotation for
about the last 20 years. From the literature two main schools of
thought have emerged. The first uses two computer mice to
accomplish orientation and began with seminal research of Myers
and Buxton and Myers [6]. [7] claims two devices are faster than
one. However the single-mouse techniques used in their study
were not simultaneous. A few of the devices which have been
proposed over the years are:

Hypothesis 1: The effectiveness of the computer mice for
positioning 2D objects on screen increases in the order standard
mouse, wheel mouse, TwistMouse.
Hypothesis 2: The efficiency of the computer mice for positioning
2D objects on a screen increases in the order standard mouse,
wheel mouse, TwistMouse.
Hypothesis 3: The TwistMouse will be at least as satisfactory to
users for positioning 2D objects on a screen as the wheel mouse
and both will be more satisfactory to users than the standard
mouse.

A Two-Ball Mouse [4] uses the x-y displacement data of two
mechanical ball mechanisms coupled inside the chassis of a
standard mouse to get the angular motion of the mouse through a
simple calculation. However, the performance of this device has
not been formally assessed.

3. DESIGN AND IMPLEMENTATION
3.1 Prototype Construction

The Rockin’ Mouse [13] with four degrees of freedom, senses
relative x-y position and tilting along both axes. A 30%
performance gain over a regular mouse for 3D positioning tasks
has been reported. A 2D study was not performed.

The design for the prototype mouse combines ideas from the
researcher with a prototype design outlined in [11].
The prototype TwistMouse is constructed from two “Genius
NetScroll+ Mini Traveler” laptop mice with 800dpi optical
sensors. The shortened mice are glued together nose to tail and
connected through an internal USB hub. The buttons and scroll
wheel of the front mouse in the combination are retained while it
is shortened by removing a small section of the rear chassis. The
scroll wheel and buttons of the rear mouse were able to be
removed by excising a portion of the circuit board. The chassis of
the rear mouse is shortened so as to be just large enough to
accommodate the shortened board (Figure 2).

The Mushaca [11] was originally described in one and two sensor
embodiments (Poston & Srikanth, unpublished). The two sensor
device has been prototyped but no empirical study has been
performed to evaluate its relative performance and usability.
The Yawing Mouse [8] offering a 3 DoF interaction technique
based on a device made from two cordless laptop mice glued
together on their lateral side showed a performance gain in a pilot
study. While a good study it was noted the results were not
statistically significant. Problems identified in the study include a
small number of subjects, physically different devices for the
modes and no measure of effectiveness.

A “Targus micro travel USB 2.0 4-port hub” is used inside the
combined chassis to connect the two modified devices. A two port
hub would have been sufficient for the task but the choice was
dictated by the availability of a device small enough to fit inside
the case of the prototype. The USB connectors were removed
from the hub to reduce its size and the connecting wires from the
mouse circuit boards and the wire with a USB connection for the
computer were soldered directly onto the pins of the hub (Figure
2).

Without sound empirical evidence it cannot be stated with any
certainty that a 3DoF input device such as the Twistmouse
proposed in this study is more appropriate for 2D positioning
tasks on screen. Appropriate in this context is defined in ISO 9241
as more effective, efficient and/or satisfying to use.
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•

Wheel Mouse (Wheel): A standard mouse which senses
rotation through the scroll wheel. The two positional degrees
of freedom (horizontal x and vertical y) are controlled as
usual, and the third, but separate, rotational (z) degree of
freedom is controlled rotating the mouse wheel with a finger.
However, it is also possible to perform translation and rotation
simultaneously with the wheel mouse configuration used in
this study.

•

TwistMouse (Twist): a standard mouse with an additional
(second) optical sensor. The change in the angle of rotation is
calculated from the two sets of x-y positional data reported by
the sensors. Movement of the mouse across a flat surface can
simultaneously translate and rotate an object on screen.

USB Hub

Mouse 1

Mouse 2

The dependent variables in this study are efficiency, effectiveness
and satisfaction. These variables are defined as follows:
Figure 2. Prototype mouse used in study

•

Efficiency: is measured as the time it takes to complete the 2D
object positioning task used in this study with a particular
mouse mode. The most efficient mouse mode is the one with
which the least time is taken to perform the task.

•

Effectiveness: is the accuracy and completeness of the task. In
this study it is measured as the number of objects placed
correctly (within the test limits) relative to the total number of
objects for placement in the test. The most effective mouse
mode is the one with an accuracy and completeness score
closest to 100%.

•

Satisfaction: the user’s subjective rating of freedom from
discomfort while using a particular mode in the test and their
positive attitudes towards that mouse mode. In this study
satisfaction is measured with questionnaires. Questionnaire
items include physical operation, appeal and fatigue.

3.2 Prototype Drivers and Settings
The software drivers used for Mushaca: MouSim9 [12] and
CPNMouse [7] were used to implement the prototype.
Informal pilot studies determined optimal mouse settings.
However, a significant problem was encountered in Twist mode
with pointer speed and its conflicting effect on the translation and
rotation components of the pointer movement. Reducing the
pointer speed improved rotational accuracy in all three mouse
modes tested but in Twist mode this adversely affected translation
performance.
A pointer speed of 3/10 was chosen for the study and the
“enhance pointer precision” checkbox of the mouse item in the
Microsoft Windows XP control panel was unchecked disabling
the mouse acceleration algorithm. There is a 1:1 mapping of
mouse to pointer movement in standard mode and a rotation of 10
degrees per scroll wheel click was chosen as optimal in wheel
mode. In twist mode a mouse rotation of 45 degrees yields an onscreen rotation of 90 degrees; a 2:1 mapping of mouse to pointer
movement. These mappings are applied in the test application for
the standard and wheel modes and the Twist mode also requires
MouSim9 [12] to implement the mapping.

Several potentially confounding variables have been identified in
this study and steps have been taken to mitigate their effect.
Training will be given in the use of mouse modes to lessen any
effect from lack of familiarity. The experimental design will
compensate for any learning effects and gender. The mouse hand
settings will be customized to the user and any potential
participants with afflictions that may unreasonably impair their
performance in the tests will be excluded.

4.2 Subjects
4. USABILITY EVALUATION

Twenty four subjects (12 male and 12 female) were recruited to
participate in this study from staff and students of the University
of Otago, School of Business. Most subjects were in the 18 - 24
(11) or 25 - 34 (8) age group, with 3 in the 35 - 44 group and 1 in
each of the 45 - 54 and 55 - 64 age groups. All of the subjects
were experienced mouse users and regularly positioned objects on
screen using the click and drag method of Microsoft Office or
OpenOffice applications. Two subjects had used a computer
mouse with three or more degrees of freedom but none of the
subjects had used the prototype device or tested the three mouse
modes (as implemented in this study) prior to this experiment.

A usability study is conducted to evaluate the acceptability of the
twist mode for on-screen 2D positioning tasks. This is done by
comparing effectiveness, efficiency and user satisfaction of the
twist mode with two more conventional techniques: the standard
mode and wheel mode.

4.1 Study Variables
The independent variable in this study is the mouse mode. It is a
nominal scale variable with values of:
• Standard Mouse (Standard): A mouse with 2DoF (horizontal x
and vertical y) that uses a separate click and drag method on a
rotate handle to rotate an object on screen. The standard
mouse rotation method used in this study is similar to that
used in the Microsoft Office applications Word, PowerPoint
and Publisher.

Although three subjects indicated they were left-handed and one
claimed to be left-handed or right-handed depending on the task,
all preferred to use a computer mouse in a right-handed setup. A
chocolate bar or energy drink was offered as a reward upon
conclusion of the testing session.
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and timer to when they clicked the finished button to stop the
timer.

4.3 Method
The methodology used in this study was bases on ISO 9241, part
9 (2000) and the study reported in [9].

Effectiveness data is collected by visually analysing the test
screen shots taken by the application for the accuracy and
completeness of the task.

4.3.1 Task
The task used in this study is an abstraction of the type of
positioning task a user might perform in the real world when
composing (for example) a PowerPoint presentation. It is
essentially a matching task; subjects are required to position 16
numbered squares (pieces) on top of the corresponding square in
4x4 grid in the correct orientation (Figure 3) using the prototype
computer mouse in each of the test modes.

4.3.2 Questionnaires
The instruments selected to measure user satisfaction of the
mouse modes were an after-task and post-study questionnaire.
Satisfaction describes a user’s subjective response when using the
product. User satisfaction is generally thought to be an important
correlate of motivation to use a product and it may affect
performance in some cases.

Transparent pieces which turn from a yellow to a green colour
when selected (piece 1, Figure 3), are presented to the subject in a
random order (the same for each subject) and in different 90
degree orientations at the top left corner of the screen. When a
piece is selected during the standard mode test a rotation handle
appears for the standard mode method of click and drag rotation
(piece 1, Figure 3).

The after-task questionnaire is an independent ratings assessment
of the subject’s impression of each mouse mode being tested
while the post-survey questionnaire is a comparative assessment
of the mouse modes. A participant demographic questionnaire
was also included in this study.
A demographic questionnaire is used to collect general participant
information such as age group, gender, hand dominance,
disabilities and computer and input device experience.

4.3.2.1 After-task Questionnaire
The after-task questionnaire used in this study is comprised of two
parts. The first part: “Assessment of Comfort”, consists of twelve
questions on a 7-point Likert scale taken from ISO 9241, part 9
[9] and an open ended question asking the participant to describe
how they physically grasped the mouse during the task. The
questions cover issues of physical operation, fatigue and comfort,
speed and accuracy, and overall usability. The scale is formatted
in a positive direction, with the highest values being associated
with the most positive impressions.
The second part of the after-task questionnaire “Assessment of
Attitude” focuses more directly on user satisfaction. The eight
questions on a 7-point Likert scale formatted in a negative
direction, are taken are a subset of the IBM Computer System
Usability Questionnaire (CSUQ) [14]. The questions cover
aspects of efficiency, effectiveness, comfort, learnability,
productivity and general satisfaction. A section for comments is
included with each question in this part and participants are asked
to elaborate on their answers.

Figure 3: Test application showing puzzle pieces in different
states and positions.
The squares of the grid are 5% larger than the moveable pieces
that are to be positioned on top of them. The user does not receive
feedback from the system when a piece was correctly positioned
(piece 6, Figure 3) but a misaligned piece (piece 7, Figure 3) is
visually significant in that any section of the piece that is not over
the grid is yellow in colour compared to the green colour of
overlapping the transparent yellow piece on the blue grid.
Subjects are instructed that a correctly aligned piece is entirely
inside the equally numbered grid square with the numbers in the
same orientation. Although instructed to move as quickly and
accurately as possible, subjects are not provided with performance
feedback during the task. However, once the finished button is
clicked subject performance data for the round just completed is
printed to the screen.

4.3.2.2 Post-study Questionnaire
The post-study questionnaire is also made up of two parts. The
first part: “User preferences”, consists of seven questions adapted
from the IBM Post-Study System Usability Questionnaire
(PSSUQ) [14]. Subjects are asked to rank the mouse modes in
order of preference for the given characteristics which are ease of
use, precision, speed, comfort, learnability, productivity and
general appeal.
The second part of this questionnaire is concerned with the design
of the prototype device. Subjects are asked to indicate on a 7-point
Likert scale how appealing they found the prototype device and
whether the device influenced their assessment of the mouse
mode. The scale is formatted in a negative direction. There is also
open ended question asking the subject to describe any
improvements they thought could be made to the prototype and
why. All questions in the post-study questionnaire also invite
subjects to comment further.

For the efficiency evaluation the time a subject takes to complete
the task using a particular mouse mode is calculated by the test
application as the difference between the system time when the
subject clicked the enabled mouse mode button to start the test
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positioning 2D objects on screen) and the session procedure were
outlined to the subject in an information sheet. Their rights and
anonymity were explained in an attached consent form which they
were asked to read then sign. Next subjects completed a
demographic survey which provided information for customising
the mouse setup (left and right button configuration) to their
requirements. While these changes were made the subject was
asked to read the Task Description and given an opportunity to
ask questions.

4.3.3 Testing Setup
In this study the experimental task was presented on a personal
computer (PC) with a hyperthreaded Intel Pentium4 central
processing unit (CPU) running at 3.60GHz. The machine had
1GB of random access memory (RAM). The screen, a 15inch
colour liquid crystal display (LCD) screen was set to a resolution
of 1024 x 768 pixels at 60 Hz. Even though a keyboard was not
required for the test, one standard keyboard was included in the
hardware setup so the configuration appeared to be that of a
typical workstation. The PC was running Microsoft Windows XP
SP2.

Each participant received instruction and training in the use of the
prototype mouse in the three mouse modes but this did not include
any suggestion of how they should use the technique to
accomplish a task. To facilitate keeping the information consistent
for each participant the same coordinator ran each session and
delivered information from a rehearsed script using a checklist of
important items as a prompt. During the instruction section of the
experiment the participant was also presented with a training
application and encouraged to use it until they felt they had
mastered each mouse mode. The time participants spent using the
training application ranged from approximately 10 minutes to
almost 20 minutes.

A typical workstation setup was used. An observer sitting behind
and to the left of the subject recorded informal observations of the
test.

4.3.4 Experimental Design
This study used twenty-four participants in a within subjects
experimental design. Each subject performed the 2D positioning
task for each of the three mouse modes (treatments). The order in
which subjects received the treatments was completely
counterbalanced using six treatment plans. Four subjects were
randomly assigned to each plan.

The subject was asked to work as quickly and accurately as
possible in the test and to click the “FINISHED” button when
they had completed the task. Three rounds of the task, one for
each mouse mode, were performed. In each round the subject
filled in an after-task questionnaire when the task was finished. At
the end of the three rounds when the subject had used all of the
mouse modes in the test they completed the post-study
questionnaire. The coordinator recorded observations of how the
subject used the device and mouse modes throughout the
experiment and also noted any relevant comments made by the
subject during the testing.

A within subjects design was chosen for this study because
previous research [8] indicates the effect of the simultaneous
translation and rotation on task completion times may not be
strong. With a between subjects design any differences in the
mouse mode results may be overshadowed by differences in the
makeup of the test groups.

4.3.5 Assumptions
There are several assumptions underpinning this study. The first
four relate to the tools used to test the hypotheses:
•

The implementation of each mouse mode is optimised to
provide the participant with the best possible experience of the
positioning technique and the standard mode is comparable to
mainstream implementations.

•

The test application is suitable for measuring performance in
2D object positioning tasks on a screen and the task is
generalisable.

•

The questionnaires are a suitable measure of user satisfaction.
Subjects will also be observed during the testing in this study
to gather supporting information for the questionnaires.

•

The prototype mouse device is sufficiently like a production
mouse so as not to unduly influence a subject’s performance
or evaluation of a mouse mode.

4.5 Results and Discussion
Data analysis was performed with SPSS version 13 and all
significance testing is performed at the 95% confidence interval.
Generally a one-way repeated measures analysis of variance
(ANOVA) was performed to test for the significance of the effect
of the independent variable (mouse mode). Where variances were
indicated to be as a result of the independent variable post-hoc
comparisons were performed using the Bonferroni adjustment for
multiple comparisons. The 7-point Likert scale data obtained in
this study is treated as interval data where the frequency
distribution of the scores is approximately normally distributed.
The data collected from all 24 participants was used in this
analysis; the small number of outliers were not excluded.

For the chosen experimental design it is assumed that if present
there is a symmetrical transfer of learning effect. The other
assumption made in this study is the participants are
representative of typical computer users.

4.5.1 Mouse Mode Effectiveness
Table 1 shows the task mean error results and accuracy for the
three mouse modes in the 2D positioning task used in this study.
All subjects completed the task for each mouse mode. There was
little difference in the mean values and standard deviation
between the three modes. A cumulative plot of the percent of
population against the number of errors (Figure 4) reveals most
subjects made less than 2 errors in the task for each mouse mode.

The basis of these assumptions is that they give a close-to-thereal-world context to the study. This is important if the results
from the study are to be considered as adding to the body of
knowledge in the field.

The assumptions for a repeated measures ANOVA did not hold so
nonparametric tests (Friedman test and Wilcoxon signed-rank
test) were performed to confirm there was no significant
difference in the error results.

4.4 Procedure
Subjects were booked into individual sessions with most lasting
between 30 and 60 minutes. The purpose of the study (to
investigate the usability of different mouse based methods for
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A repeated measures ANOVA (assumptions met) was conducted
to assess whether there were differences between the average test
times of the three mouse modes. Results indicated that there was a
significant difference F (2, 46) = 42.129, p < .001 but post hoc
comparisons are required to identify where.

Table 3. Mouse mode effectiveness
Standard

Wheel

Twist

100%
.58
.929
96%

100%
.67
.868
96%

100%
.79
.932
95%

Mean Completeness
Mean Errors
Std. Deviation
Mean Accuracy

Post-hoc comparisons were performed using the Bonferroni
adjustment for multiple comparisons. A significant difference was
found between the means of the standard and wheel modes: p <
.001, with the task time using the wheel mode (m = 113) being
less than the task time using the standard mode (m = 187). The
mean task time using the wheel mode was also significantly less
than the mean task time using the twist mode (m = 174): p < .001.
No significant difference was found between the task times for the
standard and twist modes.

90.0%
80.0%

350

70.0%

23

300

60.0%

Task Time (seconds)

Cumulative Percent of Population

100.0%

mode
Standard
Wheel
Twist

50.0%
40.0%
0

1

2

3

1

250
3

200
150
100

Number of Errors
50

Figure 4. Cumulative plot of errors by mouse mode
Standard

Hypothesis 1: The effectiveness of the computer mice for
positioning 2D objects on screen increases in the order standard
mouse, wheel mouse, TwistMouse was not supported in this study
as the accuracy and completeness of the tasks did not increase in
the order standard mouse, wheel mouse, TwistMouse. No
significant difference was found in accuracy or completeness and
therefore effectiveness of the mouse modes for positioning 2D
objects on screen.

Hypothesis 2: The efficiency of the computer mice for positioning
2D objects on a screen increases in the order standard mouse,
wheel mouse, TwistMouse was not supported in this study as the
task time did not increase in the order standard mouse, wheel
mouse, TwistMouse. The wheel mode was found to be the most
efficient of the three mouse modes for positioning 2D objects on
screen; no significant difference was found in the efficiency of the
standard and twist modes.

Table 2 shows the results for the task completion time using the
three mouse modes. All but one of the twenty-four study
participants was faster completing the task with the wheel mode
than with either the standard or twist mode. Figure 5 shows that
the distribution of the task time results for the mouse modes. The
standard and wheel modes are approximately normal in
distribution while the results for the twist mode are slightly
skewed.

4.5.3 User Satisfaction with Mouse Mode
The after-task questionnaire used to collect data for the user
satisfaction evaluation of the mouse modes in this study is divided
into two parts. The first part consists of twelve items which are
used to evaluate user comfort and the second part of eight items is
used to evaluate attitude. The negatively worded scale items in the
attitude section of the questionnaire were recoded before the data
were analysed.

Table 2. Mouse mode efficiency

Mean
Std. Deviation
Most Efficient (% trials)

Wheel

To assess whether the items that were summed to create the
comfort and attitude scores formed reliable scales, Cronbach’s
alpha was computed using the questionnaires from all 24 subjects.
The alpha for the twelve items that make up the comfort scale was
0.92 while the alpha of the eight items that make up the attitude
scale was 0 .96. Generally an alpha value above 0.70 is considered
acceptable [10]. All items were retained in each scale for the
subsequent analysis.

Twist

186

113

174

51.24

37.02

48.34

0

96

4

Twist

Figure 5. Box plots of task time results by mouse mode

4.5.2 Mouse Mode Efficiency

Standard

Wheel
Mouse Mode
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4.5.3.1 Mouse Mode Comfort

Table 3. Attitude towards mouse mode

Table 3. shows the results of the comfort component of the
satisfaction questionnaire for the three mouse modes. The mean
composite comfort score of the wheel mode is higher than those
of the standard and twist modes. Figure 6 shows that the
distribution of the comfort results for the mouse modes. The
standard and twist modes are approximately normal in distribution
while the results for the wheel mode are slightly skewed.

Standard
Mean
Std. Deviation

Wheel
69.04
10.119

Twist
55.71
15.261

37.88

49.83

41.29

10.518

5.715

10.255

50

Attitude Score

Standard
54.13
13.677

Twist

60

Table 3. Mouse mode comfort
Mean
Std. Deviation

Wheel

90

40
4

30

20

80

Standard

Comfort Score

70

Wheel
Mouse Mode

Twist

60

Figure 7. Box plots of attitude score results by mouse mode
50

The assumption of homogeneity of variance for a repeated
measures ANOVA is violated for the attitude data (F-max = 3.39)
so nonparametric tests were performed. A Friedman test was
conducted to assess if there were differences among the three
mean ranks, X2 (2, N = 24) = 21.94, p < .001. This indicates
there were differences between the three mean ranks. Three
orthogonal contrasts were performed using Wilcoxon tests with
the Bonferroni correction (comparison-wise alpha = .017). The
contrasts between standard and wheel mode (z = -4.116, p < .001)
and between wheel and twist mode (z = -3.164, p < .01) were
found to be significant; however that between standard and twist
was not significant. In both cases the significant contrasts
indicated a more positive attitude towards the wheel mode.

40
30
20
Standard

Wheel
Mouse Mode

Twist

Figure 6. Box plots of comfort score results by mouse mode
A repeated measures ANOVA (assumptions met) was conducted
to assess whether there were differences between the average
comfort scores of the three mouse modes. Results indicated that
there was a significant difference F (2, 46) = 14.806, p < .001 but
post hoc comparisons are required to identify where.

Hypothesis 3: The TwistMouse will be at least as satisfactory to
users for positioning 2D objects on a screen as the wheel mouse
and both will be more satisfactory to users than the standard
mouse was not supported in this study as users did not find the
twist mode at least as satisfactory as the wheel mode. Taking the
results for comfort and attitude together as a score for user
satisfaction the wheel mode was found to be more satisfying to
the user for positioning 2D objects on screen than either the
standard or twist modes; no difference was found between the
user satisfaction of the standard and twist modes.

Post-hoc comparisons were performed using the Bonferroni
adjustment for multiple comparisons. A significant difference was
found between the means of the standard and wheel modes: p <
.001, with the comfort score using the wheel mode (m = 69) being
higher than the comfort score using the standard mode (m = 54).
The mean comfort score using the wheel mode was also
significantly higher the mean comfort score using the twist mode
(m = 56): p < .001. No significant difference was found between
the comfort scores for the standard and twist modes.

4.5.4 Other Findings and Limitations
The post-study questionnaire confirmed the ratings in the aftertask questionnaires. The wheel mode was consistently ranked the
preferred device by subjects for a range of characteristics (Figure
8.): highest rank 3; lowest 1.

4.5.3.2 Attitude towards Mouse Mode
Table 4. shows the results of the attitude component of the
satisfaction questionnaire for the three mouse modes. The mean
composite attitude score of the wheel mode is higher than those of
the standard and twist modes. Figure 7 shows the standard and
twist modes are approximately normal in distribution while the
results for the wheel mode are slightly skewed.
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and rotation showed some performance benefits. However, it
should be stated, that none of these studies were able to
statistically indicate a significant difference in performance.

Mouse Mode
Standard
Wheel
Twist
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