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Abstract

Establishing usability specifications as measurable attributes in repeatable scenarios
has been an essential task in the management and continuous improvement processes [1].
Early studies in Usability Analysis were primarily conducted to assist software developers
and hardware designers in improving the Human-Computer Interface (HCI) or Man-
Machine Interface (MMI). However, this study was conducted to provide comparative data
supporting broad conclusions regarding the comparative merits of one technology (non-
stereoscopic, conventional CAD systems) competed against another (tracked, stereoscopic
virtual environments). Competing environments to establish usability features and
preferences provides a new tool to the interface designer. Benchmark scenarios were
designed and executed to measure navigation, fault identification/repair, and spatial
awareness through a sequence of choices and to provide user preference of one GUI
paradigm over another functionally similar paradigm.  This study, performed on a ship
design application, included an analysis of the effects of user collaboration in virtual

environments.

Keywords

Design collaboration, Usability Analysis, HCI, Human-Computer Interface, Man-

Machine Interface, Spatial Awareness, VE’s, Virtual Environments, Virtual Reality, VR
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1 Introduction

1.1 Virtual Reality as a New Technology in Shipbuilding

The use of virtual systems in manufacturing and design has dramatically assisted in
the reduction of cycle time and improvements in design quality. Unfortunately,
implementation and transfer of the virtual technologies into shipbuilding has seriously

lagged behind other industries, especially aerospace and automotive.

In the past, physical mock-ups were developed for critical or significantly dense
portions of a ship. Such mock-ups were expensive and have since been replaced by virtual
mock-ups based on only an electronically produced representation. This step to virtual
prototyping has been incorporated in products ranging from the Boeing 777 aircraft to many
of the ships now produced at major shipyards. However, experimentation by even the most
advanced shipyards in the use of virtual reality techniques with real time, tracked, stereopsis
has been significantly limited. Current efforts at Boeing and in the automotive industries
include virtual reality and augmented reality to improve design quality and cycle time.
Boeing reports a 50% reduction in design cycle time with virtual systems [2]. NIST
(National Institute of Standards and Technology) reports projects with successful
implementations in manufacturing that involve widely differing industrial efforts [3]. The
uses of virtual systems for manufacturing have been shown to improve factory operations
and reduce costs. Dramatic improvements in cycle time, manufacturing effectiveness,
design quality, and design producibility are possible with properly constructed virtual

environments.

The focus of this project is to verify the benefits of using immersive environments
demonstrated in other industries and to design a platform for operational testing and
training programs within the shipbuilding industry. Once completed, the project compiles
information on implementation and utilization issues with an emphasis on comparative

evaluation.

Improvement of Virtual Environments (VE’s) for shipbuilding involve’s
experimentation with virtual environments and interface paradigms to determine and

quantify the advantages and limitations of each environment and user interface paradigms.



This work builds on the experience of Maxwell, King, and Butler [4] in the development of
virtual environments for ship design and expands upon developments and achievements in
Douglas Maxwell’s 2001 MSME thesis at Louisiana Tech University [5]. In Maxwell’s
work, only one environment and one interface method was developed for a single user.
However, shipbuilding is often a collaborative process in which there are multiple design
and naval construction experts, each of whom must provide important technical input for
the design process. As an important expansion of the 2001 work, this research project
focuses on development and enhancement of virtual environments to support multiple
users. Each environment and interface paradigm has advantages and limitations that need
to be examined. To ensure optimal performance, a competitive study is needed. In
response to these needs, this project completes both research and development activities
designed to answer the technical questions of virtual environment use and to examine

stereoscopic environments with collaboration among multiple technical experts.

In shipbuilding, naval architects and engineers produce a design that involves
construction of 3D products. The ship as a product is considered the largest and most
complex product routinely produced today. The complexity of the product requires
coordination among technical experts in structural design, piping design, ventilation system
(HVAC) design, electrical design, human factors, marine engineering, production
engineering, and other technical specialties. The design of one technical specialist
influences the design for another technical specialist, and the various technical specialists
must collaborate to ensure that the ship performs as desired. Although in the past this
collaboration took place using a drawing as a representation of a portion of the product,
with today’s technology representation of the product is electronic, and the collaboration
occurs through an electronic representation of the product. The objective of this research is
to quantify the benefits of state-of-the-art, user friendly, real-time, stereoscopic, virtual

environment to facilitate collaboration among technical specialists in shipbuilding.

Virtual environments produce real time, 3D representations of geometry using
tracked stereoscopic vision. In conventional CAD, the user perceives and understands the
design through a two dimensional interface, the workstation screen or other planar surface.
User interaction with the product representation is limited by the two dimensional nature of
the user interface. In contrast, with a virtual environment the users experience a “like real,”

three-dimensional representation of the geometry. The users can interact with the product



design by viewing it from any angle or perspective. The representation in a three
dimensional virtual environment gives a designer a chance to experience the design before

it is constructed in a way not possible with a planar image.

1.2 Usability Analysis and Usability Engineering

Methodical approaches to Usability Analysis and Usability Engineering (a discipline
that provides structured methods for achieving usability in interface design during product
development, [6]) have been evolving since the early 1970’s. However, most investigations

stem from the work of Gould and Lewis [7] with their discussion of three global strategies:
1) early focus on users and tasks,
2) empirical measurement, and
3) iterative software design.

Usability analysis and usability engineering techniques are gaining such wide
acceptance and use that the International Standards Organization (ISO) has released the ISO

9241-11 Guidance on Usability standard [8] to aid practitioners in its use.

Many methods are utilized during the course of development and implementation
projects to evaluate suitability of the HCI (Human-Computer Interface) or MMI (Man-
Machine Interface). In addition to the work on industrial usability for the Naval Research
Laboratory (NRL), Hix et al. have developed a battlefield visualization system using a User-
Centered Design and Evaluation process [9]. This process involves improving the user
interface for a tactical display on a responsive workbench. This battlefield visualization
system includes an extensive effort for user interface design. As an extension of that effort,
Gabbard, Hix, and Swan [10] found that “comparatively little effort has gone into user
interaction components of VE’s. The user interaction components of VE applications are
often poorly designed and rarely evaluated with users.” Techniques for evaluating the
usability of an immersive medical VE were reported by Gabbard et al. [11] in 1999. This

study centered on the use of eye-tracking as a mechanism for monitoring the HCL.

As an initial step to development of an effective virtual environment, Gabbard, Hix,
and Swan [10], Nielsen [12], and Poupyrev, et al. [13], advocate a user task analysis. This

involves the identification and complete description of tasks, subtasks, and methods



required for the use of a system. A top down decomposition on a detailed basis is needed.
Failure to accomplish a task analysis can result in poor user interaction design, and for this
reason designer task analysis is accomplished with potential system users very early in the

development process.

In 2002, Thomas and Macredie [14] coined the term “New Usability” to include the
extended usability required for emerging products and systems being provided to “digital
consumers.” Expansion of usability analysis and usability engineering techniques to
quantify CAD interfaces in distributed collaborative environments is an important step in

production of improved, economically viable manufactured products.

1.3 Research Question

In 1965 Ivan Sutherland [15] stated the goal for research in computer graphics: to
immerse the user in virtual worlds that look real, sound real, feel real, and behave properly
as the user interacts with them. This simple statement has driven computer graphics

research ever since.

In his 1994 public lecture cosponsored by the Royal Academy of Engineering and
the British Computer Society in London [16], then restated and updated in his 1999 IEEE
VR Conference Keynote address [17], F. P. Brooks poses two scientific questions that

command the attention of the serious researcher in virtual worlds:

1. Can we make systems that will give the realistic simulated experience described

in Sutherland's challenge?

2. If we can, what worthy tasks can the user of such tools accomplish that cannot be

accomplished as well without them?

On the first question, immense strides have been made over the past 35 years, and
systems development seems to be within striking distance of the goal. Or, to put it another
way, the virtual environments technology now works, but barely. Today's research can be

summarized under four categories that make the virtual environments systems:
e more realistic,
e faster,

e handier, and



e more faithful in model accuracy.

With the use of virtual environments in shipbuilding, usability studies of multiple
interfaces and environments can provide valuable measures upon which to statistically
compare the viability of such environments in the collaborative engineering design and
review processes in shipbuilding applications. The research question becomes: Are the
new, more complex and expensive (compared to traditional, non-stereoscopic CAD)

systems worth the additional costs?

1.4 Dissertation Roadmap

The remainder of this document discusses this existing research and literature on the
use of virtual reality in design environments including background, needs, hardware,
software, interfaces, and applications. Usability analysis and engineering techniques are

discussed.

Following the literature and research review the document describes the research
environments, measuring instruments (Benchmark scenarios), measures, and analysis
techniques used to prepare the results presented in the document. Detailed results of 3-pass
average and final pass user objective and subjective measures of four user interface
environments (two non-stereoscopic and two Virtual Reality or VR), including statistical

analysis of the results, are presented.
The focus of this project is to:
1. identify the environment and interfaces to be compared
2. define the usability attributes (e.g., navigation)
3. develop the measuring instruments (scenarios and Benchmarks)
4. define the values to be measured
5. 1identify the user groups
6. execute the tests and collect the data
7. analyze and report the results.

The document presents overall conclusions from the analysis of the study results and

presents topics for additional study. Several appendices are included to present the detailed



(pass-to-pass) Benchmark results for each pass of each Benchmark for each user group

(novice and experienced).



2 Review of the Literature

2.1 Virtual Reality

In 1962 Ivan Sutherland developed a light pen with which images could be sketched
on a computer. Sutherland's first computer-aided design program, called Sketchpad, opened
the way for designers to use computers to create blueprints of automobiles, cities, and
industrial products. By the end of the decade, the designs were operating in real time [18].
In an invited lecture to the 1965 IFIP Congress entitled “The Ultimate Display,” Sutherland
[15] was among the first researchers to discuss the possibilities of 3D systems in design
environments including a head-mounted display and the use of the 1% crude pointing device

(computer mouse, patented in 1970) developed by Douglas Engelbart [18] in 1964.

To create the illusion of depth, VR software is constantly calculating the two views
of its virtual world to correspond to the way the eyes see the same scene from slightly
different angles. The two images, each from a slightly different perspective, are sent to
viewing screen(s) in a synchronized fashion. Between the screen(s) and the eyes are shutter
glasses; polarizing filters, that allow the left-eye/right-eye views to be seen by alternating
the polarization to allow only one view to reach the left or right eye [19]. Shutter glasses
alternate viewing between the left/right eye 120 times per second. Synchronization is
maintained by an infrared emitter that keeps the computer generated image and the left or
right eye of the shutter glasses operating correctly. This shuttering effect happens too
quickly for the user to note the change (persistence) and the viewer’s brain processes the

two visual inputs as depth.

Interaction with a three dimensional virtual environment can be accomplished using
three dimensional wands or flightsticks, using data gloves that can grasp and move part of
the design, or with voice commands. Early experimentation in 1998 by Chu, Dani, and
Gadh [20] with these techniques shows that by using a virtual world for design processes,
speed up in design is accomplished by a factor of five or ten. The research by Chu et al.
focused on design synthesis at the conceptual level with wands, gloves, and voice. It did
not focus on collaborative processes for a multiple person design review or collaborative

sessions. Further, although clearly seminal in nature, the work of Chu et al. stopped



significantly short of a correctly executed usability analysis. The focus of this work
includes the type of usability analysis for virtual environments, pioneered by Gabbard, Hix,
and Swan [10] at the Naval Research Laboratory (NRL). The results are provably superior

methods for the user to interact with the virtual environment.

The data glove is one means of control within the virtual space. At the end of each
finger, a light emitting diode (LED) shines light through optical fibers woven into the
glove’s material. These fibers carry the light up the fingers to phototransistors at the base of
each finger. As a finger bends, it compresses the optical fiber so that less light passes
through it. The phototransistors constantly measure the varying light intensities and send

that information to the VR software.

The wand and data glove each have a sensor to track the movement of the hand
through six degrees of freedom (6DOF, x-axis, y-axis, z-axis, roll, pitch, and yaw). The
software uses the data from the wand or glove’s 6DOF sensor and fiber optics to calculate
the position and orientation of either the wand or hand and fingers. Then, the software
modifies the screen’s display of the user (hand or arrow) to match the position of the glove

or wand [21].

Virtual Environments (VE’s) offer new possibilities and challenges to HCI design,
but have been noted for being significantly more difficult to design and use than traditional
CAD interfaces [22]. In 1996 studies by Kaur et al. [23], they showed that designers lacked
a coherent approach to interaction design and appeared to be preoccupied with difficult
technical issues and thought little about supporting user interaction. This concept was
further reinforced by the COVEN Project [24] as part of the European ACTS program
addressing generic requirements for Collaborative Virtual Environments (CVE’s) to include
such problems as disorientation, perceptual misjudgements, and difficulty finding
available interactions. These problems were shown to result in user frustration during

early training sessions dissipating with further exposure to the environment [23;25].

In a 1998 report on the 21" century warship, Baum, Boudreaux, Bourassa, and
Jenkins [26] discussed the viability of 3D structural models using the Deneb 3D-
visualization tool which allows the designer to take a “virtual walkthrough” of the 3D
model. They stressed how the ability to detect and correct any errors before construction
begins resulted in lower construction costs and shortened construction schedules. This

paper and the ship construction programs to which it related stopped short of the current



research because stereoscopic environments and wand/glove gestural interfaces were not

used.

2.1.1 Interface and System Studies

Many studies have been performed to investigate Human-Computer Interface (HCI)
actions in both traditional CAD and design environments. As early as 1990, researchers at
Matsushita Electric Works, Ltd. were investigating VR for use in industrial applications at
Matsushita Electric Works, Ltd. In 1999 Nomura and Sawada [27] reported on these
applications including the Virtual Space Support System developed in conjunction with

Kansei Engineering.

In an early VR study (1993) by Ware et al. [28], head tracking in the desktop
environment was shown to improve the user’s ability to understand complex 3D structures.
The study was primarily performed to demonstrate the use of normal mid-range
workstations, thereby, enabling a wide range of affordable 3D systems. As early as 1992,
Bolt and Herranz [29], discussed two-handed gestural interfaces and in a 1995 ACM paper,
Wexelblat [30] described a gesture analyzer to capture natural, empty-handed gestural

commands that may be translated into any appropriate action in the VR space.

An early CAVE (Cave Automatic Virtual Environment) was first reported as an
implementation of VR technology by a PhD student, Carolina Cruz-Niera. The 1992 Cruz-
Niera et al. [31] work first described the application of mirrors and folded-optics for
immersive display as opposed to the traditional HMD (head-mounted displays) previously

used in VR work.

In their 1999 study, Gabbard et al. [11] used a medical visualization testbed for
evaluating eye tracking as a mechanism for monitoring user activities in fully immersive
virtual environments. The study centered on the use of eye-tracking as a mechanism for
monitoring human activity in VE’s, and more specifically, as an instrument to facilitate

formative usability evaluation of fully immersive VE interfaces.

Several testbed and developmental study systems were first reported in 1997. The
need for both navigation and control (manipulation) for both mouse-based and 3D input
devices was discussed by Hand [32]. VRMAT (Virtual Reality Manipulation Assessment

Testbed), a test system for studies of measurement techniques in virtual environments by



Poupyrev et al. [13], stressed a systematic task analysis of immersive object manipulation

techniques and user spatial awareness.

In their 1997 report to the ACM, Stork and Maidhoff [33] discussed the uses of 3D
input devices in virtual environments to do sketching and the need to introduce a new
paradigm to bridge the gap between sketching and detailed 3D design. Feature-based CAD
in virtual environments was addressed from the viewpoint of process-planners by Trika et
al. [34]. Their method of feature specification implicitly enforces feature accessibility
constraints, and by including navigation and collision detection, provides a possible method

for implying the order in which features may be manufactured.

In other 1997 studies, Tushar et al. [20;35] reported on the COVIRDS (Conceptual
VIRtual Design System) which stressed the use of hand-tracking devices and voice
commands in VR design environments. This work demonstrated the relative efficiency of

the interfaces in specifying shapes and dimensions in product design.

In 1998, Jayaram et al. [36] reported on another VR design environment, VADE
(Virtual Assembly Design Environment), that focuses on using virtual interfaces in
commercial CAD systems. VADE’s features included realistic user interaction with parts
within the design space, collision detection in real-world engineering models. The VADE

system was based on an earlier study (1997) by Jayaram et al. [37].

A call for more studies in the use of VR and augmented reality technology in
product design and realization was made in 1999 by Lu et al. [38]. Specifically the authors
called for new paradigms to efficiently deliver new products to society across time and
space. In their 1999 work, Bowman et al. [39] describe testbed methods for evaluation of
common VE tasks including test results that provide an empirical basis for choosing

interaction techniques in VE applications that produce measurable usability gains.

Evans, Vance, and Dark [40] reported on a 1999 study in which users rated their
ability to interact with design images using a traditional CAD and a VE interface; their
preferences; and their subjective feelings about the interfaces. The report stresses that
participants preferred a traditional interface for interaction tasks and a VR interface for

visual tasks.

A detailed description and analysis of voice/glove VR controls was the basis of the

1999 Brown University, Computer Science Master’s thesis of Joseph LaViola [21]. His

10



research and thesis examines the two modalities (hand and voice) individually and in
combination. He also describes two application prototypes (Multimodal Scientific
Visualization Tool and Room Designer) which were used as a basis for the Voice/Glove
interface presented in this study. In 2000, Rosenfield et al. [41], also reported encouraging
results for HCI speech-based interfaces which were further refined in a 2002

implementation of speech recognition in VR presented by Dorkjkinw and Vance [42].

SeamlessDesign, a flexible, collaborative, virtual workspace for rapid prototyping,
was reported by Kiyokawa et al. [43]. Their 2000 study utilized a shared VR environment
stressing parallel, collaborative activities in the design space. Another design VR study in
2000 by Kuester et al. [44], documents DesignersWorkbench, using a two-handed virtual
interface allowing ‘“‘collaborative development in a semi-immersive” virtual environment.
Also in 2000 Omata et al. [45] discussed the use of gestural-based interfaces for
international communications between real and virtual environments. The Virtual Round
Table is another collaborative, augmented, multi-user, VE that was reported in 2000 to the
ACM by Broll and Schardt [46]. The Virtual Round Table was designed to support
location-independent mixed reality applications and preserve traditional verbal and non-

verbal (gestural) communications mechanisms.

The 2001 literature also shows much interest in adding haptic feedback to VR
design systems. Vance and Volkov [47] report on a study of the effects of adding a haptic
device to a VR design environment using 76 participants. Their results indicate that the use
of haptic devices resulted in faster decisions, but the group did not make more accurate or
precise evaluations. VE remote collaboration techniques using visual (head-mounted),
aural, and haptic interfaces (tele-presence) were reported for a laptop PC docking station

design and for medical robotics by Ansar et al. [48].

CU-Ergo, the Cornell University Ergonomics Web [49], is an excellent source of
current information of the ergonomics of VR systems. The site presents information from
research studies and class work by students and faculty in the Cornell Human Factors and
Ergonomics Research Group (CHFERG), directed by Professor Alan Hedge of the
Department of Design and Environmental Analysis at Cornell University. CHFERG
focuses on ways to enhance usability by improving the ergonomic design of hardware,
software, and workplaces, to enhance user comfort, performance and health in an approach

dubbed Ergotecture.
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2.1.2 Collaborative VR Design Studies

In 1997 Connor et al. [50] presented TeamCAD as one of the first uses of a Wide-
Area Network (WAN) as an immersive tool for collaborative design. Later studies (Sky
and Buchal [51], Kan et al. [52], and Woo et al. [53;54]) discuss the use of the Internet as
the mechanism for distributing the collaborative design tasks. Also in 1997, Lea et al. [55]
demonstrated the Wide Area Virtual Environment (WAVE) system collaborative Virtual
Environment (CVE) based on the Internet. The globalization of VR design environments
based on an internet communications infrastructure was discussed in a presentation by
Horvath et al. [56] before the 2002 International Design Conference in Dubrovnik. The
presentation stressed that the internet-based CAD/E system they examined showed poor
performance compared to conventional standalone systems. They concluded that new
infrastructure, methods and knowledge are needed in the form of collaborative virtual

design environments (CVDE’s).

The ergonomics of VR collaborative techniques with one- and two-person teams in a
virtual environment to move large objects through a cluttered environment was reported by
Gill and Ruddle [57] in 1998. Topics investigated by the project include real-world vs. VE
object rotation, movement interfaces for cluttered VE’s, methods for providing body force
feedback when handling "heavy" virtual objects, and one- and two-person versions of the

piano movers problem (moving a large object through a cluttered environment).

In 2003, Anderson et al. [58] demonstrated a VE DesignStation providing a virtual
environment application for conceptual design for architectural projects based on a
collaborative 3D design process that included not only imagery and a critiquing process as
well, but also included the use of a toolbox and the ability to work in more than one scale

simultaneously.

Blue-C, a telecollaboration system including 3D representation of objects with a
gestural interface was described by Disz et al. [59] in a 1995 international workshop on
graphics and applications. This system was elaborated upon as an application of the
telecollaborative network at the ETHZ (the Swiss Federal Institute of Technology) in Zurich
in a presentation by Spagno and Kunz [60] at the 2003 IEEE Conference on Virtual Reality.
In 1997, Lehner and DeFaranti [61] reported on CAVERN, the CAVE Research Network;

an alliance of industrial and research institutions equipped with CAVE-based virtual reality
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hardware and high-performance computing resources, interconnected by high-speed
networks, to support collaboration in design, education, engineering, and scientific
visualization. This network is being developed to support collaborative vehicle design,
engineering, training, and visualization techniques over distance. Also in 1997, A. Rowell
[62] presented a sound case for the benefits of group (collaborative) VR, while Tromp and
Snowdon [63] reported on the use of a VR, conferencing system (MASSIVE) to verify the
use of networking to aid collaborative design decisions. Good results were reported by
Anumba and Duke [64] for a 1997 CICC (Collaborative Integrated Communications for
Construction) project, a European pilot project for evaluating the use of the Internet and

Intranet as an infrastructure for VR project teams in the construction area.

A Bochenek et al. [65] 2001 study of collaborative use of virtual 3D display systems
for US Army design review purposes showed that teams detected design errors faster when
using VE interfaces and that subjective perceptions and preferences data analysis indicated
that stereoscopic systems were preferred. Also in 2001, Vance and Yeh [66] reported on a
study of engineering design sensitivity and optimization in VR. The study centered on the
use of the environment to investigate multiple design changes while viewing and
manipulating virtual objects and demonstrated “better designs achieved in a timely

manner.”

An ACM Conference on Collaborative Virtual Environments paper, presented in
2000 by Fraser et al. [67], discusses many issues in the use of collaboration virtual
environments with an emphasis on the problems inherent in the process rather than the
actual systems interface itself. At another 2000 ACM VR conference, E. Swing [68]
discussed the collaborative capabilities of the Collaborative Virtual Workspace and efforts
to augment the system with an immersive display capability rather than adding
collaboration to an existing immersive VE. In another design collaboration study reported
in 2000 by Kolarevic et al. [69], the Virtual Design Studio (VDS) environment was used by
design-team members at three academic institutions. The study showed that team members
could successfully work on a building design at any place (over distance), simultaneously
(synchronously), or separately (asynchronously), while the latest state of the design would
always be available in a shared database. In 2001 Tay and Ming [70] also used the VDS to
study VR concurrent engineering techniques across the Internet. Also in 2000, Bergman

and Baker [71] reported on the issues of enabling technologies for distributed collaboration
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in virtual design environments at the Jet Propulsion Laboratory. The report identified the
types of data frequently exchanged to be: project planning data, design data, notes,
documentation, communications data, analysis/performance data, verification data, and
scientific data. They suggest that existing MIS GroupWare packages can form a basis for

this sharing of scientific data.

Campbell and Wells [72] describe the role of VR in schematic design, through
design development to presentation and evaluation. Their 2003 study comments on the
effects of VR on detailed design in architectural environments and states that VR proved to
be advantageous in several phases of the design. They stress the need for designer toolkits
specific to the environment and call for closer collaboration techniques including multiple

markup capabilities with software enhanced to evaluate alternative designs.

In 2003 Chipperfield and Vance [73] presented to the ASME a unique VR
application, VRHose. The application allowed designers to use VR techniques to design
hydraulic hoses including routing designs within hose applications by defining points in
space which constrain the hose path. VR is used as the HCI to provide 3D viewing and
interaction with digital models. Future versions are to include hose material properties

which can constrain hose paths to those which are feasible.

An assessment of VR techniques and systems applied to product realization across
the product development lifecycle is discussed by Jayaram et al. [74]. The assessment
discusses methods beyond virtual design including visualization of virtual manufacturing
and virtual assembly processes including engineering analysis and visualization of analysis

of results in collaborative environments.

At the 1996 ASME conference on computers in design engineering, Gaisemier et al.
[75], discussed the integration of VR design, modeling, manufacturing, and process
engineering, and in 1997 Gupta, Whitney, and Zelter [76] reported studies of design
prototyping and analysis in virtual environments. In other conference activity, a 2002 ACM
conference paper by Thomas and Macredie [14] discussed the “new usability” as a usability

engineering technique for evaluating emerging products and systems for digital customers.
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2.2 Evaluation Methods

Gray and Boehm-Davis [77] discuss cognitive task analysis as a means of providing
descriptions of the declarative knowledge possessed by domain experts. Their work
specifically details a family of cognitive process analysis techniques (GOMS) that help
describe activities that occur in parallel, eg., multiple user movement through a design

space.

The methods used at NRL and advocated by Hix et al. [9] include a three-step

evaluation process. This three-step process involves:
1) heuristic evaluation,
2) formative evaluation, and
3) summative evaluation.

Each of the usability evaluations provides input to the next stage of evaluation, and
each evaluation technique has a successively higher evaluation cost, as shown in Figure 1.
This research project uses these successive evaluation types because of the successful prior
implementation at NRL, thereby avoiding the pitfalls of many virtual systems described by
Gabbard, Hix, and Swan, [10] where, “many visually compelling VE’s are difficult to use

and thus unproductive.”

Expert Heuristic Evaluations

'

Formative Evaluations

'

Summative Evaluations

Low Associated Costs High

Figure 1 — Designer Centered Design and Evaluation Processes [78]
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2.2.1 Hueristic Evaluation

As the first process, an independent expert or experts undertake heuristic evaluation
of the user interface. The interface is examined in a two-pass approach [79]. For the two-
pass evaluation each expert first gains a general understanding of the flow of interaction and
then repeats the review process to identify specific interaction components and conflict
[80]. Further guidelines are available specifically for virtual environments [14] including

195 guidelines covering virtual environments.

2.2.2 Formative Evaluation

The second evaluation process is formative evaluation in which users are employed
to evaluate the virtual environment interface [81]. There is a usability specialist to proctor
the process in which users perform tasks as evaluators collect data. The formative

evaluation includes five steps that are conducted iteratively. These steps include:
e development of task scenarios,
® representative users perform the scenarios,
e evaluators collect data,
e VE designers and evaluators suggest improvements,
® VE designers and evaluators refine task scenarios.

Typically, critical incidents occur in which quantitative and qualitative data is
developed. The quantitative data shows that a problem occurred, and the qualitative data

tends to indicate where the problem occurred.

2.2.3 Summative Evaluation

As the most expensive form of evaluation, summative evaluation is used to
statistically compare final forms of VE design, typically after completion of formative
evaluation. Scenarios developed during the formative evaluation process are refined for use

in evaluating final virtual environment interfaces through summative evaluation. The
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results are a specific and quantitative answer to questions regarding which interface

performs better [9].

In their textbook on evaluation and measurement, Sarvela and McDermott [82],
compare the purposes and issues concerning the various stages of the evaluation process in

usability analysis. Table 1 presents their analysis of formative and summative evaluations.

It is apparent that the science of user centered interface design for virtual
environments (VE) is developing. As a part of this development Hix and Gabbard [83],
authored a taxonomy for usability characteristics as their contribution to the science of VE
interface design. They argue that the day of “let’s build it and see what happens” is over,

and future research should be focused on the use of user centered design methods.

Others that have studied interface design for virtual environments [84] have also
argued for user-centered design of the interfaces [10]. Theoretical models, such as those
reported by Kaur [85], have also been developed to support design of virtual environments,
and competitive studies have been conducted by Evans, et al. [85] that are similar to the
competitive study offered in this proposal. However, all possible manipulation tasks cannot
be assessed. Thus, as discussed by Gabbard, et al. [13], it is important to identify a small
and representative set of tasks from which to assess the system design, and this argues for
the methods developed by Gabbard, Hix, and Swan [10], in which scenarios are constructed

for typical cases as part of their user centered methods.

Table 1 — Comparisons of Formative and Summative Evaluation [82]

Issue Formative Evaluation Summative Evaluation
Program improvement — ongoing |Program achievement — process of assessing
Purpose process of providing feedback the degree to which the program has

about the quality and effectiveness [accomplished predetermined goals
of the program
Is the program being implemented |Are efforts having a positive impact on user

Overall Evaluation

. as planned to accomplish its achievement?
Questions ;
intended goals?
What is working? What has happened?
What should be improved? Whol/what was affected?
How should it be changed? What was the most effective mechanism?
Specific Evaluation
Questions Which interventions are being Was it cost-effective?
used?

Is the intervention being
implemented with fidelity?

Surveys Standards & benchmarks
Measurement Interviews Achievements
Methods Observation Local assessments

Review documents and artifacts Performance records
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As an important adjunct to the development of virtual environment interface
paradigms, the use of testbeds is suggested. Poupyrev, et al. [13] argue for in depth
experimental studies because “there is still insufficient understanding of the essential
characteristics and parameters of VR manipulation.” Their VRMAT system allows in depth
studies, but it does not consider voice, gesture, and gaze. In a similar testbed, Bowman et
al. [39] advocate evaluation of interaction techniques based on detailed empirical studies.
They contrast this evaluation process with usability studies, and it is clear that information
from a testbed study would be helpful in the development of virtual environments.
However, the use of a usability analysis for interface design focuses on generation of a
system for a specific purpose, such as Design Evaluation. Therefore, testbed studies are

useful but do not fit the current research due to their limited scope.

2.2.4 Usability in MMI Evaluations

In the preparation of formal usability methods and evaluation techniques “rule of
thumb” examinations are included in the development of Benchmarks and scenarios. As
early as 1991, user interface studies by Jeffries et al. [81] showed that heuristic evaluation
methods identify significantly more problems than any other method. Jacob Nielsen
[79;86] presents a list of 10 usability heuristics as an aid to MMI usability testing

development, repeated here as Table 2.

Evaluations of the usefulness of the interface methods are based on standard,
Benchmark user scenarios defined in terms of the user action notation described in the 1988
work of Chin, et al. [87]. These Benchmark scenarios present a set of baseline standards for

comparing these interfaces.

Usability specifications are “quantitative usability goals, that are used as a guide for
knowing when an interface is good enough” [78]. The phase “good enough” indicates that
the goals are set high and that iterative refinement approaches are used to continuously
improve the hardware, software, interfaces, and training to converge toward a successful
result. However, without a usability metric, changes may not result in a more usable

interface. Therefore, based on the maxim “if you can’t measure it, you probably can’t
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manage it,” establishing usability specifications as measurable attributes in a repeatable

scenario is an essential task.

Table 2 — Usability Hueristics in MMI Testing [79;86]

Visibility of system status

The systems should always keep users informed about what is geoing on, through appropriate
|feedback within reasonable time.

Match between system and the
real world

The system should speak the user's language, with words, phrases and concepts familiar to the
user, rather than system-oriented terms. Follow real-world conventions, making information appear
in a natural and logical erder.

User control and freedom

Users often chose system functions by mistake and need a clearly marked “emergency exit” to leave
the unwanted state without having to go through an extended dialogue. Support undo (keystroke
rernoval of input) and redo (keystroke re-insertion of deletions).

Consistency and standards

Users should not have to wonder whether different words, situations, or actions mean the same
thing. Follow platform conventions.

Error prevention

Ewven better than good error messages is a careful design, which prevents a problem from occurring
in the first place.

Recognition rather than recall

Make objects, actions, and options visible. The user should not have to remember information from
one part of the dialogue o another. Instructions for use of the system should be visible or easily
retrievable whenever possible.

Flexibility and efficiency of use

Accelerators, unseen by the novice user, may often speed up the interaction for the user such that

e system can cater to both inexperienced and experienced users. Allow users to tailor frequen
Ithe syst fer to both inexperienced and experienced Al fo tailor frequent
aclions.

Aesthetic and minimalist design

|Dialogues should not contain irrelevant or rarely needed information. Every extra unit of information
in a dialogue competes with the relevant units of information and diminishes their relative visibility.

Help users recognize, diagnose,
ahd recover from errors

Errar messages should be expressed in plain language (no codes), precisely indicate the problem,
and constructively suggest a solution.

Help and documentation

‘Even though it is better if the system can be used without documentation, it may be necessary to
provide help and documentation. Any such information should be easy to search, focused on the
user's task, list concrete steps to be caried out, and not be too large.

2.2.4.1 Usability Analysis Techniques

Typically, Usability Analysis is used to evaluate and/or develop user-friendly

software.

This study employs Usability Analysis techniques to prove the research

hypothesis and appears to be a unique application of Usability Analysis techniques.

Early studies in Usability Analysis were primarily conducted to assist software

developers and hardware designers to improve the Human-Computer Interface (HCI) or
Man-Machine Interface (MMI). For example, Benchmark scenarios were designed and
executed to choose a means for users to navigate through a sequence of choices and to
provide confirmation of a preference of one GUI paradigm over another functionally similar

paradigm.

This study was conducted to provide comparative data supporting broad conclusions
regarding the comparative merits of one technology (conventional, non-stereoscopic CAD)

competed against another (tracked, stereoscopic virtual environment) in a ship design
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application. This is an apparent new use for Usability Analysis, the development of a

competitive evaluation.

Usability Analysis techniques establish usability metrics as measurable attributes in
repeatable scenarios in order to provide a measure that is useful in the context of the
comparative study. It is used to produce numerical, qualitative, and anecdotal information

for comparative evaluation of the conventional and virtual environments under observation.

2.2.4.2 User-Centered Development/Usability Specification Tables

A major portion of this project is focused on evaluation of the usability of the user
interfaces with conventional and immersive virtual environments; to iteratively refine the
interfaces based on standard, Benchmark user scenarios defined in terms of the user action

notation described in the work of Chin, et al. [87].

A Usability Specification Table provides a tabulated summary of usability
characteristics, measuring instruments, and acceptable/planned/best values associated with
each characteristic. Such tables were suggested by Whiteside et al. [80], and further refined
by Hix and Hartson [78]. Each area to be measured is quantified with attributes, measuring
instruments (normally Benchmarks and scenarios) that can be standardized with measures
for acceptable characteristics with observed results for many classifications of users from

novice (training modes) to experienced, expert users and trainers.

Table 3 presents a sample Usability Specification Table. Here the Usability
Attribute to be measured is navigation in a traditional CAD system. The Benchmark test, in
this sample which is Benchmark 1, measures navigation using an 86 screen for display (the
environment). The value to be measured is the elapsed time required to navigate through
the display space, find specific items within the space, and identify the item’s location. The
specification then shows that the Benchmark requires the user to perform the operations on
4 distinct items in each test (pass). This means that the user executes the Benchmark 3
times and the tester records elapsed times for each distinct item (part). Upon completion of
the testing, the elapsed times for each part and pass are summed for later analysis. It should
also be noted that the specification presents some target levels of results. These are, in this
case, elapsed times determined (estimated) by the developers and users that are acceptable,

planned, and “best possible”
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Hix and Hartson [78] define the usability attribute as: “the general usability
characteristic to be measured for an interface” and suggest the following as common,

measurable usability attributes:

e 1®impression — user’s reaction to the presentation of the system

¢ [Initial performance — user’s performance during the very first use

¢ Long-term performance — user’s performance during more constant use
e Learnability — how quickly and easily users learn to use the system

e Retainability — how well users retain what they have learned over time
e Advanced feature usage — helps determine use of complicated actions.

¢ Long-term user satisfaction — user’s opinion of the system after protracted use.

Table 3 — Sample Usability Specification Table [88]

Usability Specifiction Table: Benchmark 1 - Navigation
Attributes - Measures Levels (Targets) Observed (in Seconds)

KZ?:;::Z :\: :fril:;:n% VI\:L‘;Z:::;E Part | Accept| Plan | Best| Pass|User 1|User 2| ::: |UserN| Avg
1 120 30 | 10 1 45 45] :: 70 95.56
2 50 35] 80 62.78
3 35 50 ::: 65 43.33
2 120 30 | 10 1 55 90} ::: 85 90.00
2 45 50| ::: 40 68.89
Benchmark 1 | Time req 3 40 60] ::: 80] 4944
radiional | 66+ Non | tolocate, | 3 | 10 | 0 | 10 [l || 20| waws
CAD Stereo identify, 2 25 20] 201 3167
Navigation | ImmersaDesk |and catalog 3 20 25| 15 23.89
Navigation parts 4 120 [0 [ 0] 1 100] 100 ::: 45] 11278
2 100 80| ::: 50 82.22
3 65 70) 85 63.33
Sum| 480 | 120 | 40 1 200 235] :: 200] 298.33
2 195 165] ::: 1701 213.89
3 140 180 ::: 230| 156.11

Skill decay after periods of skill disuse is well known and has substantial
implications when relatively long periods of time separate training from the application of
learned skills. In a 1998 study of VR interface training, Hall et al. [89] examined the
differential effects of virtual reality versus conventional computer-based media on skill
retention. The results reported were consistent with earlier research showing that VR may

not be superior to conventional electronic media for training certain intellectual skills.
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However, usability attributes should be chosen according to the identity of the intended

users and what representative tasks are to be utilized across these users and user groups.

The measuring instrument is a description of the method of determining the values
for the usability attribute and may be broadly classified as objective (observable
quantitative) measures or subjective (quantifiable opinion) measures of the attribute. The
measuring instrument is normally a description of a scenario presented to the user
describing the system conditions prior to the action(s), the user action(s), and the desired
system conditions after the user action(s). The performance of the tasks provides a required
objective usability metric. Often these scenarios are documented as Benchmarks for

repeatable observation.

Questionnaires can be used for collecting subjective measures from users and works
well for quantifying user satisfaction with an interface. For this project, a variation of the
Questionnaire for User Interface Satisfaction (QUIS) developed at the University of

Maryland by Chu et al. [20], is used as a baseline for measuring user satisfaction.

In the October 2001 Society for Technical Communication newsletter, Lund [90]
discusses a number of issues that tend to recur in the life of an interface design and suggests
that the USE Questionnaire (Usefulness, Satisfaction, and Ease of use and learning) appears
to help interface evaluation by providing a mechanism for subjectively measuring these
characteristics that tend to drive user satisfaction. His work describes the kinds of questions
that tend to provide “a good sense of what is usable and what is not.” Sample questions

reflect on:

1) Usefulness

1.1) It helps me be more effective.

1.2) It helps me be more productive.

1.3) It is useful.

1.4) It gives me more control over the activities in my life.

1.5) It makes the things I want to accomplish easier to get done.
1.6) It saves time when I use it.

1.7) It meets my needs.

1.8) It does everything I would expect it to do.
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2) Ease of Use

2.1) It is easy to use.
2.2) It is simple to use.
2.3) It is user friendly.
2.4) It requires the fewest steps possible to accomplish what I want.
2.5) It is flexible.
2.6) Using it is effortless.
2.7) I can use it without written instructions.
2.8) I notice no inconsistencies as I use it.
2.9) Both occasional and regular users would like it.
2.10) I can recover from mistakes quickly and easily.
2.11) I can use it successfully every time.
3) Ease of Learning
3.1) I learned to use it quickly.
3.2) I easily remember how to use it.
3.3) It is easy to learn to use.
3.4) I quickly became skillful with it.

4) Satisfaction

4.1) I am satisfied with it.

4.2) I would recommend it to a friend.
4.3) It is fun to use.

4.4) It works the way I want it to work.
4.5) It is wonderful.

4.6) It is pleasant to use.

4.7) I feel I need to have it.

The effectiveness of virtual environments (VE’s) has been linked to the sense of
presence reported by those users of VE’s; where presence is defined as the subjective

experience of being in one environment, even when one is physically in another. This can
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be described as a normal awareness phenomenon that requires directed attention and is
based on the interaction between the sensory stimulation, environmental factors that
encourage involvement and enable immersion, and internal tendencies to become involved.
Witmer and Singer [91] use these factors and others as the basis for a presence
questionnaire (PQ) to assist in making these subjective measurements in VE’s. They also
developed an immersive tendencies questionnaire (ITQ) to measure the differences in the
tendencies of individuals to experience presence. The PQ and ITQ are noted to be
internally consistent measures showing a weak but consistently positive relationship

between presence and task performance in VE’s.

The value to be measured provides the metric for which the data are collected under
the specific conditions outlined in the scenario description. Common objective measures
are: time to complete a task and the number of errors encountered during the performance
of the task. An important part of the design of the usability assessment is the determination
of what constitutes an error. In assessing the usability of virtual environment activities such
errors might include: invalid commands initiated via the wuser interface or

inaccurate/incomplete results of the operations.

Scenario/Benchmark identification, generation and documentation is an important
part of this project. Working with novice and experienced CAD designers the investigators
identify common 3D design activities and prepare detailed descriptions of these activities.
The documentation of these processes is carried out using the user notation formats
described in the work of Chin et al. [87] to produce consistent, repeatable scenarios in the

virtual environment.
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3 Competitive Usability Study of Shipbuilding VE’s

3.1 Need

As described in the literature, many studies of VR and VE equipment, environments,
and systems are documented that span a vast array of applications from meta-data display to
medical training and aircraft design. However, there is very little work reported on the use
of VR and VE in shipbuilding applications and even fewer studies of the appropriateness of
their user interfaces. This project addresses that void via the application of Usability
Analysis (UA) techniques to compete several VE’s and interfaces that are currently
available to the industry. This study is performed to define appropriate measures and
mechanisms for collecting these data so that a statistically rigorous analysis can be
performed to identify and quantify the “best” environment/interface for use in a

shipbuilding context.

3.2 Usability Tests for Systems and Interfaces

In order to assure consistent results across a broad user spectrum, the principles of
Usability Analysis are applied to this virtual design environment project. The aim
throughout the project is to enforce a well-developed user interface development process.
Standard configurations, metrics, measures, benchmarks, and scenarios are developed,

implemented, and the results are analyzed.

3.2.1 Specify Standard User Configurations

A standard user configuration for the ImmersaDesk system was specified to include
hardware, software, interfaces, and network requirements. Such configurations define the
environments for local and distance users. Metrics and traceability were used to help

collect accurate data for usability analysis.
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3.2.2 Usability Tests of Systems and Interfaces

During the design and development stages of the project, investigators identify
metrics that provide measures of many attributes of the systems. In this phase, suitable

standards, metrics, and acceptable values are defined for reporting system attributes such as:

e Effectiveness

e Ease of use

e Performance

¢ Maintainability
e Learnability

e Retainability.

3.2.3 Identify and Document Basic User Functions as Benchmark Scenarios

Operational sequences of basic functions were developed into standard Benchmarks
also including summative usability metrics. As described by Nielsen and Phillips [92],
estimating values for absolute user performance shows very high variability, but choosing
the fastest of the alternative designs has “a net present value more than 1,000 times the cost
of getting the estimates.” Using this information as a basis, a library of basic functional
scenarios with associated acceptable measurement values (elapsed times for
navigation/object manipulation and object placement offsets) was created from which user
or operations specific Benchmarking tests were created for evaluating both systems and

users in a consistent, repeatable manner.

3.3 Environments/Interfaces

This study attempts to quantifiably identify the “best” of four user-centered design
environments by performing a set of project specific Benchmarks to determine the usability

of each environment. The environments tested were:

e W/S: Standard 19” screen, CAD workstation (W/S) for rendering perspective
representations of a 3D ship space to a 2D screen. This environment uses
conventional non-stereoscopic/mouse-driven interface design review and
evaluation tools and is relatively inexpensive. The environment is consistent with
CAD and engineering software commonly employed in practice, and therefore
represents scenarios consistent with conventional practice.
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¢ 86 Non: A similar CAD workstation utilizing the same non-stereoscopic/mouse-
driven interface design review and evaluation tools but projected, without
stereoscopic viewing, on the 86” ImmersaDesk screen. Essentially, 86 Non is
the same as a W/S with a large screen. The use of the 86" screen allows for
evaluation of screen size as a factor in system testing.

e Wand: A more complicated, more expensive, fully tracked implementation of a
stereoscopic, wand-driven interface projected in the 86 stereoscopic
ImmersaDesk environment. The wand is used to direct activity in the virtual
environment as a gestural interface.

¢ Glove: A similar, more extensive, multi-modal, gestural interface with a fully
tracked implementation in the stereoscopic environment using a voice-command
and right-hand data-glove interface and design review tools.

3.4 Scenarios/Passes/Groups/Data

Figure 2 diagrams the dimensions of testing performed in each of the four study
environments. The horizontal axis of the diagram shows that within each environment the
testing is performed by each member of 2 user groups (15 novice and 15 experienced
designers). The vertical axis shows that each test is performed 3 times (passes). The third
axis shows that 3 distinct test scenarios (Benchmarks) are executed. With each Benchmark,
a quantitative measurement of both user interface performance is recorded. Additionally, at
the completion of each pass, a subjective user’s evaluation (rating) is recorded via a

questionnaire/survey reflecting of the user’s opinion of the interface.

Each Benchmark is comprised of a set of objective measures and subjective
measures. For Benchmark 1 (navigation) and Benchmark 2 (error identification and object
manipulation) the measure is the elapsed time to perform each portion of the test. For
Benchmark 3 (spatial awareness) the objective measure is a distance measurement of

perceived placement of an object vs actual placement (offset, in mm).

The subjective portion of each Benchmark, in the form of a questionnaire, was
administered at the completion of each pass. The survey was a means for the users to
provide their impressions of the environment/interface during that portion of the testing
sequence. Figure 4 provides an example of the survey form showing each of the 22 specific
items rated (scale: 1-5, poor — very good). Altogether, more than 10,580 distinct points

were collected during the study.
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Passes
All (Average)

Pass 3
Pass 2
Pass 1
B1 Measure - | t» Users
Novice |
B2 Measure ¥ Ratinsxperlenced
B3 Measure B2 Rating

B4 Measure B3 Rating

B4 Rating
Benchmarks

Figure 2 — Test/Data Dimensions

As another means of representing the dimensions of the usability tests, Figure 3

shows the typical groupings, levels, and layers of the tests performed. This figure is shown

for Benchmark 1, but the other 4 Benchmarks are similar.

Benchmark 1 - Traditional CAD WorkStation Envireonment

Movice Users | Experienced users
Fasa] Pass 1

Elapzed Times Elapsed Times .

Ratings Ratings

Pass 2
Elapsed Times

Pass 2 )
Elapsed Times

Ratings Ratings
it
Pass 3 Pass 3
Elapsed Times Elapsed Times
Ratings Ratings

Figure 3 - Benchmark Test Groupings and Layers

This study was performed using two groups of testers. Each group was composed of
at least 15 novice or 15 experienced users. The Novice User group consisted of primarily

undergraduate engineering students with little actual ship design experience. Novice users
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were selected to help define the intuitiveness and learnability of the interface. The
Experienced user group was comprised of a cross-section of designers experienced in a
variety of ship design related specialties including: electrical, layout, piping, etc. The
competence level of this group ranged from two to eighteen years of direct ship design

experience.

This study developed three Benchmark scenarios to be performed as the basis of the
investigation. Each was designed to test specific attributes of the interfaces within each of
the environments. Each hands-on test was followed with the questionnaire/survey designed
to elicit the subjective evaluation of the interface/environment from each user. Figure 4

shows the questionnaire/survey used.

Usability Survey
User ID:
Environment: 19" CAD 86" CAD Stereo Glove
Pass: 1 2 3
Ve | Good |Neutral| Poor | V&
Good Poor
4 3 2
5 1
Navigation
1 |Initial impression of navigational modes
2 |Gross control movement
3 [Speed of cursor/pointer movement
4 |Ability to make fine adjustments to the placement of the cursor/pointer
5 [Ability to recover cursor/pointer movements
6 |Ease of use
7 |After-test impression of the navigational modes
Locating
1 |Initial impression of the interface in locating specific parts/equipment
2 |Ease of identification of selected part/equipment
3 |Ability to make fine adjustments in selecting specific parts/equipment
4 |Ease of use
5 |After-test impression of the location/selection mechanism
Movement
1 |Initial impression of the interface for relocating parts/equipment
2 |Ease of movement across the three axis
3 |Ability to make fine part/equipment movement adjustments
4 |Ease of use
5 |After-test impression of the movement mechanism
General
1 [Initial impression of the overall system
2 |Ability to relate a 2D planform to the space as presented
3 ["Intuitiveness" of the interface - do the controls follow expected use?
4 |Overall ease of use
5 |After-test impression of the overall system.
Comments

Figure 4 — Usability Questionnaire

Each user executed each Benchmark three times (passes) with the starting

environments randomized as to sequence of presentation for each user:
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e 1% pass user’s initial exposure to the space and to the interface environment.
Results help gauge the intuitiveness of the environment/interface and provide a
baseline for analysis of ease of use, learnability and retainability.

e 2" pass— normally run later the same day or early the next day providing the user
some time to assess his/her experience within the environment. Results help
extend knowledge of the characteristics of the environment/interface.

e 3pass— normally run one or two days after pass 2 to help further assess the
retainability of the interface and provide trend data for analysis.

A highly cluttered, Air Conditioning and Refrigeration space (AC&R) of the USS
San Antonio class Amphibious Transport Dock (LPD-17), was selected for the Benchmark
1 and 2 test scenarios (see Figure 3). The navigation scenario (Benchmark 1) required that
users start at the entryway into the AC&R space then locate pre-defined equipment within
the space and then return to the entryway utilizing the interface tools of each of the
environments under test. The measure was elapsed time (in seconds) to perform each task.
Each user located, identified, and catalogued (noted the equipment and position) four

distinct parts within the space.

Benchmark 2 is similar to Benchmark 1 in that elapsed time from entry into the
AC&R space, movement within the space, and return to the starting point (entry hatch) is
the prime measurement. However, with Benchmark 2, errors in construction of the space
are made (two errors per pass), and the identification and correction of those errors are

required by the user.

Benchmark 3 was designed to measure the ability of the environments to aid user
spatial awareness. Users are presented with a totally foreign space into which two readily
recognizable icons are randomly placed. Using each of the interfaces/environments, users
are asked to navigate through the space to locate each icon. While the elapsed time required
to locate each icon is recorded, the primary measure provided by this Benchmark is the
user’s placement offset from the actual location of the icon. The user’s perceived
placement of each icon is recorded on a 2D plan view of the space and the offset from the

actual placement is measured in mm.

The environment execution sequence for each user within each test group (Novice
and Experienced) was randomized so as to equalize the benefit of navigating within a
specific environment using one interface paradigm before another paradigm. This

randomization avoids statistical bias in the test results.
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As can be seen in Figure 2, large volumes of objective and subjective test data were
collected during the course of the study allowing detailed analysis. Each portion of the
overall study allows for a detailed analysis with comparison of search times or other
measurements for each specific item/part in a specific Benchmark/environment by class of
user or specific user. The following sections of this document discuss higher-level test
results and provide some detailed analysis of these results by Benchmark. Results and
analysis of the testing performed in this study are presented here using the nomenclature

described in Figure 5.

As an example, BINp2Tw/s refers to the Benchmark 1 (Navigation), Novice user,

pnd iteration, timing test within the WorkStation interface.

By Benchmark
1 - Navigation B1
P - Manipulation (Find/Repair) B2
3 - Spatial Awareness B3
By Environment
[Traditional 19" CAD WorkStation wis
b6 Mon-Sterescopic ImmersaDesk non
Stereoscopic Wand wand
Stereoscopic Voice/Glove glove
By User Group
Novice N
Fxperienced E
Al A
y Pass
ass 1 - Initial p1
Pass 2 - Intermediate p2
Pass 3 - Final p3
3 Pass Average avg
By Metric
iming or Offset TIO
Eating R |
Navigation nav
| ocating (Find) loc
Manipulation (Move) mov
[General Impressions gen
Dverall Impressions ovr

Figure 5 — Test/Data/File Naming Conventions

3.5 Role of Statistical Analysis

Macnaughton [93] describes empirical research as “any activity in which data are

gathered from some area of experience and then conclusions are drawn from the data about
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the area of experience” and is “a crucial step in the scientific method, which is central to
many areas of human endeavor, such as science, education, business, industry, law, and
government.”  Furthermore, Macnaughton describes statistics as “a set of optimal
techniques used to help study the variables and relationships between variables samples as a
means to accurately predict and control the values of variables (properties) in entities in

populations.”

The empirical research reported herein applies several standard statistical analysis
techniques to both the objective (timings, distance offsets, and fault counts) and subjective
(user evaluation ratings) data collected during the study. This study uses two advanced
software packages for selecting and applying the appropriate post-ANOVA tests for

comparing the measures of the environments:
e GraphPad Prism version 4.00 for Windows [94]
e SAS for Windows version 8.0 [95].

Two basic statistical approaches for making conclusions about the measure of the

study’s test environments are applied:

1. The first is to assume that the parameter values (elapsed times, offsets, or
rating values) for the population follow a Gaussian (normal, bell-shaped)
distribution. A normal distribution allows statistical tests providing
inferences about the mean (and other properties) of the population. Such
tests are called parametric tests.

2. The second method is to rank all values in the population from low to high
and then to compare the distribution of ranks. This is the principle
underlying most commonly used nonparametric tests, which are used to
analyze data from non-Gaussian distributions. Prisim uses the Friedman-
Dunn test which compares the measures from paired environments. It
calculates the difference between each set of pairs and analyzes that list of
differences.

Figure 6 shows the statistical test selection criteria for the analysis of the data. The
selection process diagrammed in Figure 6 provides a sequential (top-down) view of the

analysis regimen.
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Normal Distribution
Alpha = 90%

Yes: Parametric No: Nonparametric

Levene's Test
Pr>F
(90%)

Bartlet's Test
Pr > Chi Square
(90%)

Equal
Variance?

Significant Variance

Equal Variance, NOT Equal Variance, NOT
Slgnificant Slgnificant

Parametric: MANOVA or Nonparametric Friedman.Dunn
Roy's Greatest Root
Pr=F (90%)
Equal Means?

Not Equal

Means NOT Significant Significant Means

Figure 6 — Statistical Analysis Test Selection

3.5.1 Kolmogorov-Smirnov Normality Testing

Both the InStat/Prisim and SAS software test for normality using the Kolmogorov-
Smirnov test. The KS statistic (reported as the KS-statistic in InStat/Prisim and the D-
statistic in SAS) quantifies the discrepancy between the distribution of the data and an ideal
Gaussian (normal or bell-shaped) distribution - a larger value denotes a larger discrepancy.

It is not informative by itself, but is used to compute a P value.

The method of Kolmogorov and Smirnov originally published cannot be used to
calculate the P value because their method assumes that the mean and standard deviation of
the overall population is known. However, in analysis, rarely is the overall population mean
and standard deviation known; more often only the mean and standard deviation of the
sample is known. To compute the P value, therefore, the software uses the Dallal and
Wilkinson approximation to Lilliefors' method [96]. Since that method is only accurate with

small P values, the software often simply reports "P>0.10" for large P values.
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The P value from the Kolmogorov-Smirnov normality test answers this question:
Randomly sampling from a Gaussian population, what is the probability of obtaining a
sample that deviates as much from a Gaussian distribution (or more so) as this sample does.
More precisely, the P value answers this question: If the population was really Gaussian,
what is the chance that a randomly selected sample of this size would have a KS distance as

large, or larger, as observed [97]?

3.5.2 Homogeniety of Variance (Homoscedasticity)

ANOVA is based on the assumption the populations (environments) all have the
same variance (homoscedasticity). However, early test results showed large variations and
standard deviations in Benchmark 3 which is a measure of spatial awareness (distance
offsets). Several statistical measures are available to help determine the relative
“sameness” of the variance reported values across the user groups within the benchmarks.
These include: the coefficient of variance, Bartlett’s test (for normally distributed results),

and Levene’s test (for non-gaussian distributions).

3.5.2.1 Coefficient of Variance

In order to use ANOVA, tests must be completed to ensure homogeneity or relative
sameness of population variances. As one means of assessing variance, the coefficient of
variance (CV) is the degree to which a set of data points varies and is sometimes called the
relative standard deviation since it takes into account the mean (average). The CV may also
be described as the measure of significance of the sigma, the standard deviation, in relation

to the mean and may be reported as a percentage value using the formula:
CV = (o / mean) * 100. (3-1)

The larger the CV the greater the variability in the data or the more significant the
sigma relative to the mean; thus reporting the CV aids in interpreting the characteristics of
the distribution of the test results. For example, simply reporting a standard deviation of 10
says nothing of the significance of this value. If the average test value (mean) is 1000, a
sigma of 10 is not very significant whereas if the mean is 15, a sigma of 10 is very

significant.
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3.5.2.2 Bartlett’s Test/Levene’s Test

Bartlett’s test provides a mechanism for determining the homogeneity of the
variances of test data sets by calculating a P value for reporting the significance of the
comparison. Small P values show a high significance and indicate that the variances differ
and that nonparametric methods for comparing the means of the environments are required.
The test P value answers the question: “If the populations really have the same variance,
what is the chance that you’d randomly select samples whose variances are different (or

more different) as observed in your experiment?” [97].

Low Bartlett’s test P values may be due to data that are non Gaussian, rather than
due to unequal variances. For this reason another test is required for data that fail the
Kolmogorov-Smirnov normality test. Levene’s test for homoscedasticity is less robust than
Bartlett’s test but is less sensitive to data that is non Gaussian in distribution and is
therefore indicated when data for either (or both) of the environments fails the normality

test. Levene’s test P values are interpreted in the same manner as for Bartlett’s P values.

3.5.3 F-Statistic

In ANOVA, the sampling distribution is based on a ratio called the F-statistic which
is the ratio of the population variance as estimated between groups versus within groups. If
the test values (samples) come from populations with identical means and variances, then
each of the sample variances is an estimate of the same quantity (i.e., the population
variance). The term within is used because the population variance is being estimated
separately within each sample. Estimating the variance in the population can also be made
by using the variation in sample means across or between conditions (environments). Thus

the F-statistic can be reported as the ratio the mean squares of these values [98]:
F= (MSbetween) / (Mswithin)- (3‘2)

In the context of a one-way ANOVA, several methods are used to report the
importance of variables within a test (the F-statistic): Wilks’ Lambda, Pillai’s Trace,
Hotelling-Lawley Trace, and Roy’s Greatest Root are all reported by the SAS software.
Each shows a reflectance of a variables importance and produce much the same F-statistic

[99].
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Roy’s Greatest Root is a powerful multivariate generalization of the univariate F-

statistic and is reported by the SAS software as:
F(groups,df) = (MSpetween) / (MSyithin) (3-3)

where the F-statistic is reported for the noted degrees of freedom.

3.5.4 Analysis of Variance (ANOVA)

Analysis of variance (ANOVA) is a statistical procedure where the means of two or
more groups are compared. When more than two groups are compared, a post-hoc test is
done to determine which of the groups differed. ANOVA only indicates that differences
exist and is a test of the significance of the differences between the compared means as it
analyzes the variation between and within each group. However, since the goal of the study
is to identify the “best” environment by competing the usability attributes (elapsed times,
distance offsets, fault counts, and user ratings), a repeated measures analysis of variance is
indicated. Repeated measures occur when the measurements can be thought of as responses
to levels of an experimental factor of interest (such as time or distance). Thus, a repeated
measures analysis of variance (ANOVA) approach is applied for the comparison of the

means of environments.

3.5.4.1 Hypothesis Testing

Hypothesis testing is the use of statistics to determine the probability that a given
hypothesis is true. Testing to statistically determine whether two samples are from different
populations is to test hypotheses about each sample (environment). To do so, a set of
random samples is taken from each environment to determine the mean and standard
deviation of each set. The mean of each sample is then the summary of the characteristic
under observation. With this data the test is now whether there is a difference between the
sample means. This may be stated more formally as the probability that any difference
between sample means is simply due to the effects of random sampling of the same
population rather than random sampling of two different populations. Statistically this is
expressed as “Null” and “Alternative” Hypotheses. Null Hypothesis (Hyp: environment 1
means = environment 2 means) true indicates that the sample means are drawn from the

same or identical populations. Alternative Hypothesis (H,: environment 1 means #
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environment 2 means) true indicates that the sample means are drawn from different

populations.

3.5.4.2 One-tailed and Two-tailed Hypothesis Testing

The discussion of hypothesis testing above presents the Hy and H, for two-tailed
tests of hypothesis. These same tests also may be crafted to examine a different set of
hypothesis that show whether one population mean is greater than (or less than) another.
One-tailed tests allow results to be interpreted as showing one environment to be “better”

(faster, higher, closer, lower) than another.

The alternative hypothesis (H,) under test changes with the interpretation of “better”
for the measure. More specifically, for elapsed time and distance offsets measures a

“better” environment is indicated by shorter elapsed times or smaller distance offsets; thus:
H,: (1* environment mean) < (2nd environment mean). (3-4)

Similarly, higher user subjective ratings of an environment or larger count of faults
identified indicate the more “preferred” interface. Thus, the alternative hypothesis for

comparing environments is:
H,: (1" environment rating mean) > (2nd environment rating mean). (3-5)

The SAS software uses the GLM (General Linear Model) process for performing
MANOVA test reported for this project. The purpose of the MANOVA (Multivariate
ANOVA) is to use several environments simultaneously to discern significant differences
among the experimental environments. For the analysis of the results of this study, the SAS
outputs compare Roy’s F-statistic with the F-statistics of the pair-wise comparisons of the
GLM to determine the statistical significance of the comparisons. Specifically, if the results
of the comparison are significant, the null hypothesis Hy is rejected and the alternative
hypothesis (H,) is accepted. Therefore, the environment with the lower mean value (for
timings and offsets) or higher mean value (for user ratings) can be said to be statistically

“better” than the other environment considered.

Similarly for data sets that are not normally distributed or exhibit a high coefficient
of variance, Friedman-Dunn testing is indicated. The Friedman test compares groups by
ranking the values in each matched set from high to low. The method then sums the ranks

in each environment. If the sums are very different, the P value is small. The P value
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answers the question: If the different environments really are identical, what is the chance
that random sampling would result in sums of ranks as far apart (or more so) as observed in
the testing [97]? Dunn’s method is an extension of the Friedman method that provides for

the pair-wise comparison of multiple environments.

In Benchmark 4 testing the data are unpaired thus negating the use of the Friedman-
Dunn method for data sets that are not normally distributed. A suitable nonparametric
comparison method (Mann-Whitney) is employed to make the test of the hypothesis of

equal means (Hy).
The Mann-Whitney test [97] was selected because:
(1) the difference between each value and population median is independent

(2) the data are unpaired so that comparison of the mean rank in the two
populations may be used

(3) the populations are not normally distributed.

The key result of the test is a P value that answers the question: If the populations really
have the same median, what is the chance that random sampling would result in means as
far apart (or more so) as observed? Thus, if the P value is small, one can reject the idea that
the difference is a coincidence, and conclude that the populations have different medians.
However, if the P value is large (as is the Benchmark 3 comparisons), the data do not

provide any reason to conclude that the overall medians differ, and Hy is accepted.

3.5.5 Reliability - Cronbach’s a

Cronbach’s o (alpha) measures how well a set of items measures a single
unidimensional latent construct (user environment ratings, elapsed times, offset distances,
or fault counts). Technically speaking, Cronbach’s o is not a statistical test — it is a
coefficient of reliability or consistency. Cronbach’s o measures the reliability of tests,
observations, experiments, or measurements by estimating the extent to which they provide
the same results on repeated trials [100]. It has an important use as a measure of the
reliability of a psychometric instrument, since it assesses the extent to which a set of test

items can be treated as measuring a single latent variable.
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The benchmark scenarios of this study are the psychometric instruments used to
measure the objective user applications of the interfaces (elapsed times, distance offsets, or

fault counts) and the user’s subjective ratings/impressions of the environment.

Cronbach’s o is defined as a function of the number of test items and the average

inter-correlation among the items [101]:
o= (N *r-bar)/ 1 + ((N-1) * r-bar), (3-6)

where N is the number of items (user measures) and r-bar is the average inter-item
correlation among the items. It is important to note that as the number of items (users)
increases, o increases, and if the average inter-item correlation is low, a is low. Thus, if the
inter-item correlations are high, there is evidence that the items (user ratings, etc.) are
measuring the same underlying construct, i.e., the reliability of the measuring instrument is

high referring to how well the values measure a single condition or property [100].

a can take values between minus infinity and 1 (although only positive values make
sense). As a rule of thumb, the measuring instrument (benchmark) should only be used if
an o value of 0.70 or higher is obtained. This value is sometimes reported as a percentage

and is termed the reliability of the measuring instrument [101].

As is reported in the following sections, Cronbach’s o for the benchmarks of this
study range from 0.79 to 0.97. This indicates that the study is based upon a set of reliable

objective and subjective measuring instruments.
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4 Benchmark 1 (Navigation)

4.1 Description

As previously discussed, the Benchmark 1 scenario was designed to test the user’s
ability to utilize the four environments/interfaces to navigate through the study space
locating each of four distinct items/parts within the space. The common measure recorded
was simply the elapsed time to navigate the space (from a common starting point), locate
each required item/part, and return to the entry hatchway. Each novice and experienced user
performed this Benchmark 3 times in each of the four environments. What follows is an
analysis of the final pass results of these Benchmark 1 tests presented by the two classes of
users (Novice and Experienced). Pass 3 results represent each user’s final exposure to each
environment within each scenario (Benchmark). Therefore, pass 3 results show the user’s
ability to perform the required tasks. Each environment/interface (W/S, 86” Non, Wand, and

Glove) is represented in a distinct chart.

4.2 Pass-to-Pass Improvements in Elapsed Times

4.2.1 Novice Users

Figure 7 shows novice user elapsed times for pass 3 of the navigation Benchmark
tests in all four environments. A preliminary investigation of the chart data shows that the
novice users performed navigation tasks approximately 10.2% faster using the stereoscopic
(wand) interface over either of the non-stereoscopic environments. However, overall non-
stereoscopic interface methods resulted in elapsed navigation times that were only 3.9%
faster than the stereoscopic methods. This result is attributed to the higher navigation times
posted for the novice user’s first exposure to the more complex stereoscopic voice/glove

interface.

Table 4 presents the improvements in navigation times for novice users with each
successive exposure to each of the four test environments. Note that there appears to be only

a 3.1% difference in the increase between stereoscopic environments versus non-
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stereoscopic environments for novice users in comparing pass 1 to pass 3 speeds. Thus, for
novice users, initial exposure to navigation methods shows a slight increase in navigation

speeds for any of the environments.

Benchmark 1 - Novice Users - Pass 1 Elapsed Times
800
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600 = ]
500 —— I
Elapsed Time -
d 400 Bl = — — - =
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Figure 7 — BINp3Tim — Novice User Pass 3 Navigation Times

Table 4 — B1N Pass-to-Pass Elapsed Time Changes

Benchmark 1 - Novice Users - Pass-to-Pass Elapsed Time Changes
B1N Pass 1 to Pass 2 Pass 2 to Pass 3 Pass 1 to Pass 3 Average to Pass 3
Almprove] Sec. Yeage Sec. Y%age Sec. Yhage Sec. Yhage
Glove 77.33] 22.46% 54.67 25.75% 132.00f 38.33% 52.22 29.30%
Wand 110.43] 36.58% 19.57 11.38% 130.00] 43.06% 49.86 29.00%
86" Non 88.60] 27.18% 42.77 21.98% 131.37] 40.31% 58.04 29.84%
WIS 83.00] 23.94% 65.34 34.98% 151.34| 43.65% 73.23 37 48%

4.2.2 Experienced Users

Figure 8 shows experienced user elapsed times for pass 3 of the navigation

Benchmark tests in all four environments. Examination of these results shows that
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experienced users were approximately 10% faster than novice users across all the
environments. The results show that for experienced users the stereoscopic wand interface
performs approximately 35% faster than the stereoscopic voice/glove interface or either non-

stereoscopic interface.

Benchmark 1 - Experienced Users - Pass 3 Elapsed Times
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Figure 8 - BIEp3Tim - Experienced User Pass 3 Navigation Times

Table 5 presents the improvements in navigation times for experienced users with
each successive exposure to each of the four test environments. Note that experienced users
show little appreciable improvement in navigation times across the 3 passes with the
stereoscopic  voice/glove or non-stereoscopic traditional workstation environments.
However, experienced users showed improved navigation speeds by 31.54% from pass 1 to

pass 3.

Table 5 — B1E Pass-to-Pass Elapsed Time Changes

Benchmark 1 - Experienced Users - Pass-to-Pass Elapsed Time Changes
B1E Pass 1 to Pass 2 |Pass 2 to Pass 3 | Pass 1 to Pass 3 | Average to Pass 3
Almprove| Sec. %age | Sec. %age Sec. Y%age Sec. Y%age
Glove 3.50 1.03% 9.50 2.82% 13.00 3.82% 7.50 2.24%
Wand 53.00] 17.42%| 43.00] 17.11% 96.00] 31.54% 4633 18.19%
86" Non 25.67 6.37%| 5567 14.77% 81.33] 20.20% 4567 12.44%
WIS 54 67| 13.98%| 15.00 4.45% 69.67| 17.79% 28.22 8.06%

42



4.2.3 All Users

Figure 9 provides a summary of Benchmark 1, pass 3 elapsed navigation times for all
users elapsed times in all four environments. As shown in the chart, while the stereoscopic
voice/glove environment elapsed times were somewhat higher than all of the other
environments and the stereoscopic wand/joystick environment resulted in somewhat lower
navigation times. As is shown with the analysis of the Benchmark 2 and 3 tests (to follow),
a possible reason for this is that the somewhat more complicated voice/glove interface
required longer period of exposure for users to become proficient. It should also be noted all
users performed better using the stereoscopic environments (Wand and Glove) as a group

over the non-stereoscopic environments.

Benchmark 1 - All Users - Pass 3 Elapsed Times
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Figure 9 — B1Allp3Tim - All User Pass 3 Navigation Times

Table 6 presents the improvements in navigation times for experienced users with
each successive exposure to each of the four test environments. Note that, as a group, all
users show little appreciable improvement in navigation times across the 3 passes with the
stereoscopic  voice/glove or non-stereoscopic traditional workstation environments.

However, all users improved navigation speeds by 31.5% from pass 1 to pass 3.
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Table 6 — B1All Pass-to-Pass Elapsed Time Changes

Benchmark 1 - All Users - Pass-to-Pass Elapsed Time Changes
B1A Pass 1 to Pass 2 [Pass 2 to Pass 3 | Pass 1 to Pass 3 | Average to Pass 3
Almprove | Sec. %age | Sec. Yeage Sec. Yeage Sec. “hage
Glove 547| 160%] 950] 2.82%| 1497 437% 7.50 2.24%
Wand 53.00 17.42%] 43.00] 17.11%] 98.00] 31.54% 46.33| 18.19%
86" Non | 2567| 6.37%| 5567 14.77%| 8133] 2020% A567| 12.44%
WIS 54.67| 13.96%] 1500] 4.45%| 6967] 17.79% 2822| 8.06%

4.3 Elapsed Times Detailed Statistical Analysis

As discussed in section 3.5 (Role of Statistics), all statistical analyses of the test data
were performed using a combination of two software packages: GraphPad Prisim version 4.0
[94] and SAS for Windows version 8.0 [99]. Interpretation of the program results was made
with assistance of Motulsky’s Prisim Guide [102] and the SAS User’s Guide [95]. The

software reported the results of normality testing (for Gaussian distribution), the coefficient
of variance, and one-tailed, repeated measures, ANOVA tests (of means) which were used to

do pair-wise comparisons of the environments.

The tests applied to the data are in accordance with the logic presented in Figure 6,
starting with descriptive statistic testing performed to determine if the sets of environment
data are normally distributed (Gaussian distribution). Such testing (Kolmogorov-Smirnov
normality test) quantified and reported the discrepancy between the distribution of the data
and the ideal Gausian distribution. The results presented here were based on the means and
standard deviations of each set of Benchmark, environment, and test pass sample results. As
discussed in Chapter 3, these conventions have been consistently used in the reporting of the

statistical results.

The P value from the normality test answers the question: In a random sample from a
Gaussian distribution, what is the probability (P value) of obtaining a sample that deviates as
much from a Gaussian distribution (or more so) than the given sample? Stated differently,
the P value answers the question: If the population is Gaussian, what is the chance (as
measured by probability) that a randomly selected sample of this size would have a statistic

as large, or larger, than observed?

Since the sample sizes for this study are relatively small (15 novice and 15

experienced users), a large P value only means that the data are not consistent within a
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Gaussian (normal) population. This does not exclude the possibility of a non-Gaussian
population for which nonparametric tests are applicable. Small sample sizes simply do not
provide enough data to accurately discriminate between normal and non-Gaussian
distributions. However, the one-way ANOVA method is known to be tolerant of moderate

departures from the assumption of normality [103].

SAS and Prisim use one-way analysis of variance (ANOVA), and corresponding
nonparametric tests (Friedman-Dunn Sum Ranks), to test whether the mean (or median) of a
variable differs among the four groups (environments) for this testing. ANOVA tests
whether there is statistical significance among the means of more than two groups, i.e. it
tests the variability among group means by using computed values (sum of squares, degrees
of freedom, and means squares) to produce the F-ratio and the significant value. The F-ratio
i1s a measure of variation between the data for different interfaces (W/S, 86” non, wand, and
glove) and variation, within the data for the interfaces. The larger this value, the greater the
chance that the differences between the means are due to real effects rather than chance
alone. For the F-ratio to be considered statistically significant, a confidence level of 90% is
used with a corresponding alpha level of 10%. If the result is significant, the null hypothesis
(Hp) can be rejected, and the alternative hypothesis (H,) can be accepted (H,: 1* environment

elapsed time < 2" environment elapsed time).

The limitation of ANOVA tests is that it does not make multiple pair-wise
comparisons. Therefore, additional testing after the ANOVA calculations (post hoc) is
required. The software provides post hoc tests for both normally distributed data sets and for

data sets that are non-Gaussian in distribution.

At a standard alpha level of 10% (90% confidence interval) a significant value of less
than 0.10 would indicate that the two means are statistically different; the null hypothesis
(Hp, 1% environment elapsed time > 2" environment elapsed time) is rejected; and the
alternative hypothesis (H,, 1* environment elapsed time < 2™ environment elapsed time) is
accepted, allowing the conclusion that the environment with the lower elapsed execution

times is shown to be statistically different.

Multiple pair-wise comparisons of data sets are performed using either standard
ANOVA (parametric) or Friedman-Dunn (nonparametric) post tests to provide the difference
of the means or medians, the F value, the P value, and 90% confidence interval for the

comparisons. H, true indicates that there is a 90% confidence that the means are not equal
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and thus navigation in the two environments are statistically different, and by analysis, the
environment producing lower elapsed times is “better.” This constitutes a statistically

significant proof of different means for the data.

4.3.1 Benchmark 1 - Pass 3 Statistics

4.3.1.1 BINp3Tim - Novice User Timing Statistics

Table 7 presents the BINp3Tim (Benchmark 1, novice user, pass 3, elapsed times)
statistics and ANOVA comparison of the environments. Review of the data set distribution
shows that the results for all of the environments are normally distributed and that both
Bartlett’s Test and the coefficients of variance show that the variance of the data sets are
relatively equal. Therefore, a one-tailed, paired measures ANOVA parametric test method is
applied using a 90% confidence interval. As discussed in Section 3.5, in such tests, if the F
statistic calculated for the pair of environments being compared exceeds the F statistic
calculated by any of the multivariate generalizations (reported here as Roy’s Greatest Root),
then the results of the pair-wise environment comparisons may be tested for significance
using standard p-value calculations (Bartlett’s or Levene’s test for variance and ANOVA for
equality of means) as described in Figure 6. Statistically significant environment pair-wise
comparisons allow a conclusion that the environment recording the lower elapsed time is the
statistically “better” environment. Specifically, Table 7 shows that for novice user third pass
Benchmark 1 (navigation) tests, the ANOVA comparisons show, with statistical
significance, that the stereoscopic wand interface produces faster navigation times by an

average of 17% over any of the other environments.

Table 7 — B1Np3Tstat - Pass 3 Novice User Timing Statistics

Benchmark 1, Novice Users, Pass 3, Elapsed Time:

B1Np3 |# Users Mean 5t Dev. Low High P Value Normal? Coeff. of Var.

Glove 15 2123 30.64 175.0 270.0 = (1000 Yes 14 43%
‘Wand 15 1719 3711 115.0 245.0 = (.1000 Yes 21.59%
26"Non 15 1945 48,14 95.0 260.0 = (0.1000 Yes 24.75%
WIS 15 106.4 36.80 125.0 250.0 = (0.1000 Yes 18.74%

Homogeneity of Varianc Roy's Grealesi Rool F(3,12) 4739 Fr=F 0.07E8

B1Np3 Bartlett's Test Leveng's Tes! | Equal . ) Equal | Statisticall T

’ Chi-S5g [ Fr=ChiSq | FValue [ Fr=F \-’gr ? ar (F{1.14)) Pr=F I\-1egns ? Signiﬂcantj Statistically Better

Glove vs Wand 0.4924 0.4828 Yes 14 [ 1023 [ 0.0064 No Means  [Wand 23.50%
Glove vs 86"Nor 27107 0.0997 Yes 14 175 [0.2068 Yes Neither Neither
Glove vs WIS 0.4508 0.5019 Yes 14 1.17 | 0.2968 Yes Neither Neither

Wand vs 86"Non 0.9305 0.3347 Yes 14 376 [0.0728 No Means  [Wand 13.15%

Wand vs WIS 0.0008 0.9757 Yes 14 §.72 [0.0213 No Means  |Wand 14.25%

B86"Non vs WIS 09893 0.3195 Yes 14 572 [00213 No Means  [B6" Non D.0B%
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4.3.1.2 B1Ep3Tim - Experienced User Timing Statistics

Table 8 presents the BIEp3Tim (Benchmark 1, experienced user, pass 3, elapsed
times) statistics and ANOVA comparison of the environments. Review of the data set
distribution shows that the results for all but the 86” non-stereoscopic environment are
normally distributed. Thus, Bartett’s Test is used to determine the homoscadasticity of
environment comparisons not including the 86” non-stereoscopic interface and Levene’s
Test is used for those including the 86” non-stereoscopic interface. The one-tailed, paired
measures ANOVA parametric test (using a 90% confidence interval) is used to determine the
“better” of each of the paired environments. As discussed in Section 3.5, in such tests, if the
p-value reported is means of determining if the elapsed time means of the two environments
are equal. As shown in Figure 6, if either the variances are unequal or the means are
unequal, the comparison is statistically significant and the environment recording the lower
elapsed time is statistically the “better” environment. In this specific test, only the
comparisons of the stereoscopic wand interface show statistically significant results that
indicate that navigation using the stereoscopic wand interface average 55.3 faster than any of

the other environments.

Table 8 — B1IEp3Tstat - Pass 3 Experienced User Timing Statistics

Benchmark 1, Experienced Users, Pass 3, Elapsed Times

B1Ep3 # Users Mean St. Dev. Low High FValue  MNormal? Coeff. of Var.

Glove 15 327.40 151.90 155.00 6585.00 > 0.1000 Yes 46.40%
Wand 15 208.30 68.47 130.00 395.00 > 0.1000 Yes 32.87%
86"Non 15 321.30 148.60 185.00 750.00 0.0007 No 46.25%
WIS 15 322.00 141.20 175.00 735.00 0.0615 No 43.85%

Homogeneity of Variance Roy's Greatest Root: F(3,12) 12.74 Pr=F 0.0005

B1Ep3 Bartlett's Test Levene's Test | Equal \ Equal | Statistically -

P TRrSq [ Prs ChiSq | FVale] Pr=F ‘v"ir 2 df F(1,14) | Pr>F Nlegns ? Signiﬂcani Statistically Better

Glove vs Wand 7.8080 0.0052 No 14 10.32 0.0063 No Var/Means |Wand 57.18%
Glove vs 86"Non 0.0000] 0.9518] VYes 14 0.02 0.8803 Yes Neither Neither
Glove vs WIS 1.2800[ 0.2620] Yes 14 0.00 0.9117 Yes Neither Neither

Wand vs B86"Non 1.8500] 0.0064] No 14 19.30 | 0.0006 No Var/Means |[Wand 54.25%

Wand vs W/S 4.7000] 0.0389] No 14 24 55 | 0.0002 No Var/Means [Wand 54.58%
BE"Non vs WIS 0.0200| 0.8984| Yes 14 0.00 0.9788 Yes Neither Meither

4.3.1.3 B1Allp3Tim - All Users Timing Statistics

Table 9 presents the B1Allp3Tim statistics and post-hoc test results. As can be seen
in Table 9, none of the environments produce normally distributed datasets. Therefore,
nonparametric test methods (Friedman-Dunn) are applied. As discussed in Section 3.5, the
Friedman-Dunn tests are nonparametric tests to perform pair-wise comparisons of multiple
environments. The test analyzes only the differences between the pared measurements for

each environment. The P-value answers the question: [f the median difference really is zero
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overall, what is the chance that random sampling would result in a median difference as far
from zero (or more so) as observed in the test results? [97] If the P-value is small, one
rejects the idea that the difference is a coincidence, and concludes instead that the
populations have different means. If the P-value is large, the data do not give any reason to
conclude that the overall medians differ. This is not the same as saying that the medians are

the same, only that there is insufficient evidence that they differ.

Examination of the results posted in Table 9 show that the only the stereoscopic
wand environment comparisons provide statistically significant results. These results show
that the stereoscopic wand interface proves to be statistically better than any of the other
environments. Specifically, both user groups found the stereoscopic wand interface to

perform the navigation functions an average of 38.25% faster than using the other interfaces.

Table 9 — B1Allp3Tstat - Pass 3 All Users Timing Statistics

Benchmark 1, All Users, Pass 3, Elapsed Times
B1Ap3 # Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.

Glove 30 269.90 122,60 155.00 685.00 < 0.0001 No 45.42%
Wand 30 19010 57.19 115.00 395.00 0.0311 No 30.08%
86"Non 30 257.90 126.40 95.00 750.00 < 0.0001 No 49.01%
WIS 30 258.70 120.10 125.00 735.00 0.0012 No 46.42%

Homogeneity of Variance Roy's Greatest Root: F(3,27) 10.89 Pr>F <0.0001

B1Ap3 Bartlett's Test Levene's Test | Equal Equal Statistically -

’ TR Sq ] Pr > Chisq | T Valie | PreF vara | o [Fa29)| ProE | BE Significan}tr Statistically Better

Glove vs Wand 3.4100 0.0697] Yes 29 15.01 | 0.0006 NO Means Wand 41.98%
Glove vs 86"Non 0.0100[ 0.9278] Yes 29 0.34 | 0.5659 Yes Neither Neither
Glove vs WIS 0.0000] 0.9519] Yes 29 020 | 06552 Yes Neither Neither

\Wand vs 86"Non 2.2400| 0.1400] Yes 29 17.84 | 0.0002 No Means Wand 35.67%

VWand vs WiS 1.9700( 0.1661] Yes 29 21.67 | 0.0001 No Means Wand 36.09%
B86"Non vs WIS 0.0200| 0.8926] Yes 28 0.00 | 0.9563 Yes Neither Neither

4.4 User Subjective Overall Environment Ratings

After completion of each pass of each Benchmark test in each environment, users
provided their subjective views of their experience by completing the 22-question Usability

Survey (see Figure 4) rating the environment on a scale of 1 to 5 (very poor to very good).

The survey questions were grouped in five areas (navigation, locating, manipulation,
general, and overall impressions). What follows is a presentation of user overall impressions
ratings of the interfaces for performing Benchmark 1 tasks (navigation) at the completion of
the 3" pass as a representation of user final evaluations of each interface. Detailed analysis

of each of the five areas is presented in the appendices.
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4.4.1 Novice Users

As previously discussed, each novice user was asked to rate his/her experience via
the Usability Survey at the completion of each pass of each Benchmark test. Figure 10
presents the overall impressions ratings of the novice users at the completion of the 34 pass
of the Benchmark 1 scenario. As such, this represents each user’s final impression of the

navigational capabilities of each environment.

A further examination of the results detailed in Figure 10 shows that at completion of
the Benchmark tests, novice users preferred the stereoscopic voice/glove interface over all
other environments. Analysis of the results presented in the chart shows that novice users
rated the voice/glove interface 5.4% higher than the stereoscopic wand environment; 11%
higher than the 86 ’non-stereoscopic environment; and 16% higher than the traditional CAD

workstation interface.

Benchmark 1 - Novice Users - Pass 3
Overall Impressions Ratings
5.00
11l
4.00 - miresi =l | T3
3.00 - = 1=t I s
Rating
2.00 - S E R
1.00 - (Ll HE
0.00 - Al e ] ] J:Iﬂ
N13|N14|N15|Avg|StD
@ Glove 4.39|4.38|4.54|4.49|0.28
mWand 3.80|3.93|4.12|4.16|0.49
[186"Non 3.91|3.88|4.17|3.95|0.50
OW/S 3.87|3.75|3.83|3.74|0.52

Figure 10 — BINp3Ovr — Novice User Pass 3 Overall Impression Ratings

Table 10 shows the pass-to-pass improvements in novice user overall impression

ratings for each of the environments. Note that with each successive exposure (pass-to-pass)
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the user’s overall impressions of the interfaces improved. Examination of the pass-to-pass
analysis of improvements noted in Table 10 shows that novice user impressions of the
stereoscopic interfaces improved 9.1% from pass 1 to pass 3 whereas the non-stereoscopic

environments showed a 5.8% improvement from pass 1 to pass 3.

Table 10 — BIN - Novice User Pass-to-Pass Overall Impression Ratings Changes

Novice User Benchmark 1 Pass-to-Pass Overall Impressions Rating Changes
B1N Overall Pass 1to Pass 2 Pass 2 to Pass 3 Pass 1to Pass 3 [Average to Pass 3
A Improve Rating “%tage Rating %tage Rating %tage Rating %tage
Glove 0.23 5.82% 0.27 6.46% 0.50 12.66% 0.26 6.21%
Wand 0.03 0.78% 0.19 4.68% 0.22 5.49% 0.14 3.33%
86"Non 0.10 2.55% 0.07 1.72% 0.16 4.32% 0.08 1.98%
Wwis 0.12 3.40% 0.14 3.82% 0.26 7.34% 0.13 3.63%

4.4.2 Experienced Users

As with the novice user group, each experienced user was asked to rate his/her
experience via the Usability Survey at the completion of each pass of each Benchmark test.
Figure 11 presents the overall impressions ratings of the experienced users at the completion
of the 3" pass of the Benchmark 1 scenario. As such, this represents each user’s final

impression of the navigational capabilities of each environment.

Benchmark 1 - Experienced Users - Pass 3
Overall Impressions Ratings

5.00

4.00 -l — |

3.00 + | ||

Rating

200 + L ||

1.00 + = —

0.00 + L LU R Ji:ﬂ

E10 | E11 E14 | E15 StD

OGlove |3.85|409|454 (289 (408|477 (381|381 |367|440|386|489(481|450|422(415|053
EWand |5.00|{430|400|3.60(370|380(370|330|380|390{420|454(412(410(4.14(401|041
O86"Non |4 60400240 (260 (270|290(380|280|410|280|420|387|375|400|419|351|072
aowis 460|440(230|370({410(290|360|280(410|300|4.20(368|361|400|4.15|3.68|0.66

User #

Figure 11 — BIEp3Ovr — Experienced User Pass 3 Overall Impression Ratings

50



Analysis of the results noted in Figure 11 shows that the experienced users preferred
the stereoscopic interfaces to the non-stereoscopic environments by 12.2%. Experienced
users slightly favoured the voice/glove stereoscopic interface over the wand interface by only

3%.

Table 11 shows the pass-to-pass improvements in experienced user overall
impression ratings for each of the environments. Examination of the results presented show
that for the experienced user group the pass-to-pass improvements in overall environment
impressions averaged 7.35% from pass 1 to pass 3 and that the stereoscopic environments

show a 5% better improvement from pass 1 to pass 3 over the non-stereoscopic interfaces.

Table 11 — B1E — Experienced User Pass-to-Pass Overall Impression Ratings Changes

Benchmark 1 - Experienced Users - Pass-to-Pass Overall Impressions Ratings Changes
B1E Overall Pass 1 to Pass 2 Pass 2 to Pass 3 Pass 1to Pass 3 Average to Pass 3
A Improve Rating Yatage Rating P2 to P3 Rating P1toP3 Rating | Avg to P3
Glove 0.06 1.60% 0.22 5.33% 0.28 7.01% 0.16 4.00%
Wand 0.00 0.00% 0.32 8.08% 0.32 8.08% 0.21 5.25%
86"Non 0.06 1.90% 0.18 5.32% 0.25 7.32% 0.14 4.12%
WIS -0.07 -2.02% 0.33 9.25% 0.25 7.05% 0.19 5.28%

4.4.3 All Users

Figure 12 presents the overall impressions ratings of all users at the completion of the
3" pass of the Benchmark 1 scenario. As such, this represents each user’s final impression
of the navigational capabilities of each environment. Analysis of the results presented in the
chart shows that all users rated the voice/glove interface slightly higher than the stereoscopic
wand environment and approximately 1.2% higher than either of the non-stereoscopic

environments.

Table 12 shows the pass-to-pass improvements in the overall impression ratings for
each of the environments for all the users. Examination of the pass-to-pass analysis of
improvements noted in Table 12 shows that user impressions of the stereoscopic voice glove
interface improved 9.84% from pass 1 to pass 3 and this improvement rate shows to be about

60% higher than any of the other environments.
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Benchmark 1 - All Users - Pass 3
Overall Impressions Ratings
.
Rating
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User #

Figure 12 — B1Allp3Ovr — All Users Pass 3 Overall Impression Ratings

Table 12 — B1All — Pass-to-Pass Overall Impression Ratings Changes

All USers Benchmark 1 Pass-to-Pass Overall Impressions Rating Changes
B1A Overall Pass 1to Pass 2 Pass 2 to Pass 3 Pass 1to Pass 3 |Average to Pass 3
A lmprove Rating “%htage Rating %tage Rating “%tage Rating %tage
Glove 0.15 3.71% 0.24 5.89% 0.39 9.84% 0.21 5.10%
Wand 0.02 0.39% 0.25 6.38% 0.27 6.79% 0.17 4.29%
86"Non 0.08 2.23% 0.12 3.52% 0.20 5.82% 0.11 3.05%
Wis 0.02 0.69% 0.23 6.53% 0.25 7.20% 0.16 4.46%

4.5 User Environment Overall Ratings Statistics

The following sections present a statistical analysis of user subjective ratings of each of
the four test environments following pass 3. These ratings represent the user’s final overall
impressions of the Benchmark 1 (navigational) characteristics of the environments. Details
of the results of pass 1, pass 2, and 3 pass average user ratings for each of the separate survey
areas (navigation, manipulation, general impressions) that makeup the overall impressions

ratings are presented in the appendices.
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4.5.1 B1Np3R - Novice User Overall Impressions Statistics

Table 13 presents the statistics for each of the Benchmark 1 novice user overall rating
of each environment following their final (pass 3) exposure and as such represents each
novice user’s overall impression of the interfaces. As noted in the discussion of the
statistical methods used to analyze user Benchmark elapsed times, the P value is greater than
the alpha of 0.10 thus indicating that each data set is normally distributed. Normal
distribution and the relatively equal variances of the data sets (as shown by both the
Bartlett’s Test results and the coefficients of variance) indicate that parametric, one-tailed,
paired samples ANOVA comparisons provide the information needed to determine the

statistical significance of the test results.

Examination of the ANOVA results posted in Table 13 shows that there is sufficient
statistical evidence to say that the stereoscopic voice/glove environment is preferred by the
novice user group by an average of 17.74% over either non-stereoscopic interface and that
the stereoscopic wand environment is preferred by the novice user group by an average of
9.2% over the either non-stereoscopic interface. It should also be noted that the stereoscopic

voice/glove interface is preferred over the wand interface by 7.89%.

Table 13 — BINp3Ovr — Novice Users Overall Impressions Statistics

Benchmark 1, Novice Users, Pass 3, Overall Impressions Ratings

B1Np3 | # Users Mean St. Dev. Low High P Walue Normal? Coeff. of Var.
Glove 15 4 485 0280 405 495 = 01000 Yes 6 25%
Wand 15 4157 0.494 314 4.91 = 0.1000 Yes 11.89%
86"Non 15 3.945 0.496 3.05 495 = 01000 Yas 12.57%
WIS 15 3.683 0.557 282 4.82 = 0.1000 Yes 15.11%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 9.09 Pr=F 0.0021
B1Np3 Bartlett's Test Levene's Test | Equal J Equal | Statisticall L
" CArSq] Pr> Chisq |F value| Pr=F VZI' | 9 P14 ProF Megns ? Signiﬂcania Statistically Better
Glove vs Wand 41398 00414 No 14 537 | 0.0361 No Var/Means |Glove 7.89%
Glove vs 86"Non 6.2003 0.0450 No 14 13.85 | 0.0023 No Var/Means |Glove 13.69%
Glove vs W/S 5.9180 0.0150 No 14 26.04 | 0.0002 No Var/Means |Glove 21.78%
Wand vs 86"Non 0.0000 0.9907 Yes 14 205 | 01743 Yes Neither [Wand 5.37%
Wand vs WIS 01891 0 6636 Yes 14 | 2033 |00213 No Means  |Wand 12 87%
86"MNon vs WIS 01791 06721 Yes 14 549 | 00344 No Means  |86" Non 711%

4.5.2 B1Ep3Ovr — Experienced User Overall Impressions Statistics

Table 14 presents the results of the statistical tests performed on the results of the
experienced user pass 3 Benchmark 1 tests. As expected, these results are similar to those of the
novice users. The statistical methods used to analyze user Benchmark elapsed times, for all but

the 86” non-stereoscopic environment, the median of each of the environment falls within 90%
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level and thus each data set is normally distributed. Thus, Bartlett’s test (parametric) is used to
determine the homogeneity of variance for all comparisons without the 86 non-stereoscopic
environment and Levene’s test (non-parametric) is used for comparisons with the 86 non-

stereoscopic environment.

Table 14 — BIEp3Ovr — Experienced Users Overall Impression Statistics

Benchmark 1, Experienced Users, Pass 3, Overall Impressions Ratings

B1Ep3 # Users Mean St. Dev. Low High P Walue MNormal? Coeff. of Var.

Glove 15 4.146 0.531 2.89 4.89 > (0.1000 Yes 12.80%

Wand 15 4013 0.413 3.30 5.00 > (1.1000 Yes 10.28%

86"Non 15 3514 0.723 2.40 460 0.0349 No 20.56%

WIS 15 3.676 0.659 2.30 4.60 > (0.1000 Yes 17.92%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 3.71 Pr>F 0.0425

B1Ep3 Bartlett's Test Levene's Test isti -

P Chi-Sq | Pr> Chisq | F Value | Pr > F E‘iLrlil df F(1.14) | Pr>F Migﬂil? SSti:;t::i)ftiIs;lH Statistically Better

Glove vs Wand 0.84bb 03575 Yes 14 0.84 | 0.3751 Yes Meither Neither
Glove vs B6"Non 261000 01171 Yes 14 767 | 0.0151 No Means  |Glove 17.99%
Glove vs WIS 0.6266 0.4286 Yes 14 357 | 0.0798 No Means |Glove 12.79%
Wand vs 86"Non 8.1100[ 0.0081] No 14 12.97 | 0.0029 No Var/Means |Wand 14.20%
Wand vs WIS 2.8550 0.1000 Yes 14 531 | 0.03M No Means [Wand 9.17%

B6"Non vs WIS 0.2700] 0.6051] Yes 14 1.79 | 0.2026 Yes Neither Neither

Examination of the ANOVA results posted in Table 14 shows that there is sufficient
statistical evidence to say that the stereoscopic voice/glove environment preferred by the
experienced users over either of the non-stereoscopic interfaces by an average of 15.39% and
the stereoscopic wand interface is also preferred by the novice user group by and average of
11.69% over either non-stereoscopic environment. However, there is insufficient statistical

significance to infer the preference of one stereoscopic interface over the other.

4.5.3 B1Allp3Ovr — All Users Overall Impressions Statistics

Table 15 presents the results of the statistical analysis test of the overall impressions
ratings of the entire user group at the completion of the 3" pass of the Benchmark 1 scenario.
As might be expected from the novice and experienced user ratings, the aggregate user
ratings pass the normality test for all the test environments at the 90% confidence level, and
since the coefficients of variability (and Bartlett’s Test results) show relatively equal
variances, the ANOVA comparisons are made using parametric, one-tailed, 90% confidence

interval calculations.

Examination of the ANOVA results posted in Table 15 show that there is sufficient
statistical significance to say that the stereoscopic voice/glove environment is preferred by
all users by an average of 16.47% over either non-stereoscopic interface and that the

stereoscopic wand environment is preferred by the all users by an average of 10.27% over

54



the either non-stereoscopic interface. It should also be noted that the stereoscopic

voice/glove interface is preferred over the wand interface by 5.63%.

Table 15 — B1Allp3Ovr — All Users Overall Impressions Statistics

Benchmark 1, All Users, Pass 3, Overall Impressions Ratings

B1Ap3 | £ Users Mean St. Dev Low High P Value Normal? Coeff. of Var
Glove 30 4315 0.451 2.89 4.95 =0.1000 Yes 10.45%
Wand 30 4.085 0.453 3.14 5.00 =0.1000 Yes 11.10%
86"Non 30 3.730 0.648 2.40 459 =0.1000 Yes 17.36%
WIS 30 3.680 0.599 2.30 482 0.0998 Yes 16.28%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 707 Pr=F 0.0188§
B1Ap3 Bartlett's Test Levene's Test Equal . Equal | Statistically |, .. .. |
Chi-Sq | Pr=Chisg | FValue | Pr>F \a’ir ? of F(1,14) | Pr=F Me?ms ? Significan?r Statistically Better
Glove vs Wand 0.8466 0.3375 Yes 29 519 0.0303 No Means Glove 5.63%
Glove vs 86"Non 1.2766 0.2585 Yes 29 19.36 | 0.0001 No Means Glove 15.68%
Glove vs WIS 0.6266 0.4285 Yes 29 18.50 | 0.0002 No Means Glove 17.26%
\Wand vs 86"Non 21347 0.1440 Yes 29 11.88 | 0.0018 No Means Wand 9.52%
Wand vs WIS 2.6999 0.1004 Yes 28 20.56 | 0.0001 No Means  |Wand 11.01%
86"Non vs W/S 0.1183 0.7309 Yes 29 0.31 0.5831 Yes Neither Neither

4.6 Benchmark 1 Reliability

Table 16 presents the Cronbach’s a values computed for the objective measures
(elapsed navigation times) and overall subjective user ratings for the Benchmark 1 scenario.
Note that the alphas for the standardized variables (removal of duplicate values) are above
90%, indicating a high reliability for the benchmark. (Appendix M presents the detailed

pass/environment results of the reliability calculations.)

Table 16 — Benchmark 1 Cronbach’s a Reliability Coefficients

Benchmark 1 - All Users
Cronbach Coefficient Alpha
Variables | Alpha | Variables | Alpha

Standardized| 86.12%]Standardized] 97.57%

55



5 Benchmark 2 (Find and Repair Manipulation)

5.1 Description

Using the same AC&R space as used for Benchmark 1, for Benchmark 2 users
were required to navigate through the space looking for “errors’ that had been injected into
the design. Typical “errors” were a passageway blocked by a misplaced control box or a
misaligned section of pipe. Users were then required to “fix” the error. The “fix” required
the user to utilize the interface (environment) under test, typically, re-positioning the part
to a more suitable location/orientation. Elapsed times were noted for each activity. The

elapsed time recorded was the time required to:

p—

locate and identify the 1* error; plus

2. the time to “fix” the 1% error; plus

3. the time to locate and identify the 2" error; plus

4. the time to “fix” the 2" error; plus

5. the time to return to the starting position within the space.

The find/repair exercise (Benchmark 2) was also repeated in each of the 4
environments under test and the User Survey administered to each user after each pass in
each environment. As with the Benchmark 1 testing, sequencing of the testers through the
four environments was randomized so that not all of the users tested in the same order.

This randomization of interface paradigms avoided statistical bias in the results.

As reported for the Benchmark 1 tests results, the following sections detail the
results of the final (pass 3) measures of user performance with each interface. Details of

each of pass 1, pass 2, and 3 pass average results are reported in the appendices.
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5.2 Pass-to-Pass Improvements in Elapsed Times

5.2.1 Novice Users

Figure 13 presents a representation of the elapsed times required by novice users to
perform a typical set of find/repair operations as defined in the Benchmark 2 scenarios.
The results presented are for the last (3rd) execution of the test. These times should
represent the “best/fastest” execution times for the group. It should be noted that while
both stereoscopic interfaces resulted in shorter execution times (as compared to the non-
stereoscopic interfaces), as a group the novice users performed best using the voice/glove
stereoscopic interface. Specifically, Figure 13 shows the wand/joystick environment to be
13% faster than the voice/glove environment; 65% faster than the 86” non-stereoscopic
environment; and 51% faster than the traditional, desktop, CAD workstation environment.

Benchmark 2 - Novice Users
Pass 3 Elapsed Tlmes
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mWand | 140 | 115 | 135 | 135 | 125 | 115 | 146 | 165 | 190 | 190 | 145 | 175 | 195 | 170 | 130 | 1514 274
086'Non | 275 | 295 | 265 | 315 | 280 | 285 | 277 | 3650 | 215 | 215 | 240 | 200 | 225 | 186 | 130 |250.1 56.2
OW/S | 275 | 250 | 180 | 255 | 220 | 200 | 235 | 235 | 256 | 256 | 235 | 200 | 280 | 225 | 140 |229.3| 372
User #

Figure 13 — B2Np3Tim — Novice User Pass 3 Manipulation Times

Table 17 presents the improvements in find/repair (manipulation) times for novice

users with each successive exposure to each of the four test environments. Note that there
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appears to be an average difference of 164% in the increase between stereoscopic
environments versus non-stereoscopic environments for novice users. Thus, for novice

users, initial exposure to manipulation methods show little improvement for any of the

environments.

Table 17 — B2N — Novice User Pass-to-Pass Elapsed Time Changes

[B2N Times Pass 11to Pass 2 | Pass 2to Pass 3 | Pass 1to Pass 3 | Average to Pass 3
ATmprove Rating | “tage | Rating| ‘tage | Rating| “tage | Rating | ‘“tage
Glove 20.77 9.30%] 31.23 15.42%] 52.00 28.21%| -27.74 -18.21%
Wand 41.13 16.96%] 50.00 24.83%]) 91.13 31.23%) -47.04 -25.19%
86"Non 2.03 0.75%] 19.00 7.06%] 21.03 14.45%] -13.34 -8.31%
wWis 41.67 14.64%] 13.67 5.62%| 55.33 21.84%] -23.00 -10.83%

5.2.2 Experienced Users

Figure 14 shows experienced user elapsed times for pass 3 of the manipulation
Benchmark tests in all four environments. As with the novice users, the experienced users
performed the find/repair tasks of Benchmark 2 faster in the stereoscopic environments.
Comparing the stereoscopic interfaces shows them to be almost equal with the voice/glove
interface being approximately 3.9% faster than the wand/joystick interface. However, as
with the novice users, the stereoscopic environments show significant reductions in

find/repair task times (as much as 26.2%).

Benchmark 2 - Experienced Users
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Figure 14 — B2Ep3Tim - Experienced User Pass 3 Manipulation Times
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Table 18 presents the improvements in find/repair (manipulation) times for

experienced users with each successive exposure to each of the four test environments.

Note that experienced users show slightly better improvement rates using the stereoscopic

voice/glove interface than with any of the other environments. Note also that, on average,

the stereoscopic environments show a 1.2 times higher improvement in find/repair actions

(pass 1 to pass 3) than non-stereoscopic interfaces.

Table 18 — B2E — Experienced User Pass-to-Pass Elapsed Time Changes

B2E Times Pass 1to Pass 2 | Pass 2 to Pass 3 | Pass 1to Pass 3 Average to Pass 3
A Tmprove Rating| ‘tage | Rating| J.tage | Rating| J.tage | Rating | Jctage
Glove 44.00 19.24%] 30.00 16.25%| 74.00 32.36%| -34.67 -22.41%
Wand 33.00 14.93%) 27.33 14.54%| 60.33 27.30%| -29.22 -18.19%
86"Non 30.00 12.16%] 27.33 12.62%] 57.33 23.24%| -28.22 -14.91%
Wi/sS 58.00 21.94%] 11.00 5.33%] 69.00 26.10%| -26.67 -13.65%

5.2.3 All Users

Figure 15 provides a summary of Benchmark 2, pass 3 elapsed find/repair elapsed

times for all users in all four environments. As shown in the chart, the stereoscopic wand

environment elapsed times were slightly faster than the stereoscopic voice/glove interface

(4.48%) and that the stereoscopic interfaces produced significantly reduced find/repair

elapsed times (35.1%) over the non-stereoscopic interfaces.
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Figure 15 — B2Allp3Tim - All User Pass 3 Manipulation Times
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Table 19 presents the improvements in find/repair (manipulation) times for all users
with each successive exposure to each of the four test environments. Note that
stereoscopic environments resulted in sharper decreases in find/repair times than for non-
stereoscopic environments. On average, for all users, find/repair times in stereoscopic
environments proved to be 1.6 times faster (pass 1 to pass 3) than for non-stereoscopic

interfaces.

Table 19 — B2A - All Users Pass-to-Pass Elapsed Time Changes

B2A Times Pass 11to Pass 2 | Pass 2 to Pass 3 | Pass 1 to Pass 3 Average to Pass 3
ATmprove Rating| “tage | Rating| “tage | Rating| ‘tage | Rating Tetage
Glove 32.38 | 14.33%| 30.62 16.73%)_63.00 27.88%)| -31.21 ~19.14%
Wand 37.07 15.99%] 38.67 19.04%) 75.73 32.68%] -38.13 -24.44%
86"Non 16.02 6.19%] 23.17 6.59%] 39.18 15.13%| -20.78 -9.46%
wis 49.83 18.15%] 12.33 22.18%] 62.17 22.65%] -24.83 -11.70%

5.3 Elasped Times Detailed Statistical Analysis

As described for the Benchmark 1 testing, all statistical analyses of the test data
were performed using two commercial standard statistical analysis software packages.
GraphPad’s Prisim version 4.0 [94] provides an excellent GUI (Graphical User Interface)
and an excellent guide to interpreting normality testing, coefficients of variance, and
Bartlett’s tests results (Motulsky’s Prisim Guide [102]). Additionally, the SAS software
reports the results of standard ANOVA testing for one-way, repeated measures ANOVA
[98]. The analyses reported follow the mechanism detailed in the flowchart presented in

Figure 6.

5.3.1 Benchmark 2 - Pass 3 Statistics

In the sections following, the Benchmark 2 (Find/Repair) measures are analyzed
using the statistical tests previously discussed. The test results are presented and as an
analysis of the results are included in the discussion. As described for Benchmark 1
analysis, only the pass 3 results are detailed as the most current (and final) representation
of the user’s activities. Detailed results for all previous passes (and averages) are provided

in the appendices.

60



5.3.1.1 B2Np3Tim - Novice User Timing Statistics

Table 20 presents the B2Np3Tim (Benchmark 2, novice users, pass 3 timings)
statistics as reported by the software discussed in Section 3.5 and Figure 6. Since all four
pass 3 novice user environments data sets are normally distributed and the coefficients of
variance are relatively low, the repeated measures ANOVA parametric test methods are
applied. Examination of these results as presented in Table 20 show that for this
benchmark scenario there is sufficient statistical significance in the results to suggest that
the novice user stereoscopic interfaces averages 30.25% shorter find/repair times than
either of the non-stereoscopic interfaces. There is also sufficient statistical evidence to
infer that the stereoscopic wand interface is faster than the stereoscopic glove environment

by 9.98%.

Table 20 — B2Np3Tstat — Novice User Pass 3 Novice Users - Timing Statistics

Benchmark 2, Novice Users, Pass 3, Elapsed Times
BoNp3 | # Users Mean St Dev. Tow Fiigh Fvae |Noma?| GV
Giove |15 713 2761 7200 7100 00608 | Yes | 16.10%
Wand |15 1542 27.40 115.0 195.0 >01000 | Yes | 17.77%
8&'Non| 15 7500 56.22 130.0 3500 >01000 | Yes | 22.49%
WIS 15 2293 37.22 140.0 280.0 >01000 | Yes | 1623%
Homogenery of vanance Roys GrealestRoot  F(3.12) 2726 Pr-F <0.0001
B2Np3 Chfgg'e%f I‘glsq F'{%‘l’ﬁge SPTreftF 52‘;?)' & | F(1.14) | prsF r-.-1§g$12|? Significant?| Statistically Better
Glove vaWand | 0.0008]  0.9776 Yes | 14 | 535 | 00001 | Mo Means |Wand 5.95%
Glove vs 86'Non | 63265 0.0119 No | 14 | 3496 | 00001 | No | VarMeans [Glove 31.48%
Glove vs WIS 11887] 02758 Yes | 12 | 6399 [ 00001 | No Means |Glove 25.29%
Wand vs 86'Non | 64531 00111 No | 14 | 2923 [ 00001 | No | VarMeans [Wand 31.48%
Wand vs WIS 12482 02639 Yes | 14 | 6944 | 00001 | WNo Means [Wand 275%
B6'Nonvs WiS | 22377 01347 Yes | 12 | 226 | 01546 | Yes | Neither Neither

5.3.1.2 B2Ep3Tim - Experienced User Timing Statistics

Table 21 presents the B2Ep3Tim (Benchmark 2, experienced users, pass 3 timings)
statistical analysis results. Examination of the normality test data presented in the table
shows that all but the 19, non-stereoscopic traditional CAD timings data sets are normally
distributed. Therefore, parametric methods (Bartlett’s test) are used to determine the
homoscedasticity for all of the comparisons except those including the non-stereoscopic,
traditional CAD environment. The pair-wise comparisons including the non-stereoscopic,

traditional CAD interface require non-parametric methods (Levene’s test).

Examination of these results as presented in Table 21 shows that for there is
sufficient statistical significance in the results to suggest that the experienced user
stereoscopic wand interface averages 16.42% shorter find/repair times than either of the

non-stereoscopic interfaces. However, it should be noted that there is only additional
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sufficient statistical evidence to infer any that the stereoscopic voice/glove interface is

faster than the 19” non-stereoscopic traditional CAD interface.

Table 21 — B2ZEp3Tstat — Experienced Users Pass 3 Experienced Users Timing

Statistics
Benchmark 2, Experienced Users, Pass 3, Elapsed Times
B2Ep3 | # Users Mean St Dev. Low High F Value |MNormal? cv
Glove 15 1547 36.42 95.0 210.0 = (0.1000 Yes 23 54%
Wand 15 160.7 41.01 115.0 2550 = (0.1000 Yes 25 52%
86"Non 15 189.3 58.85 100.0 335.0 =(0.1000 Yes 31.09%
WIS 15 1953 44 82 100.0 270.0 0.0313 No 22 95%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 7.60 Pr=F 0.0041
B2Ep3 th_‘gg'eﬁjﬁm e Bl F1,29) | ProF [ VY Tsignificant?] Statisically Better
Glove vs Wand 0.1895 0.6633 Yes 29 | 017 [0.6894] Yes Neither Neither
Glove vs B68"Non | 2.9988 0.0833 No 29 286 [0.1128] Yes Var Glove 18.28%
Glove vs WIS 05800 04531 Yes 29 7.34 |0.0169] No Means |Glove 20.79%
Wand vs 86"Non | 1.7273 0.1888 Yes 29 641 |0.0239] No Means [Wand 15.11%
Wand vs WIS 0.1000] 07522 Yes 29 | 19.60 |[0.0006] No Means [Wand 17.72%
86"Non vs WIS 0.7000| 0.4106] Yes 29 059 |0.4568| Yes Neither Neither

5.3.1.3 B2Allp3Tim - All Users Timing Statistics

Results presented in Table 22 show that the elapsed times values for the aggregated
novice and experienced users are normally distributed for only the 86” non-stereoscopic
environment. Therefore, non-parametric methods (Levene’s test) are used to determine the
homoscedasticity of the pair-wise comparisons. As reported in Table 22, the Friedman-
Dunn tests indicate that there is sufficient statistical significance to infer that for novice
users the stereoscopic interfaces average 25.89% faster find/repair times than the non-

stereoscopic environments.

Table 22 — B2Allp3Tstat — All Users Pass 3 All Users Timing Statistics

Benchmark 2, All Users, Pass 3, Elapsed Times

B2Ap3__|# Users Miean St Dev. Low High PValue |Nomar?] _CV
Glove 30 163.0 3287 95.0 210.0 007901 | No | 2017%
Wand 30 156.0 34.59 116.0 265.0 00948 | No | 22.17%
B6'Non |30 219.7 6445 100.0 350.0 >01000 | Yes | 2934%
WIS 30 212.3 2402 100.0 280.0 00975 | No | 2073%

Homogenelly of Vanance Roys Grealest Root____F(327) 2203 __Pr>F_<0.0001

B2Ap3 S TP oS VR TP e | o |F129)| ProF | S0 signincant? | statistically Better
Glove vs Wand 13289 02500] Yes | 29 | 006 |04305] Yes | Neier Nefther

Glove vs 86"Non 67750 0.0062] No 29 | 19.99 | 0.0001 No Var/Means |Glove 25.81%
Glove vs WiS 15500 02240 ves | 29 | 3495 [00001] No | Weans [Glove _ 23.02%
Wand vs 86'Non 48379 00319 No | 29 | 2639 [0.0001| No | VarMeans |[Wand ___ 28.09%
Wand vs W/S 16550] 02092 Yes | 29 | 6090 [0.0001] No | Weans [Wand __ 26.50%
86"Non vs WIS 47200 00384] No | 29 | 082 [05739] Yes Var__|WiS 337%
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5.4 User Subjective Overall Environment Ratings

As described in Section 1.4, after completion of each pass of each Benchmark test
in each environment users provided their subjective views of their experience by
completing the 22-question Usability Survey (see Figure 3) rating the environment on a
scale of 1 to 5 (very poor to very good). The questions were grouped into 4 areas
(navigation, locating, movement, and general). What follows is a presentation of user
overall impressions ratings of the interfaces for performing Benchmark 2 tasks
(find/repair) at the completion of the 3™ pass as a representation of user final evaluations

of each interface.

5.4.1 Novice Users

As in Benchmark 1, each novice user was asked to rate his/her experience via the
Usability Survey at the completion of each pass of each Benchmark test. Figure 16
presents the overall impressions ratings of the novice users at the completion of the 3™
pass of the Benchmark 2 scenario. As such, this represents each user’s final impression of

the navigational capabilities of each environment.

A further examination of the results detailed in Figure 16 shows that at completion
of the Benchmark tests, novice users preferred the stereoscopic voice/glove interface over
all other environments. Analysis of the results presented in the chart shows that novice
users rated the stereoscopic interfaces slightly higher (8.3%) than the non-stereoscopic

environments.

Table 23 shows the pass-to-pass improvements in novice user overall impression
ratings for each of the environments. Note that with each successive exposure (pass-to-
pass), the user’s overall impressions of the interfaces improved. Examination of the pass-
to-pass analysis of improvements noted in Table 23 shows that, on average, novice user
impressions of the stereoscopic interfaces improved 4.75 times higher from pass 1 to pass

3 over non-stereoscopic interface environment improvements.
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Benchmark 2 - Novice Users
Pass 3 Overall Impressions Ratings
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Figure 16 — B2Np3Ovr — Novice User Pass 3 Overall Impression Ratings

Table 23 — B2N - Novice Users Pass-to-Pass Overall Impression Ratings Changes

[B2N Overall Pass 1 to Pass 2 Pass 2 to Pass 3 | Pass 11to Pass 3 Average to Pass 3
Almprove ﬁating “htage ﬁating Ytage ﬁating Yetage ﬁating Y%tage
Glove 0.05 1.14%] -0.01 -0.34%] 0.03 0.79%] -0.01 -0.15%
Wand 0.10 2.34%] -0.03 -0.59%] 0.07 1.73%] -0.02 -0.37%
86"Non 0.01 0.33%] 000 -0.07%] 0.01 0.26%] 000 -0.06%
WIS 0.00 0.12%] 0.01 0.15%] 0.01 0.27%] -0.01 -0.14%

5.4.2 Experienced Users

As with the novice user group, each experienced user was asked to rate his/her

experience through the Usability Survey at the completion of each pass of each Benchmark

test. Figure 17 presents the overall impressions ratings of the experienced users at the

completion of the 3™ pass of the Benchmark 2 scenario. As such, this survey represents

each user’s final impression of the navigational capabilities of each environment.
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Benchmark 2 - Experienced Users
Pass 3 Overall Impressions Ratings
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Figure 17 — B2Ep3Ovr — Experienced User Pass 3 Overall Impression Ratings

Analysis of the results noted in Figure 17 shows that the experienced users showed

a 9.3% higher preference for the stereoscopic interfaces over the non-stereoscopic

environments.

Table 24 shows the pass-to-pass improvements in experienced user overall

impression ratings for each of the environments.

Examination of the results presented

show that for the experienced user group, on average, the pass-to-pass improvements in

overall stereoscopic environments impressions was 9.4% higher from pass 1 to pass 3 than

for non-stereoscopic environments.

Table 24 — B2E — Experienced User Pass-to-Pass Overall Impression Ratings

Changes
B2E Overall Pass 1 to Pass 2 Pass2toPass 3 | Pass1toPass 3 Average to Pass 3
A Improve Rating | %tage Rating | %tage | Rating| %tage Rating Yotage
Glove 019 450%] 0238 950%] 057 14 94%) -0.31 T1.22%
Wand 025 598%] 0232 7.96%] 056 1507%]| -029 -6.82%
86"Non 0.1 293%] 006 152%| 017 454%] -008 -1.95%
WIS 0.15 3.81%] 010 258%] 025 661%] -012 -2 90%
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5.4.3 All Users

Figure 18 presents the overall impressions ratings of all users at the completion of
the 3" pass of the Benchmark 2 scenario. As such, this represents each user’s final
impression of the navigational capabilities of each environment. Analysis of the results
presented in the chart shows that all users rated the voice/glove interface slightly higher
than the stereoscopic wand environment (0.9%) and approximately 35% higher than either

of the non-stereoscopic environments.

Benchmark 2 - All Users
Pass 3 Overall Impressions Ratings

Ratings

0 N1 N2 | N3 N [ N5 [ NE [ w7 [Ne [ e (o1 ]i2]nizluia]nis| Eq1 [ E2 3 [ E4 [E5 |26 | E7 | EB Avg|SD
DGlove |4.23}4 12|4.94]a 752 28|4 72[3 28] 50[5 a2l 75|2.12[.22]4.02]a 01]a.06[5. 004 66|« 75|« 32]+.00(4 D0js 00|33 00[3 90[4 37|a 684 61]a.5ale 58] 28]0.40
mwand |4.97]4 734 26]3 254 11[4.22]3 30[3 104 774 oe|3 72]4.0el4.01]4 00ja 2[5 004 74]4 28]3 25]a aoa 57(a 33]3 a0l 44]3 s4[4 0s(a 37]4 27(a 224 10e 25[0.47]
D86 Non |4.20[3.91[4.02]3.00[2.87[3.08[3.83]2.85]4 744 25|3.55/2 2a]3.93]4 00|s.00[5. 002 57|« 00]4.00[3 514 14]a.00[3.17[2.70[3.22[3 9 7|4 174 05]a.00[3 25[2 91|0 28]
Owis  |4.19[3.934 2a|2 892 26[2.95|3 7a]2.20]4 42| 51|3.60[4.00]+.00]s 00|+.00[5 004 20[2 00]4 00|+ 004 00ja 00|3 143 65[3 &3(5.a7|+.004 0ojs 00|z 252 91|0 28]

User #

Figure 18 — B2Allp3Ovr — All Users Pass 3 Overall Impression Ratings

Table 25 shows the pass-to-pass improvements in the overall impression ratings for
each of the environments for all the users. Examination of the pass-to-pass analysis of
improvements noted in Table 25 shows that user impressions of the stereoscopic interfaces
improved 7.8% (on average) from pass 1 to pass 3 and this improvement rate shows to be

about 3.1 times the improvements shown using the non-stereoscopic interfaces.
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Table 25 — B2AIl — All Users Pass-to-Pass Overall Impression Ratings Changes

B2A Overall Pass 1 to Pass 2 Pass2toPass 3 | Pass 1toPass 3 Average to Pass 3
A Improve ﬁating “Wtage ﬁating Y%tage ﬁating %tage ﬁating- Yotage
Glove 0.12 2.96%] 0.18 4.42%] 030 751%] -0.16 -3.74%
Wand 017 4.36%| 0.15 357%| 032 8.08%] -015 -3.64%
86"Non 0.06 1.64%] 003 0.73%| 009 2.39%| -0.04 -1.02%
WIS 0.08 1.99%]| 0.05 1.37%] 0.13 3.39%] -0.06 -1.54%

5.5 User Environment Overall Ratings Statistics

The following sections present a statistical analysis of user subjective ratings of
each of the four test environments following pass 3. These ratings represent the user’s
final overall impressions of the Benchmark 2 (find/repair) characteristics of the

environments.

5.5.1 B2Np3Ovr — Novice User Overall Impressions Statistics

Table 26 presents the statistical analysis test results for the overall impressions
ratings provided by the novice user group following completion of the 3™ pass of the
Benchmark 2 (find/repair manipulation) tests. As described in Section 3.5 and Figure 6,
the data sets for the environments are not all seen to be normally distributed, indicating
that both parametric (Bartlett’s) and non-parametric (Levene’s) tests must be applied as
described in the flowchart of Figure 6. These tests show all of the pair-wise environment
comparisons to be of equal means. Thus, standard ANOVA tests are sufficient to

determine the significance of the hypothesis of equal means for the environments.

Table 26 — B2Np3Ovr — Novice Users Overall Impressions Statistics

Benchmark 2, Novice Users, Pass 3, Overall Impressions Ratings
B2Np3 # Users Mean St Dev. Low High P Value Normal®? C
Glove 15 422 0.42 3.50 494 = 0.1000 Yes 9.86%
Wand 15 419 0.56 3.10 498 =(.1000 Yes 13.30%
86"Non 15 3.86 D.56 2.85 4.85 0.0584 No 14.58%
WIS 15 3.85 0.56 2.80 481 0.0087 No 14.58%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 253 Pr=F 0.1089
B2Np3 Lh%gg'e‘:,f Ifjﬁm . "Z“lﬁge SPTrefL \Ejgf;‘ df |F(112)| Pr>F Migﬁg'? Significant? | Statistically Better
Glove vs Wand 1.1334 0.2870) Yes 14 | 0.05 [0.8341] Yes Neither Neither
Glove vs 86"Non 1.2200/ 0.2780] Yes 14 | 433 |00563] No Means |Glove 957%
Glove vs W/S 1.33000 02593 Yes | 14 | 471 |00476] Mo Means |Glove 9.69%
Wand vs 86"Non 1.95000 01736 Yes | 14 | 7.74 |0.0147] No Means |Wand B77%
Wand vs W/S 0.0000] 08767 Yes 14 | 688 [0.0201 No Means |[Wand 888%
86"Non vs WIS 0.0000| 089962] Yes 14 | 001 |09117| Yes Neither Neither

Examination of these results as presented in Table 26 shows that for there is

sufficient statistical significance in the results to suggest that the novice user voice/glove
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stereoscopic interface overall ratings averages 9.63% higher than the non-stereoscopic
interfaces and that the stereoscopic wand interface overall ratings average 8.83% higher
than non-stereoscopic interfaces. However, it should be noted that there is insufficient

statistical evidence to infer any other novice user overall environment preferences.

5.5.2 B2Ep30Ovr — Experienced User Overall Impressions Statistics

Table 27 presents the results of the statistical test performed on the results of the
experienced user pass 3 Benchmark 2 tests that are similar to those of the novice users.
Table 27 includes the results of the Kolmogorov-Smirnov test (KS statistic) indicating that
the pass 3 results are not all normally distributed, and therefore, the comparisons for the
environments must be performed using one-way, repeated measures, nonparametric
ANOVA tests (Friedman-Dunn). Examination of these comparisons shows that there is
sufficient statistical evidence in the by the experienced user Benchmark 2 (find/repair
manipulation) comparisons results to suggest that the experienced user voice/glove
stereoscopic interface overall ratings averages 9.91% higher than the non-stereoscopic
interfaces and that the stereoscopic wand interface overall ratings average 8.75% higher
than non-stereoscopic interfaces. However, it should also be noted that there is insufficient

statistical evidence to infer any other novice user overall environment preferences.

Table 27 — B2Ep3Ovr — Experienced Users Overall Impressions Statistics

Benchmark 2, Experienced Users, Pass 3, Overall Impressions Ratings
B2Ep3 | # Users Mean St Dev. Low High P Value | Normal? CcV
Glove 15 4.36 0.38 3.83 5.00 0.0324 No 14.43%
Wand 15 4.31 0.38 3.54 5.00 > (0.1000 Yes 21.58%
86"Non 15 3.96 0.39 3.7 5.00 0.0324 No 24 75%
WIS 15 397 038 314 500 0.0087 No 18.83%
Homogeneity of Variance Roy's Greatest Root:  F(3.12) 14.21 Pr=F 0.0003
PoFps Lhﬁggleg? I%Sr:bq Fbeavlige Spte:,st,: E,ZL:E,;I df |F(1,29)| Pr=F N‘Ii?alril? Significant?| Statistically Better
Glove vs Wand 0.0000[ 09938] Yes 29 019 [0.6703| Yes Neither Neither
Glove vs 86"Non 0.01000 09404 Yes 29 | 2747 |0.0001 No Means |Glove 9 99%
Glove vs W/S 0.0000 09774 Yes 29 | 28.09 |0.0001 No Means |Glove 9.83%
Wand vs 86"Non 0.0100] 0.9412] Yes 29 | 11.85 |0.0040 No Means |Wand 8.83%
Wand vs W/S 0.0000[ 0.9757] Yes 29 | 20.26 |0.0005 No Means |Wand 8.67%
86"Non vs WIS 0.0000] 08727] Yes 29 0.02 [0.8913] VYes Neither Neither
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5.5.3 B2Allp3Ovr — All Users Overall Impressions Statistics

Table 27 presents the statistical analysis test results of the overall impressions
ratings of the entire user group at the completion of the 3™ pass of the Benchmark 2
scenario. As expected the aggregate user ratings pass the KS statistics indicate that not all
of the environment data sets are normally distributed. Thus, as discussed in Section 3.5
and the flowchart presented in Figure 6, Levene’s is required to determine the homogeneity

of variance for the pair-wise comparisons of the environments.

As reported in Table 27, the Friedman-Dunn tests indicate that there is sufficient
statistical significance in the results to suggest that the combined user group voice/glove
stereoscopic interface averages 9.78% higher overall ratings than either of the non-
stereoscopic interfaces. Additionally, it should be noted that there is sufficient statistical
evidence to infer any that the stereoscopic wand interface is rated higher than both non-

stereoscopic interfaces by an average of 8.78%.

Table 28 — B2Allp3Ovr — All Users Overall Impressions Statistics

Benchmark 2, All Users, Pass 3, Overall Impressions Ratings
B2Ap3 # Users Mean St Dev Low High P Value | Normal? [9Y
Glove 30 429 0.40 3.50 5.00 0.0313 No 9.24%
Wand 30 4.25 0.47 3.10 5.00 >(0.1000 Yes 11.09%
86"Non 30 3.91 0.48 2.85 5.00 0.006 No 12.20%
WIS 30 3.91 0.48 2.80 5.00 0.0005 No 12.15%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 8.29 Pr>F 0.0005)
B2Ap3 bhfag‘eif I?jimq P e, \E_,“;Lr'f)' di | F(1,20) | Pr>F I.YIIEE“afS'? Significant?| Statistically Better
Glove vs Wand 1.1900] 02803 VYes 29 019 | 06642 | Yes Neither Neither
Glove vs 86"Non 0.8700] 0.3543] Yes 29 16.29 | 0.0004 No Means |Glove 9.80%
Glove vs WIS 0.7600] 0.3873] Yes 29 17.24 | 0.0003 No Means |Glove 9.77%
Wand vs 86"Non 0.0000] 0.9523] Yes 29 19.61 | 0.0001 No Means |Wand 8.80%
Wand vs W/S 0.0000{ 0.9694] Yes 29 21.29 | 0.0001 No Means |Wand B.77%
86"Non vs WIS 0.0000| 05860 Yes 29 0.00 0.9710 Yes Neither Neither

5.6 Benchmark 2 Reliability

Table 29 presents the Cronbach’s o values computed for the objective measures
(elapsed navigation times) and overall subjective user ratings for the Benchmark 2
scenario. Note that the alphas for the standardized variables (removal of duplicate values)
are above 85%, indicating a high reliability for the benchmark. (Appendix M presents the

detailed pass/environment results of the reliability calculations.)
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Table 29 — Benchmark 2 Cronbach’s a Reliability Coefficients

Benchmark 2 - All Users
Cronbach Coefficient Alpha
Variables | Alpha | Variables | Alpha

Standardized] 86.12%|Standardized] 97.57%
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6 Benchmark 3 (Spatial Awareness)

6.1 Description

In order to evaluate the ability of each environment/interface to aid users in their
awareness of a design space, a unique space, totally unknown to the users, was created. For
the test, the space created was a melding (at right angles) of a typical berthing space and a
shipboard machine shop. Into this space the test administrators were able to inject an
obelisk icon (an elongated, grey-white, pyramid topped by a sphere) that is not normally
found in any shipboard space. Two such icons were randomly placed into the new space for
each pass of the test. From a common starting point, users were required to navigate
through the space looking for the icons within the space. The time required each user to
locate each icon was recorded and the users were asked to note the location for each

(placement within the space).

Upon completion of the test each user was shown a 2-dimensional, 8.5” x 11,” plan-
view of the space and asked to note the placement of each of the two icons. The test
administrators then recorded the offset (in mm) between user placement and the actual

location of the icons.

This exercise (Benchmark 3) was repeated in each of the 4 environments under test
and the User Survey was administered to each user after each pass in each environment. As
with the other Benchmark testing, sequencing of the testers through the four environments
was randomized so that not all of the users were testing the same interface in the same

order. This randomization was used to eliminate bias in the testing.

6.2 Pass-to-Pass Placement Improvements in Locating Icons

What follows is a presentation of the Benchmark 3, pass 3, part 1 and part 2
placement offsets for novice and experienced users. Since the spatial awareness test
involves locating a first icon (part 1) and a second icon (part 2) the total of these two offsets
is used as the basis for this evaluation. Pass 3 results are presented here as representative of

user best-final case results.
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6.2.1 Novice Users

Figure 19 presents novice user average offset distance for the placement of the two
Benchmark 3 icons within the new space. The results clearly indicate a higher spatial
awareness using the stereoscopic environment. Using the stereoscopic interfaces novice

users, on average, located the each of the two icons within 5.2 mm of its actual location.

Inspection of the standard deviation values for the average offsets for the two icons
show a very high variance in offset for the non-stereoscopic interfaces and shows low
variance for the stereoscopic interfaces. This is an indication of the consistency of the
stereoscopic method in spatial recognition efforts. As can be determined from the data
presented in Figure 19, novice users demonstrated a markedly better spatial awareness using

the stereoscopic interfaces (more 868% better).

Benchmark 3 - Novice Users - Pass 3 - Total Offsets
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Figure 19 — B3Np3-Toff — Pass 3 Novice User Total Placement Offset

6.2.2 Experienced Users

Figure 20 presents experienced user average offset distance for the placement of the

two Benchmark 3 icons within the new space. The results clearly indicate a higher spatial
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awareness using the stereoscopic environments. The experienced users, on average, located
each icon within 6.25 mm of its actual location. By comparison, experienced user
placement in the non-stereoscopic environments averaged 13.02 mm from the actual
location. Experienced user stereoscopic interface identification of actual placement of the

icon was 2.08 times better than with non-stereoscopic methods.

Benchmark 3 - Experienced Users - Pass 3 - Total Offsets
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Figure 20 — B3Ep3-Toff — Pass 3 Experienced User Total Icon Placement Offsets

6.2.3 All Users

Figure 21 presents the aggregated results of all users placement of the 2 icons of
Benchmark 3 within the new space. As would be expected, the results show that all users
demonstrate consistently better spatial awareness with the use of stereoscopic over non-

stereoscopic interfaces (average 111% better).

Inspection of the data also shows that the stereoscopic wand interface provides
better spatial awareness for the user groups resulting in offsets 45% closer to actual
placement than in the stereoscopic voice/glove environment. The variance or standard

deviation is also significantly reduced for the stereoscopic environments.
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Benchmark 3 - All Users - Pass 3 - Total Offsets
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Figure 21 — B3Allp3-Toff — Pass 3 All Users Total Icon Placement Offsets

6.3 Spatial Awareness Detailed Statistical Analysis

The following sections present a detailed statistical analysis of the Benchmark 3
results of the user groups in a manner similar to the previous Benchmarks. As discussed in
Section 3.5, the GraphPad Prisim [98] and SAS for Windows [99] software packages were
used to perform each analysis. Each set of user icon 2 placement offsets is first examined to
determine if the data is normally distributed (Gaussian distribution) using the KS statistic.
The descriptive statistics test results are presented in tabular form followed by the results of
an ANOVA pair-wise comparison of the offsets for each environment using standard
parametric tests for normally distributed data or Friedman-Dunn nonparametric post-tests
for sets of offsets data that are not normally distributed. As described in the Benchmark 1
and 2 discussions, the analyses were performed in accordance with the flowchart presented

in Figure 6.
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6.3.1 Benchmark 3 - Pass 3 Statistics

Benchmark 3, pass 3, total offsets represent each user’s view of the placement of the
required device in a foreign space. As such, the results of this pass/icon placement
represent a reasonable characterization of the user’s spatial awareness within each

environment.

6.3.1.1 B3Np3-Toff — Novice User Offsets Statistics

Table 30 presents the results of the statistical analysis of novice user pass location of
icons in the test environment. Note that none of the environment data sets prove to be
normally distributed. Thus, the non-parametric Levene’s test is required to test the
homogeneity of the pair-wise environment comparisons. The ANOVA analyses for
determining equality of means combined with the Levene’s test results provide the
information required to determine the statistical significance of the comparisons results as

described in Figure 6.

Examination of the results posted in Table 30 show that all but the stereoscopic
voice/glove vs non-stereoscopic workstation interface parings produce statistically
significant results providing sufficient statistical evidence to suggest that the stereoscopic
environments produce smaller offset distances (averaging 91.26% smaller). Also, since the
stereoscopic wand environment shows offset distances that are 58.64% smaller than the
stereoscopic voice/glove interface, it can be said, with statistical significance, that the
stereoscopic wand environment produces more reliable spatial awareness for novice users

than does either non-stereoscopic environment.

Table 30 — B3Np3-Toff — Novice User Pass 3 — Total Offsets Statistics

Benchmark 3, Novice Users, Pass 3, Total Offsets
B3Np3 # Users Mean 3t. Dev. Low High F Value Normal? [
Glove 15 14.67 23.79 0.00 90.00 0.0046 No 22.53%
‘Wand 15 6.07 6.43 0.00 20.00 0.0359 No 24 73%
B5"Non 15 103.70 76.87 10.00 230.00 0.0985 Yes 29.82%
WIS 15 97.67 71.49 40.00 325.00 0.0017 No 27.30%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 302 Pr=F 0.0026
B3Np3 s Trs et vaerrrar i [ o |Fo1,14)| Pro |, EM3 T signiicant? | statistcally Better
Glove vs Wand 208000 01138 Yes [ 14 ] 1052 J0.0179 No Means vwand 2d.64%
Glove vs B Non S.89000 00279 Mo [14] 1970 [0.0044 No YarlMeans |Glove 85.85%
Glove vs WIS 1459000 02329 Yes |14 253 |01631] Yes Neither Meither
Wand vs 86"Non 76000 00098 No |14 041 [DE463[ Yes ar Wand 94 15%
Wand vs WIS 197000 01712 Yes |14 [ 531 [00607] Mo Means Wand 93.79%
B6"Non vs WIS 0.0400] 08500] ves [ 14| 771 [0.0322] Mo Means WIS 5.81%
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6.3.1.2 B3Ep3-2off — Experienced User Offsets Statistics

Table 31 presents the results of ANOVA and post-tests calculations of experienced
user spatial awareness testing for pass 3 total icon placements. Interpretation of the test
results for the experienced user group follow the methods described above for novice users

and shows very similar results.

None of the experienced users distance offsets data sets shown in Table 31 prove to
be normally distributed. Thus, as with the novice user calculations, ANOVA and
nonparametric (Friedman-Dunn) post-tests were performed on the data sets. However,
examination of Table 31 shows that the results for all of the environment comparisons can
be shown to be statistically significant with the exception of the stereoscopic wand vs non-
stereoscopic environment comparisons. Therefore, the results posted in Table 31 show
that with statistical significance the stereoscopic voice/glove interface produces “better”
spatial awareness than the non-stereoscopic environments (placements that are more than 6

times closer to the actual placement).

Table 31 — B3Ep3-Toff — Experienced Users Pass 3 — Total Offsets Statistics

Benchmark 3, Experienced Users, £ass 3, 1otal Ollsets
BaEpd # Users IVlean St Dev. Low High FValue | Normal? CV
Glove 15 9.00 17.88 0.00 90 00 < 0.0001 No 198 61 %
Wand 15 5.20 10.59 0.00 55.00 < 0.0001 No 170.81%
B6"Non 15 56 83 7174 0.00 280.00 < (0.0001 No 126.24%
WIS 15 5540 66 .42 0.00 32500 0.0030 No 119 89%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 11 Pr=F 0.001
B3Ep3 UEE?BE,? TiSI:I 1T %3329 SPTref tl_ E%lrj?}l df |F(1,14)| Pr=F Gggfﬂc’ Significant? | Statistically Better
Glove vs Wand 1.04000 0.3173) Yes | 14 | 641 [0.0239] No Means |Wand 31.11%
Glove vs 86"Non 1.1700] 0.2892] Yes | 14 | 1459 [0.0019] No Means [Glove 531.44%
Glove vs WIS 1.4200[ 0.2427] Yes | 14 | 13.67 |0.0022 No Means |Glove 515.56%
Wand vs 86"Non 01100 0.7432] Yes | 14 | 0.00 [09758] Yes Neither Neither
Wand vs WIS 0D.9200] 03445 Yes | 14 1.84 [0.1367] Yes Neither Neither
86"Non vs WIS D.G700] 0.4189] Yes [ 14 | 322 [0.0942] No Means [W/S 258%

6.3.1.3 B3Allp3-2off — All Users Offsets Statistics

Table 32 reports the statistical analysis of all users placement of the 3™ pass, total
icon placement offsets data in Benchmark 3. Examination of the KS-statistic shows that
none of the environments produced data set results that were normally distributed. Thus,
nonparametric (Friedman-Dunn) pair-wise environment ANOVA post-tests calculations

were performed with the results presented in Table 32.

Examination of the results posted in Table 32 show that there is evidence to infer

only that the stereoscopic voice/glove environment is “better” than either non-stereoscopic
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environment (by an average of over 776%), and there is insufficient evidence to a claim that
the stereoscopic voice/glove interface produces distance offsets that are 4.27 % smaller than

the stereoscopic wand environment.

Table 32 — B3Allp3-Toff — All Users Pass 3 — Total Offsets Statistics

Benchmark 3, All Users, Pass 3, Total Offsets
B3Ap3 # Users Mean St. Dev. Low High P Value Normal? CV
Glove 30 673 17.88 0.00 90.00 = 0.0001 No 265 56%)|
Wand 30 7.03 10.90 0.00 55.00 = 0.0001 No 154.98%
86"Non 30 BOA7 71.02 0.00 280.00 = 0.0001 No 120.03%|
WIS 30 EENE] 66.99 0.00 325.00 0.0071 No 114.06%)
Homogeneity of Variance Roy's Greatest Root: F(3,27) 1089 Pr=F 0.001
BaAp3 bnﬁag'etﬁf = —r Svenes et S o [Fa2e) | ProF | P signifcant? | Statistcally Better
Glove vs Wand 1.0400] 0.31/5] Yes 28 541 | 00239 Nao Means Glove 4 27%
Glove vs 86"Non 1.1700[ 0.2892] Yes 24 14.59 | 0.0019 No Means Glove 778.81%)
Glove vs WIS 14200 02427 Yes 20 13.67 | 0.0022 No Means Glove 772.27%
\Wand vs 86"Non 0.1100] 0743 Yes 29 0.00 | 09759 Yes Neither Neither
\Wand vs WIS 09200 03445 Yes 29 184 | 01367 Yes Neither Neither
26"Non vs WIS 0.6700] 0.4189] Yes 29 3.22 | 0.0942 No Means WIS 0.75%

6.4 User Subjective Overall Environment Ratings

6.4.1 Novice Users

Figure 22 graphically presents a comparison of the Benchmark 3 (spatial awareness)
pass 3 overall ratings of the four environments. Inspection of the average ratings shows that
novice users preferred the stereoscopic environments over the non-stereoscopic
environments by 11.6% and showed, for stereoscopic interfaces, they preferred the

voice/glove interface over the wand interface by 6.8%.

Benchmark 3 - Novice Users
Pass 3 Overall Impressions Ratings

4.00 AR 00 L iR b o -

N1 | M2 [ N3 | N4 | N5 | NG | NT | NE | N | NAD | H11 | N12Z | N13 [ W14 [M1E | Avg [ S0
460|448 |4.80 (425 (420 (274 (470|472 |253|5.00|4.50 258 |2.70|4.00|400|452)|028
.00 (430 (432 (420 (410288 (417433 |2432 1500|343 (4141281 |375|375)|4.24|048
400|427 |4231 (424 (400 (£42(400|426|200]4.54|340|202)4062)|3.75)|300)4.07)|042
4.00]|4.05| 400376 [4.37[2.80(4.00 (420 [£.00]4.51|3.53 |2.87 |2.74| 275|200 | 2.78 | DE2

User #

Figure 22 — B3Np3Ovr — Novice User Pass 3 Overall Impressions Ratings
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6.4.2 Experienced Users

Figure 23 shows that experienced users have slightly different preferences. While
the experienced users still preferred the stereoscopic environments by over 6.9% over the
non-stereoscopic environments, they preferred the stereoscopic wand interface by 6.6%

over the voice/glove interface.

Benchmark 3 - Experienced Users - Pass 3 - Overall Impressions Ratings
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Figure 23 — B3Ep3Ovr — Experienced User Pass 3 Overall Impressions Ratings

6.4.3 All Users

Figure 24 provides a comparison of all users environment preferences. It shows
that, as a combined group, all users reported a preference for the stereoscopic environments
by slightly better than 22.8% over the non-stereoscopic interfaces and that there was

essentially no preference between either of the stereoscopic interfaces.
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Benchmark 3 - All Users - Pass 3 -
Overall Impressions Ratings
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Figure 24 — B3AIIP3Ovr — All Users Pass3 Overall Impressions Ratings+

6.5 User Environment Overall Ratings Statistics

The following sections present a detailed statistical analysis of user overall
impressions ratings of the four test environments following their 3™ and final pass of the
Benchmark 3 scenario. The statistical analysis of these ratings provides insight into the
final opinions of the users. As discussed in Section 3.5, the [98] Graphpad Prisim and SAS
for Windows [99] software packages were used to perform each analysis. Each set of user
overall impressions ratings is first examined to determine if the data is normally distributed
(Gaussian distribution) using the KS statistic. The descriptive statistics test results are
presented in tabular form followed by the results of an ANOVA pair-wise comparison of
the overall impressions ratings for each environment using standard, multiple-comparison
ANOVA parametric post-tests for normally distributed data or Friedman-Dunn
nonparametric post-tests for sets of ratings data that are not normally distributed. As
discussed in Section 6.3, all analyses were performed in accordance with the logic presented

in the flowchart provided in Figure 6.

79



6.5.1 Pass 3 Statistics

As noted, Benchmark 3, pass 3, overall impressions ratings represent each user’s
view of the placement of the required device in a foreign space. As such, these ratings
represent a reasonable characterization of the user’s overall impressions of the interfaces
after the use of each to determine his/her spatial awareness of a previously unknown

environment.

6.5.1.1 B3Np3Ovr - Novice User Overall Impressions Statistics

Table 33 presents the results of the statistical analysis of novice user pass 3 overall
impressions of the interface. Note that while the stereoscopic environments produce data
sets that are normally distributed and the non-stereoscopic environments produce data sets
that are nongaussian. Thus, Levene’s test is required to determine the homogeneity of the
variances of the pair-wise comparisons of environments for all but the comparison of the

two stereoscopic interfaces (where Bartlett’ s test is applied).

Table 33 — B3Np3Ovr — Novice User Pass 3 Overall Impressions Statistics

Benchmark 3, Novice USers, Fass 3. overall Impressions Ratings
B3Np3 7 Users Ilean St Dev Low High F Value  Normal? CV
Glove 15 453 03846 370 500 = 01000 Yes 22 53%
Wand 15 424 0.4582 343 5.00 =0.1000 Yes 24.73%
B6"MNon 15 4.08 04231 3.00 4 66 0.0237 No 29.82%
WIS 15 3.78 0.6211 2.00 4.51 0.0043 No 27.39%
Homogeneity of Variance Roy's Greatest Root: Fi3,12) 8.43 Pr>F 0.0028
B3Np3 Lh?ggleif ;jisr:bq = f;]ﬁge Sp-l;efi E;gg%l df |Fi(1,14)| Pr=F r-;122$1g|? Significant? | Statistically Better
Glove vs Wand 04126 0.5206 Yes | 14 | 1039 | 0.0061 No Means Glove 5.27%
Glove vs 86"Non 0.1100] 0.7446] Yes | 14 | 13,57 | 0.0025 No Means  |Glove 9.72%
Glove vs WIS 1.0700] 0.3087] Yes | 14 | 2302 | 0.0002 No Means |Glove 16.44%
\Wand vs 86"Non 0.0800] 0.7735] Yes | 14| 270 | 01223 | Yes Neither Neither
Wand vs WIS 05700 04573 Yes | 14 | 767 | 0.0150 Mo Means  |Wand 10.84%
86"Non vs WIS 0.7500] 0.2932] Yes | 14 | 485 | 0.0488 No Means  |B6"Non 7.44%

As can be seen in Table 33, the results of ANOVA nonparametric post-tests pair-
wise comparison of the four environments show that at the 90% confidence level, there is
sufficient statistically significance to indicate that the stereoscopic voice/glove environment
is preferred by novice users over the stereoscopic wand environment by 6.27% and over the
non-stereoscopic interfaces by an average of 13.08%. It should also be noted that the
novice user group rated the stereoscopic wand interface 10.84% higher than the traditional

non-stereoscopic workstation environment.

80



6.5.1.2 B3Ep3Ovr - Experienced User Overall Impressions Statistics

Table 34 presents the results of ANOVA and post-tests calculations of experienced
user overall impressions ratings of the four environments. Interpretation of the test results
follow the methods described in the section above for novice user tests which are quite

similar.

Each environment data was found to be normally distributed. Thus, as shown in the
flowchart of Figure 6, Bartlett’s test is applied to determine the equality of means of the
pair-wise environment comparisons as well as parametric post-ANOVA tests to determine
the equality of environment means. Further, examination of Table 34 shows that the
results of the experienced user post-tests produced results of sufficient statistical
significance to infer meaningful comparisons of only the stereoscopic wand environment
with the stereoscopic voice/glove interface and with either of the non-stereoscopic
environments. Specifically, the results support the conclusion that for the experienced user
group the stereoscopic wand interface is preferred by 23.5% over the stereoscopic

voice/glove interface and is rated higher than either non-stereoscopic interface by 13.15%.

Table 34 — B3Ep3Ovr — Experienced Users Pass 3 Overall Impressions Statistics

Benchmark 3, Experienced Users, Pass 3, Overall Impressions Ratings
B3Ep3 # Users Mean St Dev Low High P Value | Normal?| CV
Glove k) 2123 30.64 1750 2/0.0 = (1.1000 Yes | 14437 |
Wand 15 1719 3711 1150 2450 =0 1000 Yes |2158%
86"Non 15 194.5 48.14 95.0 260.0 =0.1000 Yes |2475%
WIS 15 196.4 36.80 1250 250.0 =0.1000 Yes |18.83%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 44 Pr=F 00186
B3Ep3 Bartlett's Test Levene's Test | Equal q Equal — -

P ThrSq [ Pr=ChiSq|FValie | Pr=F \fgr‘? df |F(1,14)| Pr=F I\»-‘Iegns 9 Significant? | Statistically Better
Glove vs Wand 0.4924 0.4828] Yes | 14 | 1023 | 0.0064 No Means [Wand 23.50%

Glove vs 86"Non 27107 0.0997 Yes | 14 | 1.75 |0.2069| Yes Neither Neither

Glove vs WIS 0.4509 0.5019 Yes | 14 | 117 |0.2969| Yes Neither Meither
Wand vs 86"Non 0.9305 0.3347 Yes | 14 | 376 [0.0729 No Means |[Wand 13.15%
Wand vs WIS 0.0009 0.9757 Yes | 14 | 672 [0.0213] No Means [Wand 13.15%
86"Non vs WIS 0.9893 0.3199 Yes | 14 | 672 [0.0213] No Means [86"Non 0.98%

6.5.1.3 B3Allp3Ovr — All Users Overall Impressions Statistics

Table 35 presents the Benchmark 3 environment overall impressions ratings
descriptive statistics for all users, both novice and experienced. Examination of the KS-
statistic shows that not all of the environments produced data set results that were normally
distributed. Thus, nonparametric (Friedman-Dunn) pair-wise environment ANOVA post-

tests calculations were performed with the results presented in Table 35.
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Examination of the mean ratings listed in Table 35 shows that the there is sufficient
evidence to support the overall user preference of both stereoscopic interfaces as compared
to either non-stereoscopic environment. However, there is sufficient evidence to infer that
users rate the stereoscopic environments an average of 9.84% higher than the non-

stereoscopic environments.

Table 35 — B3Allp3Ovr — All Users Pass 3 Overall Impressions Statistics

Benchmark 3, All Users, Pass 3, Overall Impressions Ratings
B3Ap3 | £ Users Mean St Dev Low High P Value Normal? CYV
Glove 30 4.31 0.56 3.06 5.00 = (.1000 Yes 12.96%
Wand 30 4.1 0.52 3.36 5.00 = (0.0001 No 12.73%
86"Non 30 386 032 300 474 0.0080 No 8.32%
WIS 30 3.72 0.41 287 5.00 0.0778 No 10.95%
Roy's Greatest Root: F(3,27) 397 Pr=F 0.0183]
B3Ap3 LmB_»ggletL? I?j:lbq = Leg;ige SJ;?,SL E,gf%l df [ F(1,29)| Pr=F I\E;asl? Significant? Statistically Better
Glove vs Wand 0.2900] 0.6296] Yes 29 0.07 0.8033 Yes Neither Nelther
Glove vs 86"Non 91700 00037] No 29 6.13 | 0.0194 No Var/Means |Glove 10.37%
Glove vs WIS 3.4000] 0.0760] No 29 946 | 0.0048 No Var/Means |Glove 13.64%
Wand vs 86"Non 6.6900] 0.0122] No 29 959 | 0.0043 No War/Means |Wand 5.96%
Wand vs W/S 1.6900] 0.1993] Yes 29 11.60 | 0.0019 Mo Means ‘Wand 9.40%
B6"Non vs WIS 0.7500] 03902 Yes 29 779 | 0.0092 No Means 86"Non 3.65%

6.6 Benchmark 3 Reliability

Table 36 presents the Cronbach’s o values computed for the objective measures
(elapsed navigation times) and overall subjective user ratings for the Benchmark 2 scenario.
Note that the alphas for the standardized variables (removal of duplicate values) are above
75%, indicating a high reliability for the benchmark. (Appendix M presents the detailed

pass/environment results of the reliability calculations.)

Table 36 — Benchmark 3 Cronbach’s a Reliability Coefficients

Benchmark 3 - All Users

Cronbach Coefficient Alpha
Variables Alpha | Variables | Alpha

Standardized| 77.80%]Standardized] 89.42%
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7 Collaboration

Upon completion of testing baseline (Benchmark 1, 2, and 3) testing, Benchmarks 2
and 3 were repeated using 5 groups of 3 individuals simultaneously within the 4 test
environments. The purpose of theses tests was to investigate the collaborative capabilities
of the preferred stereoscopic voice/glove environment. The testing was performed using 3

groups of experienced users (9 individuals) and 2 groups of novice users (6 individuals).

As with the individual testing, upon completion of each of the 3 passes, each user
completed the environment survey rating his/her impressions of the collaborative

characteristics of the environment.

7.1 Enhanced Stereoscopic Voice/Glove Environment

Initially the collaborative tests were to include a comparison of the previously
reported stereoscopic voice/glove environment and a voice/glove environment enhanced to
include a user requested ‘“‘you-are-here” tracking map or interactive plan view inserted into
a corner of the stereoscopic display. This enhancement would provide the user with a quick

visual reference of his/her location on a “floor-plan” of the space.

This enhancement was added to the voice/glove environment as a 3D display but
quickly proved to render the interface too slow to be a viable solution. The enhancement
was removed and collaborative testing was continued with the existing voice/glove
environment. However, after discussions with users and the development team, alternative

approaches have been developed and are discussed in Section 9.3 of this report.

7.2 Collaborative Benchmark 2 Timings

As with previous Benchmark 2 (find/repair) tests, users were timed while locating
and repairing 2 preset errors within the test space. However, with the collaborative tests,
groups of 3 users were each subjected to the exercise with each individual having the

opportunity to lead (“drive”) the test.

Figure 25 provides a comparison of the improvements in performance by

collaborative group for each pass of the find/repair scenarios. Examination of the chart
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shows a 3.7% decrease in performance from pass 1 to pass 3, due to the particularly poor
performance of one novice group, thereby influencing a 27.2% increase in performance

from pass 2 to pass 3.

Collaborative Benchmark 2 - Find/Repair Times by Group
100.0
90.0
80.0
70.0
60.0 - ™ — B
EIa;:nsed Time 500
(in sec.)
40.0
30.0
20.0
by m
0.0 -
E-A E-B E-C N-A N-B Avg StD
OPass 1 43.3 73.3 85.0 76.7 65.0 68.67 15.87
W Pass 2 85.8 50.0 64.2 96.7 59.2 7117 19.42
OPass 3 46.7 70.0 342 492 59.2 51.83 13.51
O3 PassAvg 586 64.4 61.1 75.8 61.1 64.22 6.81
Group

Figure 25 — Collaborative Benchmark 2 Find/Repair Times by Group

Table 37 provides the statistical comparison of the individual and collaborative
Benchmark 2 results. It shows that the data sets are normally distributed and that the
individual and collaborative data t-tests show extremely low p values indicating that the
results are significant, and thus the data sets have unequal means (reject Hy). This indicates
that since the collaborative stereoscopic voice/glove environment produces significantly
faster elapsed times than do individual users (~207% faster), the collaborative environment

is “better” using this measure of performance.

Figure 26 provides a comparison of Benchmark 2 find/repair times for individual
users and for collaborative groups. Note that there is a significant improvement in overall
locating (find) and manipulation (repair) times with collaboration between the users within
a group. Figure 26 shows pass 1, find/repair improvements of more than 235%; pass 2

improvements of almost 170%; pass 3 improvements of almost 207%; and 3 pass average
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improvements of more than 203%. Such results indicate that multiple designers within a

space find and repair defects approximately twice as fast as individuals.

Table 37 — Benchmark 2 Timings Comparisons - Individual vs Collaborative

Stereoscopic Glove Benchmark 2 Comparison
Individual User vs Collaborative Group
Individual |Collaborative
Mean 159.05 51.83
Standard deviation (SD) 34.92 18.21
Sample Size 21 5 teams of 3
Std. error of means (SEM) 7.62 4.70
Lower 95% conf. limit 143.15 41.75
Upper 95% conf. limit 174.94 61.92
Minimum 95.00 22.50
Median (50th percentile) 165.00 55.00
Maximum 210.00 95.00
Normality test KS 0.1067 0.1282
Normality test P value >0.10 >0.10
Passed normality test? Yes Yes
Unpaired t test with Welch Correction P<0.0001 P<0.0001
Significant? Extremely Extremely

Benchmark 2 Average Elapsed Times
Individual and Group
240.0
200.0 |-
160.0
Elapsed Time 120.0
(in sec.)
80.0
40.0
0.0
Pass 1 Pass 2 Pass 3 3 Pass Avg
O Individual 230.5 194.2 159.0 194.6
H Collaborative 68.7 72.2 51.8 64.2

Figure 26 — Comparison of Individual vs Collaborative Find/Repair Times
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7.3 Collaborative Benchmark 2 Ratings

As with the individual Benchmark tests, the user groups were asked, after each pass
of the test, to rate the collaborative environment via the survey questionnaire. Figure 27
presents a graphical view of each group’s overall impressions of the collaborative
operations of the stereoscopic glove/voice environment following each pass of the test.

Note that the collaborative user groups show a 5.4% increase in approval rating from pass 1

to pass 3.
Collaborative Benchmark 2 - Overall Impressions Ratings
All User Groups
5.00
4.00 = ] B m '
Rating 3.00 7 ] ] |
(0-5) 2.00 H - - -
1.00 — — —
0.00 - [
E-A E-B E-B N-A N-B Avg. StD
@ Pass 1 4.00 442 3.94 3.92 3.17 3.89 0.40
B Pass 2 3.70 3.95 3.88 4.01 3.93 3.90 0.11
OPass 3 3.97 4.40 414 4.20 3.80 4.10 0.21
O3 Pass Avg. | 3.89 4.26 3.99 4.05 3.63 3.96 0.20
Expert/Novice Group

Figure 27 — Collaborative Benchmark 2 Group Overall Impressions Ratings

Figure 28 presents a graphic of the find/repair overall impressions ratings of
individual users as compared with collaborative group ratings. It should be noted that the
overall impressions of the collaborative environment rated somewhat lower (3.2%) than its
capability by individual users. As discussed in the conclusions, lower evaluations of the
collaborative environment have been attributed to the group discussion of the need for

enhancements to the interface as tested.

However, a cursory examination of the group vs individual ratings statistics does

seem to indicate that individually and in collaborative groups, users rate the stereoscopic

86



voice/glove environment somewhat better than 4.0, which is good (4.235/5.0). Further, the
testers rated the environments within 3.2% between individual ratings and collaborative

group ratings, as shown in Figure 28.

Benchmark 2 - Average Overall Impressions Ratings
Individuals and Groups
4.40
4.20
Rating —
(0-5) 4.00
3.80 - 1
3.60
Pass 1 Pass 2 Pass 3 3 Pass Avg.
@ Individual 3.85 4.04 4.33 4.09
B Collaborative 3.89 3.90 410 3.96
Pass

Figure 28 — Comparison of Individual vs Collaborative Find/Repair Overall Ratings

The collaborative find/repair rating is found to be normally distributed, but the data
for individual user’s rating is not normally distributed. To evaluate statistical significance
an unpaired, two-tailed, Mann-Whitney test is used, as shown in Table 38. Due to a high P

value, no statistically significant difference and be established.

Table 38 — Collaborative Benchmark 2 Overall Impressions Statistics

Stereoscopic Glove Benchmark 2 Comparison
Overall Impressions Ratings Comparisons

Individuals vs Collaborative Groups
Individual [Collaborative
Mean 4,33 4.23
Standard deviation {(SD} 0.40 0.50
Sample Size 21 5 teams of 3
Std. error of means (SEM) 0.09 0.13
Lower 95% conf. limit 4.15 3.98
Upper 95% conf. limit 4.52 4.51
Minimum 3.80 3.59
Median (50th percentile) 4.30 4.01
Maximum 5.00 5.00
Normality test KS 0.2245 0.2054
Normality test P value 0.007 0.0885
Passed normality test? No Yes

Unpaired, two-tailed Mann-Whitney Test

P value = 0.5206 is NOT significant.
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7.4 Collaborative Benchmark 3 Offsets

As with the individual Benchmark 3 (spatial awareness), users were timed while
navigating through a previously unseen space searching for the placement of two icons.
However, with the collaborative tests, groups of 3 users were each subjected to the exercise
with each individual having the opportunity to lead (“drive”) the test. During the course of

each test, all members of the group collaborated on the search for the icons.

Figure 29 provides a comparison of the offsets from the user perception of the actual
placement of the icons. Examination of the chart shows that each user group exhibited a
marked improvement in accurately assessing the placement of the icons with each
successive execution of the test. Pass 2 placements were 30% more accurate than pass 1;

pass 3 placements were 54% more accurate than pass 2; and 68% more accurate than pass 1.

Examination of the data also shows that these results might have been even more
dramatic except for some problems experienced by the second group of experienced users
during passes 1 and 2. It should also be noted that this same group produced perfect results
by pass 3 execution. Although in other circumstances this group’s data might be removed

as an outlier, due to the very small test population, all data was retained.

Collaborative Benchmark 3
Average Icon Placement Offsest by Group

10.00
8.00 -
Offset 6.00
(in mm) 4.00 H B ]
2.00
0.00 - e [Ijl
Nov-A | Nov-B | Exp-A | Exp-B | Exp-C | Avg. | StD
O Pass 1 567 | 217 | 5.00 | 9.67 | 4.17 | 6.67 | 2.76
W Pass 2 433 | 0.00 | 333 | 917 | 1.83 | 467 | 3.45
0O Pass 3 167 | 0.83 | 1.67 | 0.00 | 433 | 2.13 | 1.63
O3 PassAvg.| 3.89 | 1.00 | 3.33 | 6.28 | 3.44 | 449 | 1.88
Group

Figure 29 — Collaborative Benchmark 3 Spatial Awareness Offsets by Group
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Table 39 presents the results of a comparison of the spatial awareness (Benchmark 3) test
results for individual vs collaborative users. Inspection of the table shows that the offsets
reported by both populations are not normally distributed. Therefore, a suitable
nonparametric comparison method (Mann-Whitney) is employed to make the test of the

hypothesis of equal medians (Hyp) as a measure of central tendency [97].

As discussed earlier, the key result of the test is a P value that answers the question: If the
populations really have the same median, what is the chance that random sampling would
result in means as far apart (or more so) as observed? Thus, if the P value is small, one can
reject the idea that the difference is a coincidence, and conclude that the populations have
different medians. However, if the P value is large (as is the Benchmark 3 comparison), the
data do not provide any reason to conclude that the overall medians differ and Hy is

accepted [97].

Table 39 — Benchmark 3 Offsets Comparisons — Individuals vs Collaborative

Stereoscopic Voice/Glove Benchmark 3 Comparison
Individual User vs Collaborative Group
Individual |Collaborative

Mean 2.86 1.93
Standard deviation (SD) 4.05 3.29
Sample Size 21 5 teams of 3
Std. error of means (SEM) 0.89 0.85
Lower 90% conf. limit 1.33 0.44
Upper 90% conf. limit 4.38 3.43
Minimum 0.00 0.00
Median (50th percentile) 0.00 0.00
Maximum 15.00 10.00
Normality test KS 0.3310 0.3885
Normality test P value <0.0001 <0.0001
Passed normality test? No No
Unpaired t test with Welch Correction 0.4563 0.4563
Significant? No No

Figure 30 provides a comparison of Benchmark 3 spatial awareness offsets by pass
for individual users and for collaborative groups. Note that there is a consistent
improvement in locating actual icon placements from pass to pass for both individuals and
in collaborative groups. On average, collaboration produced placements that were 46.1%
closer to actual than placements by individuals. It is also worth noting that the pass 3

placements for individuals improved by 46% from pass 1 to pass 3 and improved by more
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than 68 % as users collaborated on locating the placements. Unfortunately, the small test

population and high variance does not allow conclusions of statistical significance.

Benchmark 3 Average Offsets by Pass
Individuals and Collaborative
14.00
12.00
10.00 -
Offset 8.00 A
(in mm) 6.00 -
2.00 A
Pass 1 Pass 2 Pass 3 3 Pass Avg.
@ Individual 12.33 5.53 2.11 6.66
W Collaborative 5.33 3.73 1.70 3.59

Figure 30 — Comparison of Individual vs Collaborative Spatial Awareness Offsets

7.5 Collaborative Benchmark 3 Ratings

As with the individual Benchmark tests, the user groups were asked to rate the
collaborative environment, via the survey questionnaire, after each pass of the test. Figure
31 presents a graphical view of each group’s overall impressions of the collaborative
operations of the stereoscopic voice/glove environment following each pass of the test. The
descriptive statistics show that both populations fail tests for normality. For this reason, the
Mann-Whitney test is employed to determine statistical significance. Table 40 provides the
statistical analysis of the comparison showing that due to a high P value, no statistically

significant difference in overall impressions of the environments can be established.
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Collaborative Benchmark 3
Overall Impressions Ratings by User Group

4.30 —
410
Rating 390 1
(0-5) 3.70 -
Lim
3.30 -
Nov-A Nov-B Exp-A Exp-B Exp-C Avg.
@ Pass 1 3.89 3.75 3.47 3.60 3.50 3.64
M Pass 2 3.94 3.97 3.67 3.38 3.52 3.70
O Pass 3 3.95 3.97 4.25 4.20 3.59 3.99
O3 PassAvg.| 3.93 3.90 3.80 3.73 3.54 3.78
Pass

Figure 31 — Collaboration Benchmark 3 Group Overall Impressions Ratings

Table 40 — Collaborative Benchmark 3 Overall Impressions Statistics

Stereoscopic Glove Benchmark 3
Overall Impresions Ratings Comparisons
Individual User vs Collaborative Group
Individual |Collaborative
Mean 4.58 4.23
Standard deviation (SD) 0.42 0.50
Sample Size 21 5 teams of 3
Std. error of means (SEM) 0.91 0.13
Lower 95% conf. limit 4.39 3.96
Upper 95% conf. limit 4.77 4.51
Minimum 4.00 3.59
Median (50th percentile) 4.60 4.01
Maximum 5.00 5.00
Normality test KS 0.2060 0.2054
Normality test P value 0.0200 0.0885
Passed normality test? No Yes
Unpaired, two-tailed Mann-Whitney Test
P value = 0.5206 is NOT significant.

Figure 32 provides a comparison of user overall impression ratings of spatial

awareness for individuals vs collaborative groups
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Benchmark 3 Average Overall Impressions Ratings
Individual and Collaborative
4.70
4.50
Rating 430
(0-5) 4.10
3.90
3.70
3.50
Pass 1 Pass 2 Pass 3 3 Pass Avg.
@ Individual 3.67 3.74 3.99 3.80
B Collaborative 4.21 4.46 4.58 4.44
Pass

Figure 32 — Comparison of Individual vs Collaborative Spatial Awareness Overall
Impressions Ratings
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8 Benchmark 4 (Fault Identification)

8.1 Description

In a typical design review process, a design space is presented to the
reviewer(s) who examine the space for design flaws (faults). The purpose of this
study is to help determine the applicability/usability of various user interfaces (both
stereoscopic and non-stereoscopic) in improving this process. Based on the
preliminary results of the previous Benchmark testing, a fourth Benchmark scenario
was prepared to help provide some initial economic indicators to quantify possible
cost savings associated with the use of a stereoscopic CAVE environment in the
location and identification of faults within a design space. The scenario
implemented and reported here is built upon the operations and scenarios developed

for Benchmarks 1, 2, and 3.

Six separate versions of the AC&R space were developed. Each version
contains ten distinct design faults similar to those prepared for Benchmark 2
(find/repair). However, the Benchmark 4 testing requires only that the users utilize
the interface to locate and identify as many of these faults as possible in four
minutes. As with the previous testing, each user searches each of three separate
scenarios utilizing the 86” non-stereoscopic interface and the stereoscopic wand
interface in the CAVE environment. The various scenario sequences were
randomized (non-stereoscopic vs CAVE) and users were randomly assigned to start

with either the non-stereoscopic interface or in the CAVE environment.

As each user progressed through the active scenario/environment locating
and identifying faults, the specific fault and the elapsed time was recorded for the
analysis.  Although this method provides a significant quantity of data, for
Benchmark 4, the key metric for comparison was the total number of faults found in

each environment.
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8.2 Benchmark 4 - Statistics

8.2.1.1 Two Environment, Unpaired, Nonparametric Data

Since the users were presented six separate sets of faults within the design space,
the statistical analyses performed are not the same as for the previous Benchmark tests.
Benchmark 4 tests are not paired (i.e., the user sees different, albeit very similar, sets of
faults in each environment). Thus unpaired comparison analysis methods are employed.
Also, since only two environments are being compared and since very few of the
resulting user data sets are normally distributed, the Mann-Whitney (nonparametric sum
rank) test is used for the comparison of fault counts in the 86” non-stereoscopic and

CAVE environments.

The Man-Whitney test is a nonparametric test that compares two unpaired
groups. The method first ranks all of the fault counts from low to high, paying no
attention to which group each value belongs. If two values are the same, each gets the
average of the two ranks for which they tie. The smallest value gets the rank of 1 and
the largest gets the rank of N where N is the total number of values in the two groups.
The method then sums the ranks in each group. If the sums of the ranks are very

different, the P-value should be small.

As with all of the previous tests, the P-value answers the question (within a
90% confidence level): If the populations really have the same media, what is the
chance that random sampling would result in a sum of the ranks as far apart (or

’»

more so) as observed? [97]

8.3 Benchmark 4 - Pass 1

Figure 33 graphically presents a comparison of the pass 1 Benchmark 4
count of faults identified by each user groups. It should be noted that there is little
difference between either the non-stereoscopic or CAVE environments in the
quantity of faults identified upon wuser first exposure (pass 1) to the

environment/scenario.
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Benchmark 4 - Pass 1
All Users Fault Counts
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8, — — —
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Found 4
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Figure 33: Benchmark 4 Pass 1 Fault Counts

The descriptive statistics data and Mann-Whitney test results presented in
Table 41 show that at a 90% confidence level for pass 1, neither environment
produces a statistically significant improvement in the facilitation of fault
identification. However, it is interesting to note that the means of the two
environments (86” non-stereoscopic: 6.100 and CAVE: 6.267) differ by only 0.167
(of a possible 10). Also of interest is that the CAVE environment presents a more
uniform range of fault counts (ie., a standard deviation almost 0.7 less than that for
the non-stereoscopic interface) and shows 11.3% lower coefficient of variation in

reported counts.

Table 41 — Benchmark 4 Pass1 Fault Counts Statistics

Benchmark 4 - Pass 1 Environments Comparison - Fault Counts
B4p1-Counts B4p1-86" Non BAp1-CAVE
Mean 6.100 6.267
Standard deviation (SD) 1.709 1.048
Sample size (N) 30 30
Std. error of mean(SEM) 0.3120 01914
Lower 90% conf_ limit 5.570 5942
Upper 90% conf. limit 6.630 6.592
Minimum 3.00 4 .00
Median (50th percentile) 6.00 6.50
Maximum 10.00 8.00
Normality test KS 01567 02579
Normality test P value 0.0583 P=0.0001
Passed normality test? Yes No
Coefficient of variation 28 02% 16.73%
Mann-Whitney test one-tailed p-value: 0.2312
p-Value summary: Means are NOT significantly different
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8.4 Benchmark 4 - Pass 2

Figure 34 graphically presents a comparison of the pass 2 Benchmark 4
count of faults identified by the user groups. It should be noted that there is little
difference between either the non-stereoscopic (mean: 6.867) or CAVE (mean:
7.333) environments in the quantity of faults identified upon user’s 2nd exposure to

the environment/scenario.

Benchmark 4 - Pass 2
All Users Fault Counts
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Figure 34 — Benchmark 4 Pass 2 Fault Counts

Table 42 shows that for pass 2 at a 90% confidence level, the CAVE
environment produces a statistically significant improvement in the facilitation of
fault identification. The statistics show results somewhat similar to those of pass 1
in that the Mann-Whitney test value indicates that the means are are significantly
different. Thus, for the pass 2 analysis, it is interesting to note that the means of the
two environments (86 non-stereoscopic: 6.867 and CAVE: 7.333) differ by only
0.466 (of a possible 10). Also of interest is that, as for pass 1, the CAVE
environment presents a more uniform range of fault counts (ie., a standard deviation
of 0.71 less than that for the non-stereoscopic interface) and also shows 11.3%

lower coefficient of variation in reported counts.
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Table 42 — Benchmark 4 Pass 2 Fault Counts Statistics

Benchmark 4 - Pass 2 Environmentis Comparison - Fault Counts
B4p2-Counts B4p2-28" Men B4p2-CAVE
Mean g.887 7.333
Standard dewiation (S0 1.833 1.124
Sample size (M} 20 30
Std. ermor of mean SEM) 0.3347 02053
Lower 80% conf. limit g.288 §.885
Upper 80% conf. limit 7.435 7.682
Minimum 4.00 5.00
Median (80th percentile) 8.00 T7.00
Maximum 10.00 10.00
Mormality test KS 0.2485 0.216&8
Mormality fest P value F=0.0001 £.00ae
Passed normality tesi? Mo Mo
Coefficient of varnation 268.70% 15.33%
‘ann-Whitney test one-tailed p-value: 0.0503
p-Value summarny: Means ARE significantly different

8.5 Benchmark 4 - Pass 3

Figure 33 graphically presents a comparison of the pass 3 Benchmark 4
count of faults identified by the user groups. It should be noted that in the allotted
time, users identified more than one additional fault using the CAVE environment
than with the 86” non-stereoscopic interface and that, as might be expected, the

identified fault counts increased by almost 2.5 from pass 1 to pass 3.

As seen in Table 43, for pass 3 neither the descriptive statistics show that
while fault counts for the non-stereoscopic interface are normally distributed, those
for the CAVE environment are not normally distributed, and therefore,

nonparametric methods are used to complete the analysis.

The Mann-Whitney one-tailed test does show that the means of the two sets
of test results are significantly different. Thus it can be said, with statistical
significance at the 95% level, that the interface providing the higher number of
faults identified in the allotted time is the “better” environment. In this case, the
mean of the CAVE environment identified faults proves to be 1.3 higher than for the

86 non-stereoscopic interface, indicating that the CAVE environment is “better.”
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Benchmark 4 - Pass 3
All Users Fault Counts
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Figure 35 — Benchmark 4 Pass 3 Fault Counts

Table 43 — Benchmark 4 Pass 3 Fault Counts Statistics

Benchmark 4 - Pass 3 Environments Comparison - Fault Counts
B4p3-Counts B4p3-86" Non B4p3-CAVE
Mean 8.033 9.333
Standard deviation (SD) 1.497 0.6609
Sample size (N) 30 30
Std. error of mean(SEM) 02733 0.1207
Lower 90% conf. limit 7 569 9128
Upper 90% conf. limit 8498 9538
Minimum 6.00 8.00
Median (50th percentile) 8.00 9.00
Maximum 10.00 10.00
Normality test KS 0.2055 0.2768
Normality test P value 0.0023 P>0.0001
Passed normality test? No No
Coefficient of variation 18 63% 7 08%
Mann-Whitney test one-tailed p-value: 0.0006
p-Value summary: Means ARE significantly different

As with pass 1 and 2, the pass 3 results show that there is less variation in the
data taken for the CAVE environment. This consistency of results represents

another potential advantage of the CAVE environment.

8.6 Benchmark 4 - 3 Pass Average

Figure 36 graphically presents a comparison of the 3 pass average of
Benchmark 4 count of faults identified by the user groups. It should be noted that

use of the CAVE environment resulted in the identification of an average of 7.645
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(of the possible 10) faults located in the design space and that use of the 86” non-

stereoscopic interface resulted in the identification of an average of 7.0.

Table 44 shows that for the average of the 3 passes only the CAVE
environment data set is normally distributed. However, since the 86” non-
stereoscopic interface shows a nongaussian distribution, the Mann-Whitney method
for comparing the two environments is required. The results of this unpaired, one-
tailed test show a P-value of 0.0192 indicating that the means are significantly
different and thus the interface producing the higher number of faults identified to
be the “better” environment. Since the mean for the CAVE environment is 0.645
higher than that of the 86” non-stereoscopic interface, with statistical significance

the CAVE environment can be said to be “better” for fault location and

identification.
Benchmark 4 - 3 Pass Avg.
All Users Fault Counts
10.00 _
8.00 W —
Faults 6-00 7 |
Found 400 IR0 | | |
2.00 - - —
0.00 - - - ﬁ
N1 | N2 | N3 | N4 | N5 | N6 | N7 | N8 |N9 NTOIN11|N12|N13|N14|N15| E1 | E2 | E3 | E4 | E5 | E6 | E7 Avg | StD
@ 86"Non |7.67|6.00|7.67|8.67|9.00(5.67|5.00|7.00|9.33|9.33|6.33/5.33|5.00|5.33|5.67|9.33|9.67|10.0/7.00|6.67|7.33|5.67|6.00|8.33/6.00(6.00/5.00|7.676.00|6.33/7.00{1.57|
m CAVE |8.33|7.67|7.67|7.67|8.67/8.00/7.00|8.33|5.67|7.67|6.67/7.00/7.00|7.67|7.00/8.67|7.67/8.67/8.00|7.67|8.33/6.67/6.33|9.00/7.33|7.33|7.67/8.33|7.33|8.33|7.64/0.77|
User #

Figure 36 — Benchmark 4 — 3 Pass Average Fault Counts

Table 44 — Benchmark 4 — 3 Pass Average Fault Counts Statistics

Benchmark 4 - 3 Pass Avg. Environments Comparison - Fault Counts
B43pA-Counts B43pA-86" Non B43pA-CAVE
Mean 7.000 7.645
Standard deviation (SD) 1.568 0.7675
Sample size (N) 30 30
Std. error of mean(SEM) 0.2863 0.1401
Lower 90% conf. limit 6.514 7.407
Upper 90% conf. limit 7.486 7.883
Minimum 5.00 5.67
Median (50th percentile) 6.50 7.67
Maximum 10.00 9.00
Normality test KS 0.1715 0.2768
Normality test P value 0.0246 P>0.1000
Passed normality test? No Yes
Coefficient of variation 22.40% 10.04%
Mann-Whitney test one-tailed p-value: 0.0192
p-Value summary: Means ARE significantly different
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8.7 Benchmark 4 - All Trials

Table 45 presents the descriptive and comparative statistics of all trials
(novice and experienced users across all passes). The table shows that the Mann-
Whitney comparison of the fault counts across all 90 trials produces a one-tailed p-
value of 0.0059. This indicates a statistically significant result at the 99%
confidence level, showing that the CAVE environment allows users to locate and
identify faults within a design space “faster” than the 86” non-stereoscopic
environment using a traditional (keyboard/mouse) CAD interface. Specifically,
these overall results show that users can locate/identify 0.611 additional faults (on

average) during the 4 minute test durations.

Table 45 — Benchmark 4 — All Trials Fault Counts Statistics

Benchmark 4 - All Trials Environments Comparison - Fault Counts
B4All-Counts B4AII-86" Non B4AI-CAVE
Mean 7.000 7.611
Standard deviation (SD) 1.848 1.584
Sample size (N) a0 90
Std. error of mean(SEM) 0.1948 0.1670
Lower 90% conf. limit 6.676 7.333
Upper 90% conf. limit 7.324 7.889
Minimum 3.00 4.00
Median (50th percentile) 7.00 7.00
Maximum 10.00 10.00
Normality test KS 0.1613 0.1613
Normality test P value P=0.0001 P>0.0001
Passed normality test? No No
Coefficient of variation 26.40% 20.82%
Mann-Whitney test one-tailed p-value: 0.0059
p-Value summary: Means ARE significantly different

8.8 Benchmark 4 Fault ID Timings

Tables 46 and 47 present a comparison of the average times for locating and
identifying the faults projected in the Benchmark 4 scenarios. Table 46 shows the
results for the 86” non-stereoscopic (keyboard/mouse) interface and Table 47 shows
the results using the CAVE environment. Note that the tables present the elapsed
times per identified fault for the novice user group, experienced user group, and for

all users.
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Table 46 — Benchmark 4 Elapsed Fault ID Elapsed Times — 86> Non-Stereo

Interface
86"Non
MNovice Users Pass 1 Pass 2 Pass 3 3 Pass Avg
Count| Time |Count{ Time |Count| Time |Count| Time
Avg. 593 | 240.00] 667 | 239.00| 8.00 | 237.67| 6.87 | 238.89
Sec /Fault 40.45 3585 2971 3479
Experienced 56TNon
Users Pass 1 Pass 2 Pass 3 3 Pass Avg
Count| Time |Count{ Time |Count| Time |Count| Time
Avg. 627 | 239.67| 7.07 | 23833 | 8.07 | 236.33] 7.13 | 238.11
Sec./Fault 38.24 33.73 29.30 33.38
86"Non
All Users Pass 1 Pass 2 Pass 3 3 Pass Avg
Count| Time |Count{ Time |Count| Time |Count| Time
Avg. 6.10 | 239.83| 6.87 | 23867 | 8.03 | 237.00| 7.00 | 238.50
Sec./Fault 39.32 3476 29.50 34.07

Table 47 — Benchmark 4 Fault ID Elapsed Times — CAVE Environment

CAVE
Novice Users Pass 1 Pass 2 Pass 3 3 Pass Avg
CoHnt Time |Count| Time |Count| Time Cﬂ Time
Avg. 6.73 | 24000 7.33 | 24000 940 | 230.00) 7.82 | 236.67
Sec /Fault 35.64 32.73 24 47 30.26
CAVE
Experienced Users Pass 1 Pass 2 Pass 3 3 Pass Avg
Count| Time |Count| Time JCount| Time JCount| Time
Avg. 558 [ 24000 7.33 | 24000 933 | 231.83] 7.64 | 23728
Sec /Fault 43.03 3273 2484 31.04
CAVE
All Users Pass 1 Pass 2 Pass 3 3 Pass Avg
Count| Time |Count| Time |Count| Time |Count| Time
Avg. 6.16 | 24000 7.33 | 24000 937 | 240.00) 7.73 | 240.00
Sec. /Fault 38.99 3273 2562 31.03

8.9 Economic Factors

8.9.1 VR System Capital and Operating Costs

In a university research environment, a typical capital investment cost of
$577,300 can be expected to implement a CAVE environment of front, left, right,
and floor projection including the suspension grid structure, mirrors, RGB
projectors, tracking system, cabling, computer system, software, shipping and
installation [104]. It is assumed that the building preparation is $22,700 yielding a
capital cost of $600K which represents a reasonable estimate for a university

installation where buildings and other infrastructure already exist.
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Operating costs include approximately $60K/year for a research engineer.
With fringe benefits of 25% and overhead costs at 40%, annual operating costs are

estimated at $105K.

8.9.2 VR System Cost Savings

The design review process is a user and time intensive task. It is argued that
by providing a more efficient interface, users become more efficient and are able to
locate more faults. This reduces disruption and rework costs by the shipbuilder. It
should be noted that Storch et al. [105] state that between 35% and 60% of product
cost for US shipyards are labor costs, and 40% is taken as a conservative industry

estimate. The Benchmark 4 test is designed to help quantify this cost difference.

As discussed in the introduction, this study is supported under funding
provided by the Office of Naval Research (ONR) and was conducted at the
University of New Orleans Gulf Coast Region Maritime Technology Center at the
Northrop Grumman Ship Systems (NGSS), Avondale Shipyards, Avondale. LA.
While specific NGSS production and fault-related cost data is proprietary, for the
purposes of this study the following ship production costing assumptions are used

as reported in published sources:
e Overall LPD prototype cost, $1.76B [106]
e Overall DD(X) prototype cost, $3.3B [107]
e Opverall Virginia class prototype SSN cost, $2.6B [108]
e Rework and disruption due to faults (flaws) is virtually all labor

e Labor cost is approximately 40% of ship cost [105].

As noted in Section 8.5 and Table 43, at the completion on the final pass of
Benchmark 4 testing for all users, the CAVE environment allows reviewers to
locate and identify 1.3 more faults within the 4 minute allocated search time than
with the 86” traditional CAD interface (9.333 vs 8.033 faults). This result indicates
a 16.2% overall increase in fault location and identification using the CAVE

environment. Using the conservative fault cost data above, the following formula
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can be used to estimate the savings possible resulting from the use of the CAVE

environment during the basic design review process for fault identification:

cost avoidance = overall ship program cost

* 9% ship program cost attributed to faults

* 9% ship program cost as labor

* % increase in fault identification.

(8-1)

Table 48 provides a range of possible savings by ship type based on the

variable range of the percentage of cost attributed for fault identification as

described by Storch, et al. [105].

Table 48 — Prototype Ship Cost Savings Using Virtual Environments

Prototype Ship Cost Savings Using Virtual Environments

Ship Class

LPD

Virgina Class SSN

DD(X)

Total Cost

$1.76 Billion

$2.60 Billion

$3.30 Billion

Costs Attributed to Faults

Low: 5% | High: 30%

Low: 5%

High: 30%

Low: 5%

High: 30%

Rework Labor Costs (40%)

$35,200,000|$211,200,000

$52,000,000

$312,000,000

$66,000,000

$396,000,000

Fault ID Savings (16.2%)

$5,702,400 | $34,214,400

58,424,000

$50,544,000

$10,692,000

$64,152,000

Figure 37 presents the savings possible for each class of ship fro the range of

percentages of costs attributed to fault identification.

Prototype Ship Savings Using Virtual Environments
for Design Review (40% Rework - Ship Labor)

$60.0000

$50.0000 =

$40.0000 [ H

Savings | |
(Millions) #0000

$20.0000 H

$10.0000 =

$0.0000 J:I_‘ =

5% 10% 15% 20% 25% 30%

DOLPD @ 40% |35.7024|$11.404|$17.107|$22.809|$28.512|534.214

B DD(X) @ 40% |$7.7760($15.552|$23.328|$31.104$38.880|546.656

[1SSN @ 40% |$8.4240($16.848|$25.272|$33.696|342.120|550.544

Percentage of Cost Attributed to Faults

Figure 37 — Potential LPD Prototype Rework Savings
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9 Conclusions and Recommendations

9.1 Competitive Analysis of Environments

Tables 49 presents a tabulation of the results of the ANOVA pair-wise
comparisons of the interfaces for Benchmark 1, 2, and 3 measurements for both
timings/offsets and user environment ratings for pass 3. The results presented show the
comparison of the population means for each environment/interface as described by the

software packages (Prisim [94] and SAS [99]) reported for a 90% confidence level.

Table 49 — ANOVA Pair-wise Environment Comparisons Summary

Pass 3 Statistically Significant Environment Comparisons Summary
"Better" Environment
Novice users Experienced Users| All Users
Benchmark 1 | Elapsed | Overall | Elapsed | Overall | Elapsed | Overall
Times | Ratings | Times | Ratings| Times | Ratings
Glove vs Wand Wand Glove Wand Neither Wand Glove
Glove vs 86"Non | Neither Glove Neither Glove Neither | Glove
Glove vs W/S Neither Glove Neither Glove Neither | Glove
Wand vs 86"Non | Wand Wand Wand Wand Wand Wand
Wand vs WIS Wand Wand Wand Wand Wand Wand
86"Non vs W/S 86" Non | 86" Non | Neither | Neither | Neither | Neither
Novice users |Experienced Users] All Users
Benchmark 2 | Elapsed | Overall | Elapsed | Overall | Elapsed | Overall
Times | Ratings | Times | Ratings| Times | Ratings
Glove vs Wand Wand Neither | Neither | Neither | Neither | Neither
Glove vs 86"Non Glove Glove Glove Glove Glove Glove
Glove vs W/S Glove Glove Glove Glove Glove Glove
Wand vs 86"Non | Wand Wand Wand Wand Wand Wand
Wand vs WIS Wand Wand Wand Wand Wand Wand
86"Non vs W/S Neither | Neither | Neither | Neither WIS Neither
Novice users |Experienced Users All Users
Benchmark 3 |Distance| Overall |Distance| Overall | Distance| Overall
Offsets | Ratings | Offsets | Ratings | Offsets | Ratings
Glove vs Wand Wand Glove Wand Wand Glove Neither
Glove vs 86"Non Glove Glove Glove Neither Glove Glove
Glove vs W/S Neither Glove Glove Neither Glove Glove
Wand vs 86"Non | Wand Neither | Neither Wand Neither | Wand
Wand vs W/S Wand Wand Neither Wand Neither | Wand
86"Non vs W/S WIS 86"Non WIS 86" Non WIS 86"Non
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Generalizing the environment comparisons presented in Tables 48, one can infer
that for all users the stereoscopic wand interface can be demonstrated to be only
statistically “better” for navigation (Benchmark 1) for some cases and rated higher in user
preference. Furthermore, the results for the stereoscopic voice/glove interface are mixed.
However, for find and repair operations (Benchmark 2), a statistical basis for claims that
the voice/glove and wand stereoscopic environments are better exist, and the stereoscopic

interfaces are preferred by the users.

For Benchmark 3 (spatial awareness), the statistics show somewhat better results
for the voice/glove interface in both objective and subjective measures. Additionally,
under some circumstances the wand interface proves to be statistically better and

preferred to non-stereoscopic methods.

9.2 Stereoscopic vs Non-Steeoscopic Environment Comparisons

Figures 38, 39, and 40 present a graphical comparison of stereoscopic vs non-
stereoscopic environment timing, offset, and overall ratings comparisons. Examination of
Figure 38 shows improvement in elapsed times for navigation (Benchmark 1) and distinct
improvement for manipulation (Benchmark 2) functions using the stereoscopic
environments. Similarly, Figure 39 shows that the stereoscopic environments provide
substantially improved spatial awareness, and Figure 40 presents a visual representation
of user overall preference for the stereoscopic interfaces. Although the statistical analysis
is limited with regard to conclusions reached through test of hypothesis procedures,
Figures 38 through 40 strongly imply the superiority of stereoscopic interfaces over non-

stereoscopic methods.

Average Stereoscopic vs Non-Stereoscopic Interfaces
All Users Benchmark 1 & 2 Pass 3
Elapsed Times Comparison

300.0

250.0

Elapsed Times
(in Sec.)

200.0 ——

150.0

Bench 1/Pass 3 Bench 2/Pass 3
[mStereo 230.0 160.0
[mNon 258 3 216.0
Benchmark

Figure 38 — Stereoscopic vs Non-Stereoscopic Environment Times Comparisons

105



Average Stereoscopic vs Non-Stereoscopic Interfaes
All Users Bnchhmark 3 - Pass 3 Placement Offsets

350

300

250

Offset 200

(in mm)

0.0
Stereo Non
O Bench 3/Pass 3 33 345

Interface

Figure 39 — Stereoscopic vs Non-Stereoscopic Environment Distance Offsets
Comparisons

Average Ster pic vs Non-Ster ic Interfaces All Users Benchmark 1,
2, & 3 Pass 3 Ratings Comparison

5.00

Rating

(0-5)

4.00 ~
3.50

Bench 1/Pass 3 Bench 2/Pass 3 Bench 3/Pass 3
[ stereo 420 427 439
|mNon 370 3.91 3.83

Benchmark

Figure 40 — Stereoscopic vs Non-Stereoscopic Environment Overall Ratings
Comparisons

9.3 Spatial Awareness

The user’s knowledge and understanding of the space is an important component
of the design process. The ability to measure user’s spatial awareness is a difficult task
which is addressed in this study in Benchmark 3 as the ability of the user to locate an
icon’s position in a unfamiliar space. In production environments improved spatial
awareness translates not only to the ability to relate parts/faults within the space but also

to enhanced perception of the role of the space and the interactions of components within
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the space. This study show remarkable improvements (as much as 695%) in spatial
awareness using stereoscopic interfaces over traditional, non-stereoscopic CAD
environments. Although this improvement cannot be directly linked to design quality by
statistics or logic, it is argued that a designer with significantly improved awareness

should provide a higher quality design.

9.4 Collaborative Stereoscopic Voice/Glove Interface

The collaborative ANOVA tests show extremely significant results indicating that
there is a strong inference that the population means are unequal (within a 99.9%
confidence level), thus indicating that Hy should be rejected and the alternate hypothesis
that collaboration improves results accepted. Therefore, the very large improvement in
spatial awareness for the voice/glove environment in the collaborative mode vs the

individual (better than 207%) is statistically proven.

9.5 Fault Identification

Benchmark 4 testing shows that stereoscopic environments appreciably improve
the user’s ability to identify faults within a design space. Table 45 shows that users in the
CAVE environment identify 19.5 more faults per hour than with any other interface. In a
complex design/manufacturing organization this capability, coupled with the increases in
spatial awareness using stereoscopic methods in collaborative environments, can lead to

significant cost savings (as noted in Equation 8-1 of Section 8.9).

9.6 Competitive Usability

As discussed in the introduction, usability in software analysis normally indicates
the user’s preferences for the layout/interaction of a software package, where navigation
traditionally relates to information flow from upper-left to lower-right of an interface
screen or the data input verification functions for a specific application. Competing
multiple interfaces with multiple control functions, especially in a virtual environment,
provides an opportunity to investigate properties of the interfaces common to

user/application success.
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The author is unaware of published applications where competitive or comparative
usability is the central tool employed. Although a claim that this method is significantly
novel as a technique is not asserted, it is thought that the use of competitive or

comparative usability may be a new tool with important benefits for software engineers.

9.7 Additional Testing

As can be seen in the previous sections on statistically significant pass 3 elapsed
times/distance offsets and overall impressions ratings comparisons (Table 49), 75% of the
Benchmark 1, 2, and 3 tests provide results that can be said to be statistically significant.
While no great improvement in the number of statistically significant results can be noted
in the larger populations provided by combining the novice (15 testers) and experienced
(15 testers) users into the total group of 30, statistics theory does imply that larger sample
sizes generally provide more significant results. With this in mind, future executions of
the Benchmark 1, 2, and 3 scenarios with additional novice and experienced users is

suggested, if funding in support of those tests can be obtained.

9.8 Enhancements for Further Study

During the course of the testing as documented in this report, users/testers, test
administrators, and test developers often suggested possible enhancements to the
interfaces that warrant further testing and evaluation. These enhancements ran the gambit
from simply expanding the interface to include a “you-are-here” tracking map in one
corner of the workstation or ImmersaDesk display to the multi-screen, immersive, VR
CAVE environment to simpler changes such as blinking, color, position, etc. Although
the research team would prefer to provide test data and evidence for each potential
improvement, rigorous and professional usability testing required that the interfaces
remain static during the actual summative tests. To minimize the impact of these

constraints, a less formal initial test of some interfaces might be performed.

9.8.1 Tracking Map

The “you-are-here” tracking map enhancement was suggested by the user groups

as an aid to navigation through a new space. As an initial implementation the developers
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attempted to insert such a map, in 3D, into the existing ImmersaDesk environment. This
initial implementation placed too large a compute burden on the system and slowed user
response times to an unusable level. The enhancement was removed for the remainder of

the testing due to the significant latency.

However, after considerable discussions with the users, administrators, and
developers, the group came to the conclusion that the map enhancement might be
implemented in a less burdensome manner, allowing more rapid computation. It is
suggested that this enhancement be changed to a callable map activated/deactivated by the
user via voice command. Thus, the compute load is not constant, and the user requests

“you-are-here” help only on-demand.

9.8.2 Notes/Annotations Log

Initial discussions between users and developers did not suggest a need/use for a
notes or annotations page. However, during testing, the users expressed a desire to make
notes about the design/space. As the testing progressed into collaborative groups this
ability was more and more frequently requested. With the voice/glove interface the

notes/annotations can reference the voice file for detailed descriptions/annotations.

9.8.3 CAVE-to-ImmersaDesk and CAVE-to-CAVE Collaboration

With the availability of the CAVE and the 86” ImmersaDesk environments,
comparison testing should be expanded to include design reviewers in each environment
simultaneously. Control mechanisms for “who’s driving” (ie., which environment/user
has the movement/manipulation functions) and means for indicating and transferring
these controls would be developed and the scenarios of Benchmarks 1, 2, 3, and 4 might

be used to evaluate these mechanisms and functionality.

CAVE-to-CAVE mechanisms evaluations would follow the methods proven in
previous testing. A proposed Navy-Industry VE network would provide for testing in
other existing, distributed, CAVE and/or ImmersaDesk VE environments at such

locations as:

109



e NRL, Washington, DC
e H/HTC at NSWC Carderock, MD
e NUWC Newport, RI

¢ Naval Post-graduate School, Monterey, CA.

9.9 Closure

With new technologies available using virtual environments, engineers, designers,
and managers have capable new tools based on new applications of hardware and
software. However, the use of this technology and technical standards should be
integrated into methods that ensure the organization’s technical progress. To accomplish
this integration, the limitations and benefits of the technologies need to be explored and

tested. This thesis has undertaken this as a principle focus.

9.9.1 Benchmarks, Measurements, and Ratings

The study documented in this thesis includes the development of a survey rating
questionnaire of 22 items in 4 categories (navigation, locating, manipulation, and general
impressions) executed in each of 4 design environments (two non-stereoscopic and two
stereoscopic). The study also included development of four distinct benchmark test
scenarios designed to provide substantial objective measures (elapsed times, offsets, and
fault counts). Each benchmark scenario was designed so that each test could be
performed repeatedly. The study executed each benchmark three times with 30 total
testers (15 novice and 15 experienced). These tests provided 2570 distinct objective data

points and 5,940 distinct subjective rating points for analysis.

Benchmark environment test sequences were randomly assigned to user/testers to
help reduce bias that might be introduced into the study based on non-random exposure to
the test spaces. Additionally, during the course of collaboration testing, users were
randomly assigned to test groups of 3 (within novice and experienced classes). Further,
each user was afforded the opportunity to “drive” (operate the pointer or gestural

interface) during one of the 3 executions of the collaborative benchmark.
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9.9.2 Statistical Analysis for Proof of Significance

Human users, equipment, and factors of randomness influence performance and
measurements of performance. With these influences, statistics as a mathematical science
dictates that this randomness must be investigated and resolved appropriately in order to
make reliable inference from the test data and analysis. In this thesis, the management of
randomness has been undertaken using well accepted and standard statistical methods.
These methods proscribe that assessment of statistical significance at a given confidence
level be achieved before hypotheses can be accepted or rejected. This study has followed
these methods and procedures in statistical analysis, and the conclusions drawn from this
work are achieved with statistical significance. The methodologies employed in
achieving and delivering this statistical significance permits conclusions which rest on a
solid mathematical basis. This reliance on rigorous, repeatable, testing with standard
statistical analysis should be understood as valid proof of the conclusions presented for

this study.

9.9.3 Summary

The study was suggested to provide statistically significant proof of the hypothesis
that new VR technologies could provide users with “better” tools for navigation,
manipulation, and spatial awareness than exiting traditional, non-stereoscopic interfaces.

The results of the study help verify this hypothesis.

1) Navigation is improved (lower elapsed times to navigate through a design
space) using the stereoscopic environments prove to be 17.9% faster than
using the non-stereoscopic interfaces. User survey overall subjective
ratings of the environments show the stereoscopic voice/glove interface as

preferred over the non-stereoscopic environments by as much as 11%.

2) Manipulation (find/repair) times are 26% faster using the stereoscopic
environments over the non-stereoscopic interfaces and the voice/glove
stereoscopic environment is rated by all the users 6.5% higher than either

non-stereoscopic interface.

3) Remarkable (695%) improvements in spatial awareness are shown with the

use of stereoscopic environments over either of the non-stereoscopic
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interfaces with user surveys of overall environment ratings showing a 9.4%
higher preference for the stereoscopic voice/glove interface over either

non-stereoscopic interface.

4) Collaborative group find/repair times show that the stereoscopic
voice/glove environment produces results over 3 times faster than did
individual users. However, users overall impressions ratings of the

collaborative methods were 3.2% lower than working as individuals.

5) Collaborative group spatial awareness results using the stereoscopic
voice/glove interface show a 46.1% improvement over individual results

with overall impressions ratings 14.8% higher than as individuals.

6) The CAVE environment allowed users to identify more faults in test space
over a 4 minute timeframe than using the 86” non-stereoscopic interface,
producing an overall 16.2% overall increase in fault location and

identification.

9.9.4 Conclusion

This study has improved the understanding of the benefits of immersive
environments by utilizing usability analysis methods to compete multiple stereoscopic,
immersive environments with traditional, non-stereoscopic CAD interfaces. The rigorous
usability analysis methods required the development of repeatable benchmark scenarios
and user survey questionnaire that can be used to extend understanding benefits by using

new environments/enhancements for comparison against traditional systems.

The study shows that the use of stereoscopic interfaces in the design review
process can significantly improve the time that users spend in navigating and
manipulating objects within the design space. Moreover, the study shows that use of the

stereoscopic environments dramatically (695%) improves user spatial awareness.

Finally, the study presents an economic analysis that shows a significant cost
savings garnered from a demonstrated 16.2% overall increase in fault location and
identification using an immersive CAVE environment for design reviews. These cost

savings per ship program are significantly greater than the acquisition and operating costs

112



of the virtual environments. This economic argument represents conclusive evidence that

investment in stereoscopic systems is well justified.
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Figure A- 1: B1INp1Tim Novice User Elapsed Times

Table A- 1: BINp1Tim Novice User Elapsed Times Statistics

Benchmark 1, Novice Users, Pass 1, Elapsed Time:

BINpT_[#Users Mean St Dev. Low High [ PValue | Nommal7_|__Coefr_ ofvar,
Clove | 15 3433 7343 260.0 5150 | >0.1000] _ Yes 21.33%
Wand | 15 301.9 158.50 165.0 780.0 0.08%5 _ Yes 52.50%

B6Non | 15 3259 125.90 185.0 6150 | >0.1000]  Yes 39.55%
WIS 5 3467 o1.28 225.0 5250 | >0.1000  Yes 26.33%
Homogeneity of Varianct Roy’s Greatest Rool__ F(3.12) 074 _ProF 0548
BINp1 Balets Tes| Tevene’s Tes_| Equal o | Equal | Statstcaly | __—_—
P CRFST TP CRST T F VA [P vara | O [F.14) ProF | =18 Sianficant | Statistcally Better

Clove vs Wand 73107 00069 No | 14 | 120 [02920] Yes Var___|Wand __ 14.04%

Glove vs 85"Nor 20610 0.0439 No | 14 | 029 [06000] Yes Var__|86'Non __ 5.65%

Glove vs WIS 06311 04270 Yes | 14 | 0.01 [06300] Yes | Neither Nefther

Wand vs 86"Non 05751 04482 Yes | 14 | 017 [06827] Yes | Neiher Neither

Wand vs WIS 30256 0.0476 No | 14 | 182 [0.1984] Yes Var__|Wand __ 1484%

B6"Non vs WIS 15782 02090 Yes | 14 | 021 |06524] Yes | Neiher Nefther
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Benchmark 1 - Novice Users - Pass 1
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Figure A- 2: BINp1Nav Novice User Navigation Ratings

Table A- 2: BINp1Nav Novice User Navigation Ratings Statistics

Benchmark 1, Novice Users, Pass 1, Navigation Ratings

B1Np1 # Users Mean t. Dev. Low High P Value | Normal? Coeff. of Var.
Glove 15 3.991 0.460 314 471 > (0.1000 Yes 11.53%
Wand 15 3.809 0.661 214 471 =(0.1000 No 17.36%
86"Non 15 3.733 0.589 243 443 0.0002 No 15.76%
WIS 15 3487 0.603 2.00 457 > 0.1000 Yes 17.39%
Homogeneity of Variance Roy's Greatest Roaot: F(3,12) Fr=F 0.0036
B1Np1 Bartlett's Test Levene's Test Equal \ Equal | Statisticall L
P e e Vgr > | df |Fa14) | Pr>F Megns , S‘gnmcan? Statistically Better
Glove vs Wand 17417 0.1869) Yes 14 086 |03704] Yes Neither Neither
Glove vs B6"Non 00760 | 0.3916 ] Yes 14 300 |010682| Yes Neither Neither
Glove vs WIS 1.1300 0.2878 Yes 14 20.03 | 0.0005 MNo Means |Glove 15.11%
\Wand vs 86"Non 0.1400 | 0.7106 | Yes 14 011 [07433] Yes Neither Neither
Wand vs W/S 0.1153 0.7342 Yes 14 209 |01707] Yes Neither Neither
86"Non vs WIS 0.0100[ 09378 Yes 14 6.08 | 00272 MNo Means |86" Non 7.67%
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Benchmark 1 - Novice Users - Pass 1
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Figure A- 3: B1Npl1Loc Novice User Locating Ratings
Table A- 3: BINpl1Loc Novice User Locating Ratings Statistics
Benchmark 1, Novice Users, Pass 1, Locating Ratings
BiNp1 # Users Mean St Dev. Low High P Value | MNormal? Coeff. of Var.
Glove 15 4107 0.501 3.40 5.00 = (11000 Yes 12.19%
Wand 15 4 670 0.527 2.40 4.80 < (.0001 MNo 11.29%
B6"Non 15 3.880 0485 280 460 0.0245 No 12.74%
WIS 15 3.800 0.641 2.00 4.80 = (1000 Yes 16.88%
Homogeneity of Variance Roy's Greatest Root Fi3,12) 0.87 Pr=F 0.4841
B1Mp1 Bartlet's Test Levene's Test | Equal . _ Equal | Statistically | ...,
Chi-5q [Pr=Chisg[F Value TPr=F ] var ? dr |Fi114) Pr=F Means ? Eigniﬂcant Statistically Better
Glove vs Wand 12000 [ 02222 Yes 14 215 [U0E30e No Means  [Wand T30 1%
Glove vs 86 Non 24135 0.1203 Yes 14 166 [0.0784 No Means  |Glove 5.85%
Glove vs WIS 03133 0.5757 Yes 14 13.25 | 0.0027 No Means  |Glove 8.08%
'Wand vs 86"Non 02500 [0.6205] Yes 14 1 0.06 [08103] Yes Neither Meither
Wand vs WIS 01800 [06786] Yes 14 | 319 |0.0958 No Means  [Wand 22.89%
BE"MNon vs WIS 0.7689 0.3806 Yes 14 264 [0.1265 Yes Neither Meither
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Benchmark 1 - Movice Users - Pass 1
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Figure A- 4: BINp1Mov Novice User Manipulation Ratings

Table A- 4: BINp1Mov Novice User Manipulation Ratings Statistics

Benchmark 1, Novice Users, Pass 1, Manipulation Ratings

B1Np1 [# Users Mean 5t Dev. Low High F value | MNormal? Coeff. of Var.

Glove 15 3.920 0477 3.20 4.80 = 01000 Yes 12.17%

Wand 15 3.800 0.600 2.40 4.60 = 01000 Yes 15.79%

BE"Mon 15 3627 0.433 3.00 4.40 0.0094 No 11.95%

Wis 15 3.400 0450 2.60 4.20 = (0.1000 Yes 13.52%
Homogeneity of Yariance Roy's Greatest Root: F(3,12) 334 Pr=F 0.0561

B1Np1 Barflett's Test Levene's Test | Equal . . i Equal | Statisticall -

CRTSqTPTs CRsq[FVale PFr=F \J_gr o| o [Foey) preF r-ﬂe?ans ’ Signmcanf Statistically Better

Glove vs Wand 0.7068 0.4008 Yes 14 0.40] 05379 Yes Neither Neither
Glove vs BE"Non 0.1900] 0.3360 ves 14 4.19| 0.0598 Mo Means |Glove 8.08%
Glove vs WIS 0.0180 0.8933 Yes 14 10.03| 0.0062 MNo Means  |Glove 15.29%

Wand vs 86"Non 1.3100] 0.2628] Yes 14 1.15| 0.3027| Yes Neither Neither
Wand vs WIS 0.9461 0.3307] Yes 14 5.38| 0.0359 Mo Means  |Wand 11.76%
B6"Non vs WIS 0.1132| 0.7366] Yes 14 3.36| 0.0924 No Means |36" Non 6.68%
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Figure A- 5: BINp1Gen Novice User General Impressions Ratings

Table A- 5: BINp1Gen Novice User General Impressions Ratings Statistics

Benchmark 1, Novice Users, Pass 1, General Impressions Ratings

B1MNp1 | # Users Mean St. Dev. Low High F Value | MNormal? Coeff. of Var.

Glove 15 4280 0.452 3.40 4.80 = 0.1000 Yes 10.57%

Wand 15 4027 [l 240 500 = 0.1000 Yes 17 40%

8E8"Non 15 3827 0.744 2.80 5.00 = 0.1000 Yes 19.44%

= 15 3587 0.463 2.80 4.20 0.005 Mo 12.90%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 593 Pr=F 0.0102

BiNp1 Barilett's Test Levene's Test Equal ] \ . Equal | Statistically N

ThiSq | Pr=Chisg | FVvale [Pr=F ] var? df |Fi1,14)| Pr=F Means 7 | Significant Statistically Better

Glove vs Wand 25074 01133 Yes 14 1.53 |0.2372 Yes Neither Neither
Glove vs BE"Non 32185 0.0728 Yes 14 387 [0.0694 Mo Means [Glove 11.84%
Glove vs WIS 0.2000] 0.6543] Yes 14 [ 1916 | 0.0008 No Means [Glove 10.32%
\Wand vs B6"Non 0.0491 0.8247| Yes 14 0.06 04707 Yes Meither  [Wand 523%
\Wand vs WIS 1.3600] 02539] ves 14 5.23 [0.0383 Mo Means  [Wand 12.27%

BE"Mon vs WIS 3.7700] 0.0624] Yes 14 1.68 [0.2164 Yes Meither Neither
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Overall Impressions Ratings
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Figure A- 6: BINp1Ovr Novice User Pass 1 Overall Impressions Ratings

Table A- 6: BINp1Ovr Novice User Overall Pass 1 Impressions Ratings Statistics

Benchmark 1, Novice Users, Pass 1, Overall Impressions Ratings

E1Np1 ] # Users Mean St Dev. Low High P Value Normal? Coeff. of Var.
Glove 15 4129 0.384 3.60 472 =0.1000 Yes 9.28%
Wand 15 3835 0.530 268 459 0.0165 Mo 13.46%
BE"Mon 15 3815 0420 282 4.41 =0.1000 Yes 11.01%
WIS 15 3597 0366 2ER0 4.09 0.0654 Yes 10.17%
Homogeneity of Variance Roy's Greatest Root: F(3,12) IRE] Pr=F 0.0038
B1Np1 Bartlett's Test Levene's Test | Equal . . . Equal | Statistically | o, . . o N
Chi-3q | Pr=Chizq | F Value | Pr=F | var ? df|F0.14)) Pr=F Means 7 | Significant Statistically Better
Glove vs Wand 1.2000| 0.3206] Yes 14 156 | 03012 Yes Neither Meither
Glove vs 86"Non 0.1110 0.7350 Yes 14 5.14 | 0.0387 No Means  |Glove 8.23%
Glove vs WIS 0.0304 08616 Yes 14 | 21.62 | 0.0004 No Means  |Glove 14.79%
Wand vs B6"Non 0.5000( 0.4853] Yes 14 D44 |D5172 Yes MNeither Meither
Wand vs WIS 1.0000] 0.3261] Yes 14 462 | D.0495 Mo Means [Wand 9. 40%
86"Non vs WIS 0.2571 06121 Yes 14 5.59 | 0.0330 Mo Means |86 Mon 6.06%
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Figure A- 7: B1Np2Tim Novice User Elapsed Times

Table A-7: BINp2Tim Novice User Elapsed Times Statistics

Benchmark 1, Novice Users, Pass 2, Elapsed Time:

BINpZ | Users Wiean ST Dev. Tow High P Value | _Normar? | Coefr_of Var.
Glove | 15 267.0 60.14 790.0 3650  [-01000 | Yes 2252%
Wand | 15 1915 4737 115.0 3000 00923] _ Yes 24.14%
B6'Non | 15 2373 70.78 T50.0 3300 [>01000 | Yes 29.83%
WiS 15 263.7 72.24 165.0 4450 __[-01000 | Ves 27.35%
Homogeneily of Varianct Roy's Grealest Rool__ F(3.12) 2296 _Pr-F__<0.0001
BINp2 Barietls Tesi Tevene’s Tes_| Equal _ —_| Eaual | Stadstcally | o -
P SRST TP O FVaE T Pr=F varp | O [FOL14) ProF | A Sianficant | Statstically Better
Glove vs Wand 7.6330 0.3823 Yes 14 [13.12]0.2800| Yes Neither Neither
Glove vs 86'Nor 0.3571 0.5501 Yes | 14 | 152 [02384] Yes | Neitner Neither
Glove vs WIS 0.4514] __ 0.5017 Yes | 14 | 0.01 [09090] Yes | Neitner Neither
Wand vs 86"Non 2.1244] _ 0.1450 Yes | 14 | 6.19 [0.0260] No Means |Wand __ 23.92%
Wand vs WS 23383 0.1262 Yes | 14 |3527|00000] No Means |Wand __37.70%
86"Non vs W/S 0.0056] ___0.9404 Yes | 14 | 1.75 [02070] Yes | Neifher Neither
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Figure A- 8: B1Np2Nav Novice User Navigation Ratings
Table A- 8: BINp2Nav Novice User Navigation Ratings Statistics
Benchmark 1, Novice Users, Pass 2, Navigation Ratings
B1Np2 # Users Mean St. Dev. Low High P Value | Normal? Coeff. of Var.
Glove 15 4075 0.500 314 471 = (0.1000 Yes 12.27%
Wand 15 3.996 0.490 3.00 4.71 = (0.1000 Yes 12.27%
86"Non 15 3.810 0.634 243 4.86 =(0.1000 Yes 16.64%
WIS 15 3515 0.501 24 429 > (0.1000 Yes 14.26%
Homogeneity of Variance Roy's Greatest Root: F(3,12) Pr=F 0.0096
B1Np2 Bartlet's Test Levene's Test Equal \ . Equal | Statistically -y
Chi-sq | Pr= Chisq | F value | Pr=F Var ? df | F(1.14) | Pr>F Means ?| Significant Statistically Better
Glove vs Wand U.0055 0.9408 Yes 14 017 |06877| Yes Neither Neither
Glove vs 86"Non 0.7518 0.3859 Yes 14 194 | 01850 Yes Neither Neither
Glove vs WIS 0.0001 0.9936 Yes 14 16.32 | 0.0012 No Means |Glove 15.93%
Wand vs 86"Non 0.8842 0.3471 Yes 14 1.03 | 0.3280 Yes Neither MNeither
Wand vs W/S 0.0068 0.9344 Yes 14 7.84 00142 No Means |Wand 13.68%
86"Non vs WIS 0.7383 0.3902 Yes 14 412 | 00618 Mo Means |86" Non 8.39%
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Figure A- 9: B1Np2Loc Novice User Locating Ratings
Table A- 9 BINp2Loc Novice User Locating Ratings Statistics
Benchmark 1, Novice Users, Pass 2, Locating Ratings
B1Np2 # Users Mean St Dev. Low High P Value Mormal? Coeff. of Var.
Glove 15 4293 0.345 380 5.00 = [0.1000 Yes 4.04%
Wand 15 3.996 0.466 3.20 5.00 0.0273 No 11.66%
86" Non 15 3960 0.530 3.00 5.00 0.0961 Yes 13.39%
WIS 15 ENLT 0477 200 460 =0.7000 Yes 11.02%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 449 Pr=F 0.0247
B1Np2 Bartlell's Test Levene’s Test | Equal \ ] Equal | Statistically | o . ..
C=q [T O [F vaAE [ FT = F \,-'gr o| 9 [FU114) Pr=F r'u‘le:;;ns ? Signi'ﬂcani‘J Statistically Better
Glove vs Wand 12000 U222 Yes 14 5.15 | 0.0398 No Means  |Glove T.43%
Glove vs 86"Non 24135 0.1203 Yes 14 3.66 | 0.0764 No Means  [Glove 8.41%
Glove vs WIS 0.3133 0.5757 Yes 14 | 13.25 | 0.0027 No Means  |Glove 13.36%
Wand vs BE"Non 02500 | 06205 Yes 14 [ 006 [0.8103] Yes Neither Neither
Wand vs WIS 07800 [OE6T8E] Yes 14 3.19 | 0.0958 No Means  [Wand 5.52%)
BB "Non vs WIS 0.7689 0.3806 Yes 14 2.64 | 01265 Yes MNeijther MNeither
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Figure A- 10: BINp2Mov Novice User Manipulation Ratings

Table A- 10: BINp2Mov Novice User Manipulation Ratings Statistics

Benchmark 1, Novice Users, Pass 2, Manipulation Ratings

B1Np2 |# Users Mean St Dev. Low High P Walue | MNormal? Coeff. of Var.

Glove 15 4293 0.399 3.80 500 = 01000 Yes 0.20%
Wand 15 3.853 0.437 2.80 4.20 0.00 Mo 11.35%
36"Mon 15 3.747 0.450 3.00 440 0.1000 Yes 12.01%
WiIs 15 3.680 0.391 3.00 400 0.0075 Mo 10.63%

Homogeneity of Variance Roy's Greatest Root: Fi(3,12) Q67 Pr=F 0.0016
B1Np2 tlett! t avens' . . ) E tistically _

cnuE-;g-r:iIETFt'rS:I%Sr{u\,q provenes Test 'fgLr"f,' g |F(1.14) Pr=F Meg‘;g' \ %‘Er‘ﬁ#cc::if Statistically Better

Glove vs Wand 01100 0.7461] Yes 14 0.74| 0.0075 Mo Meanzs |Glove 11.42%

Glove vs 86"Non 0.1961 0.6579 Yes 14 11.63| 0.0042 Nao Means |Glove 14 57%

Glove vs WIS 0.0100] D.9215] Yes 14 27.84| 0.0001 No Means [Glove 16.66%
Wand vs 86"Non 0.0100{ 0.9092] vYes 14 0.62| 0.4428] Yes Neither Neither
Wand vs WIS 01600 0.68929] Yes 14 1.27| 0.2778] Ves Meither Meither
B86"Non vs WIS 0.6100| 0.4430] Yes 14 0.35| 0.5598] Yes Meither Meither
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Figure A- 11: B1Np2Gen Novice User General Impressions Ratings

Table A- 11: BINp2Gen Novice User General Impressions Ratings Statistics

Benchmark 1, Novice Users, Pass 2, General Impressions Ratings

B1Np2 | # Users Mean St. Dev. Low High PValue | Normal? Coeff. of Var.

Glove 15 4427 0.345 4.00 5.00 =0.1000 Yes 7.80%

Wand 15 4133 0.528 3.00 4.20 =0,1000 Yes 12.77%

86"Mon 15 3933 0.554 3.00 5.00 0.0023 Mo 14 08%

WIS 15 3 667 0.500 2.80 420 =0.1000 Yeas 13 62%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 837 Pr=F 0.0028

B1Np2 Bartlett's Test Levene's Test | Equal ] \ . Equal | Statistically - )

Chi-Sq | Pr=ChiSg | FValue JFr=F ‘»-’gr ? i F(1.4) Pr=F I\-1egns ? Significan{ Statistically Befter

Glove vs Wand 2.3543 0.1244 Yes 14 251 |0.1352 Yes Meither Meither
Glove vs 86"Non 3.2100f 0.0829] Yes 14 7.90 |0.0138 No Means  [Glove 12.56%
Glove vs WIS 1.8023 0.1794 Yes 14 24 77 | 0.0002 No Means |Glove 20.73%
Wand vs 86"Non 0.0400] 0.B383] Yes 14 133 [ 0.2683 Yes Meither |Wand 5.09%
Wand vs WIS 00387 0.8421 Yas 14 798 |0.0135 Mo Meaans [Wand 12.71%
B6"Non vs WIS 0.1600] D.6880] Yes 14 6.29 | 0.0251 Mo Mezans [B6" Mon 7.26%
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Figure A- 12: B1INp2Ovr Novice User Overall Impressions Ratings

Table A- 12: BINp20Ovr Novice User Overall Impressions Ratings Statistics

Benchmark 1, Novice Users, Pass 2, Overall Impressions Ratings

B1Np2 | # Users Mean St Dev. Low High F Value Mormal? Coeff. of Var.
Glove 15 4301 0314 374 4.78 =0.1000 Yes 7.30%
Wand 15 4.037 0439 3.09 4.68 = 0.1000 Yes 10.88%
86"Non 15 388 0437 2095 4 R4 =0.1000 Yes 11.27T%
Wis 15 36851 0338 297 418 0.0081 No §.28%
Homaogeneity of Variance Roy's Greatest Root: F{2,12) 16.53 Pr=F 0.0001
BiNp2 Bartlett's Test Levene's Test | Equal . . . Equal Statistically e N
— gr S| o |Fias|PreF Megns ) Signmcan{ Statistically Better
Glove vs Wand 1.4947 0.2215) Yes 14 371 (00748 No Means |Glove 5.54%
Glove vs 86"Non 1.4593 0.2270 Yes 14 1048 | 0.0060 Mo IMeans Glove 10.82%
Glove vs WIS 0.0700] 0.7917] Yes 14 | 4452 | 0.0000 No Means  |Glove 17.80%
‘Wand vs 86"Non 0.0002 0.92a0 Yes 14 1.16 [0.2005 Yes Meither Meither
Wand vs WIS 0.7400( 03969 Yes 14 886 |0.0100 Mo Means Wand 10.57%
B6"Non vs WIS 0.7300] D.3994] Yes 14 B8.01 [ 0.0098 No Means |36 Non 5.30%
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Figure A- 13: BINp3Tim Novice User Elapsed Times

Table A- 13: BINp3Tim Novice User Elapsed Times Statistics

Benchmark 1, Novice Users, Pass 3, Elapsed Time:

BTNp3 % Users Tiean ST Dev. Tow Figh PValie  Normal? Coett of Var.
Giove B 2123 3064 1750 2700 | 0.1000 Yes 12.45%
Wand 15 719 3711 115.0 2450 |>0.1000 Yes 21.59%
g6'Non | 15 1945 1814 95.0 260.0  |>0.1000 Yes 24.75%

WIS 15 1964 36.80 125.0 250.0  |>0.1000 Yes 18.74%
Homogeneity of Varanct Roys GrealestRoot_ F(3.12) 239 Pr=F 00186

B1Np3 Bartets Tesl Tevenes Tes | Equal _ _ Equal | Statsically ——
P CRFSq TP CST VA T Fr=F Vgr’? df |F(1,14) Pr>F Megns,? Sianficant | Statsticaly Better

Glove vs Wand 0.4924 0.4828] Yes 14 10.23 | 0.0064 No Means Wand 23.50%

Glove vs 86"Nor 27107 0.0997 Yes | 14 | 1.75 [02069] Yes Neither Neither

Glove vs WiS 0.4509 05019 Yes | 14 | 1.17 [0.2969] Yes Neither Neither

Wand vs 86'Non 09305 03347 Yes | 14 | 3.76 [0.0729] No Means |Wand 13.15%

Wand vs WiS 0.0009 09757 Yes | 14 | 6.72 [00213] No Means |Wand 14.25%

86"Non vs WIS 0.9893 03199 Yes | 14 | 672 [00213] No Means |86" Non  0.98%
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Figure A- 14: B1Np3Nav Novice User Navigation Ratings
Table A- 14: BINp3Nav Novice User Navigation Ratings Statistics
Benchmark 1, Novice Users, Pass 3, Navigation Ratings
B1Np3 # Users Mean t. Dev. Low High P Value | Normal? Coeft. of Var.
Glove 15 4.323 0.445 343 5.00 0.0165 No 10.30%
Wand 15 4057 0521 3.00 500 0.0725 Yes 12 84%
86"Non 15 3.933 0.592 3.00 5.00 > 0.1000 Yes 15.04%
Wis 15 3.699 0.606 260 4.90 > 0.1000 Yes 16.38%
Homogeneity of Variance Roy's Greatest Root: F(3,12) Pr=>F 0.0216
B1Np3 Bartlett's Test Levene's Test Equal \ Equal | Stafistically -
ChSTTRTSCSTFvae T P var? df | F{1,14) | Pr=F Means ?| Significant Statistically Better
Glove vs Wand 04200 | 05203 Yes 14 135 (02648 Yes Neither Neither
Glove vs 86"Non 14500 | 02382 | Yes 14 478 (00463 No Means |Glove 0.92%
Glove vs WIS 14300 | 024221 Yes 14 8.95 |0.0087 MNo Means |Glove 16.87%
Wand vs 86"Non 0.2192 0.6396 Yes 14 064 |04360| Yes Neither Neither
Wand vs W/S 0.3080 0.5783] Yes 14 9.23 |0.0089 No Means  [Wand 9.68%
86"Non vs WIS 0.0078 0.9298 Yes 14 371 |0.0748 No Means Neither
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Benchmark 1 - Novice Users - Pass 3
Locating Ratings
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Figure A- 15: B1Np3Loc Novice User Locating Ratings
Table A- 15: BINp3Loc Novice User Locating Ratings Statistics
Benchmark 1, Novice Users, Pass 3, Locating Ratings
B1Np3 # Users Mean St Dev. Low High PValue Nomal? Coeff. of Var.
Glove 15 4453 0.374 4.00 5.00 = [0.1000 Yes 8.40%
Wand 15 4200 0.524 320 5.00 0.5350 Yes 1247%
86"MNon 15 4.013 0.515 3.20 5.00 0.1690 Yes 12.84%
WIS 15 3833 0.589 280 5.00 =0.1000 Yes 14.97%
Homogeneity of Variance Foy's Greatest Root:  F({3,12) 2.58 Pr=F 0.1313]
B1Mp3 Bartlett's Test Levene's Test | Equal . i Equal | Stafistically | a,_..ho 1.
CRrEq TP T CRSq [ T VA T \f-'gr 2| doF [Fil14) Pr=F rv‘legns 0 i‘:igniﬂcanf Statistically Better
Glove vs Wand 1.5004] 02147 Yes 14 ] 226 [U1ME] Yes Neither Neither
Glove vs 86" Non 15600 |0.2222] Yes 14 7.68 |0.0150 No Means  [Glove 10.95%)|
Glove vs WIS 2.6958 0.1006 Yes 14 6.90 | 0.0192 No Means |Glove 13.22%;
\Wand vs 86"Nen 0.0000 [0.5507] Yes 14 1.30 |0.2737 Yes Neither Neither
\Wand vs WIS 0.1549 08672 Yes 14 | 4.00 |0.0853 No Means  |Wand 6.79%|
BE"Non vs WIS 0.3831] 0.5307] Yes 14 0.63 | 044197 Yes Neither Meither
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Benchmark 1 - Novice Users - Pass 3
r-.ﬂanipulatic}n Ratings
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Figure A- 16:

BINp3Mov Novice User Manipulation Ratings

Table A- 16: BINp3Mov Novice User Manipulation Ratings Statistics

Benchmark 1, Novice Users, Pass 3, Manipulation Ratings

B1Np3 |# Users Mean St Dev. Low High P Yalue  Normal? Coeff. of Var.
Glove 15 4.480 0.391 4.00 5.00 0.0426 Mo 8.73%
Wand 15 4.000 0.561 3.00 4 80 = 01000 Yes 14 .02%
36 "Mon 15 3.747 0.450 3.00 4 .80 = 01000 Yes 12.01%
WIS 15 3.600 0.550 2.80 4.40 = 0.1000 Yes 15.29%
Homogeneity of Variance Roy's Greatest Root: Fi(3,12) 10.19 Pr=F 0.0013
B1Mp3 Barileit's Test Levene's Test | Equal . \ ] Equal | Statisticall N
CRESqTPTs GRS FVale [ PreF \J.gr S| o [Fota) preF r-flegns ’ Signmmnf_‘ Statistically Better
Glove vs Wand 2.8200( 0.1040] Yes 14 11.24| 0.0047 Nao Means |Glove 12.00%
Glove vs 86"Non 0.3200] D.5760] Yes 14 20.01] 0.0000 No Means [Glove 19.56%
Glove vs WIS 40500 0.0342] Yes 14 33.43| 0.0000 No Means  |Glove 24.44%
Wand vs 86"Non 0.6453 0.4218 Yes 14 416 0.0608 Mo Means |Wand 6.75%
Wand vs WIS 0.0045 0.9457 Yes 14 9.13| 0.0002 Mo Means  |Wand 11.11%
B6"Non vs WIS 0.5417 0.4617 Yes 14 231 01510  Yes Meither MNeither
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Benchmark 1 - Novice Users - Pass 3
General |I'T'I|:JrE!55iUI"IS F{atingﬁ
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Figure A- 17: BINp3Gen Novice User General Impressions Ratings
Table A- 17: BINp3Gen Novice User General Impressions Ratings
Benchmark 1, Novice Users, Pass 3, General Impressions Ratings
B1Np2 | # Users Mean St Dev. Low High 2 Value  Nomal? Coeff. of Var.
Glove 15 4627 0.399 3.80 5.00 0.0048 No B.62%
‘Wand 15 4 440 0615 3.00 5.00 0.0819 Yes 13.85%
86"Non 15 4120 0627 3.00 5.00 > 0.1000 Yes 15.22%
WIS 15 3787 0.661 2.40 5.00 0.0188 No 17.45%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 7.69 Pr=F 0.004
B1Np32 Bartlett's Test Levene's Test | Equal . . ] Equal | Statistically I
Chi-S3q | Pr=Chisg | FValue | Fr=F | var? i F(1.14)) Pr>F Means ? | Significant Statistically Better
Glove vs Wand 1.8000] 0.1832] Yes 14 0.84 | 0.3740 Yes Neither Neither
Glove vs B6"Non 28711 0.1022] Yes 14 [ 10.55 [ 0.0580 No Means |[Glove 12.31%
Glove vs WIS 26700| 0.1135] Yes 14 19.06 | 0.0006 MNo Means [Glove 2218%
Wand vs 86"Non 0.0100] 0.9367] Yes 14 207 01721 Yes Neither Neither
Wand vs WIS 0.0700] 0.7927] Yes 14 | 1661 [0.0011 No Means  [Wand 17.24%
86"Non vs WIS 0.0500( D.8227] Yes 14 534 [0.0367 No Means |56" Non 579%
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Benchmark 1 - Novice Users - Pass 3
Overall Impressions Ratings
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Figure A- 18: B1Np3Ovr Novice User Overall Impressions Ratings

Table A- 18: BINp3Ovr Novice User Overall Impressions Ratings Statistics

Benchmark 1, Novice Users, Pass 3, Overall Impressions Ratings

BiNp3 | # Users Mean St Dev. Low High F Yalue Mormal? Coeff_ of Var.
Glove 15 4 485 0.280 405 485 =0.1000 Yes 6.25%
Wand 15 4157 0494 314 4.91 =0.1000 Yes 11.89%
BE"Mon 15 3845 0.496 305 495 =0.1000 Yes 12.57%
WIS 15 3683 0557 282 4382 =0.1000 Yes 15.11%
Homogeneity of Variance Roy's Greatest Root: F{3.12) .09 Pr=F 0.0021
B1MNp3 Bartlett's Test Leveng's Test | Equal i . ] Equal | Statistically | ... . N
TRiSq] PreChisg [Fvalie | Br=F ,‘__,gr o | df |F(1.14) Pr=F Megns 2 Signiﬂcanf Statistically Better
Glove vs Wand 4.1398 0.0419 No 14 5.37 | 0.0351 No YariMeans |Glove 7.89%
Glove vs B6"Non 5.2003 0.0450 Mo 14 13.85 | 0.0023 ] WariMeans |Glove 13.69%
Glove vs WIS 59180 0.0150 Mo 14 | 26.04 [ 0.0002 No YVarlMeans |Glove 21.78%
'Wand vs B6"Non 0.0000 0.9907 Yes 14 205 |0.1743 Yes Meither  |Wand 5.37%
Wand vs WIS 0.1891 0.6636 Yes 14 | 20.33 |0.0213 NG Means  |Wand 12.87%
B6"Non vs WIS 01791 06721 Yes 14 540 | 0.0344 Mo Means  |86" Mon 7.11%
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Benchmark 1 - Novice Users - 3 Pass Avg.
Navigatinn Hatings
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Figure A- 19: BIN3pAvgTim Novice Users Elapsed Times

Table A- 19: BIN3pAvgTim Novice Users Elapsed Times Statistics

Benchmark 1, Novice Users, 3 Pass Avg., Elapsed Time:

B1N3pA |# Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glove 15 274.5 44.01 213.3 3483 > 0.1000 Yes 16.03%
Wand 15 221.8 69.17 153.3 403.3 > 0.1000 Yes 31.19%
86"Non 15 252.6 69.45 167.7 436.7 0.0135] No 27.49%

L] 15 268.6 54.36 191.7 376.7 > 0.1000 Yes 20.24%
Homogeneity of Variance Roy's Greatest Root F(3,12) 6.57 Pr=F 0.0071
B1N3pA Bartlett's Test Levene's Tes' | Equal ) . Equal | Statistically I
P et emparc o vgr? df |F(1,14) Pr>F Megns 2| Sinificant | Statistically Better
Glove vs Wand 2.6742 0.1020] Yes 14 8.30 |0.0120 No Means [Wand 23.76%
Glove vs 86"Nor 1.4300] 0.2413] Yes 14 1.23 | 0.2860 Yes Meither Neither
Glove vs WIS 0.5987 0.4391 Yes 14 0.10 | 0.7610 Yes Meither Neither
Wand vs 86"Non 0.0001| 0.9909] Yes 14 1.32 | 0.2690 Yes Meither Neither
Wand vs W/S 0.7771 0.3780 Yes 14 11.81 | 0.0040 No Means Wand 21.10%
86"Non vs WIS 0.5400| 0.4683| Yes 14 0.51 | 0.4900 Yes Meither Neither
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Benchmark 1 - Novice Users - 3 Pass Avg.
Navigation Ratings
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Figure A- 20: BIN3pAvgNav Novice Users Navigation Ratings
Table A- 20: B1N3pAvgNav Novice Users Navigation Ratings Statistics
Benchmark 1, Novice Users, 3 Pass Avg., Navigation Ratings
B1N3pA |# Users Mean St. Dev. Low High P Value | Normal? Coeff. of Var.
Glove 15 4.125 0.409 352 4.71 >0.1000 Yes 9.92%
Wand 15 3.953 0437 314 471 > (0.1000 Yes 11.05%
86"Non 15 3.825 0.551 271 4.67 >0.1000 Yes 14.41%
WIS 15 3.560 0.488 233 4.19 >(0.1000 Yes 13.70%
Homogeneity of Variance Roy's Greatest Root: F(3,12) Pr>F 0.1313
B1N3pA Bartleft's T L 's Ti Equal \ Equal | Statisticall L
g bnl-gg elrf’f >e(fr:|bq I F v?ﬁge SI-’ref tl— VgLr“;‘ df | F(114) | Pr>F Me?ai 7 St;trli;_:ccsn?’ Statistically Better
Glove vs Wand U.0576 U810 Yes 14 098 |0.3395]| Yes Neither Meither
Glove vs 86"Non 1.1784 0.2777] Yes 14 3.89 | 0.0687 No Means |Glove 7.84%
Glove vs WIS 0.4120 0.5210 Yes 14 | 21.20 | 0.0004 No Means |Glove 15.87%
Wand vs 86"Non 0.7218 0.3955) Yes 14 066 |04290| Yes Neither Neither
Wand vs WIS 0.1624 0.6869 Yes 14 7.39 | 0.0166 No Means |Wand 11.04%
B86"Non vs WIS 0.2019 0.6532 Yes 14 846 |0.0114 No Means |86" Non 7.44%
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Benchmark 1 - Novice Users - 3 Pass Avg.
Locating Ratings
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Figure A- 21: BIN3pAvg Novice User Locating Ratings

Table A- 21: BIN3pAvg Novice User Locating Ratings Statistics

Benchmark 1, Novice Users, 3 Pass Avg.

Locating Ratings

B1N3pA # Users Mean St Dev. Law High P Value Mormal? Coeff_of Var.
Glove 15 4 284 0.366 387 5.00 = [0.1000 Yes 8.54%
‘Wand 15 4.087 0.434 293 4.93 0.0382 Mo 10.62%
86" Mon 15 3851 0489 307 487 = 01000 Yes 12 38%
WIS 15 3879 0571 253 ER:] = 01000 Yes 14 73%
Homogeneity of Variance Roy's Greafest Root:  F({3,12) 147 Fr=F 0.0081
B1M3pA Barleil's Test Levene’s Test | Equal R Equal | Statistically | ..., .
P TS =S F Ve [ FT=F \-‘gr 2 df  [F{(1,14)| Pr=F I'v‘legns ” Signiﬂcan{ Statistically Better
Glove vs Wand 02500 [06207] Yes 14 220 |0.1604 Yes Neither MNeither
Glove vs 86"Non 1.1205 0.2898 Yes 14 | 418 [0.0802 No Means  |Glove 8.43%)|
Glove vs WIS 2.5971 0.1071 Yes 14 5.02 |0.0418 No Means  |Glove 10.44%)
Wand vs BE"Non 01400 [O71T3] Yes 14 085 [D.3735] Yes Neither Neither
Wand vs WIS 06500 [04258] Ves 14 1 263 [0AZ70]  Yes Neither Neither
B6"Non vs WIS 0.3254 0.5624 Yes 14 0.49 [0.4951 Yes Neither Neither
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Benchmark 1 - Novice Users - 3 Pass Avg.
Manipulation Ratings
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Figure A- 22: BIN3pAvgMov Novice User Manipulation Ratings

Table A- 22: BIN3pAvgMov Novice User Manipulation Ratings Statistics

Benchmark 1, Novice Users, 3 Pass Avg., Manipulation Ratings

B1N3pA |# Users Mean St Dev. Low High P Walue  Normal? Coeff. of Var.
Glove 15 4 231 0.372 367 403 = 01000 Yes B T78%
Wand 15 3.885 0.432 2.80 4.40 0.0446 No 11.11%

86"Mon 15 3705 0.376 .07 4.20 0.0984 Yes 10.15%

WIS 15 3560 0.372 287 4.00 = 0.1000 Yes 10.44%
Homogeneity of Variance Roy's Greatest Root: Fi312) 10.19 Pr=F 0.0013

B1N3pA Bartletf's Test Levene's Test | Equal 4 147 Pra Equal | Statisticall N,

° Chi-Sq[Pr=ChiSq|F Value] Pr=F \s'gr ? @ [FiL14) Pr=F r-ﬂegns ? Signiﬂcanf.t Statistically Setier
Glove vs Wand 0.2500( 0.6182] Yes 14 843 0.0116 Mo Means |Glove 8.91%
Glove vs B6"Non 0.0018 0.9661 Yes 14 20.01| 0.0000 Mo Meanz |Glove 14 20%
Glove vs WIS 0.0000 0.9985) Yes 14 37.63| 0.0000 Mo Means  |Glove 18.85%
'Wand vs 86"Non 0.2200] 0.6323] Yes 14 4 16| 0.0606 No Means |Wand 4 B6%
'\Wand vs WIS 0.1500] D.7021] Yes 14 5.38] 0.0358] Mo Means  [Wand 9.13%

B6"Mon vs WIS 0.0017 0.9672] Yes 14 2.49| 01367 Yes Neither Neither
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Benchmark 1 - Novice Users - 3 Pass Avg.

General Impressions Ratings
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Figure A- 23: BIN3pAvgGen Novice User General Impressions Ratings

Table A- 23: BIN3pAvgGen Novice User General Impressions Ratings Statistics

Benchmark 1, Novice Users, 3 Pass Avg., General Impressions Ratings

BIN3pA| # Users Mean St. Dev. Low High PValue  MNormal? Coeff. of Var.
Glove 15 4445 0.344 4.00 483 = 0.1000 Yes T7.73%
Wand 15 4.200 0.537 3.20 4.93 = 0.1000 Yes 12.80%

86"Non 15 3959 0.504 3.00 500 =0.1000 MNo 14.99%

WIS 15 3.680 0.482 273 4.40 0.0801 Yes 13.10%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 1147 Pr=F 0.0007
B1N3pA Bartlett's Test Levene's Test | Equal ] N . Equal | Statistically N,
Thsq ] Prochisg | Fvale | Prer \\_,:r 2 df |F(1,14)| Pr=F I\-1egns 5 Significamf Statistically Better

Glove vs Wand 26120 01061 Yes 14 219 | 01611 Yes Meither Meither

Glove vs B6"Non 3.8470 0.0498 No 14 7.88 | 0.0140 No YariMeans |Glove 12.28%

Glove vs WIS 15159 0.2182] Yes 14 | 29.15 | 0.0000 Nao Means |Glove 20.79%

Wand vs 86"Non 0.1337 0.7147] Yes 14 1.60 | 0.2267 Yes MNeither  [Wand 5.09%

Wand vs WIS 0.1583 0.6858 Yes 14 | 13.07 | 0.0028 Mo Means |Wand 14.13%

B86"Mon vs WIS 0.5818 0.4456 No 14 6.99 | 0.0193 No YariMeans |[BE" Non 7.58%
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Benchmark 1 - Novice Users - 3 Pass Avg.
Overall Impressions Ratings
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Figure A- 24: BIN3pAvgOvr Novice User Overall Impressions Ratings

Table A- 24: BIN3pAvgOvr Novice User Overall Impressions Ratings
Statistics

Benchmark 1, Novice Users, 3 Pass Avg., Overall Impressions Ratings

B1N3pA] # Users Mean St Dev. Low High F Value Mormal? Coefi_of Var.
Glove 15 4248 0.26 3191 476 = 0.1000 Yes 5.99%
Wand 15 3.89 0.48 303 471 =0.1000 Yes 12.01%
86"Non 15 3.88 043 294 458 =0.1000 Yes 11.01%
'WiS 15 3.64 0.35 273 411 =0.1000 Yes 9.62%
Homogeneity of Variance Roy's Greatest Root: F{3,12) 1545 Pr=F 0.0002
B1N3pA Bartlett's Test Levene's Test | Equal . . . Equal Statistically P .
TRSA TP CRSa FVaE [ BT vare | O [F14| Pr=F | ol | Sianficant | Statistically Better
Glove vs Wand 40383 0.0263] No 14 450 | 0.0521 No WarMeans |Glove 7.55%
Glove vs 86"Non 3.3435 0.0675 Yes 14 11.23 | 0.0048 No Means Glove 10.63%
Glove vs WIS 1.2830 0.2573 Yes 14 [ 4418 [ 0.0000 No Means  [Glove 17.76%
‘Wand vs 86 "Non 0.1794 0.6719 Yes 14 0.61 | 04481 Yes Meither [Wand 2 86%
Wand vs WiS 1.2938 0.2544 Yes 14 7.28 |0.0173 No Means  |Wand 3.50%
86"Non vs WIS 0.5219 0.4700 Yes 14 956 |0.0080 No Means 86" Non 5.45%




Appendix B

Experienced User Benchmark 1 (Navigation) Detail
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Elapsed Time
{in Sec.)

Benchmark 1 - Experienced Users - Pass 1 Elapsed Times
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Figure B- 1: B1IEp1Tim Experienced User Elapsed Times

Table B- 1: B1Epl1Tim Experienced User Elapsed Times Statistics

Benchmark 1, Experienced Users, Pass 1, Elapsed Times

B1Ep1 # Users Mean St. Dev. Low High P Value | Normal? Coeff. of Var.
Glove 15 340.40 114.60 215.00 £35.00 = 0.1000 Yes 33.67%
Nand 15 304.30 112.20 145.00 550.00 0.0255 No 36.87%
86"Nen 15 402.30 198.60 145.00 780.00 = 0.1000 Yes 49.37%
WIS 15 391.70 147.20 165.00 725.00 0.069 No 37.58%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 3.01 Pr>F 0.072
B1Ep1 Bartleft's Test Levene's Test | Equal \ Equal | Statistically -
P ThrSq] Pr> ChiSq [T Vale [ PreT Vgr 2 df F(1.14) | Pr>F I‘y“leins 2 Signiﬂcan{: Statistically Better
Glove vs Wand 0.0700] 09394]  Yes 14 1.20 0.2924 Yes Neither Neither
Glove vs 86"Non 3.8877 0.0486 No 14 1.30 0.2739 Yes Var Glove 18.18%
Glove vs WIS 0.7100] 0.4070] Yes 14 1.71 0.2121 Yes Neither Neither
Wand vs 86"Non 4.0300[ 0.0544] Yes 14 6.22 0.0257 No Means  |Wand 32.21%
Wand vs WIS 0.9700] 0.3338] Yes 14 7.62 0.1984 Yes Neither Neither
86"Non vs WIS 1.3800] 0.2499] VYes 14 0.08 0.7832 Yes Neither Neither
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Benchmark 1 - Experienced Users - Pass 1
MNavigation Ratings
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Figure B- 2: B1Ep1Nav Experienced User Navigation Ratings

Table B- 2: B1Ep1Nav Experienced User Navigation Ratings Statistics

Benchmark 1, Experienced Users, Pass 1, Navigation Ratings

B1Ep1 # Users Mean St. Dev. Low High P value| Normal? Coefi. of Var.
Glove 15 3.724 0.335 3.14 4.29 - 0.1000 Yes 9.00%
Wand 15 3.866 0.220 3.14 5.00 - 0.1000 Yes 5.69%
86"Non 13 3.438 0.723 2.29 4.29 = 0.1000 Yes 21.03%
WIS 13 3.621 0.713 2.00 4.40 = 0.1000 Yes 19.70%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 213 Pr=F 0.1502
B1Ep1 Bartlett's Test Levene's Test | Equal ] = Statistically .
P CRESqTFr= CSqF VAt [ Fr=F vaia | daf | FL1a) | ProF | Means Signiﬂcan}tr Statistically Better
Glove vs Wand 0.9922] 0.3192 Yes 14 0.95 0.3459 Yes Neither Neither
Glove vs 86"Non 7.3130 0.0068 Mo 14 162 0.2243 Yes Var Glove 5.32%
Glove vs WIS 7.0792 0.0078 Mo 14 0.19 0.6678 Yes Var Glove 2.84%
Wand vs 86"Non 3.2038 0.0735 Yes 14 6.31 0.0248 No Means Wand 12.45%
Wand vs WIS 3.0386 0.0813 Yes 14 2.06 0.1735 Yes MNeither Neither
86"Non vs WIS 0.0025 0.9605 Yes 14 1.98 0.1809 Yes Neither  |W/S 5.32%
\
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Benchmark 1 - Experienced Users - Pass 1

Locating Ratings
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Figure B- 3: B1EplLoc Experienced User Locating Ratings
Table B- 3: B1EplLoc Experienced User Locating Ratings Statistics
Benchmark 1, Experienced Users, Pass 1, Locating Ratings
B1Ep1 # Users Mean St. Dev. Low High P Value | Nomal? Coeff. of Var.
Glove 15 4307 0.413 3.00 5.00 0.0727 Yes 9.50%
Wand 15 4.040 0.415 240 5.00 0.0563 Yes 10.28%
86"Non 15 3.640 0.741 260 480 0.0017 No 20.37%
WIS 15 3720 0.560 200 440 0.0398 No 15.04%
Homogeneity of Variance Roy's Greatest Root: F3.12) 445 Pr>=F 0.1143]
B1Ep1 Bartlett's Test Levene's Test | Equal e Equal | Statistically -
b Chi-5q] Pr = Chisq |F value| Fr >t V?ar ? df F(1.14) | Pr>F Megns ?| Significant Statistically Better
Glove vs Wand 0.000% 09837 Tes 14 253 01337 Yes Neither MNeither
Glove vs 86"Non 6.8600] 0.0T41] No 14 6.22 0.0258 No VarlMeans |Glove 18.32%
Glove vs WIS TEA00] 0.2T09]  VYes 14 7.20 0.0178 No Means [Glove 16.78%
Wand vs 86"Non EIE00] 00279 Mo 14 627 0.0253 No VarlMeans [Wand 10.99%
Wand vs WIS 1.1100] 0.3020] VYes 14 409 0.0628 No Means  [Wand 5.60%
86"Non vs WIS 2.1400] 0.1548] VYes 14 0.23 0.6361 Yes Neither Neither
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Benchmark 1 - Experienced Users - Pass 1
Manipulation Ratings
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Figure B- 4: B1IEp1Mov Experienced User Manipulation Ratings

Table B- 4: B1IEp1Mov Experienced User Manipulation Ratings Statistics

Benchmark 1, Experienced Users, Pass 1, Manipulation Ratings

B1Ep1 # Users Mean St Dev. Low High F Value Normal? Coeff. of Var.
Glove 15 4.053 0.374 360 4.80 0.0425 No 9.23%
Wand 15 3813 0.635 260 5.00 Q.07 Yes 17.56%
86"Non 15 3343 0.774 240 4.80 0.0019 No 23.2T%
WIS 15 3560 0.511 240 5.00 = 0.1000 Yes 2279%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 283 Pr=F 0.0a832
B1Ep1 Bartlett's Test Levens's Test | Equal p . Equal Statistically e
P e o ,\_f;r S| daf | Faa) | PreF Me‘;ns ) Signmcan{ Statistically Better
Glove vs Wand 3.1400] 00275 Yes 14 714 0.0182 No Means  [Glave 12.18%
Glowve vs 86"Non 9.3300] 0.0490] Mo 14 .50 0.0113 No VarMeans |Glave 21.24%
Glove vs WIS TE300] 00700 Mo 14 450 0.0522 No Yar/Means [Glove 13.85%
Wand vs 86"Non 102000 03200 Yes 14 2.04 0.1754 Yes Meither  [Wand 8.08%
Wand vs WIS 0.8084 0.3836 Yes 14 0.07 0.7995 Yes Meither Meither
B6"Non vs WIS 0.0500] 0.8187] Yes 14 2.91 0.1103 Yes Neither Neither
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Benchmark 1 - Experienced Users - Pass 1
General Impressions Ratings
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Figure B- 5: B1Ep1Gen Experienced User General Impressions Ratings

Table B- 5: B1Ep1Gen Experienced User General Impressions Ratings Statistics

Benchmark 1, Experienced Users, Pass 1, General Impressions Ratings

B1Ep1 # Users Mean St. Dev. Low High P Value MNormal? Coeff. of Var.
Glove 15 4267 0.419 360 5.00 = 0.1000 Yes 9.81%
Wand 15 4210 0.353 3.80 5.00 = 0.0001 No B.38%
36"Non 15 3.547 0.791 2.20 4.80 0.0003 No 22.30%
WIS 15 3747 0.795 220 5.00 0.0012 No 21.20%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 2.84 Pr=F  (0.0829
B1Ep1 Bartlett's Test Levene's Test | Equal . Equal Statistically | oo .
g ChI-=q | FT = Chisg | F valle] Fr=F ‘\gr ? af F(1.14) Pr=F I'v‘le:ns ? Signiﬂcan{ Statistically Better
Glove vs Wand 04200 05241 Yes 14 0.86 0.3688 Yes Neither Neither
Glowve vs 86"Non 8.2600) 0.0077] Mo 14 7.70 0.0149 Mo WarlMeans |Glove 20.30%
Glove vs WIS 47000 0.028E] Mo 14 3.66 0.0783 No WarlMeans [Glove 13.88%
Wand vs 86"Non 5.3500] 0.0040] No 14 9.60 0.0079 Mo WVar'Means [Wand 18.69%
Wand vs V 5.6800] 0.0242] No 14 6.11 0.0269 Mo WVarfMeans |Wand 12.36%
85"Mon vs WIS 0.0000] 0.9821] Yes 14 2.06 0.1733 Yes Neither Neither
153




5]
=
=1

Benchmark 1 - Experienced Users - Pass 1
Overall Impressions Ratings
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Figure B- 6: BIEp10Ovr Experienced User Pass 1 Overall Impressions Ratings

Table B- 6: BIEp10vr Experienced User Overall Pass 1 Impressions Ratings

Statistics

Benchmark 1, Experienced Users, Pass 1, Overall Impressions Ratings

B1Ep1 # Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glove 15 4022 0.431 3.30 ENi > 10,1000 Yes 10./0%
Wand 15 3.921 0.3683 240 5.00 0.0535 Yes 977%
86"Non 15 3.483 0.701 230 460 0.0136 No 20.13%
WIS i 3657 0.645 259 450 > 10,7000 Yes TT.71%
Homogeneity of Variance Hoy's Greatest Root: F(3,72) 263 Pr=F 0.0038
B1Ep1 Bartlett's Test Levene's Test | Equal . Equal Statistically -
b Chi-Sq ] Pr>Chisq [F value| Pr> V?ar ? df F(1.14)| Pr>F Megns ? Signiﬁcani Statistically Better
Glove vs Wand 0.T643 06677 Yes 14 053 | 04798 Yes Neither Nerther
Glove vs BE"Non 48900] 00354 No 14 576 | 0.0308 No Var/Means |Glove 15.48%
Glove vs WIS 2.1980 0.1382 Yes 14 2.38 | 01452 Yes Meither Neither
Nand vs 86"Non 6.8900] 00739 No 14 9.18 | 0.0090 No Var/Means |[Wand 12.58%
Nand vs WIS 35745 0.0587 Yes 14 344 | 0.0846 No Means [Wand 7.22%
86"Mon vs Wi 0.1800] 0.6760] Yes 14 210 | 0.1697 Yes Neither Neither
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Benchmark 1 - Experienced Users - Pass 2 Elapsed Times
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Figure B- 7: B1Ep2Tim Experienced User Elapsed Times

Table B- 7: B1Ep2Tim Experienced User Elapsed Times Statistics

Benchmark 1, Experienced Users, Pass 2, Elapsed Times

B1Ep2 # Users Mean St. Dev. Low High P Value | Normal? Coeff. of Var.
Glove 15 336.90 134.20 180.00 550.00 > 0.1000 Yes 39.83%
Nand 15 251.30 91.66 145.00 470.00 > 0.1000 Yes 3647%
86"Nen 15 377.00 174.40 165.00 815.00 > (.1000 Yes 46.26%
WIS 15 337.00 162.10 145.00 785.00 0.0008 No 48.10%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 8.74 Pr>F 0.0022
B1Ep2 Bartleft's Test Levene's Test | Equal \ Equal | Statistically -
P TRSq] P> ChiSq [ F Vae [ PreF Vir ? df F(1,14) | Pr=F Megns ? Signiﬁcan{: Statistically Better
Glove vs Wand 19171 0.1662 Yes 14 6.01 0.0280 No Means [Wand 34.06%
Glove vs 86"Non 0.6500] 0.4252] Yes 14 0.65 0.4332 Yes Neither MNeither
Glove vs W/S 0.4794 0.4887 Yes 14 0.00 0.9989 Yes Neither Neither
Wand vs 86"Naon 2.4500[ 0.1297] Yes 14 19.12 | 0.0006 No Means  [Wand 50.02%
Wand vs W/S 41719 0.0411 No 14 943 0.0083 No Var/Means [Wand 34.10%
86"Non vs WIS 0.0400| 0.8350] VYes 14 0.16 0.2070 Yes Neither Neither
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Benchmark 1 - Experienced Users - Pass 2
Navigation Ratings
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Figure B- 8: B1Ep2Nav Experienced User Navigation Ratings

Table B- 8: B1Ep2Nav Experienced User Navigation Ratings Statistics

Benchmark 1, Experienced Users, Pass 2, Navigation Ratings

B1Ep2 # Users Mean St. Dev. Low High P Value| Normal? Coefi_ of Var.
Glove 15 3.952 0.460 3.14 4.71 = 0.1000 Yes 11.63%
Wand 15 3.924 0.611 243 5.00 0.0575 Yes 15.56%
86"Non 15 3.515 0.578 243 4.14 0.0081 No 16.44%
WIS 15 3.551 0.474 2.70 4.10 0.0418 No 13.33%
Homogeneity of Variance Roy's Greatest Root F(3,12) 7.91 Pr>F 0.0035
B1Ep2 Bartlett's Test Levene's Test | Equal } | Statistically .
P RIS PP ChiSg [FVae [ PraF \fgr S| o | Fag | PreF | Means Signmcarﬁ Statistically Better
Glove vs Wand 1.0726 0.3004 Yes 14 0.02 0.8769 Yes Neither Neither
Glove vs 86"Non 1.5600[ 02219 Yes 14 7.69 0.0130 No Means |Glove 12.43%
Glove vs WIS 0.0200] 0.8879 Yes 14 9.07 0.0093 No Means |Glove 11.29%
Wand vs 86"Non 0.0400] 0.8369] Yes 14 6.60 0.0223 No Means  |Wand 11.64%
Wand vs WIS 0.6600] 04246 ves 14 9.50 0.0081 No Means  |Wand 10.50%
86"Non vs WIS 1.2500 0_2?23| Yes 14 0.05 0.8230 Yes Neither Meither
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Benchmark 1 - Experienced Users - Pass 2
Locating Ratings

5.00 1
400 A R
3.00 A H HUIHHIH
Rating
200 H H HHIHHIH
1.00 o HBIHHIH
1 A A A
1|[E12|E13|E14(E15 StD
OGlove 4 4013 4014 40(3 804 8040040014 00]£ 60[3. 804 804 804 8014 404 240 .43
W 'Wand 4 68014 00[3.60(3.80(3.804.00)2.2014 680]2.60[4.004 204 20|14 2014 50)4.03|0 80
&8 " MNon 4 0014 40[2 40(3.40(3.20(3.00|2.2014.00(2.00[4.204.00|4.00/4 0014 40)3 &80 80
Owis 4 2012 00[3.40[3.40[(3 80|3.80|2.00)3_40]2 80[4. 2014 .0013.80)4 0014 202 670 .47
User #

Figure B- 9: B1Ep2Loc Experienced User Locating Ratings

Table B- 9: B1Ep2Loc Experienced User Locating Ratings Statistics

Benchmark 1, Experienced Users, Pass 2, Locating Ratings

B1Ep2 # Users Mean St. Dev. Low High PValue | Nomal? Coeff. of Var.

Glove h 4.240 0.429 3.40 480 > ().1000 Yes 10.1.2%

Wand 15 4027 0.599 2.60 5.00 > (.1000 Yes 14.88%

B86"Non 15 3.680 0.599 240 440 0.0006 No 16.28%

WIS 15 3.667 0.470 2.80 420 0.06592 Yes 12.82%
Homogeneity of Variance Roy's Greatest Root: F(3.12) 1267 Pr>F 0.0005

B1Ep2 Bartlett's Test Levene's Test | Equal . \ Equal | Statistically -

i CRSq [PrsChsa [Fvawe [ Pror] varr | & | FULM | PP 138l Signitcant | Statisticaly Better

Glove vs Wand 1.4553 0.2230 Yes 14 1.23 0.2869 Yes Neither Neither
Glove vs BE"Non 2.0500[ 01638 Yes 14 747 0.0162 No Means [Glove 16.22%
Glove vs WIS 0.1130 0.7367 Yes 14 17.66 0.0009 No Means  [Glove 15.62%
Wand vs 86"Non 0.0000] 0.9984] Yes 14 743 0.0154 No Means [Wand 9.43%
Wand vs WIS 0.7906 0.3739 Yes 14 1126 0.0047 No Means [Wand 09.82%

86"Non vs WIS 1.2300] 0.2772] Yes 14 0.01 0.9289 Yes Neither Neither
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Figure B- 10:

B1Ep2Mov Experienced User Manipulation Ratings

Table B- 10: BIEp2Mov Experienced User Manipulation Ratings Statistics

Benchmark 1, Experienced Users, Pass 2, Manipulation Ratings

B1Ep2 # Users Mean St Dev. Low High F Value Normal? Coeff. of Var.

Glove 15 4107 0471 340 5.00 0.0002 Mo 11.48%

Wand 15 4.051 0.569 3.00 5.00 = 01000 Yes 14.06%

86"Non 15 3525 0.467 286 400 0.0009 No 13.25%

WIS 15 3727 0.573 3.00 490 = 01000 Yes 15.36%
Homogeneity of Variance Foy's Grealest Root: Fi3,12) 457 Pr=F 0.0Z7%

B1Ep2 Bartlett's Test Levens's Test | Equal Equal Statistically .
g CR-Sg [ Pr= CSq [F vale | Pr= F ‘\gr o| 9 | FU1I4 Pr=F I*.‘Iegms ? Significan{ Statistically Batter

Glove vs Wand 0.4508 0.4281 Yes 14 0.09 0.7630 Yes Meither Neither
Glove vs BE'Non 0.0000] 09637 Yes 14 §.45 00115 No Means  [Glove 16.51%
Glove vs WIS 05090 0.4756 Yes 14 411 0.0622 No Means [Glove 10.20%
Wand vs B6"Non 09700 03337 Yes 14 1435 0.0020 No Means  [Wand 14.92%
'Wand vs WIS 0.0004 0.9839 Yes 14 716 0.0181 No Means  |Wand 3.60%
B6"Non vs WIS 0.8900] 0.3526] Yes 14 317 0.0968 No Means  [WIS 5.73%
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Figure B- 11: B1Ep2Gen Experienced User General Impressions Ratings

Table B- 11: B1Ep2Gen Experienced User General Impressions Ratings Statistics

Benchmark 1, Experienced Users, Pass 2, General Impressions Ratings

B1Ep2 # Users Mean St. Dev. Low High P Value MNormal? Coeff. of Var.
Glove 15 4.227 0.459 3.20 5.00 = 0.1000 Yes 10.56%
Wand 15 4107 0.641 260 5.00 = 0.1000 Yes 15.60%
86"Non 15 3827 0471 280 420 0.0002 No 12.99%
WIS 15 3707 0.405 280 4.20 0.0005 No 13.35%
Homogeneity of Variance Foy's Greatest Root: Fi3,72) 1844 Fr=F <=0.0001
B1Ep2 Bartlett's Test Levena's Test | Equal \ Equal Statistically .
g Chi-oq | Pr = Lhisq | F vale] Fre=F ‘ugr 7 af Fi1.14) | Pr=F I'v‘legns ? Signiﬂcan{ Statistically Better
Glove vs Wand 14735 0.2240 Yeas 14 041 0.5336 Yes Neither Neither
Glove vs 86"Non 0.0100] 0.9042] Yes 14 16.02 | 0.0013 No Means  |Glove 16.54%
Glove vs WIS 0.1000] 0.7594] Yes 14 2232 0.0003 Mo Means Glove 14.03%
'‘Wand vs 86"Non 17300 U.27T64] Yes 14 3.20 0.0125 No Means  |[Wand 13.23%
‘Wand vs 0.3500| 0.3643] ves 14 12.35 0.0034 No Means  [Wand 10.79%
B&"Non vs W/ 0.0700] 0.8001] Yes 14 0.39 0.5411 Yes Neither Neither
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Figure B- 12:

B1Ep20Ovr Experienced User Overall Impressions Ratings

Table B- 12: B1Ep20Ovr Experienced User Overall Impressions Ratings Statistics

Benchmark 1, Experienced Users, Pass £, Overall Impressions Ratings

B1Ep2 # Users Mean St Dev. Low High P Value Normal? Coeff. of Var.
Glove 5 4708 0457 285 ENi > 01000 Ves 17 T%
Wand 15 3.961 0387 330 5.00 = (0.1000 Yes 9.78%
86 "Non 15 3.490 0.705 240 460 0.0166 No 20.19%
WIS 15 3.648 0.647 230 460 = 0.1000 Yes 17.75%
Homaogeneity of Variance Hoy's Greatest Root: F(3,12) 325 Pr>F 0.0602
B1Ep2 Bartlett's Test Levene's Test | Equal . ] Equal Statistically -
P T e il B AR VNN e Sianficant | Statstically Better
Glove vs Wand UbbY 0.4.284 Yes 14 1.05 | 03235 Yes Neither Neither
Glove vs BE"Non 34700 00749 Yes 14 777 | 00145 No Means [Glove 17.71%
Glove vs WIS 1.1783 0.2777 Yes 14 364 [ 00770 No Means  [Glove 12.61%
Nand vs 86"Non 7.3600[ 0.0113] No 14 11.26 | 0.0047 No Var/Means |Wand 13.50%
Nand vs WIS 34166 0.0645 Yes 14 471 | 00477 No Means  [Wand B.E8%
86 "Mon vs WIS 0.2100] 0.6506] Yes 14 168 | 0.2162 Yes Meither Neither
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Figure B- 13: B1Ep3Tim Experienced User Elapsed Times
Table B- 13 B1Ep3Tim Experienced User Elapsed Times
Benchmark 1, Experienced Users, Pass 3, Elapsed Times
B1Ep3 # Users Mean St. Dev. Low High P Value  Normal? Coeff. of Var.
Glave 15 327.40 151.90 155.00 685.00 > 0.1000 Yes 46.40%
Nand 15 208.30 68.47 130.00 395.00 > 0.1000 Yes 32.87%
86"Mon 15 321.30 148.60 185.00 750.00 0.0007 No 46.25%
Wis 15 322.00 141.20 175.00 735.00 0.0615 No 43.85%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 12.74 Pr>F 0.0005
B1Ep3 Bartlett's Test Levene's Test | Equal \ Equal | Statistically - .
CRrSqTPrs ChSq [ FVae [ PreF] var 2 df F(1,14) | Pr>F Means ?| Significant Statistically Better
Glove vs Wand (.8080 0.0052 No 14 10.32 | 0.00B3 No Var/Means |Wand 57.18%
Glove vs 86"Non 0.0000] 0.9518] Yes 14 0.02 0.8803 Yes Neither Neither
Glove vs W/S 1.2800] 0.2620 Yes 14 0.00 0.9117 Yes Neither Neither
Wand vs 86"Non 1.8500| 0.0064] No 14 19.30 0.0006 No Var/Means |Wand 54 25%
Wand vs WIS 4.7000] 0.0389] No 14 2455 [ 0.0002 Mo/ VarlMeans [Wand 54.568%
BE"Non vs WIS 0.0200] 0.8984] VYes 14 0.00 0.9788 Yes Neither Neither
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Figure B- 14: B1Ep3Nav Experienced User Navigation Ratings
Table B- 14 B1Ep3Nav Experienced User Navigation Ratings
Benchmark 1, Experienced Users, Pass 1, Navigation Ratings
B1Ep1 # Users Mean St. Dev. Low High P Value| Normal? Coefi. of Var.
Glove 15 3.724 0.335 3.14 4.29 - 0.1000 Yes 9.00%
Wand 15 3.866 0.220 314 5.00 - 0.1000 Yes 5.69%
86"Non 15 3.438 0.723 229 429 - 0.1000 Yes 21.03%
WIS 15 3.621 0.713 2.00 4.40 = 0.1000 Yes 19.70%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 2.13 Pr=F 0.1502
B1EpP1 Bartlett's Test Levene's Test | Equal } ] statistically e
P e \gr S| o | Faagy | PraF | Means Signmcarﬁ’ Statistically Better
Glove vs Wand 0.9922 03192 Yes 14 095 0.3459 Yes Neither Neither
Glove vs 86"Non 7.3130 0.0068 No 14 1.62 0.2243 Yes Var Glove 8.32%
Glove vs WIS 7.0792 0.0078 No 14 0.19 0.6678 Yes Var Glove 2.84%
Wand vs 88"Non 3.2038 0.0735 Yes 14 6.31 0.0248 No Means [Wand 12.45%
Wand vs WIS 3.0386 0.0813 Yes 14 2.06 01735 | Yes Neither Neither
86"Mon vs WiS 0.0025 0.9605 Yes 14 1.98 0.1809 | Yes Neither  [W/S 5.32%
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Figure B- 15: B1Ep3Loc Experienced User Locating Ratings

Table B- 15: B1Ep3Loc Experienced User Locating Ratings Statistics

Benchmark 1, Experienced Users, Pass 3, Locating Ratings

B1Ep3 # Users Mean St. Dev. Low High PValue  Nomal? Coeff. of Var.
Glove i 4453 0547 300 500 0.8850 Yes T2 T0%
Wand 15 4320 0512 3.20 5.00 = 0.1000 Yes 11.84%
86 "MNon 15 3.893 0.362 3.20 460 0.0021 Mo 9.29%
WIS 15 4073 0493 300 500 01500 Mo 12 28%
Homogeneity of Variance Roy's Greatest Root: F(3.12) 954 Pr>F 00077
B1Ep3 Bartlett's Test Levene's Test | Equal . . Equal | Statistically -
i CRrSa[PrsChsa [Fvawe [ Pror] varr | O | FUL | ProF lyuldo) Sgnitcant | Statisticaly Better
Glove vs Wand 00450 08303 Yes 14 043 05248 Yes Neither Neither
Glove vs BE"Non T.7700] 02852 Yes 14 14.91 0.0017 No Means [Glove 14.38%
Glove vs WIS 0.0900] 07682 Yes 14 479 0.0462 No Means |Glove 10.96%
Wand vs 86"Non TE300[ 02T Yes 14 9.39 0.0084 No Means  [Wand 10.97%
Wand vs WIS 0.0200| 0.B86E] Yes 14 1243 0.0034 No Means |[Wand 7.EE%
86"Non vs WIS 1.1000| 0.3026] Yes 14 074 0.4029 Yes Neither Meither
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Figure B- 16:

B1Ep3Mov Experienced User Manipulation Ratings

Table B- 16: B1IEp3Mov Experienced User Manipulation Ratings Statistics

Benchmark 1, Experienced Users, Pass 3, Manipulation Ratings

B1ED3 # Users Mean St. Dev. Low High P value Normal? Coeff. of Var.

Glove 15 4.440 0.503 3.60 5.00 0.0321 No 11.32%

Wand 15 4.200 0.550 3.00 5.00 = 01000 Yes 15.458%

86"Non 15 3.387 0.542 260 440 No 16.01%

WIS 15 3.680 0.465 2.80 420 No 12.63%
Homogeneity of Variance Foy's Greatest Root: F(3,12) 11.99 Pr=F 0.0006

B1Ep3 Bartlett's Test Levens's Test | Equal . . Equal Statistically -
P CRSq TP TEVale B ,\_,:r S| o | Fiag) | preF Me‘;ns » Signmcan{ Statistically Better

Glove vs Wand 1.8700] 0.1825] Yes 14 0.84 03739 Yes Meither Neither
Glove vs 86"Non 0.2200] D.B411] Yes 14 2058 0.0000 No Means  |Glove 31.09%
Glove vs WIS 02200 06402 Yes 14 1231 0.0035 MNo Means Glove 20.65%
'Wand vs 85"Non 08000 03535 Yes 14 12.72 0.0031 No Means  [Wand 24.00%
Wand vs WIS 25400 0.1223] Yes 14 17.40 0.000% MNo Means  [Wand 14.13%
86"Non vs WIS 0.6700[ 0.4198] Yes 14 354 0.0810 No Means  [WIS 8.65%
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Figure B- 17:

B1Ep3Gen Experienced User General Impressions Ratings

Table B- 17: BIEp3Gen Experienced User General Impressions Ratings Statistics

Benchmark 1, Experienced Users, Pass 3, General Impressions Ratings

B1Ep3 # Users Mean St Dev. Low High P Value MNormal? Coeff. of Var.
Glove 15 4 507 0.385 3.80 5.00 = 0.1000 Yes 8.53%
Wand 15 4333 0.458 3.40 5.00 0.0504 Yes 11.26%
36"Non 15 373 0.452 2.80 4.20 = 0.0001 No 12.91%
WIS 15 3060 0422 320 500 = 01000 Yes 10.66%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 11.43 Pr=F 0.0002
B1Ep3 Bartleit's Test Levene's Test | Equal . Equal Statistically | ooyis X
b Chi-Sq [ Fr = Chiog |F Value| Fr=F x-'gr ? af F(1,14) Pr=F Meqans ? Signiﬂcan{ Statistically Better
Glove vs Wand U.ra0y 03330 Yes 14 0.95 0.3453 Yes Neither Neither
Glove vs 86"Non 1.1400 0.2944] Yas 14 37.50 0.0000 No Means  [Glove 20.73%
Glove vs WIS 0.1186 0.7306 Yes 14 15.24 | 0.0016 No Means [Glove 13.81%
Wand vs 86"Non 0.0000] 09570 Yes 14 974 0.0075 No Means  [Wand 16.07%
Wand vs 0.2818 0.5955 Yes 14 9.92 0.0071 No Means Wand 9.42%
86 "Non vs W/ 0.2600] 0.6174] Yes 14 3.22 0.0043 No Means  [W/S 5.06%
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Figure B- 18:

B1Ep3Ovr Experienced User Overall Impressions Ratings

Table B- 18: B1Ep3Ovr Experienced User Overall Impressions Ratings

tBenchmark 1, Experienced Users, Fass 4, Overall Impressions Ratings

B1Ep3 # Users Mean St. Dev. Law High P Walue Normal? Coeff. of Var.
Glove 5 L EL 0531 285 485 > 01000 Ves T2 80%
Wand 15 4013 0413 330 500 =0.1000 Yes 10.28%
36" Non 15 3514 0.723 240 460 0.0349 No 20.58%
WIS 15 3676 0650 230 460 = 0.7000 Yes T792%
Homaogeneity of Variance Hoy's Greafest Root: F(3,12) kXA Pr=F 0.0425
B1Ep3 Bartlett's Test Levene's Test | Equal . Equal Statistically L
’ Chi-5q [ Fr > Chisq [F Value | Pr>+ Vgr ? df | F(1,14)| Pr>F Me(;ns ? | Significant Statistically Better
Glove vs Wand 06365 03579 Yes 14 084 | 0.3/51 Yes Neither Neither
Glove vs BE"Non 2RT00[ 0171 Yes 14 767 | 00151 No Means [Glove 17.99%
Glove vs WIS 0.6266 0.4286 Yes 14 357 | 00798 Mo Means |Glove 12.7%%
Nand vs 86"Non B.1700] O.008T] No 14 12.97 [ 0.0029 No Var/Means [Wand 14.20%
Nand vs WIS 2 855D 0.0911 YVes 14 531 [ 0037 MNo Means  [Wand 917%
BE"Mon vs WIS 0.2700| D.EOS1] Yes 14 1.79 | 0.2026 Yes Meither Neither
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Figure B- 19: B1E3pAvgTim Experienced Users Elapsed Times

Table B- 19: B1E3pAvgTim Experienced Users Elapsed Times Statistics

Benchmark 1, Experienced Users, 3 Pass Avg., Elapsed Times

B1E3pA # Users Mean St. Dev. Low High P Value  Normal? Coeff. of Var.
Glove 15 334.90 105.40 198.30 560.00 0.0876 Yes 32.67%
Nand 15 254.70 81.28 160.00 430.00 > 0.1000 Yes 31.91%
B6"Non 15 367.00 166.90 168.30 781.70 0.0099 No 45.48%
WIS 15 350.20 143.40 168.30 748.30 0.0237 No 40.95%
Homogeneity of Variance Roy's Greatest Root- F(3.12) 11.20 Pr>F 0.0009
B1E3pA Bartlett's Test Levene's Test | Equal \ Equal | Statistically -
P TRrSq] Pr>ChiSq[F Vaue | PreF Vir 2 df F(1,14) | Pr>F I‘v‘le(;ns 2| Significant Statistically Better
Glove vs Wand 117549 0.2782 Yes 14 9.64 0.0078 No Means  [Wand 31.49%
Glove vs 86"Non 1.6600[ 0.2083] Yes 14 0.58 0.4593 Yes Neither Neither
Glove vs WIS 0.5500] 0.4650] Yes 14 0.16 0.6954 Yes Neither Neither
Wand vs 86"Non 3.0800[ 0.0801] Yes 14 16.10 | 0.0013 No Means  |Wand 44.09%
Wand vs WIS 3.0800] 0.0801] Yes 14 15.16 | 0.0016 No Means  [Wand 37.50%
86"Non vs WIS 0.2000] 0.6575] VYes 14 0.39 0.5428 Yes Neither Neither
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Figure B- 20: B1E3pAvgNav Experienced Users Navigation Ratings

Table B- 20: B1E3pAvgNav Experienced Users Navigation Ratings

Benchmark 1, Experienced Users, Pass 2, Navigation Ratings

B1Ep2 # Users Mean St Dev. Low High P Value| MNormal? Coeff. of Var.
Glove 15 3.952 0.460 314 4.71 = 0.1000 Yes 11.63%
Wand 15 3.924 0.611 243 5.00 0.0575 Yes 15.56%
86"Non 15 3.515 0.578 243 414 0.0081 No 16.44%
WIS 15 3.551 0.474 2.70 410 0.0418 No 13.33%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 7.91 Pr=F  0.0035
B1Ep2 Bartlett's Test Levene's Test ] e istically .
P SRS TP ST [Fvale  Pr=F 5‘;‘;?} df | F(1.14) | Pr>F | Means Sstgrﬁ‘%'g:'rk Statistically Better
Glove vs Wand 1.0726 0.3004 Yes 14 0.02 0.8769 Yes MNeither Neither
Glove vs B6"Non 1.5600] 0.2219] Yes 14 7.69 0.0150 No Means |Glove 12.43%
Glove vs WIS 0.0200] 0.8879 Yes 14 9.07 0.0093 No Means Glove 11.29%
\Wand vs 86"Non 0.0400| 08369 Yes 14 660 0.0223 No Means Wand 11.64%
Wand vs WiS 0.6600 0.4246' Yes 14 9.50 0.0081 No Means ‘Wand 10.50%
S6"Non vs WIS 1.2500 U.2723| Yes 14 0.05 0.8230 Yes Neither Neither
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Benchmark 1 - Experienced Users - 3 Pass Avg.
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Figure B- 21: B1E3pAvg Experienced User Locating Ratings

Table B- 21: B1E3pAvg Experienced User Locating Ratings Statistics

Benchmark 1, Experienced Users, 3 Pass Avg., Locating Ratings
B1E3pA # Users Mean St. Dev. Low High P%alue  Nomal? Coeff. of Var.
Glove 15 4240 0.495 293 A BT > (J. 1000 Yes 11.67%
Wand 15 4129 0.443 313 500 >0.1000 Yes 10.74%
86"Non 15 3.739 0.477 2.80 4.40 0.0186 No 12.75%
WIS 15 3.800 0.418 3.00 433 >0.1000 Yes 11.00%
Homogeneity of Variance Roy's Greatest Root: F{3.72) 1438 Fr=F 0.0003
B1E3pA Bartlet's Test Levene's Test Equal . \ Equal | Statistically -
’ Chi-5q [ Fr>Chisg | - Value | Fr>F ‘v'%r ? d | FOM) | Pr>F Megns 7| Significant Statistically Better
Glove vs Wand L] U.kB/0 Yes 14 043 0.5245 Yes Neither Meither
Glove vs B6"Non 0.0200] 0893 Yes 14 12.90 0.0029 No Means [Glove 13.40%
Glove vs WIS 0.3629 0.5360 Yes 14 6.59 0.0224 No Means  |Glave 11.58%
Nand vs 86"Non 0.0800 0.7734] VYes 14 18.68 0.0007 No Means  [Wand 10.43%
Nand vs WIS 0.0471 0.8283 Yes 14 29.34 0.0000 No Means  [Wand 6.66%
86"Non vs WIS 0.3800| D.5413] VYes 14 0.46 0.5095 Yes Neither Neither
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Benchmark 1 - Experienced Users - 3 Pass Avg.
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Figure B- 22: B1E3pAvgMov Experienced User Manipulation Ratings

Table B- 22: B1E3pAvgMov Experienced User Manipulation Ratings Statistics

Benchmark 1, Experienced Users, 3 Pass Avg., Manipulation Ratings

B1E3pA # Users Mean St Dev. Low High F Value Mormal? Coeff. of Var.
Glove 4199 0.373 373 493 >0.1000 Yes 5.859%
Wand 3.858 0.524 283 440 =0.1000 Yes 13.57%
86"Non 3368 0.561 2.40 420 0.0717 Yes 16.65%
WIS 3560 0.550 280 400 >0.1000 Yes 15.40%
Homogeneity of Variance Foy's Greatest Root: Fi3,72) 664 Fr=F 0.0068
B1E3pA Bartleit's Test Levena's Test | Equal ] . Equal Statistically .
§ Thoq] PTS CiSa [T Value] Fre ‘u'?ar o | 9 | F(1.74) Pr=F P.ﬂegns 7| significa n{ Statistically Better
Glove vs Wand 1.5226 0.2172 Yes 14 77 0.0727 Na Means  |Glove 8.84%
Glove vs 86°Non 21836 0.1395 Yes 14 18.77 0.0007 No Means  [Glove 24.67%
Glove vs WIS 1.9751 0.1599 Yes 14 12.00 0.0038 No Means  [Glove 17.65%
'Wand vs 85 "Non 0.0635 0.8010 Yes 14 13.04 0.0028 No Means  [Wand 14.55%
'Wand vs WIS 0.0313 0.8595 Yes 14 5.83 0.0205 No Means  |Wand 3.10%
86"Non vs WIS 0.0056 0.9401 Yes 14 285 01077 Yes Neither Neither
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Figure B- 23: B1E3pAvgGen Experienced User General Impressions Ratings

Table B- 23: B1E3pAvgGen Experienced User General Impressions Ratings

Statistics
Benchmark 1, Experienced Users, 3 Pass Avg., General Impressions Ratings
B1E3pA # Users Mean St Dev. Low High P Value MNormal? Coeff. of Var.

Glove 15 4089 0.207 367 478 = [0.1000 Yes 7.26%

‘Wand 15 3.911 0.380 324 5.00 0.081 Yes 971%

86"Non 15 3501 0.707 241 467 0.0233 Mo 20.21%

WIS 15 3664 0.558 230 4.60 = 0.1000 Yes 17.96%
Homogeneily of Variance Roy's Greatest Root Fi3.13) 23 Fr=F 0. 1287

B1E3pA Bartleit's Test Levena's Test | Equal \ Equal Statistically .

§ Chi-5q | °f = Chisg I Fvalug] Fr=F ‘\.'gr ? af F(1.14) Pr=F I'u1egns 7 Sic;lniﬂcan;J Statistically Better

Glove vs Wand 0.8152 0.3668 Yes 14 2.00 0.1718 Yes Neither Neither
Glove vs B6"Non 144400 0.0070] Mo 14 6.42 0.0239 No VarMeans [Glove 16.80%
Glove vs WIS 7.8023 0.0052 Mo 14 357 0.0797 No VarMeans [Glove 11.60%
Wand vs 86"Non 67500 D.0748] Mo 14 5.03 0.0133 No VarMeans [Wand 11.71%
3.8974 0.0434 Mo 14 2.84 0.1143 Yes ar Wand 5.74%

0.1500] 0.7044] Yes 14 1.80 0.2015 Yes Meither Neither
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Benchmark 1 - All Users - 3 Pass Avg.
Overall Impressions Ratings
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Figure B- 24: B1E3pAvgOvr Experienced User Overall Impressions Ratings

Table B- 24: B1E3pAvgOvr Experienced User Overall Impressions Ratings

Statistics
Benchmark 1, Experienced Users, 3 Pass Avg., Overall Impressions Ratings
B1E3pA # Users Mean St. Dev. Low High P Value MNormal? Coeff. of Var.
Glove 15 4.057 0.445 2.89 177 = 0.1000 Yes 10.95%
Wand 15 3.943 0.384 3.30 5.00 >0.1000 Yes 9.73%
86"Neon 15 3.481 0.702 240 460 0.0559 Yes 20.16%
WIS 15 3.642 0649 2.30 4.60 =(0.1000 Yes 17.82%
Homageneity of Variance Foy's Greafest Root: F(3,72) 3.00 Pr>F 00703
B1E3pA Bartlett's Test Levene's Test | Equal . _ Equal Statistically ,
P Chi-5q | Pr= Chisq | value | Pr=F Vgr'? df F(1.14) | Pr>F Megns ? Signiﬁcani Statistically Better
Glove vs Wand 0.3011 0.583.] Yes 14 066 | 04301 Yes Neither Neither
Glove vs 86"Non 2.6999 0.1004 Yes 14 6.63 | 0.0220 No Means |Glove 16.55%
Glove vs W/ 1.8712 0.1713 Yes 14 3.01 | 0.1049 Yes Neither Neither
Nand vs 86"Non 46564 0.0309 No 14 10.65 | 0.0057 No Var/Means [Wand 13.27%
Nand vs WIS 3ETTT 0.0586) Yes 14 445 ]0.0533 No Means [Wand 8.26%
86"Non vs W/ 00822 0.7743) Yes 14 175 [ 02076 Yes Neither Neither
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All Users Benchmark 1 (Navigation) Detail
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Figure C- 1: BIALLp1Tim All Users Elapsed Times

Table C- 1: BIALLp1Tim All Users Elapsed Times Statistics

Benchmark 1, All Users, Pass 1, Elapsed Times

B1Api # Users Mean St. Dev. Low High P Value Normal? Coefi. of Var.
Glove 30 269.90 122.60 155.00 £85.00 < 0.0001 Yes 45.42%
Wand 30 190.10 57.19 115.00 395.00 0.0311 No 30.08%
86"Non 30 257.90 126.40 95.00 750.00 < 0.0001 Yes 49.01%
WIS 30 258.70 120.10 125.00 7356.00 0.0012 Yes 16.42%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 261 Pr>F 0.0723
B1Ap1 Bartlett's Test Levene's Test | Equal Equal | Statistically "
’ Chi-Sq[ Pr>ChiSq[F Value | Pr=F V?.\r ? df F(1,29) | Pr>F Megna ? Significan? Statistically Better
Glove vs Wand 1.2200[ 0.2736] Yes 29 2.4600 | 01273 Yes Neither Neither
Glove vs 86"Non 9.1000 0.0026 No 29 0.4500 | D.5062 Yes Var 86" Non  4.65%
Glove vs WIS 1.6760 0.1708| Yes 29 1.2700 | 0.2686 Yes Neither Neither
Wand vs 86"Non 0.8600] 0.3585] Yes 29 3.0700 | 0.0905 No Means  |Wand 35.67%
Wand vs WIS 01200 0.7268] Yes 29 8.3500 | 0.0072 No Means  |[Wand 36.09%
B6"Non vs WIS 2.9095 0.0881 Yes 28 0.0300 | D.8697 Yes Neither Neither
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Benchmark 1 - All Users - Pass 1
Navigation Ratings
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Figure C- 2: B1IALLp1Nav All Users Navigation Ratings

Table C- 2: BIALLp1Nav All Users Navigation Ratings Statistics

Benchmark 1, All Users, Pass 1, Navigation Ratings
B1Ap1 # Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glave 30 3.857 0418 3.140 4710 >0.1000 Yes 10.84%
Wand 30 3.837 0.553 2.140 5.000 >0.1000 Yes 14.40%
86"Non 30 3.586 0.665 2.290 4.430 0.0001 No 18.54%
W/ 30 3.544 0.654 2.000 4570 > 0.1000 Yes 18.44%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 197 Pr=F 0.1424
B1Ap1 Bartlett's Test Levene's Test | Equal . Equal Statistically _
i Chi-Sq Pr=ChiSq[F Value| Pr=F Vgr ? df F(1.29) | Pr>F Megns ? S|gn|ﬂcanf Statistically Better
Glove vs Wand 2.1932 0.1368] Yes 29 0.03 0.6720 Yes Neither |Wand 0.52%
Glove vs 86"Non 8.6800] 0.0042] No 29 421 | 00494 No Var/Means [Glove 7 E6%
Glove vs WIS 5.5148 0.0198 No 29 538 | 0.6300 Yes Var Neither
Wand vs 86"Non 1.0100] 0.3183] Yes 29 3.11 | 0.0882 No Means [Wand 7.00%
Wand vs WIS 0.7988 0.3714 Yes 25 417 | 0.0503 No Means |[Wand 8.27%
86"Non vs W/S 0.0100 0.9156] Yes 28 0.20 | 0.656R Yes Neither Neither
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Figure C- 3: BIALLp1Loc All Users Locating Ratings
Table C- 3: BIALLp1Loc All Users Locating Ratings Statistics
Benchmark 1, All Users, Pass 1, Locating Ratings
B1Ap1 | # Users Mean St. Dev. Low High P wvalue | MNormal? Coeff. of Var.
Glove 30 4207 0.462 3.40 5.00 0.0249 No 10.99%
Wand 30 4.053 0.467 2.40 5.00 < 0.0001 No 11.51%
86"Non 30 3.760 0.631 2.40 480 0.0005 No 16.78%
WIS 30 3.760 0.593 2.00 480 0.0476 No 15.77%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 3.44 Pr=F 0.0309
B1Ep1 Bartlett's Test Levene's Test Equal . . Equal Statistically . )
CRESq P> CRSqFVae [ P vare | O | FO29)| Pr>F |y ns 2| Significant | Stausticaly Better
Glove vs Wand 0.0000| 0.9716] Yes 14 1.38 0.2502 Yes Neither Neither
Glove vs 86"Non 3.3500| 0.0708] Yes 14 7.39 0.0110 No Means Glove 11.89%
Glove vs WIS 1.2300| 0.2715] Yes 14 8.76 0.0061 No Means Wis 11.89%
Wand vs 86"Non 1.7400 0.1926] Yes 14 5.71 0.0235 No Means Wand T.79%
Wand vs W/S 0.7400| 0.3926] Yes 14 6.09 0.0198 No Means Wand 7.79%
86"Non vs WIS 0.1000| 0.7509] Yes 14 0.00 1.0000 Yes Neither Neither
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Figure C- 4: BIALLp1Mov All Users Manipulation Ratings

Table C- 4: BIALLp1Mov All Users Manipulation Ratings Statistics

Benchmark 1, All Users, Pass 1, Manipulation Ratings

B1Ap1 | # Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glove 30 3.987 0.427 3.20 4.80 0.0086 No 10.70%
Wand 30 3.707 0.614 2.40 5.00 0.0437 No 16.57%
86"Non 30 3.500 0.632 2.40 4.80 0.0098 No 18.05%
WIS 30 3.480 0.653 2.40 5.00 > 0.1000 Yes 18.77%
Homogeneity of Variance Roy's Greatest Root F(3.27) 4.4 Pr=F 0.012
B1Ap1 Bartlett's Test Levene's Test . Equal Statistically ]
° Thi-Sq[ Br> Chisq [ F Valie [ Pr=F ] taualvar? | df | F(1,29) ) Pr>F Means 2 SigniTican¥ Statistically Better
Glove vs Wand 3.8200( 0.0556 Yes 29 4.46 0.0357 No Means \Wand 7.55%
Glove vs 86"Non 6.1100[ 0.0184 No 29 12.23 | 0.0015 No Var/Means |Neither 13.91%
Glove vs WIS 4.6800| 0.0346] No 29 13.12 | 0.0011 No Var/Means |W/S 14.57%
Wand vs 86"Non 0.0400( 0.8513 Yes 29 3.24 0.0824 No Means \Wand 5.91%
Wand vs WIS 0.1300[ 0.7207 Yes 29 2.78 0.1060 Yes Neither  |Wand 6.52%
86"Non vs W/S 0.0400| 0.8335 Yes 29 0.05 0.6260 Yes Neither Neither
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Figure C- 5: BIALLp1Gen All Users General Impressions Ratings

Table C- 5: BIALLp1Gen All Users General Impressions Ratings Statistics

Benchmark 1, All Users, Pass 1, General Impressions Ratings

B1Ap1 | # Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glove 30 4273 0.428 3.40 5.00 = (0.1000 Yes 10.02%
Wand 30 4.073 0.547 2.40 5.00 0.0018 No 13.43%
B6"Non 30 3.687 0.768 220 5.00 < 0.0001 No 20.82%
WIS 30 3.667 0.655 2.20 5.00 < 0.0001 No 17.85%
Homogeneity of Variance Roy's Greatest Root: Fi(3,27) 5.41 Pr=F 0.0048
B1Ap1 Bartlelt's Test Levene's Test Equal Statistically .
P SRS P> CRIST | FValie T = Edual Var? [ di | F(1.29) | Pr>F Megns » Signiﬂcarg Statistically Better
Glove vs Wand 0.9700] 0.3294 Yes 29 246 0.1278 Yes Neither Neither
Glove vs 86"Non 11.1200{ 0.0015] No 29 11.59 | 0.0020 No Var/Means |Glove 15.89%
Glove vs WIS 49500 0.0301 No 29 1525 | 0.0005 No VariMeans |Glove 16.53%
Wand vs 86"Non 3.2300| 0.0774 Yes 29 5.53 0.0257 No Means Wand 10.47%
Wand vs W/S 0.7100] 0.4014 Yes 25 11.42 | 0.0021 No Means Wand 11.07%
86"Non vs WIS 1.0700| 0.3063 Yes 29 0.03 0.8699 Yes Neither Neither
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Benchmark 1 - All Users - Pass 1
Overall Impressions Ratings
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Figure C- 6: BIALLp1Ovr All Users Pass 1 Overall Impressions Ratings

Table C- 6: BIALLp1Ovr All Users Pass 1 Overall Impressions Ratings Statistics

Benchmark 1, All Users, Pass 1, Overall Impressions Ratings

B1Ap1 | # Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glove 30 4.075 0.404 2.68 477 > 0.1000 Yes 9.92%
Wand 30 3.928 0.454 240 5.00 0.0203 No 11.56%
86"Non 30 3.649 0.593 2.30 4.60 0.0033 No 16.24%
WIS 30 3.627 0.518 2.30 4.60 0.0207 No 14.28%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 4.35 Pr=F 0.0126
B1ap1 Bartlett's Test Levene's Test Equal ) Equal | Statistically -
p CRrSq T PTs Chisq | FValie T Fr=F \»‘gr 2 dr F(1.,14)| Pr=F Megns 2 Significani Statistically Better
Glove vs Wand 0.2300{ 0.6302] Yes 29 172 | 0.1997 Yes Neither Neither
Glove vs 86"Non 4.3000] 0.0426] Mo 29 10.55 | 0.0029 No Var/Means |Glove 11.67%
Glove vs WIS 1.3100| 0.2565] Yes 29 11.88 | 0.0018 No Means  |Glove 12.35%
Wand vs 86"Non 1.9100| 01721 Yes 29 5.64 | 0.0244 No Means  |Wand 7.65%
Wand vs WiS 0.3400] 0.5597] Yes 29 8.31 0.0074 No Means  |Wand 8.30%
86"Non vs WIS 0.6000| 0.4424] Yes 29 0.01 0.7889 Yes Neither Neither
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Table C- 7: BIALLp2Tim All Users Elapsed Times Statistics

Figure C-7: BIALLp2Tim All Users Elapsed Times

Benchmark 1, All Users, Pass 2, Elapsed Times

B1Ap2 # Users Mean St Dev. Low High P Value Normal? Coeff. of Var.

Glave 30 302.0 108.20 180.0 650.0 > (.1000 Yes 35.83%
Wand 30 2214 77.87 115.0 470.0 0.0196 No 35.17%
B86"Non 30 307 4 148.80 150.0 815.0 0.0023 No 48.41%
Wi 30 3004 128.80 145.0 785.0 < 0.0001 No 42.88%

Homogeneity of Variance Roy's Greatest Root: F(3,27) 17.59 Pr=F <0.0001

B1Ap2 Bartlett's Test Levene's Test | Equal Equal | Statistically -

P Chi-Sq| Pr> Chisq [ F Value | PrsF Vir ? df | F(1,29)| Pr>F Megns ? Significan? Statistically Better

Glove vs Wand 1.3200] 0.2549] Yes 29 16.21 | 0.0004 No Means  [Wand 36.40%
Glove vs 86"Non 1.0000] 0.3206] Yes 29 0.03 | 0.8533 Yes Neither Neither
Glove vs WIS 0.2700[ 0.6056] Yes 28 0.00 | 0.9524 Yes Neither Neither

Wand vs 86"Non 2.7400] 0.1035] Yes 29 21.87 | 0.0001 No Means Wand 38.84%

Wand vs WIS 1.4900] 0.2273] Yes 29 27.69 | 0.0001 No Means  [Wand 35.68%
86"Non vs W/S 0.1900] 0.6609] Yes 28 0.15 0.7003 Yes Neither Neither

180




Benchmark 1 - All Users - Pass 2
Navigation Ratings
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Figure C- 8: B1IALLp2Nav All Users Navigation Ratings

Table C- 8: BIALLp2Nav All Users Navigation Ratings Statistics

Benchmark 1, All Users, Pass 2, Navi

gation Ratings

B1Ap2 # Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glave 30 4.014 0476 3.140 4710 > 0.1000 Yes 11.86%
Wand 30 3.960 0.545 2430 5.000 0.0047 No 13.77%
86"Non 30 3.662 0615 2430 4.860 0.0004 No 16.78%
Wi 30 3533 0.480 2.400 4.290 0.0028 No 13.57%
Homaogeneity of Variance Roy's Greatest Root: F(3,27) 11.99 Pr=F <0.0001
B1Ap2 Bartlett's Test Levene's Test Equal . Equal Statistically .
P CRSaTPr>CRSqTFVa e[ ProF] vare | & [FO29)| Pr>F | ot | Ganficant | Statistically Better
Glove vs Wand 0.4600] 04988] Yes 29 0.17 | 0.6805 Yes Neither Neither
Glove vs 86"Non 25100] 0.1184] Yes 28 8.23 | 0.0076 No Means  [Glove 9.61%
Glove vs WIS 0.0000] 0.9631] Yes 29 25.27 | 0.0001 No Means NIS 13.61%
Wand vs 86"Non 0.4000{ 05302] Yes 25 603 | 0.0203 No Means |[Wand B 14%
Wand vs WIS 0.3900| 0.5339] Yes 29 16.96 | 0.0003 No Means Nand 12.09%
86"Non vs WIS 2.2000] 0.1435] Yes 29 1.39 | 0.02023 No Means  [W/ 3.65%
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Benchmark 1 - All Users - Pass 2
Locating Ratings
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Figure C- 9: B1ALLp2Loc All Users Locating Ratings
Table C-9: BIALLp2Loc All Users Locating Ratings Statistics
Benchmark 1, All Users, Pass 2, Locating Ratings
B1Ap2 | # Users Mean St. Dev. Low High P Value | Normal? Coeff. of Var.

Glove 30 4267 0.384 3.40 5.00 0.0587 Yes 8.99%

Wand 30 4013 0.528 2.60 5.00 = 0.1000 Yes 13.15%

86"Non 30 3.820 0.574 2.40 5.00 0.0074 No 15.02%

WIS 30 3727 0.441 2.80 460 0.0341 No 11.83%
Homogeneity of Variance Roy's Greatest Root F(3.27) 12.16 Pr>F <0.0001

B1Ap2 Bartlett's Test Levene's Test | Equal 1 o Equal | Statistically .

CRSqPrsChisq[FVae PrsF ] vare | 97 [ FR29) | Pr=F yeans 2| significant | Statstically Better
Glove vs Wand 2.8523 0.0912] Yes 14 492 0.0346 No Means Wand 6.33%
Glove vs 86"Non 3.8500( 0.0546] Yes 14 11.14 | 0.0023 No Means Glove 11.70%
Glove vs WIS 0.7300 03971 Yes 14 31.66 | 0.0001 No Means WIS 14.49%
Wand vs 86"Non 0.1800{ 0.6710] Yes 14 3.35 0.0777 No Means Wand 5.05%
Wand vs W/S 0.8200( 0.3694| Yes 14 12.82 | 0.0012 No Means Wand 7.67%

86"Non vs WiS 1.9100( 0.1722] Yes 14 1.07 0.3100 Yes Neither Neither
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Benchmark 1 - All Users - Pass 2
Manipulation Ratings
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Figure C- 10: BIALLp2Mov All Users Manipulation Ratings

Table C- 10: BIALLp2Mov All Users Manipulation Ratings Statistics

Benchmark 1, All Users, Pass 2, Manipulation Ratings

B1Ap2 | # Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glove 30 4.200 0.439 3.40 5.00 < 0.0001 No 10.46%
Wand 30 3.952 0.509 2.80 5.00 0.0025 No 12.87%
86"Non 30 3.636 0.465 2.86 4.40 0.0245 No 12.78%
WIS 30 3.703 0.482 3.00 4.90 0.0029 No 13.03%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 7.9 Pr>=F <0.0001
B1Ap2 Bartlett's Test Levene's Test . Equal Statistically -
i CRISa] P OWSq[FVale [ PreF] EualVar? | df | F(129) | ProF | 08, | o icant | Statistally Better
Glove vs Wand 0.5700] 0.4538 Yes 29 437 | 00455 No Means |Wand 6.28%
Glove vs §6"Non 0.1600( 0.6505 Yes 29 20.04 | 0.0001 NO Means Glove 15.91%
Glove vs WIS 0.2800( 0.6010 Yes 29 20.19 | 0.0001 No Means Wis 13.42%
Wand vs 86"Non 0.2700] 0.6057 Yes 29 946 | 00045 No Means [Wand B 69%
Wand vs WIS 0.2700( 0.6057 Yes 29 6.56 0.0159 NO Means Wand B5.72%
86"Non vs W/S 0.0600| D.8112 Yes 29 0.68 0.4164 Yes Neither Neither
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Benchmark 1 - All Users - Pass 2
General Impressions Ratings
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Figure C- 11: B1IALLp2Gen All Users General Impressions Ratings

Table C- 11: BIALLp2Gen All Users General Impressions Ratings Statistics

Benchmark 1, All Users, Pass 2, General Impressions Ratings

B1Ap2 | # Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glove 30 4.327 0412 3.20 5.00 0.096 Yes 9.52%
Wand 30 4120 0577 2 60 5.00 = 01000 Yes 14.00%
86"Non 30 3.780 0.529 2.80 5.00 < 0.0001 No 13.99%
WIS 30 3.687 0.489 2.80 4.80 0.0005 No 13.26%
Homogeneity of Variance Roy's Greatest Root: F(3.27) 18.80 Pr=F <«0.0001
B1Ap2 Bartlett's Test Levene's Test Equal Statistically -
P ChSq| Pr= Chisq | F value [ Pr=F | cqualvar? [ df ) F(1.29) ) Pr>F Means 2 Signmcarﬁ Statistically Better
Glove vs Wand 21755 0.0747 Yes 29 250 | 0.1244 Yes Neither Neither
Glove vs 86"Non 1.8700] 01771 Yes 29 23.06 | 0.0001 No Means Glove 14 47%
Glove vs WIS 0.8800| 0.3518] Yes 29 4527 | 0.0001 No Means Glove 17.36%
Wand vs 86"Non 0.2300] 0.6362] Yes 259 7.85 0.0090 No Means Wand 8.99%
Wand vs WiS 0.7600| 0.3861 Yes 25 19.25 | 0.0001 No Means Wand 11.74%
86"Non vs WIS 0.2200( 0.6420 Yes 29 1.13 0.2963 Yes Neither Neither
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Benchmark 1 - All Users - Pass 2
Overall Impressions Ratings
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Figure C- 12: BIALLp2Ovr All Users Overall Impressions Ratings

Table C- 12: BIALLp2Ovr All Users Overall Impressions Ratings Statistics

Benchmark 1, All Users, Pass 2, Overall Impressions Ratings

B1Ap2 |# Users Mean St. Dev. Low High P Value Normal? Coeff. of Var
Glove 30 4.204 0.411 2.89 478 > 0.1000 Yes 9.77%
Wand 30 3.999 0.409 3.09 5.00 > 0.1000 Yes 10.22%
86"Non 30 3.686 0.610 2.40 4.64 0.0193 No 16.54%
WIS 30 3.650 0.508 2.30 4.60 0.0567 Yes 13.91%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 6.56 Pr=F 0.0018
B1Ap2 Bartlett's Test Levene's Test Equal ) Equal | Statistically -
s ChrSq PrsChisq| Fvae [ Pro T Vgr 2 df F(1.14) | Pr=F Megns 2 Significani Statistically Better
Glove vs Wand 0.0007] 0.9784 Yes 29 437 | 0.0453 No Means Glove 5.13%
Glove vs 86"Non 4.0200| 00495 No 29 16.55 | 0.0003 No Var/Means |Glove 14.05%
Glove vs W/S 1.2687 0.2600 Yes 29 1852 | 0.0002 No Means |Glove 15.18%
Wand vs 86"Non 4.6300] 0.0355] No 29 9.21 0.0050 No Var/Means |Wand 8.49%
Wand vs W/S 1.3298 0.2488 Yes 29 13.39 | 0.0010 No Means |Wand 9.56%
86"Non vs W/S 1.0500( 0.3097| Yes 29 0.20 | 0.6541 Yes Neither Neither
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Benchmark 1 - All Users - Pass 3 Elapsed Times
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Figure C- 13: BIALLp3Tim All Users Elapsed Times
Table C- 13: BIALLp3Tim All Users Elapsed Times Statistics
Benchmark 1, All Users, Pass 3, Elapsed Times
B1Ap3 # Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glove 30 269.90 122.60 155.00 685.00 < 0.0001 No 45.42%
Wand 30 190.10 57.19 115.00 395.00 0.0311 No 30.08%
86"Non 30 257.90 126.40 35.00 750.00 <0.0001 No 49.01%
Wi 30 258.70 120.10 125.00 735.00 0.0012 No 46.42%
Homogeneity of Variance Roy's Greatest Root F(3,27) 10.89 Pr>=F <0.0001
B1Ap3 Bartlett's Test Levene's Test | Equal ) Equal | Statistically N
Chi-sq| Pr> Chisg | F value | PreT | Var? df F(1.29) | Pr=F | poans 2 Significant Statistically Better
Glove vs Wand 3.4100] 0.06597] Yes 29 15.01 | 0.0006 Na Means  |Wand 41.98%
Glove vs B6"Non 0.0100] 0.9278] Yes 29 0.34 | 0.5659 Yes Neither Neither
Glove vs WIS 0.0000[ 0.9519] Yes 29 0.20 | 0.6552 Yes Neither Neither
Wand vs 86"Non 2.2400] 0.1400] Yes 29 17.84 | 0.0002 No Means  |Wand 35.67%
Wand vs WIS 1.9700] 0.1661] Yes 29 21.67 | 0.0001 No Means  |Wand 36.09%
B6"Mon vs WIS 0.0200] 0.8926] Yes 28 0.00 | 0.9563 Yes Neither Neither
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Benchmark 1 - All Users - Pass

Navigation Ratings
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Figure C- 14: B1ALLp3Nav All Users Navigation Ratings

Table C- 14: BIALLp3Nav All Users Navigation Ratings Statistics

Benchmark 1, All Users, Pass 3, Navi

gation Ratings

B1Ap3 # Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glove a0 4.208 0477 3.29 5.00 0.0029 No 11.34%
Wand 30 4.147 0.487 3.00 £.00 0.0099 No 11.75%
§6"Non 30 3.843 0518 2.86 5.00 0.0148 No 13.47%
Wi 30 3.784 0.533 2.60 4.90 0.0017 No 14.07%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 10.50 Pr=F <0.0001
B1Ap3 Bartlett's Test Levene's Test | Equal . Equal Statistically -
’ Chi-Sq | Pr= ChiSg [F Value| Pr=TF Vgr ? df F(1.29)| Pr>F Megns ? | Significant Statistically Better
Glove vs Wand 0.0200] 0.8954] Yes 28 0.15 | 0.6992 Yes Neither Neither
Glove vs 86"Non 0.2300] 06310] Yes 29 9.66 | 0.0042 No Means |86"Non  9.52%
Glove vs WIS 0.4000] 0.5296] Yes 29 8.39 | 0.0071 No Means NIS 11.23%
Wand vs B6"Non 0.1100] 0.7424] Yes 29 8.62 | 0.0064 No Means Vand 7.91%
Wand vs W/S 0.2200{ 0.6386] Yes 29 20,77 | 0.0001 No Means Nand 9.59%
86"Non vs WIS 0.0200| 08860 Yes 28 0.39 | 05368 Yes Neither Neither
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Benchmark 1 - All Users - Pass 3
Locating Ratings
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Figure C- 15: BIALLp3Loc All Users Locating Ratings
Table C- 15: BIALLp3Loc All Users Locating Ratings Statistics
Benchmark 1, All Users, Pass 3, Locating Ratings
B1Ap3 | # Users Mean St. Dev. Low High P value Normal? Coeff. of Var.
Glove 30 4453 0.458 3.00 5.00 0.019 No 10.28%
Wand 30 4.260 0.512 3.20 5.00 0.0229 No 12.03%
86"Non 30 3.953 0.442 3.20 5.00 0.0005 No 11.17%
WIS 30 3.973 0.535 2.80 5.00 0.0012 No 13.46%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 6.36 Pr>F 0.0021
B1Ap3 Bartlett's Test Levene's Test Equal . . Equal | Statistically - )
CRSq Pr>ChiSG[FVae [ Pr=F ] var 2 of | F(129) | Pr=F |\ oo signiicant |Statistically Better
Glove vs Wand 0.3000| 0.5853| Yes 14 219 0.1496 Yes Neither Neither
Glove vs 86"Non 0.0300| 0.8742] Yes 14 2215 | 0.0001 No Means 86" Non 12.65%
Glove vs WIS 0.5400| 0.4659 Yes 14 11.95 | 0.0017 No Means WIS 12.08%
Wand vs 86"Non 0.6000| 0.4412] Yes 14 8.07 0.0081 No Means Wand T.77%
Wand vs W/S 0.0500| 0.8155] Yes 14 13.40 | 0.0010 No Means Wand 7.22%
86"Non vs WIS 0.9100( 0.3447] Yes 14 0.05 0.8188 Yes Neither Neither
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Manipulation Ratings
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Figure C- 16: BIALLp3Mov All Users Manipulation Ratings

Table C- 16: BIALLp3Mov All Users Manipulation Ratings Statistics

Benchmark 1, All Users, Pass 3, Manipulation Ratings

B1Ap3 | # Users Mean St Dev Low High P Value Normal? Coeff. of Var
Glove 30 4.460 0.443 3.60 5.00 0.0009 No 9.93%
Wand 30 4.100 0.605 3.00 5.00 > 0.1000 Yes 14.76%
86"Non 30 3.576 0.523 2.60 4.80 > 0.1000 Yes 14.62%
WIS 30 3.640 0.502 2.80 4.40 0.0045 No 13.79%
Homogeneity of Variance Roy's Grealest Root: F(3,27) 22.21 Pr>F <0.0001
B1Ap3 Bartlett's Test Levene's Test . Equal | Statistically -
P CRi-Sq[ Pr> ChiSq | F vale | PrsF | Edualvar? | df | F(1,29) | Pr>F Means 2 SigniTican¥ Statistically Better
Glove vs Wand 4.5200( 0.0305) No 29 591 00214 No Var/Means |Wand B.78%
Glove vs 86"Non 1.3200] 0.2544] Yes 29 55.37 | 0.0001 No Means 86" Non  24.72%
Glove vs W/S 1.2800| 0.2620| Yes 29 39.45 | 0.0001 No Means WIS 22 .53%
Wand vs 86"Non 0.6070 0.4357 Yes 29 14.99 | 0.00086 No Means Wand 14.65%
Wand vs WiS 1.9500{ 0.1679) Yes 29 26.10 | 0.0001 No Means Wand 12.64%
86"Non vs WIS 0.0900| 0.7716 Yes 29 0.55 0.4646 Yes Neither Neither
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Figure C- 17: B1IALLp3Gen All Users General Impressions Ratings

Table C- 17: BIALLp3Gen All Users General Impressions Ratings Statistics

Benchmark 1, All Users, Pass 3, General Impressions Ratings

B1Ap3 | # Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glove 30 4.567 0.390 3.80 5.00 0.0063 No §.54%
Wand 30 4.387 0.548 3.00 5.00 > 0.1000 Yes 12.50%
B6"Non 30 3.927 0.584 2 80 5.00 0.0009 No 14 86%
WIS 30 3.873 0.552 240 5.00 0.0012 No 14.26%
Homogeneity of Variance Roy's Greatest Root F(3,27) 17.21 Pr>=F <0.0001
B1Ap3 Bartletl's Test Levene's Test Equal Statistically -
P RSP CSTH VA TP =F EqualVar? | dr | F(1.29) | Pr>F Megns ) S‘gnmcan‘{’ Statistically Better
Glove vs Wand 3.4500| 0.0682 Yes 29 1.84 0.1853 Yes Neither Neither
Glove vs 86"Non 5.1900] 0.0265 Yes 25 39.63 | 0.0001 No Means Glove 16.30%
Glove vs WIS 2.3400| 01314 Yes 29 33.35 | 0.0001 No Means Glove 17.92%
Wand vs 86"Non 0.1400| 0.7086 Yes 29 9.83 | 0.0039 No Means |Wand 11.71%
Wand vs W/S 0.0000| 0.9718] Yes 29 25.66 | 0.0001 No Means Wand 13.27%
86"Non vs W/S 0.0900| 0.7708| Yes 29 0.25 0.6239 Yes Neither Neither
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Figure C- 18: B1ALLp3Ovr All Users Overall Impressions Ratings

Table C- 18: BIALLp3Ovr All Users Overall Impressions Ratings Statistics

Benchmark 1, All Users, Pass 3, Overall Impressions Ratings

B1Ap3 | # Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glove 30 4.315 0.451 2.89 4.85 > 0.1000 Yes 10.45%
Wand 30 4.085 0.453 3.14 5.00 > (0.1000 Yes 11.10%
86"Non 30 3.730 0.648 240 4.58 > 0.1000 Yes 17.36%
Wis 30 3.680 0.599 2.30 4.82 0.0998 Yes 16.28%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 7.77 Pr=F 0.0186
B1Ap3 Bartlett's Test Levene's Test Equal Equal Statistically
p HrSq TP ChSg | Ve T =T \»‘gr 2 af F(1.14) | Pr>F Megns 2 Significani Statistically Better
Glove vs Wand 0.8466 0.33795) Yes 29 5.19 | 0.0303 No Means |Glove 5.63%
Glove vs 86"Non 1.2766 0.2585 Yes 29 19.36 | 0.0001 Mo Means |Glove 15.68%
Glove vs WIS 0.6266 0.4286 Yes 29 18.50 | 0.0002 Mo Means |Glove 17.26%
Wand vs 86"Non | 2.1347 0.1440 Yes 29 11.88 | 0.0018 No Means |Wand 9.52%
Wand vs W/S 2.6999 0.1004 Yes 29 20.56 | 0.0001 No Means |Wand 11.01%
86"Non vs WIS 0.1183 0.7309 Yes 29 0.31 | 0.5831 Yes Neither Neither
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Benchmark 1 - All Users - 3 Pass Avg. Elapsed Times
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Figure C- 19: BIALL3pAvgTim All Users Elapsed Times

Table C- 19: B1IALL3pAvgTim All Users Elapsed Times Statistics

Benchmark 1, All Users, 3 Pass Avg., Elapsed Times

B1A3pA # Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glove 30 304.70 87.49 198.30 560.00 0.0965 Yes 28.71%
Wand 30 238.20 76.02 153.30 430.00 0.0258 No 31.91%

86"Non 30 309.80 138.40 161.70 781.70 0.0018 No 44 .67%

Wi 30 309.40 114.40 168.30 745.30 0.0013 No 36.97%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 11.68 Pr>F <0.0001
B1A3pA Bartlett's Test Levene's Test | Equal Equal | Statistically -
P Chi-sg| Pr > Chisg | F value | Pr=F Vir ? df F(129) ) Pr>F Megns ? Significan? Statistically Better
Glove vs Wand 0. 4400 05092 Yes 29 17.78 | 0.0002 No Means  |Wand 21.92%
Glove vs B6"Non 1.9500] 0.1674] Yes 29 0.05 | 0.8300 Yes Neither Neither
Glove vs W/S 0.5800] 0.4478] Yes 29 0.05 | 0.8267 Yes Neither Neither
Wand vs B6"Non 2.7400[ 0.1033] Yes 29 12.21 | 0.0015 No Means  |Wand 30.06%
Wand vs WIS 1.1100] 0.2965] Yes 29 24.05 | 0.0001 No Means  [Wand 29.85%
86"Non vs WIS 0.3400] 0.5604] Yes 28 000 [09819 Yes Neither Neither
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Benchmark 1 - All Users - 3 Pass Avg.

Navigation Ratings
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Figure C- 20: BIALL3pAvgNav All Users Navigation Ratings

Table C- 20: BIALL3pAvgNav All Users Navigation Ratings Statistics

Benchmark 1, All Users, 3 Pass Avg., Navigation Ratings

B1A3pA # Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glove 30 4.024 0.381 3.24 467 0.0458 No 9.46%
Wand 30 3.981 0.425 3.14 5.00 > 0.1000 Yes 10.69%

86"Non 30 3.697 0.539 271 467 0.0098 No 14.57%

Wi 30 3621 0470 2.33 4.40 > 0.1000 Yes 12.98%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 8.63 Pr=F  0.0004

B1A3pA Bartlett's Test Levene's Test | Equal Equal Statistically -

P CReSq TP ChSTHFVams [ Pr=F o | o |[Fu2ey| ProF | T Signiicant | Statistically Better

Glove vs Wand 0.4300] 0.5130] Yes 28 014 | 07117 Yes Neither Neither
Glove vs 86"Nen 4.9600[ 0.0298] No 29 9.13 | 0.0052 No Var/Means |Glove 8.85%
Glove vs WIS 1.3100] 0.2570] Yes 29 14.38 | 0.0007 No Means  |Glove 11.13%
Wand vs 86"Non 2.0800[ 0.1542] Yes 29 8.29 | 0.0074 No Means Nand 7.68%
Wand vs WIS 0.2700| 0.6040[ Yes 259 19.39 | 0.0001 No Means Nand 9.94%

86"Non vs WIS 0.6700| 0.4158] Yes 29 091 | 0.3493 Yes Neither Neither
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Benchmark 1 - All Users - 3 Pass Avg.
Locating Ratings
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|.\:'\,lamj 4.27(4.53(3.73(4.07(2.03[4.13[3.03|2.93|4 40(4 034 23(4.12|4.00|4.00(4.00(5.00|4.47|4.00(3.80(2 87 [4.13|4.33(3.13 |4 40|23 474.20(4.33 [4.13[4.27 |4 40[4 1|0 43
||:|35"\,|:;—- 4.87(3.67|4.13|3.07(3.80(2.93(3.20|4.13|4.33|4.80|3.60|3.87(4.00(3.93|3.93|4.20|4.13|3 67 |2.80(3 27 [3.27|3.67|3.40|4.00|3.07|4.20|4.00(4.00(4.00 |4.40|3.84|0.49
||:|va 4.80(3.80|3.47|2.53(3.80(4.40(3.87|2.27|4.40|4.73|3.73|3.73(2.93(4.00|3.73|4.33|4.20|3.20|3.60(3 93 (3.73|3.80|3.00|3.87|3.07 |4.20|4.00 (3.57 (4.00 |4.20|3.84|0.49
User #
Figure C- 21: BIALL3pLOC All Users Locating Ratings
Table C- 21: BIALL3pLOC All Users Locating Ratings Statistics
Benchmark 1, All Users, 3 Pass Avg., Locating Ratings
B1A3pA| # Users Mean St. Dev. Low High P Value  Normal? Coeff. of Var.
Glove 30 4.262 0.428 293 5.00 > 0.1000 Yes 10.05%
Wand 30 4.108 0.432 293 5.00 = 0.1000 Yes 10.51%
86"Non 30 3.845 0.487 2.80 4.87 = 0.1000 Yes 12.66%
WIS 30 3.840 0.494 2.53 4.80 0.0155 No 12.85%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 6.57 Pr>F  0.0071
B1A3pA Bartlett's Test Levene's Test Equal . . Equal | Statistically i ,
CRSqPrsChisq[FVvae [ PrsF ] vare | 90 [ FB29) | Pr=F eans 2| significant | Statistically Better
Glove vs Wand 0.0019] 0.9652] Yes 14 209 | 0.1588 Yes Neither Neither
Glove vs 86"Non 0.4653 0.4952 Yes 14 15.33 | 0.0005 No Means Glove 10.85%
Glove vs WIS 0.4000{ 0.5277] Yes 14 11.91 | 0.0017 No Means Glove 10.99%
Wand vs 86"Non 0.4079 0.5231 Yes 14 8.83 0.0059 No Means Wand 65.84%
Wand vs WIS 0.3600( 0.5525] Yes 14 14.46 | 0.0007 No Means Wand 6.98%
86"Non vs W/S 0.0100| 0.9428] Yes 14 0.01 0.9420 Yes Neither Neither
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Benchmark 1 - All Users - 3 Pass Avg.
Manipulation Ratings

4.00 Iy b |
Rating |
DOO N1 [ N2 | N3 | N4 | NS | NG| NT[NS| NG |MN10[N11|N12[MN13|N14|N15| E1 | E2 |E3 |E4 |E5 | ES | ET | E8 | E9 |E10|E11|E12|E13|E14 |E15| Avg| SID
|DGIove 3.87|4.93|4.20(3.87|4.00(4.73|3.67|4.00/3.93|4.80(4.47(4.40(4.27(4.13(4.20|3.67|4.93|4.13|3.87 |4.00|4.73(3.73(4.00(|3.93|4.80|3.93|4.47|4.33|4.20|4.07|4.22|0.37
|.Wand 4.4014.40|3.87|4.00/3.93|4.07|3.80(2.80(4.00(4.40(3.87(3.93(3.20(3.60(4.00|5.00(4.33|4.00|3.73|3.67|4.07|4.33|2.93|4.00|2.13|4.07 |4.00|2.47|3 87 |3.27|3.687|0.47
|I:IBS"Non 4.13|3.87|3.93|3.07|4.00|3.80(3.53|3.53|3.03|4.00|3.33|3.93|3.13|3.20(4.20|4.27 (3.93|3.73|2.73|3.00|2.40(3.27 [3.00(3.73(3.00(4.13(3.00{3.00|4.00|3.33|3.54|0.50
|ﬂW.-‘S 3.93|3.87|3.53|2.93|4.00(3.80|3.73|3.27|2.87|3.67|3.73(3.67(0.00(3.00(3.87|4.53|4.40|3.00|3.40|4.07 |3.27(3.73(2.80(3.73|3.20|4.07|3.00|3.00|4.00|3.33|3.45|0.80
User #

Figure C- 22: B1ALL3pAvgMov All Users Manipulation Ratings

Table C- 22 BI1ALL3pAvgMov All Users Manipulation Ratings Statistics

Benchmark 1, All Users, 3 Pass Avg., Manipulation Ratings
B1A3pA| # Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glove 30 4215 0.366 3.67 5.00 0.0637 Yes 8.69%
Wand 30 3.871 0.472 2.80 4.27 0.0652 No 12.19%
86"Non 30 3.537 0.500 240 4.53 0.0784 Yes 14.12%
Wis 30 3.584 0.461 2.80 376.70 > 0.1000 Yes 12.86%
Homogeneity of Variance Roy's Greatest Root: F(3.27) 14.94 Pr=F <0.0001
B1A3pA Bartlett's Test Levene's Test . Equal Statistically -
’ CRFSq] PT> CST[ FVame [ PrsF E0ualVar? | dr | F(1.29) | ProF | B0, | G incant |Statstically Better
Glove vs Wand 1.6000] 0.2109 Yes 29 10.85 | 0.0028 No Means Wand 8.89%
Glove vs 86"Non 4.3700 0.0409 Yes 29 34.50 | 0.0001 No Means Glove 19.17%
Glove vs WIS 15.761 < 0.0001 No 29 38.86 | 0.0001 No Var/Means |Glove 17.61%
Wand vs 86"Non 0.1100] 0.7367| Yes 29 14.60 | 0.0008 No Means Wand 9.44%
Wand vs W/S 1.0200{ 0.3169 Yes 29 15.04 | 0.0008 No Means Wand 8.01%
86"Non vs W/S 6.0294 0.0141 No 29 0.12 0.7313 Yes Var Neither
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Benchmark 1 - All Users - 3 Pass Avg.
General Impressions Ratings
4.00 - | 1 H ! il
Rating
OOO NT | N2 | N3 | N4 | NS | NG | N7 | NB | NS |[N10|N11|N12|N13|N14|N15| E1 -EZ E3 | E4 |E5 | E6 | E7 [ EB | ES |E10|E11|E12 I-E’I-S E14 |E15 |Avg | StD
|I:IGIove 4.27|4.40(4.40|4.40(4.00(4.93|4.00(4.00|4.00|4.40 |4.87|4.B7 |4.67 [4.67|4.80(3.85(4.09|4.54(3.64|4.08|4.77|3.82(3.81|3.67 (4.40|3.86(4.11(4.17|4.06 |4.15|4 27 |0.36
|.Wand 4.93|4.27(3.27|4.47|3.93(4.13|4.60(3.20|4.73|4.87 |4.33|4.27|3.47 (4.13|4.40/ 5.00(4.29|4.00(3.57 |3.69|3.81|3.79(3.29|3.75(3.87|4.10|4.00(3.73|3.91 |3.67 |4.05|0.48
|DEE-"N0n 4.73|3.20(3.87|2.00(3.23(3.93|3.07(4.33|5.00|4.53|3.83|4.13|4.07 (4.13|4.13(4.67 (4.03|12.41(2.62|2.72|2.687|3.86(2.83|4.12(2.83|4.20|3.75|3.75|3.93|3.92|3.73|0.68
|nW-'S 4.00|2.73(3.33|2.87|3.27|3.73|2.87|3.27|4.40|4.20|3.73|3.67|3.93|4.00|4.00|4.60|4.43|2.30(3.70|4.15|2.63|3.65|2.60|4.08|2.03(4.24 (3.75(3.56(3.97 |3.67 |3.67 |0.57
User #

Figure C- 23: BIALL3pAvgGen All Users General Impressions Ratings

Table C- 23: BIALL3pAvgGen All Users General Impressions Ratings Statistics

Benchmark 1, All Users, 3 Pass Avg., General Impressions Ratings

B1A3pA|# Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glove 30 4.267 0.364 3.67 493 > 0.1000 Yes 8.53%
Wand 30 4.056 0.480 3.20 5.00 > 0.1000 Yes 11.84%

86"Non 30 3.730 0.683 2.71 5.00 0.0157 No 18.30%

WIS 30 3.672 0.567 2.30 4.60 0.0709 Yes 15.44%
Homogeneity of Variance Roy's Greatest Root F(3,27) 6.50 Pr=F 0.0019
B1A3pA Bartlett's Test Levene's Test Equal Statistically )
P CRESqT Pr>Chisq [ F Value | Prs ] taualvar? | df | F(1.29) ) Pr>F Means 2 Signiﬁcan}tr Statistically Better

Glove vs Wand 21701 0.1407 Yes 29 4.27 | 0.0478 No Means |Wand 5.20%

Glove vs 86"Non 12.0400| 0.0010) No 29 14.18 | 0.0008 No VariMeans |Glove 14.40%

Glove vs WIS 5.4395 0.0197 No 29 19.61 | 0.0001 No Var/Means |Glove 16.20%

Wand vs 86"Non 4.8900( 0.0309 No 29 7.53 0.0103 No Var/Means |Wand 8.74%

Wand vs W/S 0.7818 0.3766 Yes 29 13.58 [ 0.0009 No Means Wand 10.46%

86"Non vs Wis 1.4300| 0.2364 Yes 29 042 0.5229 Yes Neither Neither
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Benchmark 1 - All Users - 3 Pass Avg.
Overall Impressions Ratings

Rating
ODO N1 [ N2 | N3 | N4 | NS NG |[NF| NG| NS |N1O|N11|N12|N13|N14(N15| E1 | E2 (E3 | E4 [E5 | ES | E7 | EB | E9 |E10(E11|E12|E13|E14 |E15|Avg|StD
|uG|mre 402(430(433|4059(394(476(4.04/391(441411|4.52|456|445|438(452|3.85|409(454(289|408|477|381|3.81|3.67|440|385436(432|420420(417|0.38
|.Wand 4.59(4.33|3.59|4.09|13.91(3.98|4.21|3.03|4.26(4.71|3.97|4.10|3.06|3.75|4.22|5.00|4.30|4.00| 3.60(3.70|3.80|3.70|3.30(3.80|3.90|4.20(4.15|3.64|3.92|3.93(3.97 |0.43
|u85"N0n 4 59|366(3.94|2 943 58(3.89(2.33|4.00(4.36|4.51|3.74|3.98|3.80|3.78(4 02|4.60|4 00(2 40(2 60|2.70|2 80|3.80|2 60|4.10|2 80|14 20|3.72(3.69|3 95|3.96(3.68|0.61
|nW-'S 4.11(3.28|3.52|2.73|3.49(3.85|2.76|3.23|3.82(4.11|2.67|3.58|3.88(3.75|3.75|4.60|4.40|2.30|3.70(4.10|2.90|3.60|2.80(4.10|3.00|4.20|3.64|2.45|3.97 | 3.67 [3.64|0.51
User #

Figure C- 24:

BI1ALL3pAvgOvr All Users Overall Impressions Rating

Table C- 24: B1IALL3pAvgOvr All Users Overall Impressions Rating
Statistics

Benchmark 1, All Users, 3 Pass Avg., Overall Impressions Ratings

B1A3pA|# Users Mean St. Dev. Low High P Value Normal? Coeff. of Var.
Glove 30 4.173 0.376 2.89 477 = 0.1000 Yes 9.02%
Wand 30 3.965 0427 3.03 5.00 > 0.1000 Yes 10.77%

B86"Non 30 3.679 0.605 2.40 4.60 0.0034 No 16.45%

WIS 30 3.642 0513 230 4 60 = 01000 Yes 14 07%
Homogeneity of Variance Roy's Greatest Root: F{3,27) 6.00 Pr=F  0.0029
B1A3pA Bartlett's Test Levene's Test Equal Equal | Statistically
P TG DTS CRSq | Fvalie T PreT vars | @ |FOaa | ProF 0 Significant | Sravstcally Better

Glove vs Wand 0.2700| 0.606E| Yes 29 435 | 0.0460 No Means Wand 5.25%)

Glove vs 86"Non 5.1400 0.0271 No 29 15.31 | 0.0005 No Var/Means |Glove 13.43%

Glove vs WIS 1.6800| 0.2003| Yes 29 17.02 | 0.0003 Mo Means Glove 14.58%|

Wand vs 86"Non 33976 0.0653 Yes 29 762 0.0099 No Means Wand 777 %|

Wand vs W/S 0.7600] 0.3868] Yes 29 11.77 | 0.0018 No Means |Wand 8.87%

86"Non vs WIS 0.7837 0.3760 Yes 29 022 | 06421 Yes Neither Neither




Appendix D

Novice User Benchmark 2 (Find/Repair) Detail
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Benchmark 2 - Novice Users
Pass 1 Elapsed Times

500
450
400
350 +—
300 L |
Elapsed = 1 l._
Time 250
(in Sec.) M _ -
200 H B
150 1 H H
100 - - -
50 - H B
0 Ll Ll Ll Ll Ll | L1 Ll | LI Ll . Ll
N1 Ne N5 N& NS N10 | N11 | N12 | N13 | N14 | N15 | Avg | StD
O Glove 230 305 165 195 155 290 160 155 220 195 270 200 170 (223.3 | 69.0
M \and 270 240 310 | 260 | 263 | 240 160 | 220 165 190 300 205 180 | 2425 576
O&6"'Non | 310 325 335 315 298 305 225 230 240 195 295 225 155 (271.2| 55.9
owis 380 | 280 255 | 450 | 270 310 | 245 | 330 | 230 | 315 | 220 285 220 155 | 284.7 | 70.8
User #
Figure D- 1: B2Np1Tim Novice User Elapsed Times
Table D- 1: B2Np1Tim Novice User Elapsed Times Statistics
Benchmark 2, Novice Users, Pass 1, Elapsed Times
B2Np1 | # Users Mean St. Dev. Low High P Walue | Normal? cV
Glove 15 2233 58.96 156.0 400.0 > 0.1000 Yes 30.88%
Wand 15 2425 57.64 160.0 365.0 > 0.1000 Yes 23.77%
86"Non 15 271.2 55.94 155.0 340.0 =0.1000 Yes 20.63%
WIS 15 2847 7097 156.0 450.0 > 0.1000 Yes 24.86%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 238 Pr=F 0.1206
B2Np1 Bartlett's Test Levene's Test Equal Equal |
TRSq]Pr=ChSg [FVale Pr=F | var? df | F(1,14) | Pr>F Means ? Significant?| Statistically Better
Glove vs Wand 0.4328 0.51086 Yes 14 1.54 0.2344 Yes Neither Neither
Glove vs 86"Non 0.5877 0.4433 Yes 14 6.52 0.0229 No Means |Glove 17.66%
Glove vs W/S 0.0091 0.9241 Yes 14 569 0.0318 No Means |Glove 21.57%
Wand vs 86"Non 0.0120 0.5125 Yes 14 5.83 0.0301 No Means [Wand 10.58%
Wand vs WIS 0.5659 0.4519 Yes 14 529 0.0373 No Means |Wand 14.82%
B6"Non vs WIS 0.7408 0.3864 Yes 14 0.88 0.3635 Yes Neither Neither

199




Benchmark 2 - Novice Users
Pass 1 Navigation Ratings
5 -
N 1 o
3 A =l L HNREEE e e
Rating
2 LWL HNREEE e e
1 e A RNE e e
0 1 N8 | N9 |N10 N12[N13[N14[N15[ Avg | StD
OGlove |3.14|3.57|4.5714.43|3.71|4.71|3.57|3.00(3.57 |4.57(4.43|4.57|4.00|4.14|4.29|4.02|0.56
E'\Wand |5.00|4.71|4.14/3.14|3.71(4.00|3.86|3.00(3.86|5.00({3.88|4.29|4.00/4.00(4.00|4.04|0.56
O86"Non |5.00|4.29|3.5712.71|3.57(3.43|3.71|/3.14|4.43|5.00{3.71|4.00|4.00|4.00(4.00|3.90|0.62
owis 4.70(4.30(3.90|2.90|3.30/3.00(3.90|3.10|3.40|5.00|3.71(4.00(4.00/4.00|4.00|3.81|0.60
User #
Figure D- 2: B2Np1Nav Novice User Navigation Ratings
Table D- 2: B2Np1Nav Novice User Navigation Ratings Statistics
Benchmark 2, Novice Users, Pass 1, Navigation ﬁatings
B2Np1 # Users Mean St. Dev. Low High P Value Normal? CV
Glove B 1.02 0.56 3.00 171 >0.1000 | Yes | 13.64%
Wand 15 1.04 0.56 3.00 5.00 >0.1000 | Yes | 13.98%
86"Non 15 3.90 0.62 2.71 5.00 >0.1000 | Yes | 15.90%
WIS 15 3.81 0.56 2.90 5.00 >0.1000 | Yes | 1467%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 2.95 Pr=F 0.0755
B2Np1 mfaglmﬁffﬁlbq f%‘fge'ﬁj{eﬂ nga?' af |F(1.14)| Pr>F M'Zgﬂiu Significant?| Statistically Better
Glove vs Wand 0.0032] 0.95486 Yes 14 0.01 [0.9142 Yes Neither Neither
Glove vs 86"Non 0.1652 0.6844 Yes 14 0.24 | 0.6309 Yes Neither Neither
Glove vs WIS 0.0778 0.7803 Yes | 14 | 092 |03539| Yes Neither Neither
Wand vs 86"Non 0.1222 0.7266 Yes | 14 | 3.11 |00985| No Means |wand 3.46%
Wand vs Wis 0.0493 0.8242 Yes | 14 | 955 |00080| No Wieans [wand 5.90%
B6"Non vs WIS 0.0163 0.8984 Yes | 14 | 1.6 |03022| Yes Nefther Nefther
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Benchmark 2 - Novice Users
Pass 1 Locating Ratings
5 _
4 1 | . I - S _
3 . || | || || | | | ||
Rating
2 . || | || || | | | ||
1 . || | || || | | | ||
0- N3 | N4 [ N5 | N6 | N7 | N8 [ N9 [N10[N11[N12[N13[N14[N15 StD
BGlove |4.20|4.60(4.60|4.00(|4.00(4.80|3.60(3.00|3.60/4.80|3.80|4.00|4.00|4.00(4.00|4.07|0.49
EWand |5.00|5.00(4.60|3.00|4.00{4.80|4.00|2.80|4.40/5.00|3.60|4.00|4.00|4.00(|4.00|4.15(0.68
0186"Non | 5.00(3.80(4.20|2.60|3.40{3.80|3.20(3.20|4.80|5.00|3.80(4.00|4.00 | 4.00(4.00| 3.92|0.67
OW/S |4.40|3.80(4.40/2.00|3.20{3.40|3.80|3.20|3.60|5.00|3.80(4.00|4.00|4.00(4.00|3.77|0.68
User #
Figure D- 3: B2Np1Loc Novice User Locating Ratings
Table D- 3: B2ZNp1Loc Novice User Locating Ratings Statistics
Benchmark 2, Novice Users, Pass 1, Locating Ratings
B2Np1 # Users Mean St. Dev. Low High P value | Normal? CV
Glove 15 407 0.49 3.00 4.80 0.0471 No 12.00%
Wand 15 415 0.68 280 5.00 0.062 Yes 16.35%
86"Non 15 392 0.67 260 5.00 = (0.1000 Yes 17.12%
WIS 15 377 0.68 2.00 5.00 = (0.1000 Yes 18.02%
Homogeneity of Variance Roy's Greatest Root. F(3.12)  2.03 Pr>F  0.1629
B2Np1 {,nfagletﬁfjﬁmq ,_k?rﬁge'ﬂeff_j E,‘:Lr'i' df |F(1,14)| Pr>F MEegﬂgl?Significant? Statistically Better
Glove vs Wand 16200 0.2140] Yes 14 | 0.51 [0.4860| Yes Neither Neither
Glove vs 86"Non 1.4400[ 0.2402] Yes 14 | 0.74 |0.4046| Yes Neither Neither
Glove vs W/S 0.8100] 0.3754] Yes 14 | 294 |0.1085| Yes Neither Neither
Wand vs 86"Non 0.0015 0.9693 Yes 14 | 3.22 (0.0943 No Means |Wand 5.79%)
Wand vs W/S 0.0001 0.9927 Yes 14 | 6.92 (0.0198 No Means |Wand 9.91%
86"Non vs WIS 0.0023 0.9620 Yes 14 1.85 (0.1949 Yes Neither Neither
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Benchmark 2 - Novice Users
Pass 1 Manipulation Ratings
S i
4 - || —_— -
3 ] | | L | | - -
Rating
2 ] | | L | | - -
“] | | || || ||
N1 | N2 N13|N14 |N15| Avg | StD
OGlove |4.20(4.80|4.60|4.40|3.80|4.40(3.00/2.80|3.40(5.00/3.60|3.60(4.00|3.80|3.80(3.95|0.63
E\Wand |4.60(4.20|4.00/3.80|3.80|4.00({3.60|2.60|4.20({4.80|3.80|3.80(4.20|3.80|3.80(3.93|0.49
[86"Non |4.00(3.80|3.60|2.60(4.00|3.00({4.00/3.20|4.80(5.00/3.00|3.80(3.20|4.00|4.00(3.73|0.66
awis 4.00/4.00|4.00{2.80/4.00|3.20(3.80|2.80|4.20(4.80|4.00{4.00|4.00|4.00|4.00|3.84(0.52
User #
Figure D- 4: B2Np1Mov Novice User Manipulation Ratings
Table D- 4: B2Np1Mov Novice User Manipulation Ratings Statistics
Benchmark 2, Novice USers, Pass 1, Manipulation Ratings
BZNp1 # Users IMean st Dev Low High FValue | Normal? cV
Glove 15 3.95 0.63 2.80 5.00 =0.1000 Yes 15.96%
Wand 15 393 049 260 480 0.0073 No 12 56%
86"Naon 15 373 0.66 260 5.00 0.0763 Yes 17 .62%
WIS 15 3.84 0.52 2.80 4.80 < 0.0001 No 13.67%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 0.52 0.6776 0.0561
B2Np1 Bartlett's Test L 's Test . a . -
P (Jh|—?wq ePr i=ih|bq = ‘zfge SP[efF Eg?%l df |F(1,14)| Pr=F I'Eg;:ls Significant?| Statistically Better
Glove vs Wand 0.7400[ 0.3970] VYes 14 | 0.01 |0.9063] Yes Neither Neither
Glove vs 86"Non 0.7951 0.3726 Yes 14 0.88 |0.3636] VYes Neither Neither
Glove vs WIS 0.0400[ 0.8519 VYes 14 | 036 |056579] Yes Neither Neither
Wand vs 86"Non 0.5400] 0.4690] VYes 14 1.62 [0.2244] Yes Neither Neither
'Wand vs W/S 0.9300[ 0.3439] VYes 14 | 0.82 |0.3803| Yes Neither Neither
86"Non vs WIS 0.0300| 0.8574] Yes 14 1.00 [0.3343] Yes Neither Neither
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Benchmark 2 - Novice Users
Pass 1 General Impressions Ratings

S ] §

4 L _— — —

3 i | | | | | | | | | |

Rating

2 _ || || | | || | |

"l _ | | | | | | | | | |

07 N8 | N9 [N10[N11[N12|N13[N14 [N15 StD
mGlove |4.004.00/5.00/4.80(4.00/4.80(3.80(3.00/3.60(4.20|4.00/4.40|4.00]4.004.00|4.11|0.50
Bm\Wand |5.00|5.00/4.20|4.00{4.00|4.80|3.80{3.00/5.00{5.00|3.60|4.00|4.00|4.00|4.00|4.23|0.60
[186"Non |4.00{3.80|3.60(2.60|4.00/3.00({4.00|3.20(4.80|5.00|3.60|4.00|4.00(4.00|4.00|3.84 | 0.61
OW/S  |4.00(4.00/4.00/2.80|4.00/3.20|3.80|2.80|4.20|4.80|4.00|4.00|4.00|4.00|4.00|3.84|0.52

User #
Figure D- 5: B2Np1Gen Novice User General Impressions Ratings

Table D- 5: B2Np1Gen Novice User General Impressions Ratings Statistics

Benchmark 2, Novice Users, Pass 1, General Impressions Ratings

BaNp1 % Users Mean St Dev. Tow High Pvalue |Normar?] GV
Glove B 311 050 3.00 5.00 00118 No [12.19%
Wand 1 123 0.60 3.00 5.00 0.0149 No  [1429%
86'Non 15 3.84 0.61 260 5.00 0.0062 No |15.90%

Wis 15 384 052 2.80 480 <00001 | No [1367%
Homogenelty of varance Roy's Grealest Root. F(3,12) 193 _Pr>F 0.1785
B2Np1 Lnfag'etﬁf Iﬁlbq e oS ngi' df |F(1,14)| Pr>F MEegLr‘g',? Significant?| Statistically Better

Glove vs wand D5800] 04351 ves | 14 | 051 |04888] Yes | Nether Neither

Glove vs 86"Non 0.4700[ 0.45973] Yes 14 1.30 [0.2735 Yes Neither Neither

Glove vs WIS D0300] 08721 Yes | 14 | 201 |0.1777] Yes | Nether |Glove 6.95%

\Wand vs 86"Non D.0000| 0.9672] Yes | 14 | 534 |0.0366] No Means |Wand __ 10.08%

Wand vs WIS 03200 05731 Yes | 74 | 677 |0.0214] Wo Means |Wand  10.08%

B6"Non vs WIS 0.2800] 0.6041] Yes | 14 | 0.00 |1.0000] Yes | Neither Efther
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Benchmark 2 - Novice Users

Pass 1 Overall Impressions Ratings

9 ) .
3 _ || | | || || ||
Rating

2 _ || | | || || ||

‘I _ || | | || || ||

07 N1 N2 [ N3 N8 | N9 [N10 [NT4]N15 StD
OGlove |4.12|4.28]4.87|4.60(3.96|4.67(3.75]3.53]3.79|4.68|4.00]4.33|4.04|4.03[4.13]4.19]0.38
B\Wand |4.93]4.56]4.15(3.32(4.024.67|3.80(3.00(4.48|4.95|3.75]4.13|4.02[4.01]4.04| 4.12]0.54
0086"Non |4.46|3.87]4.00(2.88(3.71(3.19|3.80|2.90]4.66|4.85|3.55]3.98]3.83(4.00]4.00/3.85]0.57
OW/S |443]3.96]4.25/277(369(3.07|3.78]2.89]4.15|4.82|3.79]4.00|4.00(4.00]4.00] 3 84| 0.56

User #

Figure D- 6: B2Np1Ovr Novice User Pass 1 Overall Impressions Ratings

Table D- 6: B2ZNp1Ovr Novice User Pass 1 Overall Impressions Ratings Statistics

Benchmark 2, Novice Users, Pass 1, Overall Impressions Ratings

BZNp1 # Users Mean St. Dev Low High F Value Normal? [
Glove 15 4.19 0.38 3.53 4.87 =0.1000 Yes 9.10%
Wand 15 412 0.54 3.00 4.95 >0.1000 Yes 13.20%
86"Non 15 3.85 0.57 2.88 4.85 =0.1000 Yes 14.75%
WIS 15 384 0 56 277 482 = 01000 Yes 14 53%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 2.21 Fr=F 0.1402
BN LhEa;lletL? j?ji,bq = L,ea\fige Sp-l;e;‘_?ty \Ejgﬁlil df [F(1,14)| Pr=F Miiﬂgl? Significant? | Statistically Better

Glove vs Wand 1.6687 0.1964] Yes 14 0.26 |0.6152] Yes Neither Neither
Glove vs 86"Non 20734 0.1499 Yes 14 | 4.11 |0.0621 No Means  |Glove 9.00%
Glove vs WIS 1.9088 01671 Yes 14 | 472 (0.0475 No Means  |Glove 9. 14%
Wand vs 86"Non 0.0235 0.8782 Yes 14 7.29 |0.0172 No Means  |Wand 7.20%
Wand vs W/S 0.0086 0.9261 Yes 14 £.53 |0.0229 No Means  |Wand 7.34%

86"Non vs WIS 0.0037 09518 Yes 14 001 |0.9095] VYes Neither Neither
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Benchmark 2 - Novice Users

Pass 2 Elapsed Times

500
450
400
350
300
Elapsed IV
Time 250 A — - 1
(in Sec.)
200 4 — | I -
150 — = = =
100 = — — =
50 - = — — =
0 - - - L | L | L - - - -
NS NG N7 N& N9 N10 | N11 N12 | N13 | N14 | N15 | Avg StD
|E| Glove 120 200 150 285 220 205 185 190 250 190 150 | 2026 | 44.3
|IWancI 205 210 190 240 190 205 206 240 210 140 160 200 280 185 160 | 201.4 | 349
||:| 86"Non | 315 345 305 290 350 200 292 450 215 235 240 210 250 200 140 | 2661 | 778
User #
Figure D- 7: B2Np2Tim Novice User Elapsed Times
Table D- 7: B2Np2Tim Novice User Elapsed Times Statistics
Benchmark 2, Novice Users, Pass 2, Elapsed Times
B2Np2 | # Users Nean St. Dev. Low High F Value | Normal? cV
Glove 15 2066 44 30 120.0 2850 > 0.1000 Yes 21.44%
Wand 15 2014 34.93 140.0 2800 0.0979 Yes 17.34%
86"Mon 15 269.1 77.64 140.0 4600 >0.1000 Yes 28.85%
WIS 15 2430 62.01 140.0 4150 0.0346 No 25.52%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 555 Pr=F 0.0127
B2Np2 Bartlett's Test Levene's Test Equal Equal |.. . i
TSP ChSa [ vae T ProF ] var? df | F(1,14) | Pr=F Means 7 Significant?| Statistically Better
Glove vs Wand 0.7556 0.3847 Yes 14 0.02 0.8984 Yes Neither MNeither
Glove vs 86"Non | 12.0700 0.0037 No 14 12.07 | 0.0037 No Var/Means |Glove 23.23%
Glove vs WIS 0.7200] 0.4047] Yes 14 5.46 0.0235 No Means |Glove 17.62%
\Wand vs 86"Non 7.8383 0.0051 No 14 1349 | 0.0025 No Var/Means |Wand 2323%
Wand vs W/S 1.4500] 0.238Y] Yes 14 | 10.08 [ 0.0067 No Means |Wand 17.12%
86"Non vs WIS 0.4700| 0.49384] Yes 14 1.17 0.2125 Yes Meither Neither
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Benchmark 2 - Novice Users
Pass 2 Navigation Ratings

Rating

07 [ N3 [ N4 [ N5 [ N6 | N7 | N8 | N9 [N10 N12|N13[N14[N15 StD

OGlove |4.14/3.43|4.86]5.00|4.00|4.00]/3.71]3.57|3.71|3.57|4.43/5.00|4.00(4.29(4.29|4.13]|0.51
WWand |5.00/4.43|4.14|2.86|3.86|4.57|3.86|2.86|3.57|5.00|3.88|4.41|4.00(4.00|4.00]4.03|0.63
O86"Non |5.00)3.43|3.71]2.86|3.57|3.143.86|3.00|4.43 4.00|3.29 4.00|4.00|4.00|4.00|3.75|0.56
owrs 5.00/4.10]14.10{2.90|3.40(3.10]3.60|3.10|3.704.00]|3.71|4.00|4.00|4.00|4.00]|3.78|0.52

User #

Figure D- 8: B2Np2Nav Novice User Navigation Ratings

Table D- 8: B2Np2Nav Novice User Navigation Ratings Statistics

Benchmark 2, Novice Users, Pass 2, Navigation Ratings

B2Np2 # Users Mean St. Dev. Low High P Value | Normal? CV
Glove 15 413 0.51 3.43 5.00 = 0.1000 Yes 12.45%
Wand 15 4.03 0.63 2.86 5.00 = 0.1000 Yes 15.59%
86"Non 15 3.75 0.56 2.86 5.00 = 0.1000 Yes 14.98%
WIS 15 3.78 0.52 2.90 5.00 0.0938 Yes 13.82%
Homogeneity of Variance Roy's Greatest Rool: F(3,12) 2.28 Pr=F 0.1318
B2Np2 mfagle‘,ﬂf _ ?jt“bq TGS sl ot |Faa)| proF | F Isignificanty | statistically Better
Glove vs Wand 0.7150 0.3978 Yes 14 | 0.22 | 0.6479 Yes Neither Neither
Glove vs 86"Non 0.0822 0.7744 Yes 14 | 341 |0.0858 No Means |Glove 10.13%
Glove vs WIS 0.0043 0.9475 Yes 14 | 3.44 | 0.0847 No Means |Glove 9.31%
Wand vs 86"Non 0.3137 0.5754 Yes 14 | 3.62 |0.0779 No Means |Wand 65.56%
Wand vs WIS 0.58298 0.3623 Yes 14 | 448 | 0.0526 No Means |Wand 6.56%
86"Non vs WIS 0.1242 0.7246 Yes 14 | 012 | 0.7375 Yes Neither Neither
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Pass 2 Locating Ratings
5 _
4 . | A _ __ | _
3 _ || || | || | | | || | | | | |
Rating
2 _ || || | || | | | || | | | | |
‘I _ || || | || | | | || | | | | |
0 - N3 | N4 | N5 | N6 | N7 | N8 | N© [N10[N11[N12[N13 [N14[N15 StD
BGlove |4.40|4.80(4.80(4.00|4.00(4.60(3.60(3.80|3.80|4.60(4.00|4.00(4.00(4.00(4.20(4.17|0.38
E\Wand |5.00|4.00(4.40|2.80|3.80(4.80(3.80(2.80 |4.60|5.00(3.60|4.00(4.00(4.00|4.20|4.05|0.67
D186"Non |5.00(4.00(4.20(2.60|3.20(3.20{3.80(2.60 |4.40|5.00{3.60 | 4.00|4.00 [4.00|4.00|3.84 |0.72
OW/S |5.004.00]4.20|2.20|3.60(3.40(3.60(3.20 4.00|5.00{4.00|4.00|4.00|4.00|4.00|3.88|0.68
User #
Figure D- 9: B2Np2Loc Novice User Locating Ratings
Table D- 9: B2Np2Loc Novice User Locating Ratings Statistics
Benchmark 2, Novice Users, Pass 2, Locating Ratings
B2Np2 # Users Mean St. Dev. Low High P Vvalue | Normal? CV
Glove 15 417 0.38 3.60 4.80 0.0029 No 9.03%
Wand 15 4.05 0.67 2.80 5.00 = 0.1000 Yes 16.52%
86"Non 15 3.84 072 26.00 5.00 = (0.1000 Yes 18.70%
Wis 15 3.88 0.68 2.00 5.00 0.0229 No 17.40%
Homogeneity of Variance Roy's Greatest Root. F(3.12)  1.40 Pr>F 02913
BaNpz {,nfagletﬁfjﬁubq AT =T Ezt'i' dt |F(1,14)| Pr>F MEeiﬂzl?Significant? Statistically Better
Glove vs Wand 36500 0.0648] Yes | 14 | 068 |04243] Yes Neither Neither
Glove vs B6"Non 45500 0.0418] Yes 14 | 3.82 |0.0780 No Means |Glove 8.67%
Glove vs WIS 20100 0.1670] Yes 14 | 3.28 |0.0916 No Means |Glove 7.55%
VWand vs 86"Non 0.0656 0.7979 Yes 14 3.92 |0.0667 No Means |Wand 5.55%
VWand vs W/S 0.0000[ 0.9775] Yes 14 2.33 (0.0493 No Means |Wand 4 46%
86"Non vs WIS 0.0500| 0.8316] Yes 14 0.32 (05816 Yes Neither Neither
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Benchmark 2 - Novice Users
Pass 2 Manipulation Ratings
S —
I P I -
S HE R s 1= G lsl Il IE! Hel &l ! 15
Rating
2 ] || || || || || | | || || | | ||
"] | | | || || | | - || || | | || - | | ||
0+ N1|N2|N3|N4|N5|N6|N7|N8|NO[N1O[N11|N12[N13[N14[N15] StD
OGlove |4.20]4.80[5.00{440[4.00[4.80]4.00{360]4.00[4.80[3.80]3.60{4.00{3.80][4.00{4.19]0.46
BWand |4.80[4.00[4.00]3.00[3.80[4.60[3.60{2.80]4.40[4.803.80[3.80]4.00{4.00[4.00(3.96]0.57
O86"Non |4.00]4.00]4.203.40[4.00{3.00|3.80|2.80]4.80|4.80]3.20]4.00|3.40]4.00]4.00]3.83]0.58
ows |4.00[4.00[4.40]2.80[4.00[3.20]3.80{3.20]4.80[4.80]4.00[4.00{4.00{4.00[4.00[3.93]0.54
User #

Figure D- 10: B2Np2Mov Novice User Manipulation Ratings

Table D- 10: B2Np2Mov Novice User Manipulation Ratings Statistics

Benchmark 2, Novice Users, Pass 2, Manipulation Ratings

B2Np2 # Users Mean St. Dev. Low High F Value | Normal? CV
Glove 15 4.19 0.46 3.60 5.00 0.0088 No 11.05%
Wand 15 3.95 0.57 2.80 4.80 0.0892 Yes 14.31%
86"Non 15 3.83 0.68 2.80 4.80 0.0546 Yes 15.16%
WIS 15 3.93 0.54 2.80 4.80 0.0022 No 13.82%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 1.80 Pr=F 0.2003
B2Np2 e S | o [Fet,14) ProF| 993 |significant?| statistcally Beter
Glove vs Wand 06800 0416/ VYes 14 | 250 [0.1358] Yes Neither Neither
Glove vs 86"Non 1.0200] 0.3221] Yes 14 | 465 |0.0490] No Means |Glove 9.41%
Glove vs WIS 0.4300] 0.5186] Yes 14 | 215 [0 1649| Yes Meither Neither
Wand vs 86"Non 0.0073 0.9321 Yes 14 0.90 |0.3580| Yes Neither Neither
'Wand vs WIS 0.0300] 0.8741] VYes 14 | 0.05 |0.8338] Yes Neither Neither
86"Non vs WIS 0.0700| 0.7929) VYes 14 1.67 |0.2170] Yes Neither Neither
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Benchmark 2 - Novice Users
Pass 2 General Impressions Ratings

5 -

4 i — S S — _

3 ] | | || | |

Rating
2 _ || || | | ||
-1 _ || || | | ||
N11[N12[N13[N14[N15 StD
OGlove |4.20(4.00/5.0015.00|4.00/4.80|4.00(3.00|3.80(4.20/4.20(4.40|4.00(4.00{4.00|4.17|0.50
EWand |5.00(4.80|4.40(3.40(4.00/5.00|3.80(3.00|5.00|5.00|3.60|4.00|4.00|4.00|4.00|4.20|0.64
0186"Non |4.00(4.00|4.20(3.40(4.00| 3.00|3.80(2.80|4.80|4.80|3.40|4.00|4.00 |4.00|4.00|3.88|0.55
OW/S |4.00|4.004.40|2.80|4.00/3.20|3.80|3.20|4.80|4.80|4.00|4.00|4.00|4.00|4.00|3.93|0.54
User #

Figure D- 11: B2Np2Gen Novice User General Impressions Ratings

Table D- 11: B2Np2Gen Novice User General Impressions Ratings Statistics

Benchmark 2, Novice Users, Pass 2, General Impressions Ratings

B2Np2 # Users IMean St. Dev. Low High P Value | Normal? CV
Glove 15 417 0.50 3.00 5.00 0.0300 No 12.00%
Wand 15 420 0.64 3.00 5.00 0.0443 No 15.27%
86"Non 15 3.88 0.55 2.80 4.80 0.0110 No 14.29%
WIS 15 3.93 0.54 2.80 4.80 0.0022 No 13.82%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 1.62 Pr=F 0.2368
B2Np2 thagleiﬁf )Tf’:“bq - k%‘fge SPTrefL Egﬁ' df |F(1,14)| Pr>F M'Zgﬁi'? Significant?| Statistically Better
Glove vs Wand 1.0800] 0.5000] Yes 14 | 0.02 [0D.8849] Yes Neither Neither
Glove vs B6"Non 0.1300[ 0.13%7] Yes 14 | 243 (01412] Yes Neither Neither
Glove vs WIS 0.08000 07773 Yes 14 | 141 |[0.2547] Yes Neither Neither
\Wand vs 86"Non 0.4400[ 0.5118] Yes 14 5.00 |0.0422 No Means |Wand 8.25%
\Wand vs WIS 0.5500[ 0.4635] Yes 14 3.35 |0.0884 No Means |Wand 6.79%
86"Non vs WIS 0.0100| 0.9389] Yes 14 0.65 |04332 Yes Neither Neither
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Pass 2 Overall Impressions Ratings

S .

4 - ——1 —

3 | |

Rating

2 | |

1 | | | |

0 LI TR

N8 | N9 [N10 N14|N15 StD
DGlove |4.13[4.09]4.96/4.84/3.99(4.76]3.89|3.62(3.86]4.76|4.14|4.47[4.01]4.01]4.04]4.24]0.41
E\Wand |4.98|4.74(4.29|3.624.168|4.87|3.60/3.18|4.83(4.98|3.74|4.04|4.01|4.00(4.01|4.22|0.55
0186"Non |4.15|3.93|4.07|3.05|3.90|3.06 |3.822.79|4.75|4.84 | 3.56|3.99(3.94 |4.00|4.00|3.86 |0.57
OW/S |4.14|3.90|4.31|2.97|3.90|2.89|3.79|2.70|4.52|4.81|3.75|4.00|4.00|4.00|4.00| 3.84 |0.58
User #

Figure D- 12: B2Np2Ovr Novice User Overall Impressions Ratings

Table D- 12: B2Np20Ovr Novice User Overall Impressions Ratings Statistics

Benchmark 2, Novice Users, Pass 2, Overall Impressions Ratings

B2Np2 # Users Mean St. Dev Low High F Value Normal? cV
Glove 15 4.24 047 3.62 4.96 0.0072 No 11.12%
Wand 15 422 0.55 3.18 4.98 = (0.1000 Yes 13.05%
86"Non 15 3.86 0.57 279 4.84 0.0818 Yes 14.67%
WIS 15 385 059 270 481 0.0250 No 16.22%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 253 Fr=F 0.1069
B2Np2 tha_ag'eﬁ,f = —r Loy e \E;{;Lrlil df |F(1,14)| Pr>F |, «15-1?2‘? Significant? | Statistically Better
Glove vs Wand 20100 0.1670] Yes 14 | 002 [DB951| VYes Neither Neither
Glove vs 86"Non 1.1500{ 0.2295] Yes 14 | 449 [0.0525 No Means |Glove 9.88%
Glove vs W/S 1.7500] 0.1962] Yes 14 | 475 |0.0469 No Means  |Glove 10.22%
\Wand vs B6"Non 0.0101 0.9201 Yes 14 823 |0.0124 No Means |Wand 9.36%
\Wand vs W/S 00700 07925 Yes | 14 | 7.10 [0.0185] No Means  |Wand 9.70%
86"MNon vs WIS 0.0200] 0.8953] Yes 14 0.14 |0.7152| Yes Neither Neither
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Benchmark 2 - Novice Users
Pass 3 Elapsed Times

400
350
300 —
250 1 |- E— T—11
Elapsed ]
Time 200 4 — . H
(in Sec.)
150 — I
100 - -
N I I ﬁ:ﬁ
0 Ll Ll | Ll | Ll Ll A Ll
N2 N7 N8 Ng N10 N15 | Avg | StD
O Glove 180 | 120 | 210 | 175 | 170 | 140 | 200 | 200 | 145 | 175 | 180 | 200 | 170 | 125 |171.3| 276
B \Wand 115 | 135 | 135 | 125 | 115 | 146 | 165 | 190 | 190 | 145 | 175 | 195 | 170 | 130 |151.4| 274
O 86"Non 295 265 315 280 | 285 277 | 350 | 215 215 240 | 200 225 185 130 [250.1 | 56.2
OwWis 250 180 255 220 | 200 235 | 235 | 255 255 235 | 200 280 225 140 (2283 372
User #
Figure D- 13: B2Np3Tim Novice User Elapsed Times
Table D- 13: B2Np3Tim Novice User Elapsed Times Statistics
Benchmark 2, Novice Users, Pass 3, Elapsed Times
B2Np3 | # Users Mean St. Dev. Low High P Value | Normal? [
Glove 15 171.3 27.61 120.0 2100 0.0628 Yes 16.12%
Wand 15 154.2 27.40 115.0 195.0 =0.1000 Yes 17.77%
86"Non 15 250.0 56.22 130.0 350.0 =0.1000 Yes 22 49%
WIS 15 2203 37.22 140.0 280.0 =0.1000 Yes 16.23%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 27.26 Pr=F <0.0001
B2Np3 Hartlett's Test Levene's Test Equal . Equal |.. .. e
TRSq [ Pr= Chsg [ FVae ] Pror ] var 2 df | F(1,14) | Pr=F Means ? Significant?| Statistically Better
Glove vs Wand 0.0008 0.977¢f Yes 14 5.35 | 0.0001 Nao Means  |Wand 9.98%
Glove vs 86"Non §.3265 0.0119 No 14 3496 | 0.0001 No Var/Means |Glove 31.48%
Glove vs WIS 1.1887 0.2758 Yes 14 63.99 | 0.0001 No Means |Glove 25.29%
Wand vs 86"Non 5.4531 0.0111 No 14 29.23 | 0.0001 No Var/Means |Wand 31.48%
Wand vs W/S 1.2482 0.2639 Yes 14 69.44 | 0.0001 No Means |Wand 32.75%
86"Non vs WIS 22377 0.1347 Yes 14 226 01546 Yes Neither Neither
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Benchmark 2 - Novice Users
Pass 3 Navigation Ratings

5 —
4 - — - - -
3 LI M
Rating
2 LI M
1 A LI M
N10 N12|N13 |[N14 | N15 StD
OGlove |4.00(3.71]5.00(5.00(4.00|4.71|3.86|3.86|4.00|5.00/4.43|5.00|4.43|4.29|4.57(4.39|0.47
EWand |5.00(4.43/4.29|3.43|4.29|4.86|3.86|3.14|4.29|5.00/3.88(4.71|4.00|4.29|4.29/4.25|0.54
[086"Non |4.86(3.71]4.29|2.71|3.43|3.29|4.00|2.86 |4.29|5.00|3.86 |4.00|4.00|4.00{4.00|3.89|0.63
aw/s 5.00|3.70|4.00{2.70|3.40(2.90|3.90|2.70|3.70(5.00|3.88|4.00|4.00|4.00|{4.00(3.79|0.68
User #
Figure D- 14: B2Np3Nav Novice User Navigation Ratings
Table D- 14: B2Np3Nav Novice User Navigation Ratings Statistics
Benchmark 2, Novice Users, Pass 3, Navigation ﬁatings
BZNp3 | # Users Mean St Dev. Tow High P valle | Normal? | CV
Glove B 439 0.47 371 5.00 >0.1000 | ves | 10.74%
Wand 15 435 0.53 3.14 5.00 >0.1000 | Yes | 12.58%
86"Non 15 389 063 271 5.00 >01000 | Yes | 1629%
WIS 15 379 068 270 5.00 00145 No | 1798%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 3.63 Pr=F 0.045
B2Np3 TPt e e | o [Faaa| prsF | E9 Tsignincants| statisticaly Better
Glove vs Wand 0.3500 [ 0.5608 | Yes 14 | 0.74 | 04037 | Yes Neither Meither
Glove vs B6"Non 14700 | 02352 | ves 14 | 663 | 0.0220 No Means |Glove 12.97%
Glove vs WIS 2.0200 | 01663 | Yes 14 | 847 | 00114 No Means |Glove 15.80%
Wand vs 86'Non 0.3826] 05362 Yes | 14 | 9.14 |0.0091] No Means _|Wand 12.10%
Wand vs W/S 0.7875] 03749 Yes | 14 | 1149 |0.0044| No Means _|Wand 12.10%
B6"Non vs W/S 0.0738] __ 0.7858 Yes | 14 | 372 | 00745] No Means__|86"Non 251%
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Benchmark 2 - Novice Users
Pass 3 Locating Ratings
5 -
4 - i i nninel
3 U | || | | ||
Rating
2 _ | || | | ||
-‘] _ | || | | ||
07 N8 | N9 [N10 N12[N13[N14][N15 StD
EGlove |4.40/4.80(5.00(4.40|4.00|4.80(3.80/4.40(4.00(4.60(4.20|4.80|4.00(|4.00{4.40|4.37|0.37
E\Wand |5.00/4.60(3.00(3.40|4.60|5.00{3.80/3.20(4.80(5.00(4.00 4.60|4.00(|4.00{4.20|4.21|0.66
[186"Non |4.603.60(4.00(2.60|3.40|3.40(3.80|2.80[4.80|5.00|3.804.00|4.00|4.00{4.00|3.85|0.66
OwW/S |5.00/4.00(4.80(3.00|3.40|3.00{3.80|2.60(3.80|5.00|3.60|4.00|4.00|4.00{4.00|3.87 |0.70
User #
Figure D- 15: B2Np3Loc Novice User Locating Ratings
Table D- 15: B2Np3Loc Novice User Locating Ratings Statistics
Benchmark 2, Novice Users, Pass 3, Locating Ratings
B2Np3 # Users Mean St. Dev. Low High P Vvalue | Normal? CV
Glove 15 437 0.37 3.80 5.00 = 0.1000 Yes 8.45%
Wand 15 421 066 3.00 5.00 = 0.1000 Yes 15.69%
86"Non 15 3.85 0.66 260 5.00 0.0693 Yes 17.04%
WIS 15 3.87 0.70 260 5.00 0.0399 No 18.20%
Homogeneity of Variance Roy's Greatest Root. F(3,12) 241 Pr>=F 01174
B2Np3 Lnfag'etﬁfjﬁbq ,_'{?rﬁge'ﬂef:_ E,‘:Lr'i' daf |F(1,14)| Pr>F MEegt::l?Significant? Statistically Better
Glove vs Wand 4.5440 0.0371 No 14 | 0.69 [0.4197] Yes ar Glove 3.80%
Glove vs 86"Non 4.2511 0.0392 No 14 | 6.84 |0.0204 No Var/Means|Glove 13.50%
Glove vs W/S 4.9000[ 0.0352] No 14 | 7.34 [0.0170 No  |Var/Means|Glove 13.09%
Wand vs 86"Non 0.0006 0.9807 Yes 14 | 4.99 |0.0424 No Means Neither
Wand vs W/S 0.0900] 0.7702] Yes 14 | 271 (01221 Yes Neither |Wand 8.95%
86"Non vs WIS 0.0900| 0.7727] Yes 14 0.02 (09016 Yes Neither MNeither
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Benchmark 2 - Novice Users
Pass 3 Manipulation Ratings
5 _‘ —
4 Mt i : ¥ TTRTTTRTTT
3 . | | | | | | | | - _ | L | | - | | L | | | |
Rating 1
2 | | | | | | | | | || | | | | | | | | | |
1 ] | | | | | | | | - | | L | | - | | L | | | |
O TN TN2 | N3 [ N4 | N5 [ N6 | N7 | N8 | NS |N10[N11|N12[N13|N14[N15] Avg | StD
OGlove [4.20(4.80(5.00(4.80|4.00|4.80(4.00(4.40|4.00(4.80/4.00|4.00|4.00(4.00(4.00|4.32|0.40
EWand |4.80(4.80|4.20|3.20|4.00(4.60|3.80/3.40/4.60|4.80|3.60(4.00/4.00(4.00{4.00/4.12(0.51
[86"Non |4.00(4.00|4.20(3.20|4.00(3.00|3.80|2.60|4.80(4.80|3.80(4.00|3.40(4.00(4.00|3.84|0.60
aw/s 4.00|3.80|4.40|3.20(4.00(2.60|3.80/2.40|4.80|4.80|3.20(4.00(4.00|4.00|4.00{3.80|0.69
User #
Figure D- 16: B2Np3Mov Novice User Manipulation Ratings
Table D- 16: B2Np3Mov Novice User Manipulation Ratings Statistics
Benchmark 2, Novice Users, Pass 3. Manipulation Ratings
BZNp3 # Users IMean St. Dev Low High P Value | Normal? CV
Glove 15 432 0.40 4.00 5.00 0.0002 No 9.23%
Wand 15 4.12 0.51 320 4.80 =0.1000 Yes 12.42%
86"Non 15 3.84 0.60 2.60 4.80 0.0846 Yes 15.53%
WIS 15 3.80 0.69 240 4.80 0.0273 No 18.23%
Homoegeneity of Variance Roy's Greatest Root:  F(3,12) 1.85 Pr=F 0.1919
B2Np3 Bartlett's Test L 's Test \ E L -
? (Jh|—gq ePr :=ih|bq = .:e;;sge SP[ef,_ Ec::il df |F(1,14)| Pr=F f'ﬁg;;‘s Significant?| Statistically Better
Glove vs Wand 2.34001 01377 Yes 14 1.84 10.19682] Yes Neither Neither
Glove vs 86"Non 2.1300[ 0.1554 VYes 14 | 6.06 |0.0274] No Means |Glove 12.50%
Glove vs WIS 3.4400] 0074 ¥es 14 | 564 (00324 MNo Means |Glove 13 68%
Wand vs 86"Non 0.3153 0.5744 Yes 14 | 440 |0.0546] No Means |Wand 7.29%
Wand vs WIS 14000 02466 Yes 14 | 402 |0.0646] Mo Means  |Wand 8.42%
86"Non vs WIS 1.7500| 0.1960] Yes 14 0.34 |0.5667| Yes Neither Neither

214




Benchmark 2 - Novice Users
Pass 3 General Impressions Ratings

S 7 |

4 _ - — —— —— —

3 _U | | - | | -

Rating
2 i | | | | | | | |
1 _ | | | | | | | |
N9 |N10 N12[N13 |N14 [N15 StD
OGlove |4.40(4.00(5.00|5.00|4.00{4.80({4.00|4.00|4.00|4.80|4.20|4.60|4.00|4.00|4.00|4.32|0.41
EWand |5.00(4.80(4.40(3.80(4.40(5.00|3.80|3.40/5.00|5.00|{3.80(4.00|4.00/4.00(4.00(4.29|0.54
[086"Non |4.00(4.00(4.20|3.20|4.00|3.00(3.80|2.604.80|4.80|3.60(4.00|4.00 4.00|4.00|3.87|0.59
awis 4.00|3.80(4.40(3.20|4.00(2.60|3.80(2.40|4.80|4.80(3.60|4.00({4.00|4.00(4.00(3.83|0.68
User #

Figure D- 17: B2Np3Gen Novice User General Impressions Ratings

Table D- 17: B2Np3Gen Novice User General Impressions Ratings Statistics

Benchmark 2, Novice Users, Pass 3, General Impressions Ratings

B2Np3 # Users Mean St. Dev. Low High P Value | Normal? CV
Glove 15 432 0.41 4.00 5.00 0.0002 No 9.39%
Wand 15 429 0.54 3.40 5.00 0.0217 No 12.68%
86"Non 15 3.87 0.59 2.60 4.80 0.009 No 15.23%
WIS 15 383 068 2.40 4.80 0.0543 Yes 17.65%
Homogeneity of Variance Roy's Greatest Root.  F(3,12) 3.80 Pr>F 0.0397
B2Np3 et e | ar s prs F | 9 siguincants| statisticaly Betier
Glove vs Wand 3.0800] 0.0900] Yes 14 | 003 |DBB4B| Yes Neither Neither
Glove vs 86"Non 1.7000] 0.2032] Yes 14 571 |0.6315| Yes Neither Neither
Glove vs WIS 25900 0.1189] ves 14 | 571 |0.0315 No Means |Glove 12.88%
Wand vs 86"Non 0.1100] 0.7383] Yes 14 9.04 |0.0094 No Means |Wand 11.02%
Wand vs WIS 0.7200 D.4DS§| Yes 14 746 |0.0163 No Means |Wand 12.18%
86"Non vs WIS 0.2400 0.625?| Yes 14 1.31 [0.2711 Yes Neither Neither
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Benchmark 2 - Novice Users
Pass 3 Overall Impressions Ratings

S -

4 | — — — _

3 ] || | |

Rating

2 _ || | | ||

1 _ || | | ||

. LT 101 01 O ER T

N10 N12 [N13|N14 [N15 StD
OGlove |4.23(4.12]4.94]4.79(3.98/4.74|3.86(3.50(3.82|4.75|4.12|4.42|4.02|4.01|4.06|4.22|0.42
mWand |4.97(4.73/4.26(3.55|4.11|4.82|3.80(3.10|4.77|4.98|3.72|4.06|4.01 |4.00|4.02|4.19|0.56
0186"Non | 4.20(3.91|4.02(3.00(3.87 | 3.08|3.83|2.85|4.74|4.85|3.55|3.99|3.93 |4.00|4.00|3.86|0.56
OW/S |419(3.93/4.28/2.89(3.862.99|3.79(2.80|4.42|4.81|3.80|4.00|4.00|4.00|4.00|3.85|0.56
User #

Figure D- 18: B2Np3Ovr Novice User Overall Impressions Ratings

Table D- 18: B2Np3Ovr Novice User Overall Impressions Ratings Statistics

Benchmark 2, Novice Users, Pass 3, Overall Impressions Ratings

B2Np3 # Users Mean St. Dev Low High P Value Normal? cV
Glove 15 4.22 0.42 3.50 4.94 = 0.1000 Yes 0.86%
Wand 15 419 056 310 498 =0.1000 Yes 13.30%
86"Non 15 3.86 0.56 2.85 4.85 0.0584 Yes 14.58%
WIS 15 3.85 0.56 2.80 4.81 0.0087 No 14.58%
Homogeneity of Variance Roy's Greatest Root. F(3,12) 2.53 Pr=F 0.1069
B2Np3 thgg'eﬁ T?S‘:Ib —1= %_ETEQELE,SL \Egt'?;' df |F(114)| Pr>F ﬂ'iiﬁz‘? Significant? | Statistically Better
Glove vs Wand 1.1334 0.2870] Yes 14 | 0.05 |0.8341] Yes Neither Neither
Glove vs 86"Non 1.1958 0.2742 Yes 14 | 433 |0.0563 No Means |Glove 9.57%
Glove vs WIS 1.3300] 02533 Yes | 14 | 471 [0.0478 No Means  |Glove 0.69%
Wand vs 86"Non 0.0009 0.9765 Yes 14 | 7.74 |0.0147 No Means  |Wand 8.77%
Wand vs W/S 0.0000] 0.9767] Yes 14 | 688 |0.0201 No Means |Wand 8 88%
86"Non vs WIS 0.0000] 0.9962] Yes 14 001 [0.9117| Yes Neither Neither
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Benchmark 2 - Novice Users
3 Pass Avg. Elapsed Times

400.0
350.0
300.0 +—1 I 1
250.0 | | H
Elapsed — —
Time 200.0 17 -
(in Sec.)
150.0 H H =
100.0 H = =
50.0 H H H
0.0 L - L L SRR ] q r—
N1 N4 N7 N8 N11 N13 N15 | Avg StD
HGlove |[199.5|218.3|241.7|260.0 | 1563.3 | 188.3 [ 148.3 | 258.3 193.3 | 188.3 | 240.0 | 186.7 | 148.3 | 189.1 | 375
EWand |[205.0|198.3 | 230.0 |205.0 | 208.3 | 193.3 [ 205.0 | 215.0 156.7 | 188.3 | 258.3 | 186.7 | 156.7 | 198.4 | 2586
O86"Non | 300.0 | 328.7 | 281.7 | 310.0 | 321.7 | 266.7 [ 288.8 | 368.3 240.0 | 201.7 | 256.7 | 203.3 | 141.7 [ 2635 | 59.2
aw/s 306.7 | 260.0 | 250.0 | 321.7 | 311.7 | 228.3 | 270.0 | 235.0 250.0 (215.0 | 273.3 | 215.0 | 145.0 [ 262.3 | 45.7

Figure D- 19: B2N3pAvgTim Novice Users Elapsed Times

Table D- 19: B2N3pAvgTim Novice Users Elapsed Times Statistics

Benchmark 2, Novice Users, 3 Pass Avg., Elapsed Times

B2ZN3pA| # Users Mean St. Dev. Low High P Walue | Normal? cV
Glove 15 1951 3754 148.3 260.0 = (0.1000 Yes 18.85%
Wand 15 198.4 2563 156.7 258.3 =0.1000 Yes 12.92%
86"Non 15 263.5 59.23 141.7 368.3 =0.1000 Yes 22.48%
WIS 15 2523 4575 145.0 321.7 > (0.1000 Yes 18.13%

Homogeneity of Variance Roy's Greatest Root: F(3,12) 10.27 Pr=F 0.0012
B2N3pA Lhﬁgg‘ﬂr&f Tfjilb —+r k:ﬁge S’F,Tr'?ftF \E}gt'i' df | F(114) | Pr>F r-,-EZLrEl | Stanificant? | Statistcally Better

Glove vs Wand 1.9223 0.1658] Yes 14 0.01 0.9400 Yes Neither Neither

Glove vs 86"Non 27180 0.04892 Yes 14 2354 | 0.0003 No Means |Glove 24 44%

Glove vs W/S 0.5252 04687 Yes 14 17.95 | 0.0008 No Means [Glove 21.09%

Wand vs 86"Non 8.5452 0.0035 No 14 25.37 | 0.0001 Mo Var/Means |Wand 24.44%

Wand vs WIS 4.3037 0.0380 No 14 27.23 | 0.3541 Yes Var Wand 21.36%

86"Non vs WIS 0.8915 0.3451 Yes 14 0.92 0.0213 No Means |W/S 4.25%
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Benchmark 2 - Novice Users
3 Pass Avg. Navigation Ratings

5 -
. i oo
3 _ | | LWL | L
Rating
2 | | LWL | L
1 4 | | LWL | L
07 N8 | N9 [N10 N12[N13[N14[N15 StD
OGlove |3.76|3.57|4.81|4.81/3.90(4.47|3.71(3.48|3.76(4.38|4.43|4.86|4.14|4.24(4.38|4.18|0.46
EWand |5.00(4.52|4.19|3.14|3.95|4.48|3.86(3.00|3.91(5.00|3.88|4.47|4.00|4.10{4.10|4.11/0.56
[086"Non |4.95|3.81|3.86|2.76|3.52|3.29|3.86(3.00|4.38(4.67|3.62|4.00|4.00|4.00{4.00|3.85/0.58
aow/s 4.90/4.03/4.00|2.83|3.37/3.00(3.80(2.97|3.60|4.67|3.77|4.00(4.00|4.00(4.00|3.80|0.58
User #
Figure D- 20: B2N3pAvgNav Novice Users Navigation Ratings
Table D- 20: B2N3pAvgNav Novice Users Navigation Ratings Statistics
Benchmark 2, Novice Users, 3 Pass Avg., Navigation Ratings
BZN3pA | Users Mean St Dev. Tow High P value | Normal? | GV
Glove 5 118 0.46 348 7.86 >0.1000 | Yes | 11.08%
wand 15 111 056 3.00 5.00 > 01000 | Yes | 1364%
86"Non 15 385 058 2.76 495 >0.1000 | Yes | 14.96%
WIS 15 377 058 2.83 4.90 0.0737 Yes | 15.40%
Homogenem; of Variance ROy'S Greatest Root: F(S"]Q_] 3.14 Pr=F 0.06851
BanseA Cnfag'etﬁfjf’ﬁ.sq FATEPr=F ngi' df |F(1,14)| Pr>F M'Zg:ig'? Significant?|  Statistically Better
Glove vs Wand 0.4858 0.4858 Yes 14 0.17 | 0.6891 Yes Neither Neither
Glove vs 86"Non 0.6362 0.4251 Yes 14 263 | 01272 Yes Neither Neither
Glove vs W/S 0.6829 0.4086 Yes 14 3.83 | 0.0707 No Means |Glove 10.90%
Wand vs 85"Non 0.0103 0.9190 Yes | 14 | 7.04 |0.0185| No Means |Wand 8.97%
Wand vs WiS 0.0171 0.8959 Yes | 14 | 1053 | 0.0055| No Means |wand 8.97%
B6"Non vs WIS 0.0008 0.9768 Ves | 14 | 073 |04070| Yes Neither Neither
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Benchmark 2 - Novice Users
3 Pass Avg. Locating Ratings

5 —

4 ||| | mrny

3 1 || || || || | | ||

Rating

2 1 || || || || | | ||

‘1 _ || || || || | | ||

0 N8 | No [N10[N11[N12[N13 [N14[N15 StD
OGlove |4.33|473|4.80[4.13[4.00[473[367(3.73|3.80]4.67|4.00[427]4.00{4.00[420[420]0 38
BWand |5.00[453[4.003.07|4.13]4.87|3.87[2.93]4.60|5.00(3.73]4.20[4.00|4.00{4.13]4.14|0 61
086"Non | 4.87|3.80(4.13|2.60(3.33|3.47(3.60]2.87|4.67[5.00(3.73[4.00[4.00|4.00{4.00[3.87|0.67
Ow'S |4.80(3.93(4.47|2.40(3.40(3.27(3.73]3.00{3.80|5.00(3.80(4.00[4.00|4.00|4.00|3.84|0.66

User #

Figure D- 21: B2N3pAvgLoc Novice User Locating Ratings

Table D- 21: B2N3pAvgLoc Novice User Locating Ratings Statistics

Benchmark 2, Novice Users, 3 Pass Avg., Locating Ratings

B2N3pA # Users Mean St. Dev. Low High P value | Normal? CV
Glove 15 4.20 0.38 3.67 4.80 > 0.1000 Yes 85.98%
Wand 15 4.14 0.61 2.93 5.00 = 0.1000 Yes 14.86%
86"Non 15 3.87 0.67 2.60 5.00 = 0.1000 Yes 17.21%
WIS 15 3.84 0.66 2.40 5.00 0.0929 Yes 17.17%

Homaogeneity of Variance Roy's Greatest Root: F(3,12) 1.96 Pr=F 0.1733
B2N3pA mB_a;ueth :’f‘;lhq k'{?ﬁge SPTrefL E,gt'i' df |F(1.14)|pr>F Miiﬂzl?Significant? Statistically Better
Glove vs Wand 3.1042 0.0781 Yes 14 0.25 |(0.6249| Yes Neiher Neither
Glove vs 86"Non 1.4381 0.2305 Yes 14 | 380 [0.0716 No Means |Glove 8.50%
Glove vs WIS 1.3495 0.2454 Yes | 14 | 5.28 |[0.0374] No Means |Glove 9.38%
Wand vs 86"Non 1.4594 0.2270 Yes | 14 | 6.03 |0.0278] No Means |Wand 6.87%
Wand vs WIS 0.0015 0.9693 Yes | 14 | 521 |0.0386] No Means |Wand 7.73%
86"Non vs WIS 0.0001 0.9927 Yes | 14 | 0.21 06572 Yes Neither Neither
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Benchmark 2 - Novice Users
3 Pass Avg. Manipulation Ratings
S .
4 =
3 . - | | | | | | L | |
Rating
2 . - | | | | | | L | |
-‘I _ || | | | || | | |
07 N10[N11|N12[N13[N14[N15] Avg | StD
OGlove |4.20|4.80(4.87|4.53|3.93(4.67|3.67(3.60|3.80|4.87|3.80|3.73|4.00(3.87|3.93(4.15(0.46
E\Wand |4.73|4.33({4.07|3.33|3.87(4.40|3.67|2.93|4.40|4.80|3.73|3.87|4.07|3.93|3.93(4.00(0.49
[086"Non |4.00(3.93{4.00(3.07(4.00({3.00|3.87|2.87 |4.80(4.87|3.33|3.93|3.33|4.00/4.00|3.80|0.59
aw/s 4.00(3.93(4.27|2.93(4.00(3.00({3.80|2.80(4.60|4.80|3.73|4.00{4.00|4.00|4.00{3.86|0.57
User #
Figure D- 22: B2N3pAvgMov Novice User Manipulation Ratings
Table D- 22: B2N3pAvgMov Novice User Manipulation Ratings
Benchmark 2, Novice Users, 3 Pass Avg., Manipulation Ratings
B2ZN3pA # Users Mean St Dev. Low High F Value | Normal? CV
Glove 15 415 047 360 487 0.0354 No 11.20%
Wand 15 4.00 0.50 293 4 .80 =0.1000 Yes 12.36%
86"Mon 15 380 0.59 287 4.87 0.0267 Mo 15.51%
WIS 15 3.86 057 280 480 0.0538 Yes 14.65%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 1.17 Pr=F 0.36186
3 Bartlett's Test L 's Test \ E ) L
B2N3pA (,h|—gqur ir=ih|bq T Efﬁgesﬁe}s}_ E?;;%l df |F(1,14)| Pr=F f&g;:L Significant?| Statistically Better
Glove vs Wand 0.0800] 0.7815] VYes 14 143 |0.2510] Yes Neither Neither
Glove vs 86"Naon 1.1700] 0.2894] Yes 14 | 374 [0.0736] No Means [Glove 9.24%
Glove vs WIS 0.7100[ 0.4098] Yes 14 | 274 |0.1199] Yes Neither Neither
'Wand vs 86"Non 05100 04837 Yes 14 | 287 |0.1125] Yes Neither Neither
Wand vs WIS 0.2361 0.6270 Yes 14 1.70 10.2129] Yes Neither Neither
86"Non vs WIS 0.0300| 0.8609] Yes 14 097 [0.3414| Yes Neither Neither
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Benchmark 2 - Novice Users
3 Pass Avg. General Impressions Ratings

5 _

4 | S S S _

3 | || | | | |

Rating

2 _ | | | ||

1 _ | | | ||

. LML AR 0 AN AT

N12 [N13|N14 [N15 StD
OGlove |4.20(4.00{5.00(4.93|4.00(4.80|3.93|3.33|3.80(4.80|4.13|4.47|4.00(4.00|4.00(4.23|0.47
BWand |5.00(4.87|4.33]3.73(4.13|4.93|3.80{3.13|5.00|5.00|3.67|4.00|4.00 |4.00|4.00|4.24 |0.59
0186"Non |4.00{3.93|4.00{3.07|4.00{3.00|3.87|2.87|4.80|4.87|3.53|4.00|4.00 |4.00|4.00|3.86|0.57
OwW/S |4.00[3.93427(2.93]4.00/3.00|3.80|2.80|4.60|4.80|3.87|4.00|4.00|4.00|4.00|3.87|0.56
User #

Figure D- 23: B2N3pAvgGen Novice User General Impressions Ratings

Table D- 23: B2N3pAvgGen Novice User General Impressions Ratings Statistics

Benchmark 2, Novice Users, 3 Pass Avg., General Impressions Ratings

B2N3pA # Users Mean St. Dev. Low High P Vvalue | Normal? CV
Glove 15 4.23 047 3.33 5.00 0.057 Yes 11.23%
Wand 15 4.24 0.59 3.13 5.00 >0.1000 Yes 13.91%

86"Non 15 3.86 0.57 2.87 4.87 0.0041 No 14.68%

WIS 15 3.87 0.56 2.80 4.80 0.0107 NO 14.58%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 2.09 Pr=F 0.1544
B2N3pA Chfag'et;f :%:‘rtnSq MRS ngi' dof |Fe11a)| PrsF r-_-EgLrﬁl? Significant?| Statistically Better
Glove vs Wand 0.6344 0.4257] Yes 14 | 0.01 |0.9342] Yes Neither Neither
Glove vs 86"Non 0.5200[ 0.4735] Yes 14 3.66 |0.0763 No Means |Glove 9.40%
Glove vs WIS 04900 0.4906] ves 14 3.82 |0.0711 No Means |[Glove 9.28%
\Wand vs 86"Non 0.0300[ 0.8588] Yes 14 7.11 [0.0184 No Means |Wand 9.73%
\Wand vs W/S 0.0400( 0.8415] Yes 14 6.43 [0.0238 No Means |Wand 9.62%
86"Non vs WIS 0.0000[ 0.9841] Yes 14 | 0.01 |0.9115] Yes Neither Meither
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Benchmark 2 - Novice Users
3 Pass Avg. Overall Impressions Ratings

S .

4 _ | | B S I —

3 _ || || | | ||

Rating

2 _ || || | | ||

“I _ || || | | ||

0+ N8 | N9 [N10 N12[N13[N14|N15 StD
OGlove |4.16|4.16|4.92|474]3.98]4.72|3.83|3.55(3.82|4.73|4.12[2.41]4.02[4.02|4.08]4 22]0.40
EWand |496|4.68|423350[4.11/4.79]3.80(3.00|4.69]4.97|3.74|4.08]4.01|4.00{4.02]4.18]0.55
086"Non |4.27(3.90(4.03[2.97(3.83/3.11]3.82|2.85|4.72|4.85|3.563.99]3.90|4.00{4.00|3.85|0.56
Owis |425(3.93|428]2.88(3.82/2.98]3.79/2.80|4.36]4.81|3.78]4.00(4.00|4.00{4.00|3.84|0.56

User #

Figure D- 24: B2N3pAvgOvr Novice User Overall Impressions Ratings

Table D- 24: B2N3pAvgOvr Novice User Overall Impressions Ratings

Statistics
Benchmark 2, Novice Users, 3 Pass Avg., Overall Impressions Ratings
B2N3pA # Users Mean St. Dev. Low High P Value Normal? CV
Glave 15 4.22 0.40 3.55 4.492 0.0421 No 9.49%
Wand 15 4.18 0.55 3.09 4.97 > 0.1000 Yes 13.12%
86"Non 15 3.85 0.56 2.85 4.85 0.0747 Yes 14.62%
WIS 15 3.85 0.56 2.80 4.81 0.0102 No 14.63%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 2.29 Fr=F 0.1301
B2N3pA thagletﬁ, j?j:lt‘q = L_Z\:ige "P-l;isl \E,ZL[IT df |F(1,14)| Pr>F MEE:LHJ?? Significant? | Statistically Better
Glove vs Wand 1.0000] 0.1795] Yes 14 | 008 [0.7852] Yes Neither Neither
Glove vs 86"Non 1.7600] 0.1957] Yes 14 | 4.31 [0.0568 No Means  |Glove 9.44%
Glove vs WIS 16700 0.2071] Yes 14 | 479 00480 No Means  |Glove 967%
\Wand vs 86"Non 0.0100 0.9204 Yes 14 | 7.76 |0.0148 No Means  |Wand 8.43%
Wand vs WIS 0.0100] 0.9128] Yes 14 | 6.87 |0.0201 No Means  |Wand 8.65%
86"Non vs WS 0.0000] 0.9963] Yes 14 | 0.05 |0.8301] Yes Neither Neither




Appendix E

Experienced User Benchmark 2 (Find/Repair) Detail
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Benchmark 2 - Experienced Users
Pass 1 Elapsed Times

500
450 I
400 1
350 - ]
300 - o
Elapsed -| _
Time 250 A —
(in Sec.) -
200 - - L | | -
150 L | | ||
100 + H = =
50 - H H I
0 - L] A Ll | L1 | Ll | . Ll
E6 E8 | E9 | E10 | EN E15 | Avg | StD
O Glove 100 250 | 290 | 225 | 220 190 [228.7| 475
W\Wand | 180 | 260 | 310 | 270 | 150 | 240 220 | 200 | 225 | 180 160 [221.0| 43.8
Ds6"Non | 340 | 165 | 405 | 215 | 130 | 365 | 315 | 230 | 160 | 180 | 295 160 |246.7 | 836
aw/s 400 | 250 | 465 | 210 | 155 | 325 | 250 | 180 | 240 | 230 | 290 140 |264.3 | 87.2
User #
Figure E- 1: B2Ep1Tim Experienced User Elapsed Times
Table E- 1: B2Ep1Tim Experienced User Elapsed Times Statistics
Benchmark 2, Experienced Users, Pass 1, Elapsed Times
B2Ep1 |# Users IVlean St Dev. Low High P Value | Normal? CV
Glove 15 2287 4749 100.0 290.0 =(.1000 Yes 20.77%
Wand 15 2210 4376 150.0 310.0 =(.1000 Yes 19.80%
86"Non 15 2467 83.59 130.0 405.0 =0.1000 Yes 33.88%
WIS 15 2643 87.18 140.0 465.0 = (.1000 Yes 32.99%
Homogeneity of Variance Roy's Greatest Root.  F(3,12) 1.42 Pr=F 0.286
B2Ep1 Bartlett's Test Levene's Test | Equal Equal ) .
CheSq TP Chsa [ Fvae T Pr=r] Var 2 df |F(1,29)|Pr=F Means ? Significant?| Statistically Better
Glove vs Wand 0.0903] 0 7634 Yes 29 020 [0.6649] Yes Neither MNeither
Glove vs 86"Non 41099 0 0426 Yes 29 049 |[04958| Yes Meither MNeither
Glove vs WIS 47077 0.0300 No 29 192 |[D1877| Yes \ar Glove 13.47%
\Wand vs 86'Non | 53066 0.0212 No 29 1.83 [0.1976| Yes Var Wand 10.42%
Wand vs WIS 59684 0.0146 No 29 464 00492 No |Var/Means|Wand 16.38%
86"Non vs WIS 00238 0.8775) Yes 29 1.80 [0.2015] Yes Neither Neither
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Benchmark 2 - Experienced Users
Pass 1 Navigation Ratings
)
4 ] [ I 11 [T] [ ] =y
3 4 L ML L | | | | | | L | | LI L
Rating
2 LA (LML (M || (] || | | | | L | | LI L
1 - LA (LML (M || (] || | | | | L | | LI L
O TE1 €2 [ E3 | €4 |E5]| e | E7|EB | EY[E0 E12[E13[E14 [E15] Avg | StD
OGlove [4.00(3.00|4.00{4.00{4.00|4.00/4.00|{2.71|4.00|3.43|3.86|4.00(4.00({4.51/4.00/3.83|0.45
E\Wand [4.86(3.43|4.00{3.86|5.00|3.14|3.00{3.71|3.57|2.43|4.00(4.29|4.00(4.29|3.86|3.83|0.67
0O86"Non [4.00(3.43)|3.86|3.86(4.14|4.144.00|2.71|4.00|3.00|3.86|4.00|4.00(4.00|4.00|3.80|0.42
awis 4.00(3.00|3.86|3.86(4.00|4.00|4.00|2.71]4.00/3.43|3.86|4.00|3.43(4.00/4.00|3.74 |0.41
User #
Figure E- 2: B2Ep1Nav Experienced User Navigation Ratings
Table E- 2: B2Ep1Nav Experienced User Navigation Ratings Statistics
Benchmark 2, Experienced Users, Pass 1, Navigation Ratings
B2Ep1 |# Users Mean St. Dev. Low High PValue |[Normal?| CV
Glove 15 3.83 045 271 451 < 0.0001 No 11.78%
Wand 15 383 0.67 243 5.00 =0.1000 Yes | 17.53%
86"Non 15 3.80 042 271 414 < 0.0001 No 11.09%
WIS 15 347 047 271 4.00 < 0.0001 No 11.88%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 1.00 Pr=F 04264
B2Ep1 Bartlett's Test Levene's Test | Equal ) i Equal |o. -
CRESq T Pr= ChiSq | Fvale | PreT Var 2 df [F(1,29)| Pr=F Means ? Significant?| Statistically Better
Glove vs Wand 1.6400] 02109 Yes | 29| 0.00 [0.9784] Yes Neither Neither
Glove vs 86"Non 0.0400] 0.8448] Yes | 20 | 0.35 |0.5628] Yes Neither Neither
Glove vs WIS 0.0700] 0.7914] Yes | 29 | 345 [0.0846 No Means |Glove 10.39%
\Wand vs 86"Non 21100 0.1579] Yes | 20 | 0.03 |0.8548| Yes Neither Neither
Wand vs W/S 2.3400] 0.1370] Yes | 29 | 0.25 |0.6270| Yes Neither Neither
86"Non vs W/S 0.0000] 0.9514] Yes | 29| 098 |0.3382] Yes Neither Neither
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Benchmark 2 - Experienced Users
Pass 1 Locating Ratings
5 -
4 ekl :
3 ] | | L | | | | | | | | - | | - | | L | | - -
Rating
2 ] | | L | | | | | | | | L | | - | | L | | - -
‘I ] | | L | | | | | | | | L | | - | | L | | - -
O T EiTE2 3| 45| E6|E7 | ES|E9|E0]EN|E12 E13]E14]ET 5] Avg | StD
OGlove |4.00(3.80({4.00|3.80(4.00{4.00({3.40|3.20|3.40(3.40|4.20|4.40/4.20|4.40(4.00/3.88|0.38
EWand |5.00(4.20({3.40(4.00(5.00{3.40(3.00|3.40|3.40(2.60|4.40|4.40/4.20|4.40|3.60/3.89|0.70
[086"Non |4.00(4.00({3.80|4.20(5.00{4.20(4.00|3.40|4.00(3.00|4.00|4.20/4.00|4.00(4.00/3.99|0.42
awis 4.00|3.80(3.80(3.80|4.00/4.00|3.40|3.20|3.40|3.40|4.20|4.00/4.00(4.00(4.00|3.80(0.30
User #
Figure E- 3: B2Epl1Loc Experienced User Locating Ratings
Table E- 3: B2Epl1Loc Experienced User Locating Ratings Statistics
Benchmark 2, Experienced Users, Pass 1, Locating Ratings
BZEp1 # Users Vean St Dev. Low High F Value | Normal [y
Glove 15 3.88 0.38 3.20 4.40 0.0396 No 9.70%
Wand 15 3.89 070 2.60 5.00 = (0.1000 Yes 18.10%
86"Non 15 3.99 042 3.00 5.00 0.0003 No 10.63%
WIS 15 3.80 0.30 3.20 420 0.0026 No 7.96%
Homogeneity of Wariance Ray's Greatest Root: F(3,12) 3.25 Pr>F 0.0602]
Bartlett's Tes L 's T E L .
B2Ep1 Lm—gg Et't,r -:vir; =TT .e;s_gesﬂe}str \Efc:;:})l df [ F(1,29) | Pr=F rﬂlzegﬁ;:l? Significant?| Statistically Better
Glove vs Wand 5.8200] 0.0226] No 29 0.01 0.9240 Yes \ar Wand 0.34%
Glove vs 86"Non 0.1300| 0.7173 Yes 29 1.03 | 0.3263 Yes MNeither Neither
Glove vs W/S 1.1200[ 0.2989 Yes 29 442 0.0541 No Means |Glove 2.11%
\Wand vs 86"Non 3.4100] 00755 Yes 29 048 | 05008 | Yes Neither Neither
'Wand vs WIS 7.8800| 0.0090] Yes 29 046 | 05093 Yes Meither Neither
86"Nan vs WIS 0.7800] 0.3856] Yes 29 426 | 0.0580 No Means |B8"Non 4.92%
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Benchmark 2 - Experienced Users
Pass 1 Manipulation Ratings

3]

4 = | .

3 4 | | | | | | | | _ | | LI I 1|

Rating 1

2 _ || || || || || | | || | | | | || || | | | | || | |

"] _ || || || || || | | || | | | | || || | | | | || | |

07 E1 |E2 |E3|E4 | E5| E6 | E7 | E8 | E9 |E10|E11 |E12|E13]|E14]|E15|Avg | StD
OGlove |4.00]4.00/4.00{3.80[4.20]4.00(3.00{2.80]3.00[2.60[3.80]3.60[4.00]2.80[4.00{3.64]052
EWand |4.40|3.80]3.40(2.80(3.60]3.60(2.00{3.60]3.00{2.80]4.20]3.60]3.80]4.00|3.80(3.49]0.62
086"Non | 4.00(3.80]3.80{3.80{4.20[4.00(3.00{3.00[3.20(3.00{3.80]3.20(3.20]3.40|3.40] 3.52]0.41
OW/S |4.00|4.00|3.80|4.00{4.20|4.00/3.00{3.00{3.00|2.60|3.80[4.00|3.00|3.20(3.20(3.52]0.53

User #

Figure E- 4: B2Ep1Mov Experienced User Manipulation Ratings

Table E- 4: B2Ep1Mov Experienced User Manipulation Ratings Statistics

Benchmark 2, Experienced Users, Pass 1, Manipulation Ratings

# Users

B2Ep1 Mean St. Dev. Low High P Value | Normal? CV

Glove 15 364 052 260 420 0.0016 No 14 27%

Wand 15 3.49 0.62 2.00 4.40 0.0251 No 17.70%

86"Non 15 3.52 0.41 3.00 4.20 0.0535 Yes 11.72%

WIS 15 3.52 0.53 2.60 4.20 0.0249 No 15.00%

Homogeneity of Variance Roy's Greatest Root:  F(3,12) 0.09 Pr=F 0.4817]

B2ep e TP A e | ar |Fe1.29) ProF | FM? I signincants | stastically Better
Glove vs Wand 0.3900[ 0.5351] Yes 29 1.22 | 0.2889 Yes Neither Neither
Glove vs 86"Non 123000 0.2769] Yes 29 | 212 |0.1671 Yes Neither Neither
Glove vs WIS 0.0100[ 0.9264] Yes 29 1.47 |0.2462 Yes Neither Neither
Wand vs 86"Non 17000 0.2026] vYes 29 0.03 | 0.8576 Yes Neither MNeither
Wand vs W/S 0.3800] 0.5418] Yes 29 | 0.03 |0.8734 Yes Neither MNeither
B6"Non vs WIS 2.9900] 0.0950] VYes 29 | 0.00 [1.0000] Yes Neither Neither
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Benchmark 2 - Experienced Users
Pass 1 General Impressions Ratings

Rating
i E8 | E9 |E10|E11|E12|E13[E14|E15] Avg | StD
DGlove |4.00(3.60[4.00[4.00]4.00{4.00[4.00]2.80(4.00{3.20]4.00|4.00{3.80(3.80]4.00(3.81]0.36
EWand |5.00(4.00]3.60|4.00/4.80{3.20/3.00|3.80|3.60|2.80(4.00|4.00|4.00(3.60(3.20|3.77|0.60
086"Non |4.00(4.20]4.00|3.80/4.40(4.00(4.00|2.80(4.00{3.20]4.00|4.00{4.00]3.80]3.60(3.85(0.40
Ow/S |4.00(360[4.00]4.00/4.00{4.00(4.00]2.80(4.00{3.20(4.00|4.00{4.00{4.00]3.80(3.83]0.36
User #

Figure E- 5: B2Ep1Gen Experienced User General Impressions Ratings

Table E- 5: B2Ep1Gen Experienced User General Impressions Ratings Statistics

Benchmark 2, Experienced Users, Pass 1, General Impressions Ratings

B2Ep1 # Users Mean St Dev. Low High PValue |[Normal?| CV
Glove 15 3.81 0.36 2.80 4.00 < 0.0001 No 9.40%
Wand 15 377 0.60 2.80 5.00 0.0482 No 16.01%
B86"Non 15 385 040 2.80 440 0.0004 No 10.28%
WIS 15 383 036 280 400 < 0.0001 No 9 45%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 0.28 Pr=F 0.8388
B2Ep1 e v | df | Fo120)| P> £ | S99 Vsignificant? | statistically Beter
Glove vs Wand 249000 0.1260] Yes | 29| 006 |08103] VYes Neither Neither
Glove vs 86"Non 0.0700] 0./963] Yes 129 ] 046 |05103] VYes Neither Neither
Glove vs WIS 0.0000] 09829 Yes |29 032 |05816] Yes Neither Neither
\Wand vs 86"Non 1.83000 0.1870] Yes | 29| 030 |05919] VYes MNeither Neither
Wand vs WIS 240000 01322] Yes [ 29 011 [0.7443] Yes MNeither Neither
86"Non vs WIS 0.0600] 08147] Yes |29 024 |06337| Yes Neither Meither
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Benchmark 2 - Experienced Users
Pass 1 Overall Impressions Ratings
S
4 [1 1 | 1] 1 ] -
3 sl GG s 1 = HHTHE | H 1
Rating
2 _ | | | | | | | | | | | | | | | | | | | | | | | | | |
-‘] _ | | | | | | | | | | | | | | | | | | | | | | | | | |
O TE1TE2 | Ea[E4 | E5 | E6 | E7 | E8 | E9 [E10]E1[E12|E13] E14]ES 5] Avg | StD
OGlove |4.00({3.60/4.00/3.90({4.05/4.00(3.60(2.88|3.60(3.16|3.97|4.00(4.00/4.13|4.00(3.79|0.36
EWand |4.82(3.86|3.60|3.67|4.60|3.34(2.75|3.63|3.39(2.66|4.15|4.07(4.00|4.07|3.61(3.75|0.59
[086"Non |4.00({3.86|3.87|3.92|4.44/4.09(3.75(2.98|3.80(3.05|3.92|3.85(3.80|3.80|3.75(3.79|0.36
Owrs 4.0013.60/3.87|3.92|4.05/4.00|3.60|2.93|3.60|3.16|3.97|4.00|3.61|3.80|3.75|3.72|0.32
User #

Figure E- 6: B2Ep10vr Experienced User Pass 1 Overall Impressions Ratings

Table E- 6: B2Ep10vr Experienced User Pass 1 Overall Impressions Ratings
Statistics

Benchmark 2, Experienced Users, Pass 1, Overall Impressions Ratings

B2Ep1 | # Users Mean St Dev. Low High PValue |Normal?| CV
Glove 15 3.79 0.36 2.88 413 0.0015 No 21.34%
Wand 15 378 059 2 66 482 =0.1000 Yes |[5251%
86"Non 15 379 0.36 298 444 0.0002 No 39.55%
WIS 15 372 032 293 405 0.0543 Yes [2633%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 2.00 Pr=F 01679
B2Ep1 Bartlett's Test Levene's Test Equal Equal |.. . L

P CAeSqT TS OIS T Ve T T Vgr n df |F(1,29)| Pr=F I\ﬂegns 9 Significant?| Statistically Better

Glove vs Wand 2.5000[ 0.1253] Yes 29 | 012 |0.7320] Yes Neither Neither

Glove vs 86"Non 0.0000] 09915 Yes 29 | 0.00 |{09899] Yes Neither Neither
Glove vs WIS 0.1100] 0.7401 Yes 29 | 363 |0.0774 No Means |Glove 1.85%

\Wand vs 86"Non 24900[ 0.1258] Yes 29 | 012 |0.7325] Yes Neither Neither
\Wand vs WIS 4 5662 0.0326 No 29 | 0.04 [08530] Yes Var  [Wand 1.50%)
36"Non vs WIS 0.1000] 0.7537] Yes 29 [ 327 [00919] No Means [86"Non 1.83%
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350

300

Benchmark 2 - Experienced Users
Pass 2 Elapsed Times

Elapsed “LYs ] [ | ] u
Time i
(in Sec.) 150 1 M| || | ] || B
100 H - H - = -
50 H B I B =
0 - Ll Ll | L] - Ll | Ll Ll | . L1
E2 E5 | EB E12 | E13 | E14 | E15 | Avg | StD
OGlove 170 | 140 | 195 | 170 | 120 | 230 | 210 | 230 | 200 | 180 | 180 | 220 | 205 | 150 |184.7| 33.0
| \Wand 145 | 285 | 190 | 125 | 240 | 180 | 155 | 170 | 185 | 155 | 195 | 230 | 220 | 170 |188.0| 41.3
D186"Non 175 | 250 | 230 | 140 | 315 | 200 | 265 | 235 | 200 | 235 | 180 | 205 | 200 | 140 2167 | 478
owi/s 165 | 265 | 160 | 115 | 305 | 305 | 145 | 265 | 220 | 200 | 235 | 210 | 190 | 120 |206.3 | 60.5
User #
Figure E- 7: B2Ep2Tim Experienced User Elapsed Times
Table E- 7: B2Ep2Tim Experienced User Elapsed Times Statistics
Benchmark 2, Experienced Users, Pass 2, Elapsed Times
B2Ep2 |# Users Mean St Dev. Low High P Value | Normal? CV
Glove 15 184.7 32.98 120.0 230.0 = 0.1000 Yes 17 .86%|
Wand 15 188.0 41.27 125.0 2850 = (.1000 Yes 21.95%
86"Non 15 216.7 47.80 140.0 315.0 = (0.1000 Yes 22.06%
WIS 15 206.3 6049 115.0 305.0 = 0.1000 Yes 29.32%
Homogeneity of Vanance Roy's Greatest Root.  F(3,12) 1.98 Pr=F 01709
B2Ep2 Barilett's Test Levene's Test | Equal . Equal | . oot
TRrSG [ Pr e Chicq [ Fvalie | ProT ] var 7 df |F(1,29)|Pr=F Means 2 Significant?| Statistically Better
Glove vs Wand 06742 04118 Yes 29 005 [0.8302] Yes Neither Neither
Glove vs 86"Non | 1.8120 0.1772 Yes 29 3.82 [0.0710] No Means |Glove 14.77%
Glove vs WIS 48970 00302 No 29 155 |02330] Yes Var Glove 10 47%)|
\Wand vs 86"Non | 0.2908 0.5897 Yes 29 547 10.0348] No Means |[Wand 13.24%
\VWand vs WIS 1.9304 0.1647 Yes 29 203 |0.1762] Yes Neither Neither
36"Non vs WIS 0.7428 0.3888 Yes 29 055 [0.4690] Yes Neither Neither
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Benchmark 2 - Experienced Users
Pass 2 Navigation Ratings

5 -
4 - N — N | N | -
3 4 LI WL Al | i | T (L) | | | |
Rating
2 LI WL Al LI (L | | (N | L (L) | | | |
1 A LI WL Al LI (L | | (N | L (L) | | | |
O 1B €2 [ E3 | €4 | E5| €6 | E7 | E8 | E9 |E10|E11]E12|E13]E14|E15 StD
OGlove [5.00(3.86|4.00(4.00(4.00|4.00|4.00|/3.00({4.00|3.14(3.86|4.29|4.29|4.51(4.29|4.02|0.48
EWand [5.00(4.57|4.00(4.00(5.00|4.29|3.71|3.57(3.71|2.86(3.86|4.29|4.29|4.29(4.00|4.10|0.55
[086"Non |5.00(3.86|4.00(4.00({4.00|4.00|4.00(2.71({4.00|3.14(3.86 |4.00{4.00|4.00(4.00|3.90|0.49
Owrs 5.00/3.86(4.00|4.00|4.00{4.00({4.00/2.86|4.00|3.14|3.86|4.00(4.00(4.00|4.00|3.91|0.46
User #
Figure E- 8: B2Ep2Nav Experienced User Navigation Ratings
Table E- 8: B2Ep2Nav Experienced User Navigation Ratings Statistics
Benchmark 2, Experienced Users, Pass 2, Navigation Ratings
B2EpZ [# Users Viean St. Dev. Low High P Value |Normal?| CV
Glove 15 402 043 3.00 5.00 0.0197 No 12.07%
Wand 15 410 055 286 5.00 =0.1000 Yes |13.36%
86"Non 15 391 049 271 5.00 < 0.0001 No 12 45%
WIS 15 392 046 286 5.00 < 0.0001 No 11.76%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 227 Pr=F 0.133
B2Ep2 Bartlett's Test Levene's Test | Equal , Equal |&. .- -
TRSqT P = Chisq[FValie | Pr=F Var 2 df |F(1,29)| Pr=F Means 2 Significant?| Statistically Better
Glove vs Wand 0.1/00] 0.6865] Yes | 29 | 061 [04471] Yes Nerher Neither
Glove vs 86"Non 0.0000] 0.9935] Yes | 29 | 6.34 |0.0246 No Means |[Glove 2.84%
Glove vs WIS 0.0200] 0.8838] Yes | 29 | 571 |0.0318 No Means |Glove 2 58%
Wand vs 86"Non 0.1300] 0.7234] Yes | 29 | 338 [0.0875 No Means [Wand 4.89%
Wand vs WIS 0.2800] 0.6031] Yes | 29| 329 [0.0911 No Means |[Wand 4.62%
86"Non vs WIS 0.0200] 0.8903] Yes | 29| 1.00 |03343] Yes Neither Neither
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Benchmark 2 - Experienced Users
Pass 2 Locating Ratings

5 .
4 | | | - —1H 4 B B
3 _U | | L - | | | | | | | | | _| | | L | |
Rating
2 _ | || | | | | | | || | || | | ||
“I | | | L - | | | | | | | | | | - | | L | |
O TE1TE2 | e3| 4|65 E6|E|ES|ES [E10]E11[E12]E13]ET4 StD
OGlove [5.00(4.20/4.00/4.20({4.00(4.00(4.00|3.40(3.60|3.00(/4.00|4.40(4.40/4.40(4.40|4.07|0.48
E\Wand [5.00(4.60|3.40|4.00({5.00(4.40|3.00|{3.40(4.00(2.80(4.00|4.40(4.20/4.20(3.60|4.00|0.66
[086"Non [5.00(4.20|4.00|4.00({4.00(4.00(|4.00|3.00(4.00|3.60|4.00|4.20(4.00/4.00(3.80|3.99|0.40
aw/s 5.00|4.20/4.00|4.20{4.00|4.00|4.00|3.40|3.60{3.00/4.00/4.00|4.004.00(3.80{3.95|0.43
User #
Figure E- 9: B2Ep2Loc Experienced User Locating Ratings
Table E- 9: B2Ep2Loc Experienced User Locating Ratings Statistics
Benchmark 2, Experienced Users, Pass 2, Locating Ratings
B2Ep2 # Users Mean St. Dev Low High P Value |Normal? CV
Glove 15 407 047 3.00 5.00 0.0163 No 11.60%
Wand 15 4.00 0.66 280 5.00 > 0.1000 Yes 16 48%
B6"Non 15 399 040 3.00 5.00 0.0003 Nao 10.12%
WIS 15 395 043 3.00 5.00 0.0021 Mol 10.91%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 152 Pr=F 0.2600]
B2Ep2 Lhﬁazleﬁrsij?jﬁbq = kf;lsge 5P1;e>st'_ I \E,C:Ifil df | F(1.29) | Pr=F Mi?\lwil? Significant?| Statistically Better
Glove vs Wand 1.6600[ 0.208 Yes 29 D26 | 06173 Yes Neither  |Glove 1.68%
Glove vs 86"Nan 02200 0.6405 Yes 29 1.00 | 03343 Yes Neither Neither
Glove vs WIS 0.0900] 0.7642] Yes 29 485 | 0.0450 No Means |[Glove 3.04%)|
Wand vs 868"Non 0.2200] 0.B405] Yes 29 0.01 0.9207 Yes Neither Neither
Wand vs W/S 23700 0.1348] Yes 29 0.19 0.6702 Yes Neither Neither
86"Non vs WIS 0.0300[ 0.8677] Yes 29 0.46 05103 Yes Neither Neither
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Benchmark 2 - Experienced Users
Pass 2 Manipulation Ratings

5

4 L[ - . _

3 i || || || | | | | L || | |

Rating 1

2 | || || || | | | | | |

‘1 _ || || || | | | | | |

0 E1|E2 | E3 | E4 | E5 | E6 | E8 | E9 |E10 E13|E14 Avg | StD
BGlove |5.00]4.20[4.00/3.80]4.00{4.00(3.40[3.40(3.00[2.80|3.80|4.00{4.00(4.00]4.00]3.83]0.52
EWand |4.60|4.00(3.40{3.40{4.00]4.20[4.00[3.00(3.40{2.80[4.00]4.00{4.00[4.00]4.00]3.79]0.48
086"Non | 5.00|4.40(4.00|3.80|4.00(4.00{3.00|2.803.20{3.20|3.80|3.60{4.00|4.00|3.60|3.76|0.56
Ow'S |5.00{4.20(4.00/3.80|4.00]4.00(3.00|2.80(3.00]2.60|3.80|3.60]4.00(3.60|3.40]3.65|0.62

User #

Figure E- 10: B2Ep2Mov Experienced User Manipulation Ratings

Table E- 10: B2Ep2Mov Experienced User Manipulation Ratings Statistics

Benchmark 2, Experienced Users, Pass 2, Manipulation Ratings

B2Ep2 # Users Mean St. Dev. Low High PValue |Normal? CV
Glove 15 3.83 0.52 2.80 5.00 0.0233 Mo 13.67%
Wand 15 3.79 0.48 2.80 4.60 < 0.0001 NO 12.70%
86"Non 15 3.76 0.56 2.80 5.00 > 0.1000 Yes 14.94%
WIS 15 3.65 0.62 2.60 5.00 = 0.1000 Yes 17.00%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 3.39 Pr>F 0.0539
B2Ep2 Lnfarque‘fj >T isrtn::q F"?rﬁge SPTre>SL_I Egt’i‘ df |F(1.29)| Pr>F MEEE:JE‘ , | Sianificant?| Statistically Better
Glove vs Wand 0.0900[ 0.7705] Yes 29 0.23 | 0.6384 Yes MNeither Neither
Glove vs 86"Non 0.3900[ 0.5351] Yes 29 | D92 |0.3535 Yes MNeither MNeither
Glove vs WIS 1.2300[ 0.2769] Yes 29 799 |0.0134 No Means |Glove 4.76%
Wand vs 86"Non 0.0100] 0.9264] Yes 29 | D.06 |0.8093 Yes MNeither Neither
Wand vs WIS 1.7000 D.202§| Yes 29 152 02377 Yes MNeither Neither
86"Non vs WIS 0.1359 07124 | Yes 29 509 |0.0406 No Means |86"Non 2 93%
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Benchmark 2 - Experienced Users
Pass 2 General Impressions Ratings

5 = =

4 . | | | _— —

3 | | | . | [T | | | | | | ||

Rating

2 . | | | | | | | | | | | | | | | | | |

1 ] | | | | | | - | | - | | -

O TET E8 | E9 |E10|E11|E12|E13|E14]E15] Avg | StD
OGlove |5.00(4.40|4.00(4.00|4.00({4.00(4.00(3.00/4.00(3.20|4.00(4.40|4.20(4.00(4.00{4.01|0.486
EWand |5.00{5.00|3.60(4.00|4.80(4.40(4.00(3.80|4.00(3.00|4.00(4.00|4.00(3.60(4.20|4.09|0.54
[086"Non |5.00(4.40|4.00(4.00|4.00({4.00(4.00({2.80|4.00(3.204.00(4.00|4.00(4.00(4.00|3.96|0.48
aowrs 5.00(4.40|4.00(4.00|4.00(4.00|4.00(2.80|4.00|3.20/4.00|4.00|4.00(4.00|4.00|3.96|0.48

User #

Figure E- 11: B2Ep2Gen Experienced User General Impressions Ratings

Table E- 11: B2Ep2Gen Experienced User General Impressions Ratings Statistics

Benchmark 2, Experienced Users, Pass 2, General Impressions Ratings

BZ2EpZ # Users Mean St Dev. Low High PValue [Normal?| CV
Glove 15 401 0.46 3.00 5.00 < 0.0001 No 11.53%
Wand 15 409 0.54 3.00 5.00 0.0249 No 13.17%
86"Non 15 3.06 048 2.80 5.00 < 0.0001 No 12.10%
WIS 15 306 048 2 80 500 < (.0001 No 12 10%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 1.19 Pr=F 0.353
Bartletl's Test Levene's Test - .
B2Ep2 Th-Sq [ Pr=ChSq [FVae] ProF E,gﬁl df |F(1,29)| Pr=F N]Eegﬁil? Significant? | Statistically Better
Glove vs Wand 0.2/00] 0.6063] Yes | 29| 058 [04577] Yes Neiher Neither
Glove vs 86"Non 0.0600[ 0.8088] Yes | 29| 3.03 |[D.1038] Yes Meither Neither
Glove vs WIS 0.0100{ 09218 Yes | 29| 167 |0D.2170] Yes Meither Neither
Wand vs 86"Non 0.06000 O.BT84] Yes | 29| 163 [0D.2228] Yes Meither Neither
Wand vs WIS 0.14000 0.7073] Yes | 29| 169 [D.2150] Yes MNeither Neither
86"Non vs WIS 0.0200] 08943] Yes | 20| D00 |1.0000] Yes Meither Neither
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Benchmark 2 - Experienced Users
Pass 2 Overall Impressions Ratings

5]

4 N [ 1 [T | _ - = | [T | —_

3 -HRTHM I HH L HE B TS ] L H |

Rating

2 i || || || || || | | | | | | || || || || | |

"] _ || || || || || | | | | | | || || || || | |

07 E1|E2 | E3 | E4 |E5| E6 | E7 | E8 | E9 |E10|E11|E12[E13|E14 StD
BOGlove |5.00]4.17|4.00(4.00|4.00]4.00(3.85(3.20(3.65(3.04|3.92427|422[423]4.17|3.98]0.46
B\Wand |4.90|4.54|3.60/3.85|470(432]3.68|344|378|2.87[3.97(417|4.12]4.023.95]3.99(0 51
086"Non |5.00(4.22(4.00(3.95]4.00[4.00(3.75|2.83(3.80(3.29|3.92(3.95|4.00(4.00]3.85|3.90{0.46
OwW/s |5.00]4.17|4.00(4.00{4.00]4.00(3.75|2.97|3.65|2.99|3.92(3.90(4.00(3.90(3.80|3.87|0.47

User #

Figure E- 12: B2Ep20vr Experienced User Overall Impressions Ratings

Table E- 12: B2Ep20vr Experienced User Overall Impressions Ratings Statistics

Benchmark 2, Experienced Users, Pass 2, Overall Impressions Ratings

BZEpd |# Users Vlean St Dev. Low High F Value |Normal?| CV
Glove 15 3.98 0.46 3.04 5.00 = (0.1000 Yes |2253%
Wand 15 3.99 0.51 287 490 = 0.1000 Yes |2473%
86"Non 15 3.90 046 283 5.00 0.0020 No 29.82%
WIS 15 387 047 297 5.00 0.0082 No 27 .39%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 3.65 Pr=F  0.0443]
B2Ep2 Bartlett's Test Levene's lest Equal j . Equal |.._ . e
P TArSq [ Pr= Chisq[F Vale | Fr=T Vgr o df |F(1,29)|Pr=F I\ﬂegns 0 Significant?| Statistically Better
Glove vs Wand DELET 0.6854 Yes 29 | 0.03 [0.8675] Yes Neither Neither
Glove vs B6"Non 0.0000] 0.9923] Yes 29 | 279 |0.1182] Yes Neither Neither
Glove vs WIS 0.0100[ 0.9354] VYes 29 | 3.58 |0.0118 No Means |Glove 2.87%
and vs B6"Non 0.T200] 0.7286] Yes 29 | 1723 |02861] Yes Neither Neither
\Wand vs W/S 0.0700] 0.7928] Yes 29 | 3.00 |0.1050] Yes Neither Neither
B6"Non vs WIS 00100 09331] Yes 29 | 180 [02009] Yes Neither Neither
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Benchmark 2 - Experienced Users
Pass 3 Elapsed TImes

400
350
300
250 —
Elapsed | |- M
Time 200 = [1— i =
(in Sec.)
150 - LT = H H H = H
100 - - = - - H -
i [ I I | [ I ﬁ:ﬁ
04 L1 | Ll L1 | Ll Ll Ll L1 | Ll | L1 Ll | L1 | Ll | L1 L1
E1 E2 E3 E4 E5 E6 E7 ES E9 E10 | E11 | E12 | E13 | E14 | E15 | Avg | SID
0O Glove 150 180 125 165 130 95 145 135 | 210 190 95 170 | 205 190 135 | 154.7 | 36.4
| \Wand 140 135 | 255 175 115 | 215 140 115 125 170 150 190 195 175 115 | 160.7 | 41.0
O86"Non | 165 | 165 | 230 | 165 | 110 | 335 | 230 | 180 | 120 | 235 | 215 | 185 | 205 | 180 | 100 [189.3| 58.9
awWis 200 165 | 245 195 110 | 270 | 210 180 195 | 235 | 205 | 200 | 220 | 200 100 | 195.3 | 44.8
User #
Figure E- 13: B2Ep3Tim Experienced User Elapsed Times
Table E- 13: B2Ep3Tim Experienced User Elapsed Times Statistics
Benchmark 2, Experienced Users, Pass 3, Elapsed Times
B2Ep3 |# Users Mean St. Dev. Low High P Value [Normal? 5
Glove 15 154.7 36.42 95.0 210.0 = 0.1000 Yes 23.54%
Wand 15 160.7 41.01 115.0 255.0 = (0.1000 Yes 25.52%
86"Non 15 189.3 58.85 100.0 335.0 > 0.1000 Yes 31.09%
WIS 15 195.3 44.82 100.0 270.0 0.0313 No 22.95%
Homogeneity of Variance Roy's Greatest Root F(3,12) 760 Pr=F 00041
B2Ep3 Bartlett's Test Levene's Test | Equal - Equal ! e
TR Pre Chisg [T Value [ ProT var 2 df |F(1,29)|Pr=F Means 2 Significant?| Stafistically Better
Glove vs Wand 0.1896 0.6633 Yes 29 0.17 |0.6894| Yes Neither Neither
Glove vs 86"Non 2.9988 0.0833 No 29 2.86 [0.1128] Yes Var Glove 18.28%
Glove vs WIS 0.5800] 0.4531 Yes 29 7.34 |0.0169] No Means |Glove 20.79%
Wand vs 86"Non 17273 0.1888 Yes 29 641 (00239 No Means |Wand 15.11%
Wand vs W/S 0.1000] 0.7522] Yes 29 | 1960 |0.0006 No Means |Wand 17.72%
86"Non vs W/S 07000 04106] Yes 29 059 |[04568| Yes Neither Neither
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Benchmark 2 - Experienced Users
Pass 3 Navigation Ratings
5 -
4 _| | | _ | __ | _ __ | __ | __ | __ |
3 EEC AR . (N | (] [ L L | | Al
Rating
2 EEC AR . (N | (] [ L L | | Al
1 EEC AR . (N | (] [ L L | | Al
o RCAL AL AT AL ML A i
E1|E2 | E3 | E4 | E5 | E6 | EY E12|E13 |E14 |E15]| Avg | StD
OGlove |5.00(4.43|4.71/4.29|4.00(4.00(4.00|3.71|4.00|4.00({4.29|4.43|4.43|4.51(4.51/4.29|0.34
BEWand |5.00(4.57|4.71/4.14|5.00(4.29(3.71|4.14|4.14|3.14|4.00(4.29|4.29|4.29(4.00|4.25|0.47
[86"Non |5.00|3.86(4.00/4.00|3.43(4.14|4.00|3.29|4.00|3.86|3.86|4.29|4.00|4.00(4.00|3.98|0.38
aw/s 5.00(4.00(4.00|4.00|{4.00|4.00|4.00{3.14|4.00|3.71(3.86|4.00|4.00|4.00|4.00|3.98|0.36
User #
Figure E- 14: B2Ep3Nav Experienced User Navigation Ratings
Table E- 14: B2Ep3Nav Experienced User Navigation Ratings Statistics
Benchmark 2, Experienced Users, Pass 3, Navigation Ratings
B2Ep3 | # Users Mean St. Dev. Low High P Value |[Normal?| CV
Glove 15 429 0.34 3.71 5.00 0.0977 Yes 7.87%
Wand 15 425 047 314 5.00 = 0.1000 Yes | 11.13%
86"Non 15 398 0.38 329 5.00 0.0024 No 9.46%
WIS 15 398 0.36 314 5.00 < 0.0001 No 9.10%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 7.29 Pr=F 0.0048
B2Ep3 Bartlett's Test Levenes Test | Equal , . Equal |o. .. -
CSq TS CSq [P vale | e Var 2 df | F(1.29)| Pr>F | 1cons - [Sionificant?) Stafistically Better
Glove vs Wand 19139 02186 Yes | 29 013 [0.727] Yes Neither Neither
Glove vs 86"Non 0.1000] 0.0267] No | 29 | 20.29 |0.0005 No |Var/Means|Glove 7.66%
Glove vs WIS 0.0300] 0.8544] ves | 29 | 23.34 [0.0003 No Means |Glove 7.69%
\Wand vs 86"Non 0.4400] 05132 vYes | 29 | 370 [0.0749 No Means |Wand (.65%
\Wand vs W/S 0.5200] 04769 ves | 29 | 582 [0.0302 No Means |Wand G.68%
86"Non vs WIS 0.0100] 0.9286] Yes | 29 | 0.00 |0.9784| Yes Neither Neither
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Benchmark 2 - Experienced Users
Pass 3 Locating Ratings
5 .
4 ] - . i HH L N -
3 i | | | | | | | | | | | | | | | | | | | | | | | | | |
Rating
2 i | | | | | | | | | | | | | | | | | | | | | | | | | |
"I i | | | | | | | | | | | | | | | | | | | | | | | | | |
E1|E2|E3|E4 | E5|E6 | E7 | E8 | ES |E10E11|E12|E13|E14 Avg | StD
OGlove |5.00(4.80(4.80|4.20/4.00(4.00(4.00|4.00|4.00(/3.80|4.40|4.60/4.40|4.60/4.40({4.33|0.37
EWand |5.00|4.60|4.20{4.00|5.00|{4.80|4.00|3.60|4.20|3.80/4.20|4.40(4.40|4.00|3.60(4.25|0.45
086"Non |5.00|4.20|4.00(4.20|3.60|4.20|4.00|3.40|3.80(|4.00/4.20|4.20|4.20|4.00|3.80({4.05|0.36
awi/s 5.00|4.2014.00{4.20|4.00|4.00|4.00|{3.40|3.60|3.80/4.20|4.00|4.00|4.00|3.80{4.01|0.35
User #
Figure E- 15: B2Ep3Loc Experienced User Locating Ratings
Table E- 15: B2Ep3Loc Experienced User Locating Ratings Statistics
Benchmark 2, Experienced Users, Pass 3, Locating Ratings
BZEpd # Users IVlean St Dev. Low High P Value [ Normal? CV
Glove 15 433 0.37 3.80 5.00 0.0542 Yes 2.49%
Wand 15 425 045 3.60 5.00 > 0.1000 Yes 10.59%
86"Non 15 405 0.36 3.40 500 0.0034 No 8.84%
WIS 15 4.01 0.35 3.40 5.00 0.0133 No 8.73%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 750 Pr=F 0.0043
3 Bartlett's Test L 's Test . a i
B2Ep Lm-gq eH im =TT .e;sge S'_,ref'_ Ec:r'lil df | F(129)| Pr=F Migﬂzl? Significant?| Statistically Better
Glove vs Wand 0.5493 0.4586) Yes 29 0.41 0.5314 Yes Neither Neither
Glove vs 86"Non 0.0100] 09278 Yes 29 1156 | 00043 Mo Means |Glove 691%
Glove vs WIS 0.0300] 08744 Yes 29 | 17.01 [ 0.0010 No Means |Glove 7.97%
Wand vs 86"Non 0.7100] 04082 VYes 29 362 | 00778 No Means [Wand 4.93%
Wand vs WIS 0.7600] 0.3904 Yes 29 5.81 0.0206 No Means |Wand 5.98%
86"Non vs WIS 0.0000[ 0.9538] Yes 29 1.00 0.3343 Yes Neither Neither
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Benchmark 2 - Experienced Users
Pass 3 Manipulation Ratings

5 .

4 . | | | | - | | _

3 _ | | | | | | ||

Rating
2 _ | | | | | | | ||
‘I _ | | | | | | | ||
E1 | E2 E8 | E9 [E10 E12|E13|E14[E15 StD
OGlove |5.00(4.80|4.80|4.40(4.00|4.00|4.00(3.80|4.00|3.80|4.40|4.80|4.80|5.00|4.80|4.43|0.45
BWand |5.00(4.80{3.60(3.80(4.40|4.60|4.80|4.00|4.40|3.40|4.00|4.80|4.80|4.60|4.60|4.37|0.49
086"Non | 5.00{3.60(4.00{3.80(3.40|4.20|4.00{3.20|3.00|3.40{3.80|4.20|4.00 |4.00|4.00|3.84 |0.49
Ow/S |5.00[4.20{4.00]3.80]4.00]{4.00]4.00]3.00{3.00]3.20|3.80]4.00]4.00(4.00]4.00]3.87]0.50
User #

Figure E- 16: B2Ep3Mov Experienced User Manipulation Ratings

Table E- 16: B2ZEp3Mov Experienced User Manipulation Ratings Statistics

Benchmark 2, Experienced Users, Pass 3, Manipulation Ratings

B2Ep3 # Users Mean St Dev. Low High P Value | Normal? CV
Glove 15 443 0.45 3.80 5.00 0.0067 No 10.23%
Wand 15 4.37 049 3.40 5.00 0.0744 Yes 11.32%
86"Non 15 3.84 0.49 3.00 5.00 = 0.1000 Yes 12.64%
WIS 15 3.88 0.50 3.00 5.00 0.0039 No 12.89%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 13.29 Pr=F 0.0004
B2Ep3 Lnfag'eﬂf il Trimq P ng?}' df |F(1,29)| Pr>F MEE‘;Z' , | Sianificant?| statistically Better
Glove vs Wand 02600 0.6129] Yes 29 | 016 [DFR914 Yes Neither Neither
Glove vs 86"Non 0.0800[ 0.7767] Yes 29 | 32.89 [<0.0001] Yes Neither Neither
Glove vs WIS 0.1500[ 0.6991] Yes 29 | 34.02 [<0.0001] Yes MNeither |Glove 14.22%
\Wand vs 86"Non 0.0053 0.9419 Yes 29 | 17.10 | 0.0010 No Means |Wand 13.88%
\Wand vs WIS 0.0000[ 0.9722] Yes 29 | 18.79 | 0.0007 No Means |Wand 12.82%
26"Non vs W/S 0.0100] 0.9252] Yes 29 0.17 | 0.6848 Yes Neither Neither
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Benchmark 2 - Experienced Users
Pass 3 General Impressions Ratings

5 _

4 _ S S B _— — - | - | =

3 _ | | | | | | _ | | | | | | | | | || ||

Rating

2 _ | | | | | | | | | | | | | | | | || || | |

'] _ | | | | | | | | | | | | | | | | || || | |

07 5 | E6 | E7 | E8 | E9 [E10|E11|E12|E13|E14]E15] Avg | StD
DGlove 4.00/4.004.00]3.80|4.00|4.00[4.40]4.80]4.80(4.60]4.60[439[039
B Wand 4.80|4.604.80]3.80|5.00(3.80[4.00{4.004.00(4.00[420[437[047
0086'Non 3.60|4.00(4.00(2.80[4.00/4.00[4.00[4.00[4.00[4.00{4.00{3.97]0.43
owss 4.004.00/4.00]3.00{4.00(3.80(4.00]4.00(4.00(4.00[4.00[4.01]0.40

User #

Figure E- 17: B2Ep3Gen Experienced User General Impressions Ratings

Table E- 17: B2Ep3Gen Experienced User General Impressions Ratings Statistics

Benchmark 2, Experienced Users, Pass 3, Overall Impressions Ratings

B2Ep3 | # Users Mean St Dev. Low High P Walue |Normal?| CV
Glove 15 436 0.38 383 5.00 0.0324 No 14 43%)
Wand 15 431 0.38 3.54 5.00 =0.1000 Yes 21.58%
86"Non 15 3.96 0.39 317 5.00 0.0324 No 24 75%
WIS 15 397 038 314 5.00 0.0087 No 18.83%)
Homogeneity of Vanance Roy's Greatest Root™ F(3,12) 1421 Pr=F 0 0003]
B2Ep3 Bartlett's Test Levene's Test Equal Equal |.. . L

P TRSqPr=ChiSg [ FValie | Pr=T Vgr 9 df |F(1,29)| Pr=F I\"Ie?ms D) Significant?| Statistically Better

Glove vs Wand 0.0000[ 0.9938] Yes 29 | 019 [0.6/03] Yes Neither Neither
Glove vs 86"Non 0.0100] 09404] Yes 29 | 2747 [0.0001 No Means |Glove 9.99%
Glove vs WIS 0.0000] 09774] Yes 29 | 28.09 |0.0001 No Means |Glove 9.83%
\Wand vs 86"Non 0.0100] 09412] Yes 29 | 11.85 |0.0040 No Means |Wand 8.83%
\VWand vs WIS 0.0000] 09757] Yes 29 | 20.26 [0.0005 No Means |Wand 8.67%

B86"Non vs W/S 0.0000] 0.9727] Yes 29 | 0.02 |0.8913] Yes Neither Neither
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Benchmark 2 - Experienced Users
Pass 3 Overall Impressions Ratings
5 —
4 48 ITHEH A b T B B = P
3 i | | | | | | | | | | | | | | ] | | | | | | | | | | | | | |
Rating
2 i | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
1 . | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
o ALRLLEER L CAELT (D0 0 DT LTI LR LECRE () [ L) T
E1|E2 | E3 | E4 | E5 | E6|E7|ES |E9 |E10|E11|E12|E13|E14 |E15|Avg | StD
OGlove |5.00(4.66(4.78/4.32(4.00(4.00|4.00/3.83|4.00|3.90|4.37|4.66|4.61|4.68(4.58|4.36/0.38
EWand |5.00(4.74(4.28/3.99(4.80|4.57|4.33|3.89|4.44|3.54|4.05(4.37|4.37 (4.22(4.10(4.31|0.38
O86"Non |5.00(3.97(4.00/4.00(3.51|4.14|4.00/3.17|3.70|3.82|3.97 [4.17|4.05|4.00(3.95|3.96 |0.39
awrs 5.00]4.20|4.00/4.00(4.00|4.00|4.00|3.14|3.65|3.63|3.97|4.00{4.00(4.00|3.95(3.97|0.38
User #

Figure E- 18: B2Ep3Ovr Experienced User Overall Impressions Ratings

Table E- 18: B2Ep3Ovr Experienced User Overall Impressions Ratings Statistics

Benchmark 2, Experienced Users, Pass 3, Overall Impressions Ratings

B2Ep3 | # Users Mean St Dev. Low High P Value |Normal?| CV
Glove 15 436 0.38 3.83 5.00 0.0324 No 14.43%
Wand 15 431 0.38 354 5.00 =0.1000 Yes 21.58%)
86"Non 15 3.96 0.39 37 5.00 0.0324 No 24 75%)
WIS 15 397 0.38 314 500 0.0087 No 18.83%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 14.21 Pr=F  0.0003]
B2Ep3 Bartlett's Test Levene's lest Equal Equal |.. . e

P CheSq T Prs CiSq| FVale] FreF \fgr 0 df |F(1,29)|Pr=F I\;‘Iegns 9 Significant?| Statistically Better

Glove vs Wand 0.0000] 0.9938] Yes 29 | 019 [06/03] Yes Neither Neiher
Glove vs 86"Non 0.0100] 09404 Yes 29 | 27 47 |0.0001 No Means |Glove 9.99%
Glove vs WIS 0.0000] 09774] Yes 29 | 28.09 |0.0001 No Means |[Glove 9.83%
\Wand vs 86"Non 0.0100] 0.9412] Yes 29 | 11.85 |0.0040 No Means [Wand 8.83%
\VWand vs W/S 0.0000] 09757 Yes 29 | 20.26 |0.0005] No Means [Wand 8.67%

B6"Non vs WIS 0.0000] 09727] Yes 20 | 0.02 [08913] Yes Neither Neither
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Benchmark 2 - Experienced Users
3 Pass Avg. Elapsed Tlmes

400.0
350.0
300.0
250.0 [ — —
Elapsed I ] M
Time 200.0 B F=1 H - | H W]
(in Sec.)
150.0 - = - = H - | | | - | ]
100.0 ~ H H H H H H H H H
50.0 4 H H H H H H H H H
0.0 + L L L1 T L L] —————— o
E6 E7 E8 E9 | E10 | E11 | E12 | E13 | E14 | E15
OGlove |196.7|183.3|166.7|191.7 | 180.0 | 105.0 [ 221.7 | 198.3 | 243.3 | 205.0 | 165.0 | 186.7 [221.7 | 216.7 [ 158.3 | 189.3 | 33.2
B\Wand |165.0|180.0|283.3|211.7|130.0231.7 (188.3|163.3 | 165.0| 193.3 | 161.7193.3 [223.3|210.0(148.3|189.9| 384
O86"Non | 258.3 | 168.3 | 295.0 | 203.3 | 126.7 | 338.3 | 248.3 | 228.3 | 171.7 | 208.3 | 248.3 | 196.7 | 231.7 | 206.7 | 133.3 | 217.6 | 56.8
awis 265.0193.3|325.0| 188.3 | 126.7 | 300.0 [ 255.0 | 168.3 | 233.3 | 228.3 | 231.7| 245.0 | 243.3 | 206.7 [ 120.0| 222.0| 57.0
User #

Figure E- 19: B2E3pAvgTim Experienced Users Elapsed Times

Table E- 19: B2E3pAvgTim Experienced Users Elapsed Times Statistics

Benchmark 2, Experienced Users, 3 Pass Avg., Elapsed Times
B2EopA]# Users Mean St Dev. Low High P Value | Normal? CV
Glove 15 189.3 33.22 105.0 2433 = (0.1000 Yes 17.55%
Wand 15 189.9 38.41 130.0 2833 = (0.1000 Yes 20.23%
86"Non 15 2175 56.80 1267 338.3 = (0.1000 Yes 26.11%
WIS 15 2220 56.97 1200 3250 = (0.1000 Yes 25.66%
Homogeneity of Variance Roy's Greatest Root.  F(3,12) 3.04 Pr>F 0.0707
B2E3pA Bartlett's Test Levene’s Test | Equal Equal |a.. i g

P CheSa [ Pr= ChSq [P Ve Pr=F \fgr 2 di |F(1,29)|Pr=F Megns 2 Significant?| Statistically Better

Glove vs Wand 0.2832 U.0946 Yes 29 000 |09702] Yes Neither Meither

Glove vs 86"Non 3.7147 0.0539 Yes 29 207 |0.1718| Yes Neither Neither
Glove vs WIS 3.7544 0.0527 Yes 29 3.33 |0.0894] No Means |[Glove 14.73%
Wand vs 86"Non | 2.0191 0.1553] Yes 29 6.47 10.0234] No Means |[Wand 12.69%
Wand vs WIS 2.0493 0.1523 Yes 29 | 1040 [0.0061 No Means |Wand 14.46%

86"Non vs WIS 0.0001 0.9912 Yes 29 0.03 [0.5910] Yes Neither Neither
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Benchmark 2 - Experienced Users
3 Pass Avg. Navigation Ratings

5 _

4 T bk

3 a | | | | | | | | | | | |

Rating

2 a | | | | | | | | | | | |

1 ] | | | | | | - | | | |

0 T&] E10[E11|E12]E13|E14]E15 StD
OGlove |4.67|3.76|4.24\4.10|4.00(4.00|4.00(3.14|4.00|3.52(4.00({4.24|4.24|4.51|4.27|4.05(0.37
EWand |4.95|4.19|4.24/4.00|5.00(3.91|3.47|3.81|3.81|2.81(3.95(4.29|/4.19|4.29|3.95|4.06|0.53
[O86"Non |4.67|3.72|3.95|3.95|3.86(4.09|4.00{2.90|{4.00|3.33|3.86(4.10|4.00|4.00(4.00|3.90(0.38
awrs 4.67|3.62|3.95/3.95|4.00{4.00(4.00{2.90|4.00/3.43|3.86|4.00|3.81|4.00{4.00|3.88|0.37

User #

Figure E- 20: B2E3pAvgNav Experienced Users Navigation Ratings

Table E- 20: B2E3pAvgNav Experienced Users Navigation Ratings Statistics

Benchmark 2, Experienced Users, 3 Pass Avg., Navigation Ratings

BZESpA] # Users Vean St Dev. Low High P Value [Normal?| CV
Glove 15 405 0.37 314 467 0.0117 No 925%
Wand 15 406 053 281 5.00 = (0.1000 Yes | 13.07%

a86"Non 15 3.90 039 290 467 0.0062 No 991%
WIS 15 3.88 0.38 290 467 0.0005 No 967%

Homogeneity of Variance Roy's Greatest Root:  F(3,12) 476 Pr=F 0.0207
B2E3pA u“B_gE'et,Ef Il is;:\bq —ovene s Test E,‘}:Lr”,;‘ df |F(1,29)| Pr>F Mzgﬁi'? Significant| Statistically Better

Glove vs Wand 0.9900] 0.3273] Yes | 29 | 001 [0.9219] Yes Nefther Neither

Glove vs 86"Non 0.0100[ 0.9309] Yes | 20 | 14.95 |0.0017 No Means |Glove 3.88%

Glove vs WIS 0.0000] 09944] Yes | 29 | 1575 |0.0014 No Means |Glove 4.31%

\Wand vs 86"Non 0.7800] 0.3855] Yes | 29| 1.90 |0.1901] Yes Neither Neither

Wand vs W/S 0.8900] 0.3539 Yes | 29 | 2.31 |0.1505] Yes Neither Neither

86"Non vs WIS 0.0100] 0.9423] Yes | 20 | 060 [04524| Yes Neither Neither
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Benchmark 2 - Experienced Users
3 Pass Avg. Locating Ratings

5
4 - T N = Fh- B
3 . | | | | | | | | | | | |
Rating
2 . | | | | | | | | | | | |
'] . | | | | | | | | | | | |
01 Es | E9 [E10]E11[E12|E13[E14 StD
OGlove |4.67(4.27(4.274.07|4.00(4.00|3.80/3.53|3.67|3.40|4.20(4.47|4.33|4.47(4.27|4.09/0.36
EWand |5.00(4.47(3.67|4.00(5.00(4.20|3.33|3.47|3.87|3.07|4.20({4.40|4.27 |4.20|3.60(4.05|0.56
[86"Non |4.67 (4.13(3.93/4.13|4.20|4.13|4.00/3.27|3.93|3.53|4.07 |4.20|4.07 |4.00(3.87 |4.01|0.31
awis 4.67|4.07|3.93/4.07|4.00/4.00|3.80|3.33|3.53|3.40|4.13|4.00(4.00|4.00|3.87|3.92|0.32
User #
Figure E- 21: B2E3pAvg Experienced User Locating Ratings
Table E- 21: B2E3pAvg Experienced User Locating Ratings Statistics
Benchmark 2, Experienced Users, 3 Pass Avg., Locating Ratings
B2E3pA # Users Mean St. Dev. Low High P Value [Normal? CV
Glove 15 4.10 0.36 3.40 4.67 > 0.1000 Yes 8.90%
Wand 15 4.05 0.56 3.07 5.00 > 0.1000 Yes 13.87%
86"Non 15 4.01 0.31 3.27 4.67 0.0947 Yes 7.80%
WIS 15 3.92 0.32 3.33 4.67 0.0929 Yes 8.27%
Homageneity of Variance Roy's Greatest Root F(3,12) 7.59 Pr=F 0.0042]
SaEeRA Lh?—ggle?’rs j?j}lbq F l_.gige SP-l;efE_ \Egﬁ' df | F{(1,29) | Pr=F MEegL‘El? Significant?| Statistically Better
Glove vs Wand 245687 0. 1170 yes 29 0.17 | 0.68841 Yes Meither Neither
Glove vs 86"Non 0.3150 0.5746 Yes 29 1.91 0.1891 Yes Meither Neither
Glove vs WIS 0.1842 0.6678 Yes 29 13.54 | 0.0025 No Means |[Glove 4.46%
Wand vs 86"Non 43946 0.0361 No 29 0.19 | 0.8657 Yes Var Neither
Wand vs WIS 3.8936 0.0485 Yes 29 1.83 | 0.1980 Yes Meither Neither
86"Non vs WIS 0.0176 0.8945 Yes 29 767 | 0.0150 No Means  |B5"Non 2.27%
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Benchmark 2 - Experienced Users
3 Pass Avg. Manipulation Ratings
5
4 T -
o HEHIEL MRS R e R TR ol s 1= 8
Rating
2 | | | | | | | | | | | | | | | | | | | | | |
f| | | | | | | | | | | | | | | | | | | | | | |
E1|E2 | E3|E4 | E5|EB | E7 | EB | ES |E10|E11 E15|Avg | StD
OGlove |4.67|4.33|4.27(4.00|14.07(4.00(3.47|3.33(3.33|3.07|4.00|4.13|4.27|4.27|4.27|3.96|0.45
EWand |4.67(4.20|13.47(3.33|4.00(4.13|3.60|3.53|3.60|3.00|4.07|4.13|4.20|4.20(4.13|3.88|0.44
[O86"Non |4.67(3.93|3.93|3.80|3.87(4.07|3.33/3.00(3.13|3.20|3.80|3.67|3.73|3.80|3.67(3.71|0.42
awrs 4.67(4.13|3.93|3.87|4.07|4.00|3.33|/2.93|3.00|2.80|3.80|3.87|3.67|3.60|3.53|3.68|0.50
User #

Figure E- 22: B2E3pAvgMov Experienced User Manipulation Ratings

Table E- 22: B2E3pAvgMov Experienced User Manipulation Ratings Statistics

Benchmark 2, Experienced Users, 3 Pass Avg., Manipulation ﬁatings

B2E3pA # Users Mean St. Dev. Low High P Vvalue |[Normal?| CV
Glove 15 3.97 0.45 3.07 4.67 0.0061 No 11.47%
Wand 15 3.88 0.44 3.00 4.67 0.0924 Yes 11.29%

86"Non 15 3.71 042 3.00 4.67 > 0.1000 Yes 11.28%

WIS 15 3.68 0.50 2.80 4.67 >0.1000 Yes 13.66%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 712 Pr=F 0.0053
N oneer e rmar e i | o [r129] P [k [Sonianc] sasicaly seter
Glove vs Wand 0.0300] 0.8725] Yes 29 | 1.16 | 0.2993 Yes Neither Neither
Glove vs 86"Non 0.1100f 0.7411] Yes 29 | 21.09 | 0.0004 No Means |Glove 5.96%
Glove vs WIS 0.1800[ 0.6744] Yes 29 | 22.01 | 0.0003 No Means |Glove 7.74%
Wand vs 86"Non 0.0313 0.8597 Yes 29 | 427 |0.0578 No Means |wand 4.77%
Wand vs W/S 0.2561 0.6170 Yes 29 | 465 |0.0490 No Means |Wand 5.54%
B6"Non vs WIS 0.4568 0.4991 Yes 29 | 0.41 |0.5323 Yes Neither Neither
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Benchmark 2 - Experienced Users
3 Pass Avg. General Impressions Ratings

5 _

4 ] — — | —

3 | | | | | | | | |

Rating
2 _ | | | | | | | |
1 _ | | | | | | | |
E10|E11|E12|E13|E14 StD
DGlove |4.67|4.20(4.27(4.13/4.00(4.00(4.00|3.20/4.00(3.47|4.13|4.40|4.27|4.13|4.20|4.07|0.35
Em\Wand |5.00(4.67|3.93(4.00 4.80|4.07|3.93|3.80|4.203.20|4.00 [4.00|4.00|3.73|3.87|4.08|0.45
086"Non |4.67|4.27|4.00{3.934.00|4.00|4.00|2.80|4.00|3.47|4.00|4.00|4.00|3.93|3.87|3.93|0.40
OWS |4.67|4.13/4.00{4.004.00|4.00|4.00|2.87|4.003.40|4.00(4.00|4.00|4.00|3.93|3.93|0.38
User #

Figure E- 23: B2E3pAvgGen Experienced User General Impressions Ratings

Table E- 23: B2E3pAvgGen Experienced User General Impressions Ratings
Statistics

Benchmark 2, Experienced Users, 3 Pass Avg., General Impressions Ratings

BZ2EJpA # Users Viean St Dev. Low High P Value [Normal? CV
Glove 15 407 035 320 4 67 00017 No 8.63%
Wand 15 4.08 045 3.20 5.00 0.0181 No 11.00%

B86"Non 15 3093 0.40 2.80 467 0.0005 No 10.08%

WIS 15 3093 0.38 2.87 467 < 0.0001 No 9.71%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) hh7 Pr=F 0.0125
B2E3pA eyt o [ ar |F(1,20) P> | £3%81, | significant? | Statistcally Beter
Glove vs Wand 0.60000 044701 Yes | 29| 0.01 [09322] Yes Neither Neither
Glove vs 86"Non 0.00000 0.7703] Yes | 29| 11.32 |0.0046 No Means |Glove 361%
Glove vs WIS 0.0400 04645 Yes | 29| 1524 |0.0016 No Means |Glove 361%
Wand vs 86"Non 0.13000 0./249] Yes | 29| 247 |0.1202] Yes Neither Neither
\Wand vs WIS 022000 064401 Yes | 20| 258 [0.1308| Yes Neither Neither
36"Non vs WIS 0.0100] 09728] Yes | 20| 008 |0.7828] VYes Neither Neither

246




Benchmark 2 - Experienced Users
3 Pass Avg. Overall Impressions Ratings

5

4 AN HM T e T hT - ol unlivy

3 . | | | | | | | | | | | | | | — | | | | | | | |

Rating

2 . | | | | | | | | | | | | | | | | | | | | | | | |

-1 _ | | | || | | | | | | || | | | | |

O TE1 €2 [E3 | €4 [E5|E6|E7 | EB|ED |EI0]EN|E12]E13]
OGlove |4.67|4.14|4.26|4.08(4.02(4.00|3.82|3.30|3.75|3.37|4.08|4.31|4.28|4.34|4.25|4.04 |0.36
EWand [4.91]|4.38|3.83|3.83(4.70(4.08|3.59|3.65|3.87|3.02|4.06|4.21|4.16|4.11|3.89|4.02|0.45
[086"Non |4.67|4.01|3.96|3.96(3.98(4.07|3.83/2.99|3.77|3.38|3.93|3.99/3.95|3.93|3.85|3.89|0.36
aw/s 467|3.99/3.96|3.97|4.02|4.00(3.78|3.01|3.63|3.26|3.95(3.97|3.87|3.90|3.83|3.85|0.37

User #

Figure E- 24: B2E3pAvgOvr Experienced User Overall Impressions Ratings

Table E- 24: B2E3pAvgOvr Experienced User Overall Impressions Ratings
Statistics

Benchmark 2, Experienced Users, 3 Pass Avg., Overall Impressions Ratings

B2E3pA] # Users Mean St Dev. Low High P Value [ Normal*? C\
Glove 15 4.05 0.36 3.30 4.67 = 0.1000 Yes 16.03%]
Wand 15 402 0.45 3.02 491 = 0.1000 Yes 31.19%)

B86"Non 15 389 036 299 467 007196 No 27 49%]
WIS 15 385 0.37 3.01 467 0.0076 No 20.24%)

Homogeneity of Variance Roy's Greatest Root:  F(3,12) 10.18 Pr=F  0.0013
B2E3pA Bartlett's Test Levene's Test 5 al (o . .
P ThrSq | T = ChiSq | T Vale | Fr=1 521;7?‘ df [F(1,29)| Pr=F Nigl;j? Significant?| Statistically Better

Glove vs Wand 0.5400[ 0.4668] Yes 20 | 010 [0.0521 No Means |Glove 0.65%)

Glove vs 86"Non 0.0000] 09569] Yes 29 | 13.36 |0.0048 No Means |Glove 4.12%

Glove vs W/S 0.0000] 09662] Yes 29 | 2108 |00000] No Means |Glove 4 96%

Wand vs 86"Non 0.5100] 04804] Yes 20 | 304 [04481] VYes Neither |Wand 3.45%
Wand vs WIS 0.4100] 0.5274] Yes 29 | 538 |0.0173 No Means |Wand 4.28%
B86"Non vs WIS 00156 0 9005 Yes 29 | 516 [000B0] No Means [86"Non 080%




Appendix F

All Users Benchmark 2 (Find/Repair) Detail
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Rating

Benchmark 2 - All Users

Pass 1 Navigation Ratings

oL LIALIE

|

N15 E1

N1 N2 N3 N4 N5 NG N7 N& N N10 N11 N12 N13 Ni4 E2 E3 E4 E5 E6 E7 EB EO E10 E11 E12 E13 E14 E15 Avg SID
N1 [Nz [ N3 | w4 ns | ne | N7 | Ne [ Ne N1oN11|N12|M13|n14]n15] E1 | E2 [ E3 [ E4 | E5 | E6 | E7 | E8 | BB [E10|E11[E12[E13|E14]E15 [AVE|SID
[mGlove |3.14[3.57|4.57[4.43]3.71[4.71]3.57[3.00[3.57|4.57[4.43[4.574.00]4.14]4.28]4.00| 3.00]4.00[4.00]4.00]4.00[ 4.00|2.71[4.00[3.433.86[4.00]4.00[4.51]4.00[3 93]0.51
‘.\Nand 5.00(4.71(4.14]3.14|3.71|4.00|3.85(3.00(3.86 | 5.00|3.68(4.29|4.00|4.00 | 4.00 4.86(3.42(4.00|3.86|5.00| 3.14| 3.00(3.71(3.57 |2.43(4.00|4.29|4.00|4.29|3.86 | 3.93(0.62
|Das"Non |5.00[4.28]3.57|2.71(3.57]3.43]3.71|3.14[4.43]5.00|3.71|4.00[4.004.00] 4.00] 4.00[ 3.43] 3.86| 3.86|4.14]4.144.00[2.71{4.00]3.00[3.86[4.00[4.00[4.00]4.00]3.850.52]
lowis  |4.70[4.30]3.90[2.90]3.30]3.00]3.90[3.10[3.40]5.00[3.71]4.00[4.00]4.00]4.00]4.00] 3.00[3.85]3.86]4.00]4.00[ 4.00]2.71]4.00[3.43]3.86[4.00]3.43[4.00]4.00[2.78[0.51
User #
Figure F- 1: B2Ap1Tim All User Elapsed Times
Table F- 1: B2Ap1Tim All User Elapsed Times Statistics
Benchmark 2, All Users, Pass 1, Elapsed Times
B2Ap1 # Users Mean St. Dev Low High P Value | Normal? [
Glove 30 226.0 98.24 100.0 400.0 >0.1000 Yes 25.77%
Wand 30 231.8 51.46 150.0 365.0 > 0.1000 Yes 22.20%
86"Non 30 258.9 70.99 130.0 405.0 >0.1000 Yes 27.42%
WIS 30 2745 78.70 140.0 465.0 > 0.1000 Yes 28.67%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 325 Pr=F 0.0372
B2Ap1 Bartlett's Test Levene's Test Equal : : Equal N ) .
CRSq [ Pr= ChSqg [ FVale ] Pr=F | var? df | F{129)| Pr=F Means? Significant? | Statistically Better
Glove vs Wand 0.4358 0.5092] Yes 29 024 | 06251 Yes Neither Neither
Glove vs 86"Non 1.1102 0.2920 Yes 29 430 | 00472 No Means |Glove 12.71%
Glove vs W/S 2.5456 0.1106 Yes 29 7.23 |0.0118 No Means  |Glove 17.67%
Wand vs 85"Non 2.9022 0.8858 Yes 29 6.10 | 0.0197 No Means |Wand 10.47%
Wand vs WIS 4.9978 0.0254 No 29 | 10.22 [0.0033 No Var/Means |Wand 15.56%
86"Non vs WIS 0.3023 0.5825 Yes 29 264 | 01149 Yes Neither Neither
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Rating

Benchmark 2 - All Users
Pass 1 Navigation Ratings

0

Il

N15 E1 E2

N1 M2 N3 N4 N5 N6 N7 N8 N N10 N11 N12 N13 N14 E3 E4 ES ES EY EB ES E10 E11 E12 E13 E14 E15 Avg SID

NT[ N2 | N3 [ N4 | NS| NG| N7| NG| NS N10O|N11|N12[N13|N14|N15| E1 | E2 | E3 | E4 | ES | E6 | E7 | EB | E9 |E10|E11|E12|E13|E14 |E15|Avg|SID

‘DGIOVe 3.14|3.57|4.57(4.43(3.71|4.71|3.57|3.00|3.57 |4.57 |4.43|4.57|4.00|4.14|4.29|4.00| 3.00|4.00|4.00|4.00|4.00| 4.00|2.71|4.00 |3.43(3.56 [4.00|4.00|4.51 |4.00|2.93(0.51

‘.\Nand 5.00|4.71|4.14|3.14|3.71|4.00|3.86(3.00(3.86 |5.00|3.68|4.29|4.00|4.00 |4 00 |4 .86(3.43(4.00(3.86(5.00|3.14|3.00|3.71|3.57 |2.43(4.00(4.29(4.00(4.29|3.66 |3.93|0.62|

‘D%"Ngn 5.00|4.20|3.57(2.71(3.57|3.43|3.71|3.14|4.43|5.00|3.71|4.00|4.00|4.00|4.00|4.00| 3.43|3.86|3.86|4.14|4.14|4.00|2.71|4.00|3.00(3.56 |4.00|4.00|4.00 |4.00|3.85(|0.52

‘DW-'S 4.70(4.30|3.90|2.90|3.30|3.00|{3.90(3.10(3.40|5.00|3.71(4.00(4.00(4.00 {4.00|4.00(3.00(3.86(3.86(4.00|4.00(4.00(2.71(4.00 |3.43|3.66|4.00(3.43(4.00|4.00|3.78|0.51
User #

Figure F- 2: B2Ap1Nav All Users Navigation Ratings

Table F- 2: B2Ap1Nav All Users Navigation Ratings Statistics

Benchmark 2, All Users, Pass 1, Navigation Ratings

B2Ap1 # Users Mean St. Dev. Low High P Value | Normal? CcV
Glove a0 3.93 0.51 271 4.71 0.0005 No 12.90%
Wand 30 3.93 0.62 2.43 5.00 0.0549 Yes 15.73%
86"Non 30 3.85 0.52 271 5.00 0.0079 No 13.61%
WIS 30 3.78 0.51 271 5.00 0.0003 No 13.42%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 1.48 Pr=F 0.2411
B2ApT nfggleﬁ Iiit“bq - L?rﬁge SPT‘?,St,_ 53#{;‘ df | F(1.29) | Pr>F rfeqaﬂ , | Significant? | statistically Better
Glove vs Wand 1.0900| 0.3095] Yes 29 0.00 0.9481 Yes Neither Neither
Glove vs 86"Non 0.0300] 0.8645] Yes 29 040 0.5344 Yes Neither Neither
Glove vs W/S 0.0000| 0.9938] Yes 29 1.87 0.1820 Yes Neither Neither
Wand vs 86"Non 0.6700] 0.4170] ‘es 29 0.90 0.3496 Yes Neither Neither
Wand vs W/S 1.0200] 0.3167] Yes 29 279 0.1055 Yes Neither Neither
B6"Non vs WIS 0.0300] 0.8746] Yes 29 2.16 | 0.1522 Yes Neither Neither
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Rating

0

Benchmark 2 - All Users
Pass 1 Locating Ratings

N1 N2 N3 N4 N5 N6 N7 N8 N3 N10ON11N12ZN13N14N15 E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 E13 E14 E15 Avg SID
NA | M2 | N3 | N4 | N5 | NG | NT [ M8 [ NS [N10|M11[N12|N13|MN14|N15| E1 [ E2 [E3 [E4 | ES | E6 | ET | EB | EO |[E10|E11(E12(E13|E14|E15|Avg| SID
|I:| Glove [4.204.60]4.60(4.00(4.00(4.80(3 80|3.00(3.60|4.80[3.80/4.00/4.00(4.00(4.00|4.003.80]4.00|3.80|4.00[4.00|3.40(3.20(3.40(3.404.2014.40/4.20|4.40[4.00[3.97|0.44
Bwand  [5.00(5.00]4.60(3.00(4.00(4.80(4.00[2.80[4.40(5.00[3.60(4.00(4.00[4.004.00( 5.00[4.20[3.40(4.00[5.00(3.403.00(3.40[3.40(2 60[4.404.40(4 20|4.40[3.50[4.02|0.6¢|
085" Mon |5.00)3.80|4.20(2.60(3.40(3.80(3.20(3.20(4.80|5.00[3.80|4.00|4.00(4.00(4.004.00/4.00(3.80(4.20/5.00|4.20/4.00|3.40|4.00|3.00/4.004.20(4.00/4.004.00|3.95(0.55|
OwWis 4.40)3.80|4.40|2.00|3.20|3.40|3.80(3.20(3.60|5.003.80|4.00|4.00[4.00{4.00|4.00(3.80(3.80(3.80|£.00|4.003.40(3.20|3.40|3.40|4.204.00(4.004.00}4.00|3.79|0.52
User #
Figure F- 3: B2Ap1Loc All Users Locating Ratings
Table F- 3: B2AplLoc All Users Locating Ratings Statistics
Benchmark 2, All Users, Pass 1, Locating Ratings
B2Ap1 # Users Mean St. Dev. Low High P Value [ Normal? CcV
Glove 30 397 044 3.00 4 80 0.0068 No 11.04%
Wand 30 4.02 0.69 2.60 5.00 0.0633 Yes 17.20%
86"Non 30 3.95 0.55 2.60 5.00 0.0034 NO 13.98%
WIS 30 3.79 0.52 2.00 5.00 0.0016 NO 13.65%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 2.79 Pr=F 0.0595
B2Ap1 Bartlett's Test Levene's Test | Equal Equal | o . -
TS PrS ChSq [T Vale] ProF var ? df | F(1.29) | Pr=F Means? Significant? | Statistically Better
Glove vs Wand 6.8000] 0.0116] No 28 0.29 0.5966 Yes War Wand 1.18%
Glove vs 86"Non 1.2300] 0.2719] Yes 29 0.04 0.8447 Yes Neither Neither
Glove vs W/S 0.3500| 0.5558] ves 29 4.46 0.0434 No Means |Glove 4.91%
Wand vs 86"Non 1.6900] 0.1991] Yes 29 0.49 0.4910 Yes Neither Neither
Wand vs W/S 1.9000| 0.1732] Yes 28 5.38 0.0276 No Means |Wand 6.15%
86"Non vs WIS 0.7000| 0.7978] Yes 29 5.80 0.0226 No Means [86"Non 4.38%
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Benchmark 2 - All Users
Pass 1 Manipulation Ratings

Rating

E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 E13 E14 E15 Avg SID

0 Al . ‘
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N1 [ N2 | N3 [ M4 | NG [N& | N7 | N8 | NO [N10|M11|N12|N13[MN14|N15| E1 | E2 | E3 (E4 | ES | E6 | E7 | E8 | E9 |E10|E11(E12|E13|E14|E15 |Avg| SID
|EG\cve 4.20[4 80[4 604 403 804 40(3 002 80|3 40|5 00|3 60|32 604 003 80|3 80[4.00\4 00|4 00|3 80(4 20(4 00(3 00[2 80|3.00|2 80|23 80(3 60|4.00[3.80[4 00[3.79|0.59|
mand |4.60[4 20(4 00|23 80|3.80}4 00|3 60|2 60|4 20|4 B0|3 80|3.80|4.20|3.80(3 804 40|3 80|3 40|2 80|3 603 60|12 00|3 60(3.00\2.80\4 203 60|3.80(4.00(3 B0(3.71(0.59|
088" Non |4.00(3.80(3.602.60/4.00(3.00/4.00|3.20|4.80|5.00{23.00]2.80|3.20|4.00|4.00/4.00|3.80|3.80|3.80|4.20|4.00|3.00/3.00(3.20/3.00|3.80(3.20|3.20(3.40(3.40(2.63(0.55|
awis 4.004.00(4.00)2.80(4.00|3.20(3.80|2.80|4.20/4.80{4.00/4.00[4.004.00/4.004.00|4.00|3.80}4.00[4.204.00[3.00[3.00[3.00/2.60|3.804.00|3.00|3.20(3.203.68|0.54|

User #

Figure F- 4: B2Ap1Mov All Users Manipulation Ratings

Table F- 4: B2Ap1Mov All Users Manipulation Ratings Statistics

Benchmark 2, All Users, Pass 1, Manipulation Ratings
B2Ap1 # Users Mean St Dev. Low High P Value Normal? CV
Glove 30 3.79 0.59 2.60 5.00 0.0250 No 15.51%
Wand a0 3.71 0.59 2.00 4.80 0.0005 No 15.98%
86"Non 30 3.63 0.55 2.60 5.00 0.0573 Yes 15.17%
WIS 30 3.68 0.54 5.60 4.80 < 0.0001 No 14.74%
Homogeneity of Variance Roy's Greatest Root: F(3.27) 0.64 Pr=F 0.5969
B2Ap1 hfagleﬂf Ies,ilbq - '{Z—‘fge SPTE,S:_ Egt‘i' df | F(1.29) | Pr>F ME;”:S'? Significant? | Statistically Better
Glove vs Wand 0.0000| 09662 Yes 29 0.86 0.3604 Yes Neither Neither
Glove vs 86"Non 0.1400| 0.7092] Yes 29 1.96 0.1721 Yes Neither Neither
Glove vs WIS 0.2500] 06177 Yes 29 1.29 0.2662 Yes Neither Neither
\Wand vs 86"Non 0.1200] 0.7254] Yes 29 0.65 0.4267 Yes Neither Neither
\Wand vs WIS 0.2000] 0.6574] Yes 29 012 0.7308 Yes Neither Neither
86"Non vs W/S 0.0100[ 0.9317] Yes 29 0.70 0.4083 Yes Neither Neither
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Benchmark 2 - All Users
Pass 1 General Impressions Ratings

Ratings

0 NT|N2 | N2 |Na | N5 N6 | N7 | N8 | N [N10[N11]N12[N13[N14[N15] E1 | E2 | E3 | E4 | E5 | E6 | E7 | E8 | E9 [E10[E11[E12]E13]E14[E15 Avg
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86"Mon |4.003 80|3 60(2 60[4 00[3 00|4 00|3 20|4 80|5 00|3 60[4 00[4.00[4.00|4.00)4 004 20|4 00|3 80[4 40(4 00[4 00[2 80|4 00|3 204 004 00|4 00[3 BO|3 60|3 85

aowis 4.00]4.00/4.00(2.80(4.00|3.20(2.80|2.80(4.20(4.80|4.0014.00(4.00|4.00|4.004.00(3.604.00|4.004.00|4.00(4.00|2.80|4.00|3.20(4.00|4.00|4.00|4.00(3.80/|3.83

User #

Figure F- 5: B2Ap1Gen All Users General Impressions Ratings

Table F- 5: B2Ap1Gen All Users General Impressions Ratings Statistics

Benchmark 2, All Users, Pass 1, General Impressions Ratings
B2Ap1 # Users Mean St. Dev. Low High P Value Normal? CW
Glove 30 3.96 0.45 2.80 5.00 < 0.0001 No 11.44%
VWand 30 4.00 0.64 2.80 5.00 0.0002 No 15.92%
86"Non 30 3.85 0.51 2.60 5.00 < 0.0001 No 13.14%
WIS 30 3.83 0.44 2.80 4.80 < 0.0001 No 11.57%
Homogeneily of Variance Roy's Greatest Root: F(2,27) 0.06 Pr>F 04237
B2Ap1 hfag'eﬁf :es,ilbq - k?rﬁge SPT[E)S:_ Eiﬁ‘ df | F(1.29)| Pr>F ME;”“?? Significant? | Statistically Better
Glove vs Wand 3.1800[ 0.0799] Yes 28 0.12 0.7336 Yes Neither Neither
Glove vs 86"Non 0.2200[ 086412] Yes 28 0.86 0.3603 Yes Neither Neither
Glove vs W/S 0.0100[ 0.9251] Yes 28 1.72 0.2001 Yes Neither Neither
Wand vs 86"Non 1.5800 0.2143] Yes 29 1.71 0.2015 Yes Neither Neither
Wand vs W/S 36400 00812] Yes 29 2.10 0.1584 Yes Neither Neither
86"Non vs W/S 0.3200 0.5722] Yes 29 0.09 0.7634 Yes Neither Neither
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Benchmark 2 - All Users
Pass 1 Overall Impressions Ratings
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3 LN (HE I H HiAHN -

Ratings

2 HEIHHIH HEIHHIH

1 HNIHH HEHH I H

O M1 | N2 | N3 | N4 | N5 | N6 | N7 | N8 | NG [N10 N13|N14|N15| E1 E2- E3 | E4 |E5 | E& | ET | E& | E9 |[E10|E11|E12|E13[E14|E15|Avg
|ﬂGove 4.12|4.28|4.87|460|3.96/4 67|3.75(2.53|2.79(4.68 4.04(4.03|4.13|4.00|3.60(4.00|2.90(4.05|4.00|3.60|2.88|3.60|3.16(3.97 |4.00|4.00(4 13|4.00(3 99
B\vang [4.93|4.56|4 15(3.32|4.02|4 67|3.80|2.00|4.48(4.95 [4.02(4.01|14.04|4 82|3 86(3 60|287(4.603.34|2.75|3.63|3.30|2 66(4.15|4.07|4.00(4.07|3.61(3.93
es5"Non |4.45)3.87|4.00(2.88|3.71|3.19|3.80|2.90|4.66(4.85 3.83|4.00/14.00|4.00|3 86(3.87|2.92|4.44(4.09|3.75(2.98|3.80(3.05|3.62(3.85|3.80|3.80(3.75|3.82
awnws 4.43|3.96|4.25(2.77|3.60|3.07|3.78|2.80(4.15[4.82|3. 4.00|4.00/4.00|4.00|13.60|3.87|3.92|4.05(4.00(3.60|2.93|3.60(3.16(3.97 [4.00|3.61|3.80|3.75/3.78

User #

Figure F- 6: B2ZAp1Ovr All Users Pass 1 Overall Impressions Ratings

Table F- 6: B2Ap1Ovr All Users Pass 1 Overall Impressions Ratings Statistics

Benchmark 2, All Users, Pass 1, Overall Impressions Ratings

BZAp1 # Users Mean St. Dev. Low High P Value |Normal? CV
Glove 30 3.99 0.42 2.88 4.87 0.0261 No 10.46%
Wand 30 3.94 0.59 2.66 5.95 =>0.1000 Yes 14.96%
86"Non 30 3.82 0.47 2.88 4.85 0.0019 No 12.24%
WIS 30 3.78 0.45 2.77 4.82 0.0174 No 11.95%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 2.60 Pr>F 0.0725]
BaAp1 s e A e vea | ar | Foze) | proF [ 09 Isignincants| stasticaly setter
Glove vs Wand 2.5200| 0.0930f Yes 29 0.39 0.3375 Yes Neither Neither
Glove vs 86"Non 1.4500[ 02267 Yes 29 3.45 0.0735 No Means [Glove 4.53%)|
Glove vs WiS 0.1400] 07115 Yes 29 6.03 0.0203 No Means [Glove 5.55%
Wand vs 86"Non 1.4900 02267 Yes 29 1.86 0.1827 Yes Neither Neither
Wand vs W/S 1.8900] 0174 Yes 29 3.16 0.0861 No Means [Wand 4.05%|
86"Non vs WiS 0.0300| 0.8699) Yes 29 1.5971 0.2284 Yes Neither Neither
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Benchmark 2 - All Users
Pass 2 Elapsed Times
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mGiove [189|235|205| 265|120 | 200| 150|285 | 220|205 | 185| 190|250 | 100|150 160|170 140|105 | 170 120 |230| 210|230 | 200 | 180 [180|220| 205 | 150 193 [30.4)
mwana  [205[210[190{240 190205 208] 240210140 160] 200{280( 185|160 [ 175145 285 190 [ 125|240 [180] 155 ] 170] 185 | 155 [ 195 ] 230] 220 [ 170|194 a8 2]
mssNon 315|245 (305|200 (350 | 200| 202|450 | 215 235 |240| 210|250 | 200| 140 | 270 140|315 200 | 265 | 235 [ 200|235 | 190|205 [ 200| 140 242 |68 7
owis  [265(250[285[ 415|265 | 215] 265] 225 | 265 [ 175 |200] 225|255 | 200 [ 140195165 265 160 | 115|305 [305] 145 | 265 220 {200 | 235 ] 210] 180 [ 120 [224 [63.0]
User #
Figure F- 7: B2Ap2Tim All Users Elapsed Times
Table F- 7: B2Ap2Tim All Users Elapsed Times Statistics
Benchmark 2, All Users, Pass 2, Elapsed Times
B2Ap2 # Users Mean St. Dev Low High P Value | Normal? CV
Glove 30 193.6 3944 120.0 2850 > 0.1000 Yes 20.37%
Wand 30 194.7 38.18 125.0 285.0 > 0.1000 Yes 19.61%
86"Non 30 2429 68.74 140.0 450.0 >0.1000 Yes 28.30%
[E 30 2247 63.01 115.0 4150 >0.1000 Yes 28.04%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 7.12 Pr=F 0.0011
B2Ap2 Bartlett's Test Levene's Test Equal . Equal B i
CRISq [ Prs ChSg [ FVae [ PrsT vare | O |FUL29)| PraF | e, | Slanficant? | Statistically Better
Glove vs Wand 0.0301 0.8623| Yes 29 0.01 |0.9040 Yes Neither Neither
Glove vs 86"Non 8.3614 0.0038 No 29 14.84 | 0.2384 Yes Var Glove 20.30%
Glove vs WIS 6.0467 0.0140 No 29 7.13 | 0.0150 No Var/Means |Glove 13.84%
Wand vs 86"Non 9.3382 0.0022 No 29 17.66 | 0.0002 No Var/Means |Wand 19.84%
Wand vs W/S 6.8772 0.0087 No 29 1043 | 0.0031 No Var/Means |Wand 13.35%
86"Non vs WIS 0.2154 0.6425 Yes 29 228 | 01412 Yes Neither Neither
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Benchmark 2 - All Users
Pass 2 Navigation Ratings

Rating
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MNA | N2 | N3 [ N4 [ NS [ NS | N7 | N8 | N9 |[NTO[NT1[N12|N13|N14|N15| E1 | E2 | E3 |E4 | ES | E6 | ET | EB | E9 [E10(E11|E12|E13|E14|E15|Avg|SID
‘nG\uve 4.14|3.43|4.86(5.00(4.00(4.00(3.71|3.57|3.71|3.57|4.43(5.00/4.00|4.29/4.295.00|3.86|4.00(4.00/4.00|4.00|4.00{3.00|4.00/3.14|3.864.294.29|4. 51|14 29/4.07|0.49|
Bwand |5.00[4.4314 14|12 86(3.86|4.57 |3.86|2.86/3.57|5.00/3.88/4.41/4.00|4.00/4.005.00|4.57|4.00/4.00|5.00|4.28|3.71(3.57|3.71/|2.85/|3.85)4.29(4.29(4.29(4.00(4.08/|0.58|
D88 "Non |5.003.43|3.71|2.86(3.573.14/3.86|2.004.434.00/3.29|4.00/4.00|4.00/4.00/5.00|3.86/4.00/4.00/4.00|4.00|4.00{2 7 1|4.00/3.14|3.85|4.00(4.00(4.00|4.00(3.83/|0.52
awis 5.00[4.10}4.10[2.90(3.40/3.10{3.60[3.103.70[4.00[3.71(4.004.00|4.00{4.00|5.00|3.86(4.00}4 00/4.004.00|4.00[2 86(4.00|3.14(3.856|4.00[4.004.00(4.00[3.85(0.49

User #

Figure F- 8: B2Ap2Nav All Users Navigation Ratings

Table F- 8: B2Ap2Nav All Users Navigation Ratings Statistics

Benchmark 2, All Users, Pass 2, Navigation Ratings
B2Ap2 # lsers Mean St Dev Low High P Value Normal? CV
Glove 30 4.08 0.49 3.00 5.00 0.0485 No 12.14%
Wand a0 4.06 0.58 2.86 5.00 = 0.1000 Yes 14.27%
86"Non 30 3.83 0.52 2.71 5.00 < 0.0001 No 13.64%
WIS 30 3.85 0.49 2.86 5.00 < 0.0001 No 12.70%
Homaogeneity of Varance Roy's Greatest Root F(3,27) 3.99 Pr=F 0.0179
B2Ap2 n?ggle?j’ Iiitllb o L?rﬁge SPTEft'_ 52?1' df | F(1.29) | Pr>F P:Eeiﬁl,? Significant? | Statistically Better
Glove vs Wand 0.6800[ 0.4113] Yes 29 0.01 0.9221 Yes Neither Neither
Glove vs 86"Non 0.0700[ 0.7836] Yes 29 5.34 0.0282 No Means [Glove 6.42%
Glove vs WIS 0.0000] 0.9524] Yes 29 5.31 0.0285 No Means |Glove 5.90%
\Wand vs 86"Non 0.2800[ 0.5996] Yes 29 7.03 0.0128 No Means Wand 6.11%
\Wand vs WIS 0.6900[ 0.4089] Yes 29 §.00 0.0084 No Means  |Wand 5.59%
B86"Non vs W/S 0.0900( 0.7614] Yes 29 0.22 0.6430 Yes Neither Neither
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Benchmark 2 - All Users
Pass 2 Locating Ratings

0

M1 N2 N3 N4 N5 ME N7 N8 N9 N10M11N12N13N14N16 E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 E13 E14 E15 Avg StD
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86 "Non |5.00(4.004.20/2.50|3.203.20(3.80|2.60(4.40|5.00[2.60(4.00|4.00|4.00{4.00|5.00(4.20|4.00|4.00|4.00/4.00|4.00(3.00|4.00(3.60(4.00|4.20|4.00(4.00(3.80(3.91(0.58|
Owis  |5.004.004.20|2.20|3,603.40(3.60/3.20|4.00|5.00[4.00|4.00|4.00|4.00{4.00|5.00(4.20|4.00|4.20|4.00/4.00|4.00(3.40|3.60[3.00(4.004.00]4.00(4.00(3.80[3.91(0.56|
User #
Figure F- 9: B2Ap2Loc All Users Locating Ratings
Table F- 9: B2Ap2Loc All Users Locating Ratings Statistics
Benchmark 2, All Users, Pass 2, Locating Ratings
B2Ap2 # Users Mean St. Dev. Low High P Value | Normal? CV]
Glove 30 4.12 043 3.00 5.00 0.0078 No 10.33%)
‘Wand 30 4.03 0.65 2.80 5.00 0.0815 Yes 16.22%
86"Non 30 3.91 0.58 2.60 5.00 < 0.0001 No 14.75%
WIS 30 3.91 0.56 220 5.00 < 0.0001 No 14.25%
Homogeneity of Variance Roy's Greatest Root F(3,27) 1.42 Pr>F 0.1508
B2Ap2 Bartlett's Test Levene's Test Equal Equal |.. . -
ThrSq [ Pr= Chisqg [FVaue | Fr=F var 2 df | F(1.29) | Pr>F Means? Significant? | Statistically Better
Glove vs Wand 0.0900] 0.0729] Yes 29 0.94 | 03402 | Yes Neither Neither
Glove vs 86"Non 1.7700] 0.1884] Yes 29 4.49 00428 No Means |Glove 5 29%
Glove vs W/S 1.0200( 0.3176] Yes 29 5.84 0.0221 No Means |Glove 5.28%
\Wand vs 86"Non 0.4600{ 0.5023] Yes 29 1.25 0.1958 Yes Neither Neither
\Wand vs W/S 0.5900{ 0.4467] Yes 29 1.87 0.1819 Yes Neither Neither
86"Non vs W/S 0.0200| 0.8874] Yes 29 0.00 1.0000 Yes Neither Neither
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Benchmark 2 - All Users
Pass 2 Manipulation Ratings
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Figure F- 10: B2Ap2Mov All Users Manipulation Ratings

Table F- 10: B2Ap2Mov All Users Manipulation Ratings Statistics

Benchmark 2, All Users, Pass 2, Manipulation Ratings

B2Ap2 # Users Mean St Dev. Low High P Value [ Normal? CV
Glove 30 4.01 0.52 2.80 5.00 0.0001 No 12.94%
Wand a0 3.87 0.52 2.80 4.80 0.0003 No 13.53%
86"Non 30 3.79 0.56 2.80 5.00 0.0073 No 14.82%
WIS 30 3.79 0.59 2.60 5.00 0.0027 No 15.57%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 185 Pr>F 01618
B2Ap2 nfagletﬁf >Tes|§|:,q - L?rjge Sptef:_ Eg:‘i' af | F(1,29) | Pr>F MEei”nil? significant? | Statistically Better
Glove vs Wand 0.0000[ 0.9574] Yes 29 257 0.1204 Yes Neither Neither
Glove vs 86"Non 0.1900| 0.6633] Yes 29 527 0.0291 No Means |Glove 5.64%
Glove vs WiS 0.4900[ 0.4864] Yes 29 5.57 0.0253 No Means |Glove 5.64%
Wand vs 86"Non 0.1600[ 0.6908] ¥Yes 29 0.83 0.3691 Yes Neither Neither
'Wand vs W/S 0.4500[ 0.5040] ¥es 29 0.96 0.3356 Yes Neither Neither
86"Non vs WIS 0.0800( 0.7741 Yes 29 0.00 1.0000 Yes Neither Neither
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Benchmark 2 - All Users
Pass 2 General Impressions Ratings
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Figure F- 11: B2Ap2Gen All Users General Impressions Ratings
. . o 4o
Table F- 11: B2Ap2Gen All Users General Impressions Ratings Statistics
Benchmark 2, All Users, Pass 2, General Impressions Ratings
B2Ap2 # Users Mean St. Dev. Low High P Value Normal? [
Glove 30 4.09 0.48 3.00 5.00 < 0.0001 No 11.74%
Wand 30 415 0.58 3.00 5.00 0.0245 No 14.10%
86"Non 30 3.92 0.51 2.80 5.00 < 0.0001 No 13.03%
WIS 30 3.95 0.50 2.80 2.00 < 0.0001 No 12.76%
Homogeneity of Variance Roy's Greatest Root: F(3.27) 2.32 Pr=F 0.0933]
B2Ap2 Bartlett's Test Levene's Test | Equal . Equal | . et
TRSq T PrS ChiSq [ FVae ] Pr=F Var 2 df F{1,29) | Pr=F Means? Significant? | Statistically Better
Glove vs Wand 1.1500[ 0.2870] Yes 29 0.27 0.6078 Yes Neither Neither
Glove vs 86"Non 0.0800[ 0.7803] Yes 29 3.24 0.0821 No Means [Glove 4.41%
Glove vs WIS 00400 08330 Yes 29 2.07 0.1608 Yes Neither Neither
Wand vs 86"Non 0.5700[ 04533 Yes 29 652 [ 00162 No Means [Wand 579%
Wand vs W/S 0.6600[ 04128 Yes 29 506 | 00323 No Means  |Wand 5.07%
86"Non vs WIS 0.0000| 0.9422] Yes 29 0.66 0.4235 Yes Neither Neither

259
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Pass 2 Overall Impressions Ratings
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Figure F- 12: B2Ap20vr All Users Overall Impressions Ratings
Table F- 12: B2Ap20vr All Users Overall Impressions Ratings Statistics
Benchmark 2, All Users, Pass 2, Overall Impressions Ratings
B2Ap2 # Users Mean St. Dev Low High P ‘alue | Normal? CV
Glove 30 411 0.45 3.04 5.00 0.0465 No 10.89%
Wand 30 4.11 0.53 2.87 498 > 0.1000 Yes 13.02%
86"Non 30 3.88 0.51 2.79 5.00 0.0021 No 13.04%
WIS 30 3.86 0.52 2.70 5.00 0.0008 No 13.53%
Homogeneity of Variance Roy's Greatest Root: F(3.27) 3.43 Pr=F 0.0311
B2Ap2 Bartlell's Test Levene's Test Equal 1 nan Equal - M
CREq TP ChSq [T vame T PrsT varz | OF | F(129) | Pr>F | ol |Sionificant?| Statistically Better
Glove vs Wand 0.9100] 0.3430] Yes 29 0.00 0.9646 Yes Neither Neither
Glove vs 86"Non 0.3300) 0.5701) Yes 29 5.75 0.0231 No Means |[Glove 5.93%
Glove vs WIS 05300 04686 Yes 29 7.16 0.0122 No Means |Glove 6.53%
Wand vs B6"Non 0.0800] 077190 Yes 29 841 0.0070 No Means [Wand 5.82%
\Wand vs W/S 0.0200, 0.9007) Yes 29 9.50 0.0045 No Means [Wand 6.43%
86"Non vs W/S 0.0200| 0.8805] Yes 29 1.34 0.2562 Yes Neither Neither
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Benchmark 2 - All Users
Pass 3 Elapsed Times
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Figure F- 13: B2Ap3Tim All Users Elapsed Times
Table F- 13: B2Ap3Tim All Users Elapsed Times Statistics
Benchmark 2, All Users, Pass 3, Elapsed Times
B2Ap3 # Users IMean St Dev. Low High P Value | Normal? CV
Glove 30 163.0 32.87 95.0 2100 0.079 Yes 20.17%
\Wand 30 156.0 34.59 115.0 2550 0.0948 Yes 2217%
86"Non 30 219.7 64.45 100.0 380.0 > 0.1000 Yes 29.34%
WIS 30 2123 4402 100.0 2800 0.0875 Yes 20.73%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 22.93 Pr=F <0.0001
B2Ap3 Bartlett's Test Levene's Test Equal : Equal - .
CRISq | PreChiSg [FVale] PreF | var? ar | F(1.29)| Pr>=F Means? Significant? | Statistically Better
Glove vs Wand 0.0743] 0.7852 Yes 29 0.06 04305 Yes Neither Neither
Glove vs 86"Non 12.0553 0.0005] No 29 19.99 | 0.0001 No Var/Means |Glove 25.81%
Glove vs Wis 2.3978 0.1215) Yes 29 34.95 |<0.0001 Yes Neither Neither
Wand vs 86"Non 10.3951 0.0013] No 29 | 26.39 |<0.0001 Yes ar Wand 28.99%
Wand vs WIS 1.6398 0.2004 Yes 29 | 60.90 |<0.0001 Yes Neither Neither
86"Non vs WIS 4.0496 0.0442 No 29 0.82 |0.3739 Yes ar WIS 3.37%
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Benchmark 2 - All Users
Pass 3 Navigation Ratings
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Figure F- 14: B2Ap3Nav All Users Navigation Ratings

Table F- 14: B2Ap3Nav All Users Navigation Ratings Statistics

Benchmark 2, All Users, Pass 3, Navigation Ratings

B2Ap3 # Users Mean St. Dev Low High P Value | Nermal? CV
Glove a0 4.34 0.41 3.71 5.00 0.0041 No 9.37%
Wand 30 4.25 0.50 3.14 5.00 0.0321 No 11.67%
86"Non 30 3.93 0.51 271 5.00 0.0010 No 13.07%
Wis 30 3.89 0.54 2.70 5.00 < 0.0001 No 14.02%
Homogeneity of Variance Roy's Greatest Root F(3,27) 6.96 Pr>F 0.0013]
B2Ap3 nfggletﬁf Iis;lb 1 "?ﬁge SPT‘?,St,_ 52:1' df | F(1.29) | Pr>F rfeqaﬂ | significant? | Statistically Better
Glove vs Wand 1.2700| 0.2643] Yes 29 0.86 0.3613 Yes Neither Neither
Glove vs 86"Non 1.2900| 0.2614] vYes 29 15.32 | 0.0005 No Means  |Glove 10.29%
Glove vs W/S 1.7200] 0.1943] Yes 29 17.19 | 0.0003 No Means |Glove 11.66%
Wand vs 86"Non 0.0300| 0.8676] Yes 29 12.12 | 0.0016 No Means  |Wand 8.01%)
Wand vs W/S 0.1900] 0.6615] Yes 29 17.11 | 0.0003 No Means |Wand 9.34%|
86"Non vs WIS 0.0700| 0.7969] Yes 29 1.88 0.1806 Yes Neither Neither
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Benchmark 2 - All Users
Pass 3 Locating Ratings
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Figure F- 15: B2Ap3Loc All Users Locating Ratings
. . o 4o
Table F- 15: B2Ap3Loc All Users Locating Ratings Statistics
Benchmark 2, All Users, Pass 3, Locating Ratings
B2Ap3 # Users Mean St. Dev. Low High P Value | Normal? CcV
Glove 30 4.35 0.36 3.80 5.00 0.0031 No 8.33%
Wand 30 423 0.56 3.00 5.00 > (0.1000 Yes 13.14%
86"Non 30 3.95 0.53 2.60 5.00 0.0087 Nao 13.40%)|
WIS 30 3.94 0.55 2.60 5.00 0.0005 No 13.99%,
Homeogeneity of Variance Roy's Greatest Root: F(3.27) 5.70 Pr>F 0.0037
B2Ap3 Bartlett's Test Levene's Test | Equal Equal | .
TRESG TP=Ceq T Vae T Pr=T vare | O | F(129) | PraF | e | SiOnificant?| Statistically Better
Clove vs wana 2000 0.0149]  No 29 | 113 | 02066 | Yes var |Glove 2 Ba00)
Glove vs 86"Non 2.6700] 0.1079] ves 29 13.70 | 0.0609 No Means  [Glove 10.12%
Glove vs WIS 3.3800[ 0.0712] Yes 29 16.75 | 0.0003 No Means [Glove 10.48%|
Wand vs 86"Non 0.0700[ 0.7970] Yes 29 856 | 00066 No Means |Wand 7 08%
Wand vs W/S 0.0000[ 0.95826] ‘Yes 28 6.70 0.0149 No Means  |Wand 7.44%
36"Non vs WIS 0.0300| 0.8546] Yes 28 0.06 0.8130 Yes Neither Neither
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Benchmark 2 - All Users
Pass 3 Manipulation Ratings
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Figure F- 16: B2Ap3Mov All Users Manipulation Ratings

Table F- 16: B2Ap3Mov All Users Manipulation Ratings Statistics

Benchmark 2, All Users, Pass 3, Manipulation Ratings
B2Ap3 # Users Mean St. Dev. Low High P Value | Normal? [
Glove 30 4.37 0.42 3.80 5.00 < 0.0001 No 9.66%
Wand 30 425 0.51 3.20 5.00 0.008 No 12.03%
86"Non 30 3.84 0.53 2.60 5.00 0.0106 No 13.91%
WIS 30 3.83 0.59 2.40 5.00 = (0.0001 No 15.51%
Homogeneity of Variance Roy's Greatest Root F(3,27) 8.79 Pr>F 0.0003
B2Ap3 nfagle?j Iesrt“bq . Le;rﬁge Sptef:_ ngi' df | F(1,29) | Pr>F Mi%”ﬂi? significant? | Statistically Better
Glove vs Wand 25900 0.1132] Yes 29 1.67 0.2065 Yes Neither Neither
Glove vs 86"Non 1.7100] 0.1964] Yes 28 2410 [«0.0001]| Yes Neither Neither
Glove vs W/S 29100 0.0933] Yes 29 2112 |<0.0001| Yes Neither Neither
Wand vs 86"Non 0.0700] 0.7954] Yes 28 18.64 | 0.0002 No Means |Wand 10.60%
Wand vs W/S 0.6900] 04105 Yes 29 17.54 | 0.0002 No Means [Wand 10.80%
36"Non vs WIS 0.2500[ 0.5967] Yes 28 0.02 0.8869 Yes Neither Neither
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Benchmark 2 - All Users
Pass 3 General Impressions Ratings
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Figure F- 17: B2Ap3Gen All Users General Impressions Ratings

Table F- 17: B2Ap3Gen All Users General Impressions Ratings Statistics

Benchmark 2, All Users, Pass 3, General Impressions Ratings

B2Ap3 # Users Mean St. Dev. Low High P Value Normal? CW
Glove 30 4.35 0.39 3.80 5.00 < 0.0001 No 9.00%
‘Wand 30 4.33 0.50 3.40 5.00 < 0.0001 No 11.52%
86"Non 30 3.92 0.51 2.60 5.00 < 0.0001 No 13.03%
W/Ss 30 3.92 0.55 2.40 5.00 < 0.0001 No 14.09%
Homogeneity of Variance Roy's Greatest Root F(2,27) 858 Pr>F 0.0004

B2Ap3 mB_ag‘er:,f :es,ilbq - k?rﬁge SPT[E)S:_ Egﬁi' df | F(1,29) | Pr>F MEeqa”naS'? Significant? | Statistically Better
Glove vs Wand 51500 0.0270] No 29 0.03 0.8524 Yes Var Glove 0.46%
Glove vs 86"Non 1.4100] 0.2402] Yes 29 17.59 | 0.0002 No Means  |Glove 11.05%
Glove vs WIS 190000 0.1730] Yes 29 15.34 | 0.0005 No Means Glove 11.05%
\Wand vs 86"Non 0.0200[ 0.9019] Yes 29 20.21 0.0001 No Means Wand 10.54 %]
\Wand vs WiS 0.2400[ 0.6246] Yes 29 17.88 | 0.0002 No Means [Wand 10.54%)|
86"Non vs W/S 0.1000| 0.7520] Yes 29 0.00 1.0000 Yes Neither Neither
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=)

4 I H T AT

3 LN - 1 HHIHBIHE [ —

Ratings

2 LN - 1 HHIHBIHE [ —

1 LN L HHIHH I

O M1 [ N2 | N3 [ N4 | NS | NG [ N7 | N8 | N9 |[N10|N11[N12 MéMd MN15| E1|E2 | E3 [E4 | ES |ES |EV |EB [ES |E10|E11|E12|E13|E14|E15|Avg [SID
|DG ove (4.234.12(4.94(4 7939814 T4/3.86\3.50(3.82(4.754.12|4.£2|4.02|4.01(4.06(5.00(4.66|£.78|4.32|14.00|4.004.00(2.83(4.00|3.90|4.37|4.66 4 61(4.68(4.58|4.20/0.40
BE\Wand |4.97 4734 26|3.55|4 114 82(3.803.10(4.77|4.96(|3.72|4.06|4.01(4.00(4.02|5.00|4.74|4 28|3.95(4 80|4 57 |4.33|2 89|4 44|3.54(4 05|14 37 |4.37|4.22|4 10|4.25(0.47
85 Mon |4.20(3.91(4 02|3.00|3 87[3.08[3.83|2.85(4.74|4.85|3.55/3.95|3.93(4.00(4.00|5.00|3.97|4.00|4.00(2.51|4.14|4.00|2 17|3.70|3.82(3.97|4. 17 |4.05|4.00|3.953.61(0.48
aws 4.19|3.93|4.28|2.89\3.86(2.00(3.70|2.80|4.42|4 813.80(4.00(4.00(4.00|4.00/5.00|4.20|4.00(4.00(4.00(4.004.00|3.14|3.65|3.63(3.97 [4.00|4.004.00|3.65|3.61(0.48

User #

Figure F- 18: B2Ap3Ovr All Users Overall Impressions Ratings

Table F- 18: B2Ap30Ovr All Users Overall Impressions Ratings Statistics

Benchmark 3, All Users, Pass 3, Overall Impressions Ratings

B3Ap3  |#Users Mean 1. Dev. Low High FValue Normal? CV
Glove 30 4.31 0.56 3.06 5.00 = 0.1000 Yes 12.96%
Wand a0 41 052 3.36 5.00 < 0.0001 No 12.73%
86"Non 30 3.86 0.32 3.00 474 0.0080 No 8.32%
WIS 30 372 041 287 5.00 0.0778 Yes 10.95%
Roy's Greatest Root F(3,27) 397 Pr>F 0.0183]
B3Ap3 [J‘Eagleiﬂiﬁlbq rrene s Test Effﬁr‘i‘ of | F(129)| PreF F;,Felifd"? Significant? | Statistically Better
Glove vs Wand 2900 0.6298] Yes 29 007 [ 08033 Yes Neither Nerther
Glove vs 86"Non 9.1700[ 0.0037] No 29 6.13 | 0.0194 No Var/Means [Glove 10.37%)|
Glove vs WIS 2.7950 0.0948 Yes 28 5.46 0.0046 No Means Glave 13.64%)|
Wand vs 86"Non 6.6000] 0.0129 No 29 958 [ 00043 No Var/Means [Wand 5 96%]
Wand vs W/S 16900 01993 Yes 20 11.60 | 0.0018 No Means Wand 9.40%
86"Non vs W/S 0.7500] 0.3902] Yes 29 779 [ 0.0092 No Means 86"Non 3.65%
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Benchmark 2 - All Users - 3 Pass Avg. Elapsed Times
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DO Glove [199.5/218.3/241.7/260.0|153.3/188.3|148.3|258.3{193.3|168.3) 196.7|183.3| 166.7| 191.7|180.0| 105.0221.7| 198.3)243.3|205.0| 165.0| 194.5|38.07|
B Wand |205.0/198.3/230.0{205.0[208.3193.3/205.0{215.0{186.7|183.3 165.0{180.0|283.3|211.7|130.0|231.7| 188.3| 163.3)165.0| 193.3| 161.7| 195.4(31.75
0 86"Non 300.0/326.7|281.7|310.0|321.7|266.7|288.8| 368.3|218.3|226.7| 258.3| 168.3| 295.0| 203.3| 126.7| 338.3/ 248.3| 228.3|171.7|208.3| 248.3| 257.3|61.90
OW/S  |306.7/260.0[250.0/321.7|311.7|228.3|270.0| 235.0/283.3| 220.0 265.0/ 193.3| 325.0 188.3]| 126.7|300.0/255.0| 168.3)233.3|228.3| 231.7|247.7|51.77|

User #

Figure F- 19: B2A3pAvgTim All Users Elapsed Times

Table F- 19: B2A3pAvgTim All Users Elapsed Times Statistics

Benchmark 2, All Users, 3 Pass Avg., Elapsed Times
B2A3pA # Users Mean St. Dev Low High P Value | Normal? CV
Glove 30 194.2 35.18 105.0 260.0 > 0.1000 Yes 18.12%
Wand 30 194.2 32.38 1300 283.3 = 0.1000 Yes 16.67%
86"Non 30 240.5 61.62 126.7 368.3 > 0.1000 Yes 25.62%
WIS 30 237.2 53.08 120.0 325.0 > 0.1000 Yes 22.37%
Homogeneity of Variance Roy's Greatest Root: F(3.27) 11.72 Pr=F <0.0001
B2A3pA cnﬁgg‘eg? L - S 52:‘?: & |F129)| Pr=F hfei‘l‘%'? Significant? | Statistically Better
Glove vs Wand 0.1965 0.6576 Yes 29 0.00 | 0.9961 Yes Neither Neither
Glove vs 86"Non 8.5225 0.0035 No 29 14.65 | 0.0006 No VarMeans |Glove 19.25%
Glove vs WIS 4.6844 0.0304 No 29 15.50 | 0.0005 No VariMeans |Glove 18.13%
Wand vs 86"Non 11.0718 0.0009 No 29 26.57 |<0.0001 Yes Var Wand 19.25%
Wand vs W/S 6.6912 0.0097 No 29 34.39 |<0.0001 Yes Var Wand 18.13%
86"Non vs WIS 0.6352 0.4255 Yes 29 0.22 | 0.6407 Yes Neither Neither
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Benchmark 2 - All Use

rs

3 Pass Avg. Locating Ratings

Rating

0

N1 N2 N3 N4 N5 N6 N7 M8 N9 N10 N11 N1ZN12 N14 N15 E1 E2 E3 E4

E5 EB E7

E8 E9 E10 E11 E12 E13 E14 E15 Avg SID

N1 | N2 | M3 N4 [ N5 | NS | NT | N8 [ NG [N10|N1T1[N12|N13|N14[N15[ E1 | E2 [E3 | E4

ES | E6 |E7 |EB | E® |E10

E11|E12|E13|E14[E15

Avg|SID

|I:| Clove |4.33(4.73\4.80/4.13(4.004.73|2 67|3.73(3.80|4.67|4.00(4.27|4.00(4.00(4.20(4.67|4.27(4.27|4.07|4.00|4.00(3.80/3.53)

~i| =1

3.40(4.20(4 47)4.33/4.47 [4.27|

4.15/0.37

[@vvand |5.00/4.53|4.00|2.07|4.13(4.87 |3.87|2.93(4.60|5.00(3.73|4.20{4.004.00(4.13(5.004.47(3.67|4.00|5.004.20[3.33|3.47|

3.07(4.20]4.40/4.27|4.20(3.60)

4.08|0.58)

086" Non |4.87|3.80(4.13|2.60(3.33|3.47 |3.60|2.87(4.67|5.00(2.73|4.004.00|4.00(4.00(4.67|4.13(3.934 13]4.204.13[4.00/3.27|

33.53|4.07(4.20|14.0714.00(3.87

3.94/0.52

ow/s 4.80|3.93|4.47(2.40|3.40|3.27|3.7 3[3.00|3.80(5.00]3.80[4.004.00[4.00|4.00|4.67|4.07|3.93|4.07|4.00[4.003.80(3.33

RAEREE
ool o

3]3.404.13{4.00/4.0014.00(3.87

2.88|0.51

User #

Figure F- 20: B2A3pAvgNav All Users Navigation Ratings

Table F- 20: B2A3pAvgNav All Users Navigation Ratings Statistics

Benchmark 2, All Users, 3 Pass Avg., Navigation Ratings

B2A3pA # Users Mean St. Dev Low High P Value Normal? CV
Glove 30 4.11 042 3.14 486 = (0.1000 Yes 10.19%
Wand 30 4.08 0.54 2.81 5.00 0.0228 No 13.14%
86"Non 30 3.87 0.48 2.76 4.95 0.005 No 12.45%

WIS 30 3.84 0.48 2.83 450 < 0.0001 No 12 56%
Homogeneity of Variance Roy's Greatest Root F(3.27) 432 Pr>F 0.0130
BaA%pA cnﬁggleiﬁ Iecsrtmq = I;?Ege SPTeftF 52;“;' df | F(1,29) | Pr>F r-;Eiﬂ'? significant? | Statistically Better
Glove vs Wand 1.4900] 0.2267] Yes 29 0.09 0.7692 Yes Neither Neither
Glove vs 86"Non 0.4500] 0.4877] Yes 29 541 00272 No Means |Glove 6.22%)|
Glove vs WIS 0.5100[ 0.4778] Yes 29 7.48 0.0105 No Means  |Glove T 17%|
\Wand vs 86"Non 0.2700( 0.6085] Yes 29 7.74 0.0094 No Means |Wand 5.42%
Wand vs W/S 0.2700[ 0.6023] Yes 29 10.53 | 0.0030 No Means [Wand 6.36%,
86"Non vs WIS 0.0000[ 0.9988] Yes 29 1.15 0.2925 Yes Neither Neither
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Benchmark 2 - All Users
3 Pass Avg. Locating Ratings

0

N1 N2 N3 N4 N5 N6 N7 N8 N9 N10N11N1ZN13N14N15 E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 E13 E14 E15 Avg SID
N1 | N2 | N3 | N4 | N5 [ N6 | N7 [ N8 | N9 [N10|N11|N12[N13[N14|N15| E1 | E2 | E3 |E4 | E5 | E68 | E7 | EB | E® |E10[E11[E12|E13|E14|E15|Avg|SID
||:| Glove |4.334.734.804.13|4.00|4.73(2.67|2.72(3.80(4.67 |4.00|4.27|4.00(4.00(4 20[4.67|4.27|4.27|4.07|4.00/4.00(3.80(3.53(3.67|3.40|4.20(4.47|4.33(4 47 |4.27|4.15/0.37
Bwand  |5.00[4.53(4.00(2.07]4.13]4.87|3.87]2.93[4 60(5.00(2.73(4.204.004.00[4.13|5.00|4.47[3.57|4.00(5.00]4.20(3.33[3.47|3.87[3.07]4.20]4.40[4.27|4.20(3.50(4.00|0.58]
Os6"Non |4.87|3.80(4.12(2.60(3.33(3.47|3.60|2.87|4.67|5.00(2.73(4.004.00(4.00(4.00|4.67|4.13(3.934.13(4.2014.13|4.00(3.27|3.93(3.53(4.07|4.20|4.07|4.00(3.87|2.94|0.52
Owis  |4.80(3.934.47[2.40|3.40]3.27 |3.73|2.00[3.80(5.00(2.80[4.004.004.00[4.00|4.67|4.07|3.93]4.07|4.00]4.00[3.80[3.33(3.52[3.40]4.13]4.004.00|4.00[2.87|2.88(0.51
User #
. . .
Figure F- 21: B2A3pAvg All Users Locating Ratings
. . o 4o
Table F- 21: B2A3pAvg All Users Locating Ratings Statistics
Benchmark 2, All Users, 3 Pass Avg., Locating Ratings
B2A3pA # Users Mean St. Dev. Low High P Value | Normal? CcV
Glove 30 415 0.37 340 4.80 > 0.1000 Yes 8.88%
Wand 30 4.08 0.58 2.93 5.00 > 0.1000 Yes 14.17%
86"Non 30 3.94 0.52 2.60 5.00 0.0212 No 13.10%
WIS 30 3.88 0.51 2.40 5.00 0.008 No 13.20%
Homogeneity of Variance Roy's Greatest Root: F(3.27) 4.20 Pr=>F 0.0146
B2A3pA Bartlett's Test Levene's Test Equal Equal . .
TR TP ChSa T vae T Pr=T wvarz | 9F | F129) | PraF | s | Sionificant?| Statistically Better
Glove vs Wand 5.6792 0.0172] Yes 29 044 105137 | Yes Neither Neither
Glove vs 86"Non 221000 0.1425] Yes 29 516 | 0.0307 No Means |Glove 5.30%
Glove vs W/S 1.7800] 01879 Yes 29 10.51 | 0.0030 No Means |Glove 6.93%
[Wand vs 86"Non 0.3900[ 0.5334] Yes 29 438 [ 0.0451 No Means  [Wand 3.91%
[Wand vs WIS 0.4000( 0.5306] Yes 29 6.95 0.0133 No Means  |Wand 5.52%
B86"Non vs W/S 0.0000| 0.9738] Yes 29 2.52 0.0123 No Means [86"Mon 1.55%
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Benchmark 2 - All Users
3 Pass Avg. Manipulation Ratings
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|nC|gVe 4 20(4 BO[4 87|14 53(3 93\4 673 67 |3 60|3.80(4 87 (3 80|3.73|4 003 87(3 53|4 67 |4 334 274 004 07|4.00|3 473 33(3.33(3 07 (4 00(4 13/4 274 274 27|4 06(0 46
@'wWand [473[4 334 07|3 33|3 87|14 40\3 67 |2 93|4. 4014 80(3. 73|3.87|4.0T|2 93/3 93|4 67|4 20|3.47|3.33|4 00|14 13(3 60(3 53(3 60[3.00[4 07|4 13|14 20|14 2014 13) 046
086 "Non [4.00[3 934 003 07|4.00/3.00\3 87 |2 8|4 80|4 873 33|3.93|3 334 00|14 00|4 67 |3 93)3.93|3.80|3 87|4.07|3.33|3 00(3.13(3.20(3 B0[3 67|3 73|3 80|3 67 050
a'ws 4.00(2.92{4.27|2.93/4.00/3.00/3.80\2.80[4.60(4.80(2.734.00|4.00/4.00|4.00|4.67 |4.13|3.93|3.87|4.07|4.00|3.33|2.93/3.00(2.80(3.80(3.87|3.67|3.60(3.53 0.53

Figure F- 22: B2A3pAvgMov All Users Manipulation Ratings

Table F- 22: B2A3pAvgMov All Users Manipulation Ratings Statistics

Benchmark 2, All Users, 3 Pass Avg., Manipulation Ratings

BoAspA  |#Users Mean St Dev. Tow High Fvalie | Normal?z] GV
Glove 30 106 0.46 3.07 157 >0.1000 | Yes | 11.36%
Wand 30 3.94 0.46 2.93 450 >0.1000 | Yes |11.75%
B6"Non 30 3.75 0.50 287 1587 0.0152 No | 13.44%

WIS 30 377 053 2.80 4.80 0.0579 Yes | 14.12%
Homogeneiy of variance ROY's Greatest Root F3.27) 246 Pr>F 00300
B2A3pA Chﬁaglelﬁ' Ie{‘jerNSq . L?‘EQE SPTEfL ngi' df | F(1,29) | Pr>F ME;'JH‘Z‘? significant? | Statistically Better
Giove vs Wand 50004 59538 Yes | 29 | 258 | 01191 ves | WNeiher Neiher
Glove vs 86"Non 0.2500] 0.6184] Yes 29 10.56 | 0.0029 No Means |Glove 8.13%
Glove vs WiS 0.5862 0.4439 Yes | 29 | 9.37 | 00038 | No Means _|Glove 767%
Wand vs 86"Non 0.2200] 06417] Yes | 29 | 688 | 0.0138 | No Means _|Wand 5.00%
Wand vs WiS 0.5558 0.4560 Yes | 29 | 587 | 00219 No Means _|Wand 1.64%
B6"Non vs WIS 0.1000] 0.7498] Yes | 20 | 0.18 | 06735 | Yes | Neilher Neiher
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Benchmark 2 - All Users
3 Pass Avg. General Impressions Ratings

<)
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0 NT|N2 | N2 | N4 [ NS N6 | N7 | N8 | Ne [N1o|nt1[N12[w1a]nian1s] £1 | E2 [ Ea [E4 | £5 | E6 | E7 | E8 | B8 |E10]E11[E12[E13[E14]E1S Avg |SID
||:|Gove 4.20|4.00|5.00|4.93}4 00(4 80|3.93|3.33(3.80|4.80(4.13|4.47|4.00(4.00(4.00|4.67|4.20|4 27|4.13(4.00|4.00(4.00(3.20|4.00|3 47 |4.13|4 40(4 27|4.13|4.20(4 15042
BEWand |5.00|4 87 |4 33|3.73]4 13[4 93(3.80|3.13(5.00|5.00[3.67|4.00|4.00(4.00(4.00|5.00|4 67|3.53|4.00(4. 804 07(3.93(3.80|4 20|3 20|4.00|4.00(4 00|3.73|3.87|4.16/0.52
85 Non |4.00|3.93|4.00|3.07 |4 00[3.00(3.87|2.87(4.80|4.87 [3.53|4.00|4.00(4.00(4.00|4.67|4.27|4.00|3.93(4.00/4.00|4.00(2 80|4.00|3 47 |4.00|4 00(4.00|3.93|3.87|3 890|048
awis 4.00[3.93|4.27|2.93(4.00[3.00(3.80(2.804.60|4.80(3.87 4.004.00(4.00|4.00|4.67|4.13(4.004.00|4.00(4.004.00(2.87|4.00|3.40|4.00(4.00|4.004.00(3.63|3.60|0.47

User #

Figure F- 23:

B2A3pAvgGen All Users General Impressions Ratings

Table F- 23: B2A3pAvgGen All Users General Impressions Ratings Statistics

Benchmark 2, All Users, 3 Pass Avg., General Impressions Ratings

B2A3pA # Users Mean St. Dev. Low High P Value Normal? CV
Glove 30 415 0.42 3.20 5.00 0.0053 No 10.07%
‘Wand 30 416 0.52 313 5.00 0.0007 No 12.53%
86"Non 30 3.90 0.48 2.80 4.87 < 0.0001 No 12.36%

WIS 30 3.90 0.47 2.80 4.80 < 0.0001 No 12.16%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 3.43 Pr>F 0.0312
B2A3pA hfag'egf jesg‘sq - Leﬁ‘;ﬁge SpTref:: ngi' df | F(1,29)| Pr>F MEezunil? Significant? | Statistically Better
Glove vs Wand 1.5600] 0.2185] Yes 29 0.01 0.9058 Yes Neither Neither
Glove vs 86"Non 04400 05110 ves 29 6.69 0.0150 No Means  [Glove 6.49%
Glove vs WIS 0.3500] 0.5581] Yes 29 6.95 0.0133 No Means  |Glove 6.38%
Wand vs 86"Non 0.1800| 0.6727] Yes 28 49.58 0.0043 No Means  |Wand 6.78%
\Wand vs WIS 0.2500| 0.8175] Yes 29 8.79 0.0060 No Means |Wand 6.67%
B86"Non vs W/S 0.0000| 0.9457] Yes 29 0.05 0.8324 Yes Neither Neither
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Benchmark 2 - All Users
3 Pass Avg. Overall Impressions Ratings

&)
4 illly 1 1= |
3 LN 1 LN (H M HB —
Ratings
2 LI 1 LN (M
1 LN 1 LN (H M HB —
0 N1 N2 | N2 [ N4 NS | Ne |7 | e [ Mo [N10[N11[N12{N1a[N14|N15[ E1 | E2 | E3 | E4 | E5 [ E6 | E7 | Ea | E3 |[E10[E11|E12|E13|E14|E15]AVG|SID
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User #
Figure F- 24: B2A3pAvgOvr All Users Overall Impressions Ratings
Table F- 24: B2A3pAvgOvr All Users Overall Impressions Ratings
Benchmark 2, All Users, 3 Pass Avg., Overall Impressions Ratings
B2A3pA # Users Mean St. Dev. Low High P Value | Normal? [
Glove 30 4.13 0.39 3.30 4.92 = 0.1000 Yes 9.34%
Wand 30 4.10 0.50 3.02 4.97 = 0.1000 Yes 12.22%
86"Non 30 3.87 0.46 2.89 4.85 0.0005 No 11.98%
WIS 30 3.85 0.47 2.80 4.81 0.0001 No 12.14%
Homogeneity of Variance Roy's Greatest Root: F(3.27) 4.59 Pr=F 0.0101
B2A3pA Bartlett's Test Levene's Test Equal K . Equal | N
TSGR ChSg [T vame T oo varn | OF | FUL29) | Pr>F | oo neo | Slonificant?| Statistically Better
Glove vs Wand 19234 0.1655) Yes 29 0.16 0.6886 Yes Neither Neither
Glove vs 86"Non 0.7800| 0.3822] Yes 29 8.33 0.0073 No Means |Glove 6.77%
Glove vs W/S 0.8500] 0.3592] Yes 29 10.32 | 0.0032 No Means |Glove 7.30%
Wand vs 86"Non 0.1700] 0.683 Yes 29 10.49 | 0.0030 No Means [Wand 5.94%
Wand vs W/S 0.1300] 0.7156) Yes 29 11.58 | 0.0020 No Means |Wand 6.47%
86"Non vs WIS 0.0100] 0.9633] Yes 29 1.01 0.3241 Yes Neither Neither
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Appendix G

Novice User Benchmark 3 (Spatial Awareness) Detail
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Benchmark 3 - Novice Users - Pass 1 - Part 1 Offsets
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Figure G- 1: B3Np1-10ff Novice Users Pass 1-Icon 1 Offsets

User #

Table G- 1: B3Np1-10ff Novice Users Pass 1-Icon 1 Offsets Statistics

Benchmark 2, Novice Users, Pass 1, Part 1 Offsets

B3N1p1 [#Users Mean St. Dev. Low High P Value | Normal? CV
Glove 15 19.80 14.368 0.00 40.00 > 0.1000 Yes 72.53%
Wand 15 9.87 16.71 0.00 60.00 0.0057 No 159.22%

86"Non 15 78.20 164.20 0.00 500.00 < 0.1000 No 197.19%

WIS 15 31.00 52.50 0.00 200.00 0.0027 No 169.35%
Homaogeneity of Variance Roy's Greatest Root:  F(3,12) 2.04 Pr>F 0.1616
B3N1pt bnﬁgg‘eﬁfjﬁ : FLSXEZE SPTriSL nga?' df |F(1,14)| Pr>F ME;;L;Z'? Significant? | Statistically Better
Glove vs Wand 0.0500] 0.8262] Yes | 14 | 342 [0.0855 No Means |Wand 50.17%
Glove vs 86"Non 2.9100| 0.0992] Yes | 14 | 2.29 [0.1528 Yes Neither Neither
Glove vs WIS 1.6600] 0.2084] Yes | 14| D60 |D4510] Yes Neither Neither
Wand vs 86"Non 29000 00998 Yes [ 14| 285 [0.1132 Yes Neither Neither
Wand vs WIS 1.5900] 02171 Yes | 14 | 2.36 |0.1467 Yes Neither Neither
86"Non vs WIS 2.2600/ 0.1438| Yes | 14| 1.13 |0.3058 Yes Neither Neither
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Figure G- 2: B3Np1-20ff Novice Users Pass 1 —Icon 2 Offsets

Table G- 2: B3Np1-20ff Novice Users Pass2 —Icon 2 Offsets Statistics

Benchmark 2, Novice Users, Pass 1, Part 2 Offsets

B3N2p1 |# Users Mean St. Dev Low High P Walue | Normal? [8Y
Glove 15 11.53 12.21 0.00 45.00 0.0019 No 105.90%
Wand 15 4.87 7.24 0.00 25.00 0.0021 No 148.74%

86"Non 15 78.20 154.50 0.00 500.00 < 0.0001 No 197.57%

WIS 15 32.00 55.09 0.00 200.00 < 0.0001 No 172.16%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 2.04 Pr=F 0.1616
B3N2p1 bhE:gtleErs Isitbq ,_L\?;Ele S,J-l;ef t,_ E,g:il df |F(1,14)| Pr>F I‘E12;r?|5 Significant? | Statistically Better
Glove vs Wand 1.3200] 0.2597] Yes 14| 342 |0.0855| Neo Means |Wand 57.79%
Glove vs 86"Non 2.9300| 0.0982] Yes 14| 229 [0.1528| Yes Neither Neither
Glove vs WIS 1.7300] 01990 ves |14 ] 060 |04510| Yes Neither Neither
Wand vs 86"Non 29500 00969 Yes [14 | 285 |0.1132] Yes Neither Neither
Wand vs WIS 18600 0.1832] Yes 14| 236 (01467 Yes Neither Neither
86"Non vs WIS 22700] 0.1435] Yes 14| 113 |0.3058| Yes Neither Neither
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Benchmark 3 - Novice Users - Pass 1 - Total Offsets
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Figure G- 3: B3Np1TotOff Novice Users Pass 1 Total Offsets

Table G- 3: B3Np1TotOff Novice Users Pass 1 Total Offsets Statistics

Benchmark 2, Novice Users, Pass 1, Total Offsets

B3Np1 # Users Mean St Dev. Low High P Value | Normal? CV
Glove 15 31.33 1547 0.00 65.00 = 0.1000 Yes 49.38%
Wand 15 14.73 18.76 0.00 50.00 0.0587 Yes 127.36%
86"Non 15 156.40 308.30 0.00 1000.00 < 0.0001 No 197.12%
WIS 15 63.00 104.20 0.00 400.00 0.0012 No 165.40%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 0.84 Pr=F 0.5404
B cnﬁggle}l’f > %SI;SqI e vatl ar |F(1,14)| ProF | EU3 | significant? | statisticaly Better
Glove vs Wand 0.4577| 04805 Yes [ 14| 1.11 |03324] Yes Neither Neither
Glove vs 86"Non 29200| 0.0987| Yes |14 | 2.24 |0.1851 Yes Neither Neither
Glove vs WIS 17900 0.1979] Yes [ 14 | 0.34 [0.5806] Yes Neither Neither
\Wand vs 86"Non 2.9100| 0.0991] Yes |14 | 008 |07B79| Yes Neither Neither
\Wand vs WIS 1.7500] 0.1966] Yes | 14 | 0.98 |0.3598] Yes Neither Neither
56"Non vs WIS 22500 0.1444] Yes | 14 | 1.78 |0.2306| Yes Neither Neither
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Figure G- 4:

B3Np1Nav Novice Users Pass 1 Navigation Ratings

Table G- 4: B3Np1Nav Novice Users Pass 1 Navigation Ratings Statistics

Benchmark 3, Novice Users, Pass 2, Navigation Ratings

B3Np1 # Users Mean St. Dev. Low High P Value  Normal? Cv
Glove 15 3.98 0.5987 3.00 4.86 > 0.1000 Yes 15.04%
Wand 15 3.78 0.8078 2.71 5.00 = 0.1000 Yes 21.36%
B6"Non 15 3.62 0.5756 271 5.00 > 0.1000 Yes 15.90%
WIS 15 3.52 0.6146 2.71 5.00 = 0.1000 Yes 17 44%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 1.57 Pr=F 0.2207
B3Np1 Chfgg'egf I%:‘I:ISq e e E,g'f,‘)' df |F(1.14)| Pr>F M'Zgﬁi'? Significant? | Statistically Better
Glove vs Wand 1.1882 0.2757 Yes | 14| 000 [0.9912] Yes Neither Neither
Glove vs 86"Non 0.0213 0.8838 Yes | 14| 345 |0.0734 No Means  |Glove 9.05%
Glove vs WIS 0.0088 0.9252 Yes | 14| 1.03 |0.3176] Yes Neither Neither
Wand vs 86"Non 1.5193 0.2127 Yes | 14| 3.20 [0.0842] No Means  |Wand 4.26%
Wand vs W/S 0.9960 0.3183 Yes | 14 1.33 [0.2579| Yes Neither Neither
86"Non vs WIS 0.0576 0.8104 Yes | 14| 1.49 |0.2325] Yes Neither Neither
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Figure G- 5: B3Npl1Loc Novice Users Pass 1 Locating Ratings

Table G- 5: B3NplLoc Novice Users Pass 1 Locating Ratings Statistics

Benchmark 3, Novice Users, Pass 2, Locating Ratings

B3Np1 # Users Mean St. Dev. Low High P value Normal? Ccv
Glove 15 4.08 04523 5.00 4 80 0.0232 No 11.09%
‘Wand 15 3.89 0.7440 3.00 5.00 > 0.1000 Yes 19.11%
B86"Non 15 3.68 0.5747 3.00 5.00 0.0162 No 15.62%
WIS 15 3.56 0.6197 2.60 5.00 > 0.1000 Yes 17.41%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 1.57 Pr=F 0.2207]
B3Np1 Cmﬁ_gg'egf I%‘,Ilsq roenes et E‘;‘r‘i‘ df |F(1.14)| Pr>F ME‘;LF‘]?? Significant? | Statistically Better
Glove vs Wand 1.1882 0.2757 Yes | 14 | 000 |09912| Yes Neither Neither
Glove vs 86"Non 0.0213 0.8838 Yes 14 | 345 (00734 No Means Glove 9.80%
Glove vs WIS 0.0088 0.9252 Yes 14 | 1.03 |0.3176] Yes Neither Neither
Wand vs 86"Non 1.5193 0.2127 Yes 14 | 320 [0.0842 No Means |Wand 5.47%
Wand vs WIS 0.9960 0.3183 Yes 14 | 1.33 |0.2579] Yes Neither Neither
86"Non vs W/S 0.0576 0.8104 Yes | 14 | 149 [0.2325] Yes Neither Neither
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Figure G- 6: B3Np1Mov

Novice Users Manipulation Ratings

Table G- 6: B3Np1Mov Novice Users Manipulation Ratings Statistics

Benchmark 3, Novice Users, Pass 2, Manipulation Ratings

B3Np1 # Users Mean St Dev. Low High P Value Normal? CWV
Glove 15 4.05 0.7347 3.00 5.00 = 0.1000 Yes 18.13%
Wand 15 3.55 0.7425 2.60 5.00 0.0243 No 20.93%
86"Non 15 3.44 0.5302 2.60 4.00 0.0062 No 15.41%
WIS 15 3.04 0.5063 2.60 4.00 0.0071 No 16.67%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 5.02 Pr=F 0.0175
B3Np1 Bartlett's Test Levene's Test I .
P b e e S 5‘;?1’ af |F(114)| Pr>F M'Zg‘;i‘? Significant?| Statistically Better
Glove vs Wand 0.0000] 09599 Yes 14 | 427 |0.9912| Yes Neither Neither
Glove vs B6"Non 3.9100{ 0.0578] Yes 14 | 713 [0.0734 No Means |Glove 15.12%
Glove vs WIS 44000] 0.0451 No 14 | 1166 [0.3176] Yes var Glove 25 07%
Wand vs 86"Non 1.9800[ 0.1703] Yes 14 | 0.75 [0.0842 No Means |Wand 3.02%
Wand vs WIS 2.2900{ 0.1415] Yes 14 | 191 [02579] Yes Neither Neither
B6"Non vs WIS 0.1400{ 0.7130] Yes 14 | 341 [0.2325] Yes Neither Neither
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Figure G- 7: B3Np1Gen Novice Users Pass 1 General Impressions Ratings

Table G- 7: B3Np1Gen Novice Users Pass 1 General Impressions Ratings
Statistics

Benchmark 3, Novice Users, Pass 2, General Impressions Ratings

B3Np1 # Users Mean St. Dev. Low High P Value Normal? CV
Glove 3.99 0.5829 3.00 4.80 > 0.1000 Yes 14.62%
Wand 417 0.4713 3.40 5.00 0.0170 No 11.29%
B6"Non 3.73 0.5740 3.00 4.80 > 0.1000 Yes 15.38%
WIS 3.60 0.4540 3.00 4.60 > 0.1000 Yes 12.61%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 574 Pr=F 0.0113
B3Np1 Bartlett's Test Levene's Test o .
P TSP ST Ve [ T 5‘;?'5;‘ df |F(1,14)| Pr>F M';gt';'? Significant? | Statistically Better
Glove vs Wand 0.6066| 0.4361 Yes 14 0.88 |0.3653| Yes Neither Neither
Glove vs 86"Non 0.0032 0.9549 Yes 14 | 2.09 |0.1699] Yes Neither Meither
Glove vs WIS 0.4646 0.4955 Yes 14 6.60 |0.0223 No Means [Glove 9.71%
Wand vs 86"Non 0.7200[ 0.4020] Yes 14 | 14.04 |0.0022 No Means |Wand 10.54%
Wand vs WIS 0.0200] 0.8017] Yes | 14 [14.91]0.0017] No Means [Wand 13.73%
86"Non vs WIS 0.3913 0.5316 Yes 14 250 |0.1362| Yes Neither Neither
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Figure G- 8: B3Np1Ovr Novice Users Pass 1 Overall Impressions

Table G- 8: B3Np1Ovr Novice Users Pass 1 Overall Impressions

Ratings Statistics
Benchmark 3, Novice Users, Pass 2, Overall Impressions Ratings
B3Np1 # Users Mean St. Dev. Low High P Value  Normal? CV
Glove 15 4.03 0.5178 3.00 4.66 > 0.1000 Yes 12.86%
Wand 15 3.85 0.6297 3.03 5.00 0.0696 Yes 16.36%
86"Non 15 3.62 0.5155 2.88 4.70 >0.1000 Yes 14.25%
WIS 15 3.50 0.5146 2.76 4.65 > (0.1000 Yes 14.71%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 3.46 Pr=F 0.0511
BINT cnﬁgﬁ'eii’ I%Sntﬁq FL\Fﬁge SF'Tre:'lp E,ilr‘i‘ df [F(i14)| Pr>F M'Zgﬁz'? Significant? | Statistically Better
Glove vs Wand 0.5130 0.4738] Yes | 14 | 050 | 0.3592 Yes Neither Neither
Glove vs 85"Non 0.0003 0.9870 Yes 14 | 539 | 0.0293 No Means Glove 10.11%
Glove vs W/S 0.0003 0.9862 Yes 14 | 10.53 | 0.0055 No Means Glove 13.09%|
\Wand vs 86"Non 0.5364 0.4679 Yes | 14 | 512 | 0.0401 No Means  |Wand 5.00%|
Wand vs W/S 0.5379 0.4633 Yes | 14| 497 | 0.0427 No Means [Wand 9.12%
B86"Non vs WIS 0.0000 0.9992 Yes 14 | 267 | 0.1243 Yes Neither Neither

281




Benchmark 3 - Novice Users

- Pass 2 - Part 1 Offsets

100 — —

o0 e ==

a0 — — H=n

70 e s

20 e s

Offset 0 e Il
{in mm) -

ap S e I

20 +— — — — | H

20 - I ==

Tk I 1 RN '

e il il T | Moml ]l | [ il

M1 M2 N3 M4 M5 ME M7 ME ME | WAD | WA W12 | W13 [ M14 | W15 | Avg | 51D

H Glove aJ 10 a 20 0 20 20 10 0 5 10 10 a0 20 20 | 117 | 8.6

BN and 20 2 5 5 0 5 0 5 10 5 0 0 15 0 10 g.1 5.2

188"Mon | 20 5 o o 5 200 | 70O | 200 0 20 0 25 an 5 0 27 |183.4

WS 5 a 160 10 0 1300 25 100 5 o o 25 &80 20 25 1182|3308

User &

Figure G- 9: B3Np2-10ff Novice Users Pass 2-Icon 1 Offsets

Table G- 9: B3Np2-10ff Novice Users Pass 2-Icon 1 Offsets Statistics

Benchmark 2, Novice Users, Pass 2, Part 1 Offsets

B3N1p2 |# Users Mean St. Dev. Low High P Value | Normal? CcV
Glove 15 11.87 9.67 0.00 30.00 0.0802 Yes 22.53%
Wand 15 6.13 6.15 0.00 20.00 0.0203 No 24.73%

86"Non 15 82.67 183.40 0.00 700.00 < 0.0001 No 20.62%

WIS 15 115.20 330.50 0.00 1300.00 < 0.1000 No 27.30%
Homogeneity of Vanance Foy's Greatest Root:  F(3,12) 1.40 Fr>F 0.2899
B3NPz RS TPes ST Ve P oo | of [F(1.14) Pr>F | 29| significant? | Statistcally Better
Glove vs Wand 3.8800] 0.0588] Yes | 14 | 3.44 [0.0849 No Means |Wand 47.45%
Glove vs 86"Non 1.5700[ 0.2208] Yes | 14 | 2.31 [0.16507| Yes Neither Neither
Glove vs WIS 1.2000{ 0.2826] Yes | 14 | 149 [02422] Yes Neither Neither
Wand vs 86"Non 1.5700[ 0.2199] Yes | 14| 256 [01317| Yes Neither Neither
Wand vs WIS 1.2000] 0.2824] Yes | 14 ] 163 [02225] Yes Neither Neither
86"Non vs WIS 0.5400| 0.4697] Yes | 14| 0.13 |0.7219 Yes Neither Neither
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Figure G- 10: B3Np2-20ff Novice Users Pass 2-Icon 2 Offsets

Table G- 10: B3Np2-20ff Novice Users Pass 2-Icon 2 Offsets Statistics

Benchmark 2, Novice Users, Pass 2, Part 2 Offsets

B3N2p2 |# Users Mean St. Dev. Low High P Value |Nomal? CV
Glove 15 12.93 18.71 0.00 70.00 0.0002 No 22.53%
Wand 15 5.80 5.63 0.00 20.00 0.0023 No 24.73%

86"Non 15 8333 18320 0.00 700.00 < (.0001 Na 29 82%

WIS 15 118.50 329.80 0.00 1300.00 < (0.0001 No 27 .39%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 1.40 Pr=F 0.2899
BaN2p2 Chﬁgﬁ'eﬁf :,T?;Shtlgq e e Faual | o |F(1,14)| Pr>F | S998l | significant? | Statistically Better
Glove vs Wand 1.7700 0.0588] Yes 14 | 344 |0.0849 No Means [Wand 55.14%
Glove vs 88"Non 15500 0.224] Yes 14| 231 [0.1507| Yes Neither Neither
Glove vs WIS 1.2000] 0.2832] Yes 14| 149 [0.2422] Yes Neither Neither
Wand vs 86"Non 1.5700] 0.2199] Yes 14| 256 [0.1317] Yes Neither Neither
Wand vs WIS 1.2000] 0.2819] Yes 14| 163 [0.2225] Yes Neither Neither
86"Non vs WIS 0.5400| 0.4699] Yes 14| 013 | 0.7219] Yes Neither Neither
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Figure G- 11: B3Np2TotOff Novice Users Pass 2 Total Offsets

Table G- 11: B3Np2TotOff Novice Users Pass 2 Total Offsets Statistics

Benchmark 2, Novice Users, Pass 2, Total Offsets

B3Np2 # Users Mean St. Dev. Low High P Value | Normal? CV

Glove 15 24.60 26.14 0.00 100.00 0.0236 No 22.53%

Wand 15 11.93 12.44 0.00 40.00 0.0010 No 24.73%

86"Non 15 129.30 239.80 0.00 850.00 < 0.0001 No 29.82%

WIS 13 153.70 355.30 0.00 1400.00 < 0.0001 No 27.39%

Homogeneity of Variance Roy's Greatest Root:  F(3,12) 0.94 Pr=F 0.5020

B3Np2 Lnﬁggleif >T fi:lbq - L\e;rﬁge SPT[e:’tr 52??} df |F(1,14)| Pr>F M'Zg‘rﬁ'? Significant?| Statistically Better
Glove vs Wand 1.7300] 0.1993] Yes |14 | 098 |0.3594[ Yes Neither Neither
Glove vs 86"Non 24700] 01273 yves |14 | 207 |0.2000| Yes Neither Neither
Glove vs WIS 1.3700] 0.2629] Yes | 14 | 0.03 [0.8657] Yes Neither Neither
\Wand vs 86"Non 25200] 01239 yves |14 | 0.21 |0.6594| Yes Neither Neither
Wand vs W/S 1.3200] 0.2610[ Yes | 14 | 094 [0.5015] Yes Neither Neither
B6"Non vs WIS 0.3500| 0.5573| Yes 14 | 273 |01497| Yes Neither Neither
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Figure G- 12: B3Np2Nav Novice Users Pass 2 Navigation Ratings

Table G- 12: B3Np2Nav Novice Users Pass 2 Navigation Ratings Statistics

Benchmark 3, Novice Users, Pass 2, Navigation Ratings

B3Np2 # Users Mean St Dev. Low High P Value  Normal? CV
Glove 15 4.32 0.5961 3.00 5.00 > 0.1000 Yes 22.53%
‘Wand 15 4.10 0.5193 3.29 5.00 0.0062 No 24 73%
86"Non 15 3.84 0.3851 3.00 4.71 0.0042 No 29.82%
WIS 15 3.68 0.4752 243 4.29 > 0.1000 Yes 27.39%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 3.79 Pr=F 0.0217
B3Np2 Chfggleﬁ I‘g’,ﬁ,sq oA oA at | Fet.a4)|Pr>F [ E999 1 significant? | statistically Better
Glove vs Wand 0.3200] 05785 Yes | 14| 860 |0.0065 No Means [Glove 5.30%
Glove vs 86"Non 2.2700] 0.1435] Yes | 14 1.66 |0.2079| Yes Neither Neither
Glove vs WIS 0.6672 0.4071 Yes | 14 1.57 |0.2204| Yes Neither [Glove 14.99%
Wand vs 86"Non 1.1000] 0.3032] Yes | 14| 3.24 |0.0821 Mo Means  |Wand 6.28%
Wand vs Wis 0.0900] 0.7603| Yes | 14| 238 |0.1338| Yes Neither Neither
56"Non vs W/S 0.3700| 0.5503] Yes | 14| 026 |0.6164| Yes Neither Neither
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Figure G- 13: B3Np2Loc

Novice Users Pass 2 Locating Ratings

Table G- 13: B3Np2Loc Novice Users Pass 2 Locating Ratings Statistics

Benchmark 3, Novice Users, Pass 2, Locating Ratings

B3Np2 # Users Mean St. Dev Low High F Value Normal? CV
Glove 15 4.32 0.5961 3.00 5.00 > 0.1000 Yes 22.53%
Wand 15 4.10 0.5193 3.28 5.00 0.0062 No 24.73%
86"Non 15 3.84 0.3851 3.00 4.71 0.0042 No 29.82%
Wis 15 3.68 0.4752 243 4.29 > 0.1000 Yes 27.39%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 3.79 Pr=F 0.0217]
Bartlet's Test Levene's Test igni 7
B3Np2 RSP oS P T E,g‘ﬁ df |F(1,14)| Pr>F M'ég‘;g'? SIgNMCant? | oatistically Better
Glove vs Wand 0.3200[ 0.5785 Yes 14 | 8.60 |0.0065 No Means  |Glove 5.30%
Glove vs 86"Non 2.2700] 0.1435 Yes 14 | 1.66 |0.2079] Yes Neither Neither
Glove vs WIS 0.6872 0.4071 Yes 14 | 1.57 |0.2204| Yes Neither Neither
Wand vs 86"Non 1.1000] 0.3032 Yes | 14 | 3.24 |0.0821 No Means  |Wand 6.28%
Wand vs WIS 0.0900] 0.7603| Yes | 14 | 2.38 |0.1338| Yes Neither Neither
86"Non vs WIS 0.3700] 05503 Yes | 14 | 0.26 |[0.6164] Yes Neither Neither
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Figure G- 14: B3Np2Mov Novice Users Pass 2 Manipulation Ratings

Table G- 14: B3Np2Mov Novice Users Pass 2 Manipulation Ratings Statistics

Benchmark 3, Novice Users, Pass 2, Manipulation Ratings

B3Np2 # Users Mean St. Dev. Low High P Value Normal? [&Y
Glove 15 4.31 0.5800 3.00 5.00 = 0.1000 Yes 22.53%
Wand 15 3.89 0.6798 3.00 5.00 0.0224 No 24.73%
86"Non 15 3.73 0.4320 3.00 4.40 0.001 No 25.82%
WIS 15 3.53 0.4577 2.80 4.00 0.0701 Yes 27 .39%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 5.60 Pr=F 0.0123
B3Np2 Lnﬁgg‘eifj f}tbq FL\%ﬁge SHTref‘tr 52?'1' af |F(1,14)| Pr>F h_lligﬁ? Significant?| Statistically Better
Glove vs Wand 0.4400[ 051101 Yes 14 | 6.02 |0.0065 No Means |Glove 9.61%
Glove vs 86"Non 1.1800] 0.2875] Yes | 14 [ 11.84 [0.2079] VYes Neither Neither
Glove vs WIS 0.9400] 03398 Yes 14 [ 17.28 [0.2204[ Yes Neither Neither
Wand vs 86"Non 3.2000{ 0.0846] Yes | 14 | 1.59 |0.0821 No Means |Wand A411%
Wand vs W/S 2.9400] 0.0977] Yes | 14 | 365 [0.1338] Yes Neither Neither
B6"Non vs WIS 0.1000| 0.7521] Yes 14 | 477 |06164| Yes Neither Neither
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Figure G- 15: B3Np2Gen Novice User Pass 2 General Impressions Ratings

Table G- 15: B3Np2Gen Novice User Pass 2 General Impressions Ratings

Benchmark 3, Novice Users, Pass 2, General Impressions Ratings

B3Np2 # Users Mean St Dev. Low High P Value  Normal? Ccv
Glove 15 4.35 0.4627 3.40 5.00 > (0.1000 Yes 22.53%
Wand 15 413 04577 3.40 5.00 0.0023 No 24.73%
86"Nan 15 3.96 0.3312 3.00 4.40 0.0137 No 29.82%
WIS 15 3.81 0.4033 3.00 4.40 0.0027 No 27.39%
Homogeneity of Variance Roy's Greatest Root: F(3.12) 3.37 Pr=F 0.0546
B3Np2 e e |t [Fetaa| pr> [ E0 [ signifcant? | statistically Better
Glove vs Wand 3.3700] 0.0878] Yes 14 | 0.00 [0.9641 Yes Neither Meither
Glove vs 86"Non 11.3900{ 0.0045] No 14 129 [02265] Yes var Glove 8 90%
Glove vs WIS 10.7200] 0.0055] No 14 [ 0.33 |0.5726] Yes Var Glove 12.28%
Wand vs 86"Non 2.5600{ 0.1323] Yes 14 | 098 |03303| Yes Neither Meither
Wand vs Wis 3.5500[ 0.0806] Yes 14 | 0.22 |0.6394| Yes Neither Neither
86"Non vs W/S 3.4300| 0.0853] Yes 14 | 0.35 |0.5616| Yes Neither  [86"Non 3.71%
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Figure G- 16: B3Np2Ovr Novice Users Pass 2 Overall Impressions Ratings

Table G- 16: B3Np2Ovr Novice Users Pass 2 Overall Impressions Ratings

Statistics

Benchmark 3, Novice Users, Pass 2, Overall Impressions Ratings

B3Np2 # Users MMean St. Dev. Low High P Value  Normal? CV

Glove 15 4.34 0.4726 343 5.00 0.0940 Yes 22.53%

Wand 15 405 0.5188 3.44 5.00 0.0036 No 24 73%

86"Non 15 3.85 0.3149 3.00 4.38 0.0087 No 29.82%

WIS 15 3.69 0.3847 2.81 417 = 0.1000 Yes 27.39%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 6.23 Pr=F 0.0085

B3Np2 Ln?_gglef,f Ll f}tbq - L\Fa-vrﬁge SPT,eftr \Efgl:i' df |F(1,14)] Pr>F M'Zgﬁg'? Significant? | Statistically Better
Glove vs Wand 0.1500] 0.6984] Yes | 14 | 433 | 0.0563 No Means Glove 6.68%|
Glove vs 86"Non 194000 0.1748] Yes [ 14 | 20.03 | 0.0005 No Means  |Glove 11.24%|
Glove vs WIS 0.5714 0.4497 Yes 14 | 19.45 | 0.0006 No Means Glove 15.02%
Wand vs 86"Non 24600 0.1280) Yes | 14| 3.58 | 0.0792 Mo Means  |Wand 4.69%)
Wand vs WIS 1.1900] 0.2850] Yes 14 | 4.48 | 0.0527 No Means Wand 8.94%)|
56"Non vs WIS 0.3700| 05504] Yes 14 | 410 | 0.0625 No Means 86"Non 4 26%
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Figure G- 17: B3Np3-10ff Novice Users Pass 3-Icon 1 Offsets

Table G- 17: B3Np3-10ff Novice Users Pass 3-Icon 1 Offsets Statistics

Benchmark 2, Novice Users, Pass 3, Part 1 Offsets

B3N1p3 |# Users Mean St. Dev. Low High F Value | Normal? CV
Glove 15 3.00 493 0.00 45.00 = 0.0001 No 22 53%
Wand 15 253 3.94 0.00 10.00 = 0.0001 No 24.73%

85"Non 15 46 67 4148 000 140 00 = 01000 Yes 29 B2%

Wis 15 4567 40.92 0.00 180.00 0.0002 No 27.39%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 860 Pr=F 0.0026|
B3N1p3 Chﬁgﬁ'eﬁf TE?L 5 FL\?;EZE SPTﬁStF Eifi' df |F(1,14)| Pr>F NE‘;:@' | Significant? | - Statistcaly Better
Glove vs Wand 0.6000] 0.4437] Yes | 14| 0.15 |0.7001 Yes Neither Neither
Glove vs 86"Non 7.9700/ 0.0086] No | 14| 1591]0.0013 No Var/Means |Glove 93.57%
Glove vs WIS 1.7000] 02031 Yes | 14 | 15.61 |0.0014 No Means |Glove 93.43%
Wand vs 86"Non 8.0600] 0.0083] No | 14| 1599 |0.0013 No Var/Means |Wand 94 .57%
Wand vs WIS 1.7200] 0.2008] Yes | 14 [ 15.99 [0.0013 No Means  |[Wand 94.45%
B86"Non vs W/S 0.0000{ 0.9742] Yes | 14 | 0.00 |0.9475 Yes Neither Neither
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Figure G- 18: B3Np3-20ff Novice Users Pass 3-Icon 2 Offsets

Table G- 18: B3Np3-20ff Novice Users Pass 3-Icon 2 Offsets Statistics

Benchmark 2, Novice Users, Pass 3, Part 2 Offsets

B3N2p3 [# Users Mean St. Dev. Low High P Value | Normal? CV
Glove 15 11.67 23.87 0.00 90.00 0.0004 No 22.53%
Wand 15 3.63 5.36 0.00 20.00 0.0027 No 24.73%

86"Non 15 57.00 37.79 0.00 140.00 > (.1000 Yes 29.82%

WIS 15 52.00 38.16 0.00 145.00 0.01 No 27.39%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) .60 Pr=F 0.0026
B3N2p3 P Tres chs oA e oo | of [Fei,14)| Pr>F | 2993 Tsignificant? | Statistcally Better
Glove vs Wand 1.5400] 0.2258] Yes 14| 015 |0.7001| Yes Neither Neither
Glove vs 86"Non 1.7400[ 0.1977] Yes [ 14| 1591 |0.0013| No Means |Glove 79 53%
Glove vs WIS 1.2900] 0.2650] Yes [14 [ 1561 ]0.0014] No Means [Glove 77.56%
Wand vs 86"Non 5.0200] 0.0085] Mo 141 1599 [ 0.0013] No [ Var/Means |Wand 93.80%
Wand vs W/S 47200 0.0384] Mo 14 [ 16599 100013 MNo | VarMeans |Wand 93.21%
86"Non vs WIS 0.0000] 0.9725] Yes 14| 0.00 |0.8475( Yes Neither Neither
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Benchmark 3 - Novice Users - Pass 3 - Total Offsets
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Figure G- 19: B3Np3TotOff Novice Users Pass 3 Total Offsets

Table G- 19: B3Np3TotOff Novice Users Pass 3 Total Offsets Statistics

Benchmark 2, Novice Users, Pass 3, Total Offsets

B3Np3 # Users Mean Si. Dev. Low High P value | Normal? CV
Glove 15 14 67 2379 0.00 90.00 0.0045 No 22.53%
Wand 15 6.07 643 0.00 20.00 0.0359 No 24.73%
86"Non 15 103.70 76.87 10.00 250.00 0.05985 Yes 29.82%
WIS 15 97.67 71.49 40.00 325.00 0.0017 No 27.39%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 34.02 Pr=F 0.0026
B3Np3 Bartlett's Test Levene's Test ;
P T e Ezt'i' af |F(1,14)| Pr>F MEZLF‘;',, Significant? | Statistically Better
Glove vs Wand 25900] 01185 Yes [ 14 ] 1052 [0.0179 No Means |Wand 56.64%
Glove vs 86"Non 5.8900| 0.0219 MNo 14 | 19.70 [ 0.0044 No Var/Means |Glove 85.85%
Glove vs WIS 14900 02329 Yes [ 14| 253 [01631] Yes Neither Neither
Wand vs 86"Non 7.6900{ 0.0098] No 14 | 041 [0.5463| Yes War Wand 94.15%
Wand vs WIS 19700 01712] Yes |14 | 531 |0.0807 No Means |Wand 93.79%
86"Non vs WIS 0.0400] 0.8500f Yes | 14| 7.71 |0.0322 No Means |WIS 5.81%
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Figure G- 20: B3Np3Nav Novice Users Pass 3 Navigation Ratings

Table G- 20: B3Np3Nav Novice Users Pass 3 Navigation Ratings Statistics

Benchmark 3, Novice Users, Pass 3, Navigation Ratings

B3Np3 # Users Mean St. Dev Low High PValue  Normal? CcV
Glove 15 4.54 0.3937 4.00 5.00 > 0.1000 Yes 22.53%
Wand 15 4.35 0.5686 3.00 5.00 > 0.1000 Yes 24.73%
86"Non 15 4.12 0.4639 3.00 4.88 > 0.1000 Yes 29.82%
WIS 15 3.88 0.5736 2.00 4.43 0.0095 No 27.39%
Homogeneity of Vanance Roy's Greatest Root.  F(3,12) 5.72 Br>F 0.0016
B3Np3 Cnﬁgg'egf >TeCSI§ISq F'{g‘[ﬁge SF,TreftF Eqa'ﬂ' df |F(1,14)| Pr>F M'ég‘r‘;'? Significant? | Statistically Better
Glove vs Wand 1.7698 0.1810) Yes [ 14| 014 [07148] Yes Neither Neither
Glove vs 86"Non 0.3700 0.5430 Yes |14 | 14.03 [0.0008 No Means  [Glove 9.20%
Glove vs WIS 1.8928 0.1689 Yes | 14 | 13.68 |0.0009 No Means |Glove 14.66%
Wand vs 86"Non 0.5482 0.4590 Yes | 14 | 14.69 |0.0006 No IMeans |Wand 5.24%
Wand vs W/S 0.0000] 0.9801] Yes | 14| 1364 [00009] No Means [Wand 10.94%
86"Non vs W/S 0.1900| 06686 Yes | 14 | 0.00 |1.0000| Yes Neither Neither
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Figure G- 21: B3Np3Loc

Novice Users Pass 3 Locating Ratings

Table G- 21: B3Np3Loc Novice Users Pass 3 Locating Ratings Statistics

Benchmark 3, Novice Users, Pass 3, Locating Ratings

B3ND3 #Users Tiean St Dev. Tow High Fvalle Normal?| TV
Clove 15 154 03937 100 .00 >0.1000 | Yes | 2253%
Wand 15 435 05686 3.00 500 >0.1000 | Yes | 2473%

86"Non 15 i1z 04635 300 18 >0.1000 | Yes | 29.6%%

wis 15 3.88 05736 2.00 143 0.0095 No | 27.39%
Fomogeneily of vanance Roy's Grealest Root F(3.12) 572 Br>F 00010

B3Np3 Cnfgglﬂg? >T %Sﬁlsq r Lﬁi‘fﬁge SPTrEftF 5‘;‘#‘3 of |F(1.14)| Pr>F MEZ:‘]Z' | Significant? | statistically Better

Glove vs Wand 77698 01870 Yes | 14| 0.14 |0.7148] Yes | Neither Neither

Glove vs 85'Non 03700 0.5430 Yes | 14 | 14.03 [0.0008] No Means [Clove 500%

Glove vs WIS 18928] 01689 Yes | 14 | 13.68 |0.0003] No Means |Glove 14.66%

Wand vs 86'Non 05482] 04590 Yes | 14 | 14.69 |[0.0006] No Means |Wand 504%

Wand vs WIS 0.0000] 09B01[ Yes | 14 | 13.64 |[0.0003] No Means |Wand 10.94%

B6"Non Vs WIS 0.1900] 0.6686] Yes | 14 | 0.00 |1.0000] Yes | Nefther Neither
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Figure G- 22: B3Np3Mov Novice Users Pass 3 Manipulation Ratings

Table G- 22: B3Np3Mov Novice Users Pass 3 Manipulation Ratings Statistics

Benchmark 3, Novice Users, Pass 3, Manipulation Ratings

B3Np3 # Users Mean St. Dev. Low High P Value  Normal? CV
Glove 15 435 0.5208 3.00 5.00 = 0.1000 Yes 22 53%
Wand 15 3.72 0.7626 2.71 5.00 = 0.1000 Yes 24.73%
86"Non 15 391 0.5230 3.00 4.60 00226 No 29 82%
WIS 15 3.64 0.6812 2.00 4.60 = 0.1000 Yes 27.39%
Homogeneity of Variance Roy's Greatest Root.  F(3,12) 551 Pr>F 0.013
B3Np3 Bartlett's Test Levene's Test | Equal Equal L }
P RSP oS F VA P v | o [Feas proF| SN significant? | statistically Beter
Glove vs Wand 1.9277 0.1650 Yes 14 | 916 [0.7148| Yes Neither Neither
Glove vs 86"Non 0.0000| 0.9884] ves 14 | 9.04 (0.0008 No Means |Glove 10.12%
Glove vs WIS 7.8360 0.0051 No 14 | 570 |0.0009 No Var/Means |Glove 16.26%
Wand vs 86"Non 28800 01010[ Yyes 14 | 0.85 |0.0006 No Means |86"Non 4.68%
Wand vs WIS 2.2801 0.1310 Yes 14 | 0.73 |0.0009 No Means |Wand 2.26%
B6"Non vs WIS 7.7609 0.0053 No 14 | 2.97 |1.0000| Yes wvar 86"Non 6.83%
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Figure G- 23: B3Np3Gen Novice users Pass 3 General Impressions Ratings

Table G- 23: B3Np3Gen Novice users Pass 3 General Impressions Ratings
Statistics

Benchmark 3, Novice Users, Pass 3, General Impressions Ratings

B3Np3 # Users Mean St Dev. Low High P Value Normal? CV
Glove 15 4.60 0.4209 3.80 5.00 0.0580 Yes 22.53%
Wand 15 4.39 0.5780 3.00 5.00 0.0166 No 24.73%
86"Non 15 4.09 0.4550 3.00 4.80 0.0017 No 29.82%
Wis 15 3.93 0.5936 2.00 4.60 < 0.0001 No 27.39%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 569 Pr=>F 0.0116
B3Np3 cnﬁggleﬁfz ?35ht|5q Fl\fgsge SPTrEftF Egt'i' daf |F(1,14)| Pr>F M'th';' ,| Significant? | Statistically Better
Glove vs Wand 1.2500] 0.2727] Yes 14 | 303 [D.1038] Yes Neither Neither
Glove vs 86"Non 0.1000] 0.7518] Yes 14 | 12.75 |0.0031 No Means |Glove 11.02%
Glove vs WIS 0.4300] 0.5780[ Yes 14 | 19.23 |0.0006 No Means |Glove 14.50%
\Wand vs 86"Non 0.5800[ 0.4514] Yes 14 | 4.12 [0.0619 No Means [Wand 6.70%
Wand vs W/S 3.4500| 0.0741] Yes 14 | 7.15 [0.0182 No Means |Wand 10.35%
B6"Non vs WIS 0.2600| 0.6161] Yes 14 | 3.69 |0.0733 No Means [86"Non 3.91%
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Figure G- 24: B3Np3Ovr Novice Users Pass 3 Overall Impressions Ratings

Table G- 24: B3Np3Ovr Novice Users Pass 3 Overall Impressions Ratings

Statistics
Benchmark 3, Novice Users, Pass 3, Overall Impressions Ratings
B3Np3 # Users Mean St. Dev. Low High P Valug Normal? CV
Glove 19 453 0.3846 3.70 5.00 >0.1000 Yes 22.53%
Wand 19 4.24 0.4582 3.43 5.00 >0.1000 Yes 24.73%
86"Non 15 4.08 0.4231 3.00 4.66 0.0237 No 29.82%
WIS 15 3.78 0.6211 2.00 4.51 0.0043 No 27 39%
Homogeneity of Variance Roy's Greatest Rool:  F(3,12) 543 Pr>F 0.0028
BINp3 Chﬁgﬁ'ei‘;ff ?;S,E,Sq el AL 52;‘5;' df |F(1.14)| Pr>F M'Zgﬁ' | Sianificant? | statistically Better
Glove vs Wand 0.4126] 0.5206| Yes | 14 | 10.39 | 0.0061 No Means Glove 6.27%)|
Glove vs 86"Non 0.1100[ 0.7446] Yes | 14 | 13.57 | 0.0025 No Means |Glove 9.72%
Glove vs WIS 1.0700] 0.3087] vYes | 14 | 23.03 [ 0.0003 No Means  |Glove 16.44%)
\Wand vs 86"Non 0.0800[ 0.7738] Yes | 14| 270 [ 0.1223 Yes Neither Neither
Wand vs WIS 0.5700[ 0.4573| Yes | 14| 767 | 0.0150 No Means  |Wand 10.84%)
B86"Non vs W/S 0.7500] 0.3932] Yes | 14 | 4.65 | 0.0488 No Means 865"Non 7.44%)|
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Benchmark 3 - Novice Users - 3 Pass Avg. - Part 1 Offsets
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Figure G- 25: B3N3pA-10ff Novice Users 3 Pass Avg. Icon 1 Offsets

Table G- 25: B3N3pA-10ff Novice Users 3 Pass Avg. Icon 1 Offsets Statistics

Benchmark 2, Novice Users, 3 Pass Avg., Total Offsets

B3NAvg # Users Mean St Dev. Low High P Value | MNormal? cvV
Glove 15 23.53 19.03 0.00 £85.00 0.0095 No 22.53%
Wand 15 10.91 8.54 0.00 30.00 0.0947 Yes 24.73%

86"Non 15 142.00 22720 0.00 326.70 < 0.0001 No 29.82%

B 15 131.50 241.00 0.00 975.00 < 0.0001 No 27.39%
Homogeneity of Variance Roy's Greatest Root.  F(3,12) 216 Pr>F 02352
BaNAvg cma-ggleré’? >T ?JSI;Sq FL\F;EQE 5F'TreftF ng?,' df |F(1,14)| Pr>F M'Zg‘rf;' | Significant? | Statistically Better
Glove vs Wand 1.7300] 01993 Yes [ 14| 160 [0.2528| Yes Neither Neither
Glove vs 86"Non 24700 01273 Yes | 14 | 582 |0.0524 No Means |Glove §3.43%
Glove vs WIS 1.3100[ 02629 Yes | 14 [ 059 [04705| Yes Neither Neither
Wand vs 86"Non 25200 01239 Yes | 14 | 030 |0.6033| Yes Neither Neither
Wand vs WIS 1.3200{ 02610 ves [ 14| 1.70 [0.2335| Yes Neither Neither
86"Non vs WIS 0.3500| 0.5573| Yes | 14 | 3.60 |0.0494 No Means |WiS T7.39%
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Benchmark 3 - Novice Users - 3 Pass Avg. - Part 2 Offsets
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Figure G- 26: B3N3pA-2of Novice Users 3 Pass Avg. Icon 2 Offsets

Table G- 26: B3N3pA-2of Novice Users 3 Pass Avg. Icon 2 Offsets Statistics

Benchmark 2, Novice Users, 3 Pass Avg., Part 2 Offsets

B3aN2Avg |# Users Mean St Dev. Low High P Value [Normal? CV
Glove 15 12.04 16.98 0.00 58.33 < 0.0001 No 22.53%
Wand 15 4.73 4.52 0.00 15.00 > (.1000 Yes 24.73%

86"Non 15 72.84 113.00 0.00 413.30 < 0.0001 No 29.82%
WIS 15 67.51 118.50 3.33 481.70 < 0.0001 No 27.359%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 217 Pr=F 0.1447
o T e o] S | st ] e | 525 [Sontent | St
Glove vs Wand Yes 14| 570 [0.0120 No Means |Wand 60.69%
Glove vs 86"Non 24400 [0.1283] Yes |14 | 3.92 |0.2860| Yes Neither Neither
Glove vs WIS 1.3300 |0.2583] Yes |14 | 284 |[0.7610| Yes Neither Neither
Wand vs 86"Non 24400 [0.1293] Yes |14 | 440 |0.0547]| No Means |Wand 93.50%
Wand vs WIS 1.3300 |0.2574] Yes |14 | 330 [0.0908] Mo Means  [Wand 92.99%
86"Non vs WIS 0.0200{ 0.9010] Yes 14 | 0.02 [0.8790| Yes Neither Neither
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Benchmark 3 - Novice Users - 3 Pass Avg. - Total Offsets
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Figure G- 27: B3N3pAtotOff Novice Users 3 Pass Avg. Total Offsets

Table G- 27: B3N3pAtotOff Novice Users 3 Pass Avg. Total Offsets Statistics

Benchmark 2, Novice Users, 3 Pass Avg., Total Offsets

B3NAvg # Users Mean St. Dev. Low High P Value | Normal? CV
Glove 15 2353 19.03 0.00 85.00 0.0095 No 22 53%
Wand 15 10.91 8.54 0.00 30.00 0.0947 Yes 24.73%

B6"Non 15 142 .00 22720 0.00 326.70 < 0.0001 No 29 82%

WIS 15 131.50 241.00 0.00 975.00 < 0.0001 No 27.39%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 216 Pr=F 0.2352
BaNAve ang?eE’? = %SIEISQ FL\F;EQE SPTreftF Egﬂl df |F(1,14)| Pr>F M'Zg:‘g' | Significant? | Statistically Better
Glove vs Wand 17300 0.1993] Yes [ 14| 160 [0.2528| Yes Neither Neither
Glove vs 86"Non 24700| 01273 Yes | 14 | 582 |0.0524 No Means |Glove 83.43%
Glove vs WIS 1.3100] 0.2629] Yes |14 | 0.59 [0.4705] Yes Neither Neither
Wand vs 86"Non 25200| 01239 Yes | 14| 0.30 [0.6033| Yes Neither Neither
Wand vs WIS 1.3200] 0.2610] Yes [ 14 | 1.70 [0.2395] Yes Neither Neither
B6"Non vs WIS 0.3500| 0.5573| Yes | 14 | 3.60 |0.0494 No Means |W/S 7.39%
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Benchmark 3 - Novice Users
3 Pass Avg. Navigation Ratings
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Figure G- 28: B3N3pANav Novice Users 3 Pass Avg. Navigation Ratings

Table G- 28: B3N3pANav Novice Users 3 Pass Avg. Navigation Ratings
Statistics

Benchmark 3, Novice Users, 3 Pass Avg., Navigation Ratings

B3NAvg # Users Mean St. Dev Low High P Walue  Normal? cV
Glove 15 4.28 0.4618 3.33 4.95 > (0.1000 Yes 22.53%
‘Wand 15 4.08 0.5394 3.29 5.00 > (.1000 Yes 24.73%

B86"Non 15 3.86 0.3605 3.00 4.48 > (0.1000 Yes 29.82%

W/s 15 3.69 0.4665 243 4.48 > (.1000 Yes 27.39%
Homogeneity of Varance Roy's Greatest Root. F(3,12) 2.38 Br>Fr 0.0921
B3NAvg cnfgglegf I?I:Eq F"g‘;ﬁge SPTreftF ﬁg‘ﬁ df |F(1,14)| Pr>F M';g‘r“;"? Significant? | Statistically Better
Glove vs Wand 03282 05667 Yes | 14| 2.93 |0.0976] No Means |Glove 4.81%
Glove vs 86"Non 0.8131 0.3672 Yes | 14| 4.23 |0.0488 No Means |Glove 9.83%
Glove vs WIS 0.0018 0.9662 Yes | 14| 343 |0.0744 No Means |Glove 13.78%
Wand vs 86"Non 2.1347 0.1440 Yes | 14| 515 |0.0308 No Means Wand 5.27%
Wand vs W/S 0.2817 0.5956 Yes | 14| 4.26 |0.0482 No Means Wand 9.42%
B86"Non vs WIS 0.8901 0.3454 Yes | 14| 0.01 [0.9184] Yes Neither Neither
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Benchmark 3 - All Users - 3 Pass Average Locating Ratings
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Figure G- 29: B3N3pALoc Novice Users 3 Pass Avg. Locating Ratings
Table G- 29: B3N3pALoc Novice Users 3 Pass Avg. Locating Ratings
Statistics
Benchmark 3, Novice Users, 3 Pass Avg., Locating Ratings
B3NAvg # Users Mean St Dev. Low High P Value Normal? cV
Glove 12 4.28 0.4618 3.33 4.95 > 0.1000 Yes 22.53%
Wand 15 4.08 0.5394 329 5.00 > 0.1000 Yes 24.73%
B86"Non 15 3.86 0.3605 3.00 4.48 > 0.1000 Yes 29.82%
WIS 15 3.69 0.4665 243 4.48 > 0.1000 Yes 27.39%
Homogeneity of Variance ROY's Greatest Root. F(3,12) 238 Pr>F 0.0921
B3NAvg Bartlett's Test Levene's Test | Equal y Equal
CRSG TPrs ChiSq [ FVale [ Pre T varz | OF |F(L14)| Pr>F | 20 ¢ 5| Significant? | Statistically Better
Glove vs Wand 0.3282 0.5667 Yes 14 | 2.93 |0.0976 No Means  |Glove 4.81%
Glove vs B6"Non 0.8131 0.3672 Yes | 14 | 423 [0.0488] No Means  |Glove 9.83%
Glove vs WIS 0.0018 0.9662 Yes 14 | 343 00744 No Means  |Glove 13.78%
Wand vs 86"Non 2.1347 0.1440 Yes 14 | 515 |0.0308 No Means  |Wand 5.27%
Wand vs W/S 0.2617 0.5956 Yes 14 | 426 |0.0482 No Means  |Wand 9.42%
86"Non vs WIS 0.8901 0.3454 Yes 14 | 0.01 |0.9184] Yes Neither Neither
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Benchmark 3 - Novice Users
3 Pass Avg. Manipulation Ratings
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Figure G- 30: B3N3pAMov Novice Users 3 Pass Avg. Manipulation Ratings

Table G- 30: B3AN3pAMov Novice Users 3 Pass Avg. Manipulation Ratings

Statistics
Benchmark 3, Novice Users, 3 Pass Avg., Manipulation Ratings
B3NAvg # Users Mean St Dev. Low High P Vvalue Normal? CV
Glove 15 4.24 0.5571 3.00 5.00 > 0.1000 Yes 22.53%
Wand 15 3.72 0.68386 2.91 5.00 = 0.1000 Yes 24.73%
86"Non 15 3.69 04275 3.00 4.27 0.0937 Yes 29.82%
Wis 15 3.41 0.5404 2.40 4.20 = 0.1000 Yes 27 .39%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 5.11 Pr=F 0.0165
BaNAvg cnﬁgﬁ'e?’? - g:.s(; FLiea:ﬁge SF»Treftp 5‘2?1' df |F(1,14)| Pr>F M'igﬁz‘? Significant?| Statistically Better
Glove vs Wand 0.5718] 0.4495] Yes 14 | 7.38 |0.0167 No Means |Glove 12.16%
Glove vs 86"Non 0.9190 0.3327| Yes 14 | 11.45 | 0.0045 No Means |Glove 12.82%
Glove vs WIS 0.0132 0.9086) Yes 14 | 16.51 [0.0012 No Means |Glove 19.52%
Wand vs 86"Non 2 8658 0.0905 Yes 14 | 005 |0.8309| Yes Neither |Wand 0.75%
Wand vs WIS 0.7563 0.3845 Yes 14 | 221 |0.1596| Yes Neither Neither
B6"Non vs W/S 0.7149 0.3978 Yes 14 | 468 [0.0483 Mo Means |86"Non 7.69%
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Benchmark 3 - Novice Users
3 Pass Avg. General Impressions Rati
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Figure G- 31: B3N3pAgen Novice Users 3 Pass Avg. General Impressions

Ratings

Table G- 31: B3N3pAgen Novice Users 3 Pass Avg. General Impressions

Ratings Statistics

Benchmark 3, Novice Users, 3 Pass Avg., General Impressions Ratings

B3NAvg # Users IMean St. Dev. Low High P value Normmal? CW
Glove 15 4.31 0.4076 3.60 487 > 0.1000 Yes 22.53%
Wand 15 4.23 0.4400 3.40 5.00 = 0.1000 Yes 24.73%

86"Non 15 3.93 0.3916 3.00 4.53 = (0.1000 Yes 29.82%

WIS 15 3.78 0.4167 2.67 4.40 = 0.1000 Yes 27.39%
Homogeneity of Variance Roy's Greatest Rool:  F(3,12) 4.88 Pr>F 0.0191
BaNAvg cﬁﬁg?egf I ?:ng | L E?#f‘?' df |F(1,14)| Pr>F MEegLr';'? Significant?| Statistically Better
Glove vs Wand 0.0747] 0.7846] Yes 14 | 041 |0.0167 No Means |Glove 1.86%
Glove vs 86"Non 0.0258 0.8725 Yes 14 | 9.39 |0.0045 No Means |Glove 8.86%
Glove vs WIS 0.0051 0.9433 Yes 14 | 15.50 |0.0012 No Means |Glove 12.27%
Wand vs 86"Non 0.1879 0.6647 Yes 14 | 7.79 |0.8309| Yes Neither Neither
Wand vs WIS 0.0409 0.2397 Yes 14 | 958 |0.1596] Yes Neither Meither
86"Non vs WIS 0.0536 0.8169 Yes 14 | 6.94 |0.0483 No Means [86"Non 3.74%
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Benchmark 3 - Novice Users

J Pass Avg. Overall Impressions Ratings
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Figure G- 32: B3N3pAvgOvr Novice User 3 Pass Avg. Overall Impressions
Ratings

Table G- 32: B3N3pAvgOvr Novice User 3 Pass Avg. Overall Impressions
Ratings Statistics

Benchmark 3, Novice Users, 3 Pass Avg., Overall Impressions Ratings

B3NAvg # Users Mean St Dev. Low High P Value Normal? CV
Glove 4.53 0.38456 3.52 4.84 =0.1000 Yes 22.53%
Wand 4.24 0.4582 3.42 5.00 0.0090 No 24.73%

86"Non 4.07 0.4231 3.00 4.41 =0.1000 Yes 29.82%

WIS 3.78 0.6211 2.52 4.19 =>0.1000 Yes 27.39%
Homogeneity of Variance Roy's Greatest Root:  F(3,12) 5.34 Pr>F 0.008
BeNAvg Chﬁggmltvf: ?ﬁsu FLfea:ﬁge SPTrefIF Eglr‘i‘ df [F(1.14)| pr>F Miiﬁ | Significant? | statistically Better

Glove vs Wand 0.4544 0.5002] Yes | 14| 364 | 00771 No Means Glove 6.27%|
Glove vs 86"Non 0.3900[ 05375 Yes | 14 | 14.06 | 0.0022 No Means  |Glove 10.12%|
Glove vs WIS 0.0000[ 09990] Yes [ 14 | 21.56 | 0.0004 No Means  [Glove 16.44%|
Wand vs 85"Non 1.5462 0.2137 Yes 14 | 4.03 | 0.0644 No Means Wand 4.10%|
Wand vs W/S 0.4525 0.5012 Yes | 14 | 6.53 | 0.02259 No Means Wand 10.54%)|
86"Non vs W/S 0.1900( 0.6648] Yes | 14 | 6.34 | 0.0246 No Means 86"Non 7.03%|
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APPENDIX H

Experienced User Benchmark 3 (Spatial Awareness) Detail
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Benchmark 3 - Experienced Users - Pass 1 - Part 1 Offsets
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Figure H- 1: B3Ep1-10ff Experienced Users Pass 1-Icon 1 Offsets

Table H- 1: B3Ep1-10ff Experienced Users Pass 1-Icon 1 Offsets Statistics

Benchmark 3, Experienced Users, Pass 1, Part 1 Offsets

B32Ep1 # Users Mean St. Dev. Low High P Value |Normal? CV

Glove 15 33.33 34.08 0.00 130.00 0.0387 No 102.19%

Wand 15 43.13 23.16 0.00 75.00 > 0.1000 Yes 53.70%

86"Non 15 49.67 27.29 15.00 125.00 >0.1000 Yes 54.94%

WIS 15 41.67 26.77 15.00 95.00 0.0082 No 54.24%

Homogeneity of Variance Roy's Greatest Root: F(3,12) 0.74 Pr=F 0.551

B3EpT RS TP erS VA P v | df [F(1,14) Pr>F | =993} significant? | Statistically Better
Glove vs Wand 0.8700] 0.3577] Yes | 14 | 041 [0.2351 Yes Neither Neither
Glove vs 86"Non 0.3000{ 0.5882] Yes | 14| 221 |0.1597| Yes Neither Neither
Glove vs WIS 040000 05313 Yes [ 14| 040 |0.5367] Yes Neither Neither
Wand vs 856"Non 0.3610 0.5479 Yes | 14| 1.00 |0.3345] Yes Neither Neither
Wand vs WIS 0.3800] 05430] Yes [14] 020 |0.8815] Yes Neither Neither
86"Non vs WIS 0.0000] 0.9531 Yes | 14| 067 |04254 Yes Neither Neither
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Benchmark 3 - Experienced Users - Pass 1 - Part 2 Offsets
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Figure H- 2: B3Ep1-20ff Experienced Users Pass 1-Icon 2 Offsets

Table H- 2: B3Ep1-20ff Experienced Users Pass 1-Icon 2 Offsets Statistics

Benchmark 3, Experienced Users, Pass 1, Part 2 Offsets

B3Ep1 # Users Mean St. Dev Low High P Value | Normal? [
Glove 15 2027 21.23 0.00 70.00 0.0115 No 104.74%
Wand 15 2427 19.97 0.00 70.00 > 0.1000 Yes 82.28%
86"Non 15 40.80 23.46 7.00 90.00 = 0.1000 Yes 57.50%
WIS 15 36.13 29.51 7.00 95.00 0.0137 No 81.68%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 074 Pr>=F 0.551
B3Ep1 RS O [FVae e e | of [F(1.14) Pr>F [ 29 significant? | statistcally Better
Glove vs Wand 0.0000 | 1.0000| Yes | 14 | 0.91 | 0.3551 Yes Neither Neither
Glove vs B8"Non 1.8000 | 0.1892 | Yes 14 | 221 | 01597 Yes Neither Neither
Glove vs WIS 06300 | 04172 Yes | 14 | 040 | 05367 | Yes Neither Neither
Wand vs 86"Non 6.8205] 0.0090 No 14 | 100 [ 03345 | Yes Var Wand 68.11%
Wand vs WIS 11500 | 02918 Yes | 14 | 002 | 08815 | Yes Neither Neither
86"Non vs W/S 05400 | 04688 | Yes 14 | 067 | 04254 Yes Neither Neither
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Benchmark 3 - Experienced Users - Pass

1 - Total Offsets
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Figure H- 3: B3Ep1TotOff Experienced Users Pass 1 Total Offsets

Table H- 3: B3Ep1TotOff Experienced Users Pass 1 Total Offsets Statistics

Benchmark 3, Experienced Users, Pass 1, Total Offsets

B3Ep1 # Users Iean St Dev. Low High P Value [ Normal? [
Glove 15 3489 17.90 0.00 85.00 = 0.1000 Yes 51.30%
Wand 15 30.06 26.19 0.00 95.00 > 0.1000 Yes 87.13%
86"Non 15 106.50 220.80 0.00 1000.00 < 0.0001 No 207.32%
WIS 15 58.80 75.79 0.00 400.00 0.0008 No 128.68%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 17 Pr=F 0.2165
B3Ep1 thE_!gglet;?‘ :;risr:mq = &:'EQT SJ;? L Eg?il df |F(1,14)| Pr=F I&g::‘s Significant? | Statistically Better

Glove vs Wand 0.0000 1.0000 Yes | 14 | 193 [0.2800] Yes Neither Neither

Glove vs 85"Non 0.0000{ 1.0000] Yes 14 153 |0.2384| Yes Neither Neither

Glove vs WIS 1.1800] 0.1892] Yes | 14 | 066 [08090| Yes Neither Neither
Wand vs 86"Non 0.6800] 04172] Yes | 14 | 044 [0.0260] No Means |Wand 254.29%
Wand vs WIS 22400 0.1454] Yes | 14 | 293 [0.0000] No Means  |Wand 48.96%

86"Non vs WIS 1.1500{ 0.2918] Yes 14 | 306 [0.2070] Yes Neither Neither
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Figure H- 4: B3Ep1Nav Experienced Users Pass 1 Navigation Ratings

Table H- 4: B3Ep1Nav Experienced Users Pass 1 Navigation Ratings
Statistics

Benchmark 3, Experienced Users, Pass 1, Navigation Ratings

B3Ep1 Mean St. Dev. Low High P value | Normal? cv

Glove 15 344.3 73.43 260.0 515.0 > 0.1000 Yes 21.34%

Wand 15 3019 158.50 165.0 7800 0.0895 Yes 52 51%

86"Non 15 325.9 128.90 185.0 515.0 =>0.1000 Yes 39.55%

Wis 15 346.7 91.28 225.0 525.0 > 0.1000 Yes 26.33%

Homogeneity of Variance Roy's Greatest Root” F(3,12) 07 Pr>F 05484

B3Ep1 ST TP erST VA rrar] oo | o |Fei.1a)| proF || P93 signiicant? | statstically Better
Glove vs Wand 7.3102] 0.0069 Yes 14 1.20 | 02920 Yes Neither Neither
Glove vs B6"Non 4.0610 0.0439 Yes 14 0.29 | 0.6000 Yes Neither Neither
Glove vs WIS 0.6311 0.4270 Yes 14 0.01 | 0.6300 Yes Neither Neither
\Wand vs 86"Non 0.5751 0.4482 Yes 14 0.17 | 0.6827 Yes Neither Neither
\Wand vs WIS 3.9256 0.0476 Yes 14 1.82 | 0.1984 Yes Neither Neither
86"Non vs WIS 1.5782 0.2090 Yes 14 021 | 0.6534 Yes Neither Neither
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Benchmark 3 - Experienced users - Pass 1 - Locating Ratings
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Figure H- 5: B3EplLoc Experienced Users Pass 1 Locating Ratings

Table H- 5: B3Epl1Loc Experienced Users Pass 1 Locating Ratings Statistics

Benchmark 3, Experienced Users, Pass 1, Locating Ratings

B3Ep1 # Users Mean St Dev. Low High P Value Normal? Ccv

Glove 15 3443 73.43 260.0 515.0 = 0.1000 Yes 21.34%

Wand 15 301.9 158.50 165.0 750.0 0.0895 Yes 52.51%

86"Non 15 3259 128.90 185.0 615.0 =0.1000 Yes 39.55%

WIS 15 346.7 91.28 225.0 525.0 = 0.1000 Yes 26.33%

Homogeneity of Variance Roy's Greatest Root F{3,12) 074 Pr=F 0.5484

B3EpT Chfgg'egf il E(’f‘,:lsq e Tes 5‘{‘;"1' daf |Fe1,14)|PrsF MEeg';i‘ ,| Stanifcant? | statistically Better
Glove vs Wand 7.3102 0.0069) Yes | 14 | 120 |0.2920| Yes Neither Neither
Glove vs 86"Non 4.0610 0.0439 Yes 14 0.29 |0.6000] Yes Neither Neither
Glove vs WIS 0.6311 0.4270 Yes 14 0.01 |0.6300] Yes Neither Neither
Wand vs 86"Non 0.5751 0.4482 Yes 14 0.17 |0.6827| Yes Neither Neither
Wand vs W/S 3.9256 0.0476 Yes 14 1.82 |0.1984| Yes Neither Neither
B6"Non vs W/S 1.5782 0.2090 Yes 14 021 |06534| Yes Neither Neither
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Benchmark 3 - Experienced Users - Pass 1 - Manipulation Ratings
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Figure H- 6: B3Ep1Mov Experienced Users Pass 1 Manipulation Ratings

Table H- 6: B3Ep1Mov Experienced Users Pass 1 Manipulation Ratings
Statistics

Benchmark 3, Experienced Users, Pass 1, Manipultion Ratings

B3Ep1 # Users Mean St. Dev. Low High P Value Normal? CV

Glove 15 3443 7343 260.0 515.0 = 0.1000 Yes 21.34%

Wand 15 301.9 158.50 163.0 780.0 0.0895 Yes 52.51%

86"Non 15 325.9 128.90 185.0 615.0 =0.1000 Yes 39.55%

WIS 15 346.7 91.28 225.0 525.0 > 0.1000 Yes 26.33%

Homaogeneity of Variance Roy's Greatest Root: F(3,12) 074 Pr=F 0.5484

B3EpT Cnfggleﬁf }T%Srt“sq F'{,‘z‘fﬁge SpTref'F Eg‘[‘?)' df |F(1,14)| Pr>F M'ig:ﬁ' ,| Significant? | Statistically Beter
Glove vs Wand 7.3102 0.0069 Yes | 14 | 1.20 |0.2920] VYes Neither Neither
Glove vs B6"Non 4.0610 0.0439 Yes 14 | 0.29 |0.6000 Yes Neither Neither
Glove vs WIS 0.6311 0.4270 Yes | 14 | 0.01 [0.6300 Yes Neither Neither
\Wand vs 86"Non 0.5751 0.4482 Yes 14 | 017 |0.6827 Yes Neither Neither
Wand vs WIS 3.9256 0.0476 Yes 14 1.82 |0.1984 Yes Neither Neither
86"Non vs W/S 1.5782 0.2090 YES 14 | 0.21 |0.6534 YES Neither Neither
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Benchmark 3 - Experienced Users - Pass 1 - General Impressions Ratings
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Figure H- 7: B3Ep1Gen Experienced Users Pass 1 General Impressions
Ratings

Table H- 7: B3Ep1Gen Experienced Users Pass 1 General Impressions
Ratings Statistics

Benchmark 3, Experienced Users, Pass 1, General Impressions Ratings

B3Ep1 # Users Mean St. Dev Low High P Value Normal? CV

Glove 15 344.3 7343 260.0 515.0 > 0.1000 Yes 21.34%

Wand 15 301.9 158.50 165.0 780.0 0.0895 Yes 52.51%

86"Non 15 325.9 128.90 185.0 615.0 =0.1000 Yes 39.55%

WIS 15 346.7 91.28 225.0 525.0 > 0.1000 Yes 26.33%

Homogeneity of Variance Roy's Greatest Root: F(3,12) 074 Pr=F 0.5484

B3Ep1 Cnfag'e'é,f I%S;ISQ - ';,ea“’jge SFISEIF E,qaLr"?}' & |F(1,14)| Br>F M';g:fg‘? Significant? | Statistically Better
Glove vs Wand 7.3102 0.0069 Yes 14 | 1.20 |0.2920| Yes Neither Neither
Glove vs B6"Non 4.0610 0.0439 Yes 14 | 029 |0.6000| Yes Neither Neither
Glove vs WIS 0.6311 0.4270 Yes 14 0.01 |0.6300| Yes Neither Neither
Wand vs 86"Non 0.5751 0.4482 Yes 14 0.17 | 0.6827| Yes Neither Neither
Wand vs WIS 3.9256 0.0476 Yes 14 182 [0.1984| Yes Neither Neither
56"Non vs WIS 1.5782 0.2090 Yes 14 0.21 | 0.6534| Yes Neither Neither
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Benchmark 3 - Experienced Users - Pass 1 - Overall Impressions Ratings
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Figure H- 8: B3Ep10vr Experienced Users Pass 1 Overall Ratings

Table H- 8: B3Ep10Ovr Experienced Users Pass 1 Overall Ratings Statistics
Benchmark 3, Experienced Users, Pass 1, Overall Impressions Ratings
B3Ep1 # Users Mean St. Dev. Low High P Value |MNormal?| CV

Glove 15 3443 1343 260.0 5150 = (0.1000 Yes [21.34%

Wand 15 3019 158.50 165.0 780.0 0.0895 Yes [5251%

86"Mon 15 3259 128.90 185.0 615.0 >(0.1000 Yes | 3955%

WIS 15 3467 9128 2250 5250 = 01000 Yes |2633%

Homogeneity of Variance Roy's Greatest Root: F(3,12) 07 Pr=F 05484

B3gp1 mﬁgg'eﬁ,f :Iisr:u:q . k,%"zgesgrei E,gﬂ df |F(1,14)| Pr=F Miiﬁ'? Significant? | Statistically Better
Glove vs Wand 7.3102 0.0069 Yes [ 14 | 120 |02920| VYes Meither Neither
Glove vs 86"Non 4.0610 0.0439 Yes | 14 | 0.29 |06000| Yes Neither Neither
Glove vs WIS 0.6311 04270 Yes | 14 | 0.01 |068300] VYes Neither Neither
Wand vs 86"Non 0.5751 0.4482 Yes | 14 | 017 [06827| Yes Neither Neither
Wand vs WIS 3.0256 0.0476 Yes | 14 | 1.82 [0.1984| Yes Neither Neither
86"Non vs WIS 15782 02090 Yes | 14 | 021 [0B8534| Yes Neither Neither
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Benchmark 3 - Experienced Users - Pass 2 - Part 1 Offsets
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Figure H- 9: B3Ep2-10ff Experienced Users Pass 2-Icon 1 Offsets

Table H- 9: B3Ep2-10ff Experienced Users Pass 2-Icon 1 Offsets Statistics

Benchmark 3, Experienced Users, Pass 2, Part 1 Offsets

B3Ep2 # Users Mean St Dev Low High P Value |Normal? [

Glove 15 2267 27.97 0.00 95.00 0.0040 No 123.38%

Wand 15 3.33 3.69 0.00 10.00 0.0015 No 110.74%

86"Non 15 14.33 9.61 0.00 30.00 0.0879 Yes 57.08%

[E] 15 2660 2926 0.00 110.00 = 0.1000 Yes 110 00%

Homogeneity of Variance Roy's Greatest Root: F(3,12) 717 Pr=F 0.0052

B3Ep2 Chf_’gg'etg,f T T Levenes et Eauall gt |Fe1,14)| Pr>F | F099 | Significant? | Statistically Better

Glove vs Wand 344 00725 Yes | 14| 636 |0.0244 No Means |Wand 580.17%
Glove vs 86"Non 229) 010600 Yes [ 14| 151 |0.2399] Yes Neither Neither
Glove vs WIS 0.01] 09077] Yes 14 | 0.19 [0.6680 Yes Neither Neither

Wand vs 86"Non B.2800[ 0.0076] No 14 | 18.02 | 0.0008 No Var/Means |Wand 329.94%

Wand vs WIS 3.06000 0.0911] Yes | 14| 8.82 [0.0101 No Means  |Wand 598.08%

86"Non vs WIS 14.1292 0.0052 No 14| 232 [0.1497] Yes Var B6"Non 85.62%
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Benchmark 3 - Experienced Users - Pass 2 - Part 2 Offsets
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Figure H- 10: B3Ep2-20ff Experienced Users Pass 2-Icon 2 Offsets

Table H- 10: B3Ep2-20ff Experienced Users Pass 2-Icon 2 Offsets Statistics

Benchmark 2, Experienced Users, Pass 2, Part 2 Offsets

B3Ep2 # Users Mean St Dev. Low High P Value Normal? CV
Glove 15 10.20 5.03 0.00 25.00 > 0.1000 Yes 78.68%
Wand 15 573 6.65 0.00 25.00 0.0029 No 115.98%
86"Non 15 15.13 7.87 5.00 35.00 =0.1000 Yes 52.04%
WIS 15 21.07 19.11 0.00 70.00 0.0112 No 90.70%
Homogeneity of Variance Roy's Greatest Root: F(312) 717 Pr=F 0.0052
B3kp2 Chf_’gg'egf L= 1T Lerene e st Eaual | gr |F1.14)| Pr>F | £} significant? | Statistically Better
Glove vs Wand 3.0900[ 0.0899] Yes 14| 636 | 0.0244 No Means |Wand 77.92%
Glove vs 86"Non 0.0002 0.9878 Yes 14 ] 151 ] 02399 Yes Neither Neither
Glove vs WIS 145000 01739 Yes | 14 | 019 | 06680 | Yes Neither Neither
Wand vs 86"Non 0.9600[ 0.3359] Yes | 14 | 18.02 | 0.0008 No Means |Wand 163.91%
Wand vs WIS 222000 0.1475] No 14 | 882 | 0.0101 No Var/Means |Wand 267.52%
86"Non vs W/S 1.9400[ 0.1747] Yes 14 | 232 | 0.1497 Yes Neither Neither
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Benchmark 3 - Experienced Users - Pass 2 - Total Offsets
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Figure H- 11: B3Ep2TotOff Experienced Users Pass 2 Total Offsets

Table H- 11: B3Ep2TotOff Experienced Users Pass 2 Total Offsets Statistics

Benchmark 3, Experienced Users, Pass 2, Total Offsets

B3aEp2 # Users Mean St. Dev. Low High P Value | Normal? CV
Glove 15 17 .40 2040 0.00 100.00 0.0006 No 117 24%
Wand 15 8.83 10.29 0.00 40.00 0.0006 No 116.49%
86"Non 15 7223 176.50 0.00 850.00 < (0.0001 No 244 36%
WIS 15 87.40 256.20 0.00 1400.00 < (0.0001 No 203.14%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 32 Pr=F 0.0605
B3Ep2 CRse P o VA e e | of [Fo.1a)| proF| 53980 | significant? | Statstically Beter

Glove vs Wand 0.5400 0.4688] Yes 14 126 |0.2808| Yes Neither Neither
Glove vs 86"Non 3.0000) 00899 ves | 14| 508 |0.0408] No Means  |Glove 315.11%

Glove vs W/S 0.0000] 05482 Yes | 14 | 0.58 |[04B07| Yes Neither Neither

Wand vs 86"Non 1.95000 01739 Yes | 14 | 0.36 |05560| Yes Neither Neither

Wand vs W/S 0.9600] 03359 Yes | 14 | 1368 |[02638| Yes Neither Neither
B86"Non vs WIS 1.9400 0.1747] Yes | 14 | 7.22 |0.0177| No Means  [86"Non 21.00%

317




Benchmark 3 - Experienced users - Pass 2 - Navigation Ratings
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Figure H- 12: B3Ep2Nav Experienced Users Pass 2 Navigation Ratings

Table H- 12: B3Ep2Nav Experienced Users Pass 2 Navigation Ratings

Statistics

Benchmark 3, Experienced Users, Pass 2, Navigation Ratings

B3Ep2 # Users Mean St. Dev Low High P Value |Normal? [
Glove 15 267.0 60.14 190.0 365.0 = 0.1000 Yes 22.53%
Wand 15 191.5 47.37 115.0 300.0 0.0929 Yes 24.73%
86"Non 15 237.3 70.78 150.0 440.0 >0.1000 Yes 29.82%
Wis 15 263.7 72.24 165.0 4450 > 0.1000 Yes 27.39%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 23 Pr=F <=0.0001
BaEp2 Lnﬁaglet? Iisr:mq EEICEN S ar |Feas| proF | 22 ] significant? | statistically Better
Glove vs Wand 7.6330 0.3823 Yes 14 | 1312 | 0.2800| Yes Neither Neither
Glove vs 86"Non 0.3571 0.5501 Yes 14 1.52 | 02384 Yes Neither Neither
Glove vs W/S 0.4514 0.5017 Yes 14 0.01 |09090] Yes Neither Neither
Wand vs 86"Non 2.1244 0.1450 Yes 14 6.19 | 0.0260 No Means  |Wand 23.92%
Wand vs WIS 2.3389 0.1262 Yes 14 | 35.27 | 0.0000 No Means  |Wand 23.92%
86"Non vs W/S 0.0056 0.9404 Yes 14 1.75 | 0.2070| Yes Neither Neither
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Benchmark 3 - Pass 2 - Locating Ratings
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Figure H- 13: B3Ep2Loc Experienced Users Pass 2 Locating Ratings

Table H- 13: B3Ep2Loc Experienced Users Pass 2 Locating Ratings Statistics

Benchmark 3, Experienced Users, Pass 2, Locating Ratings

B3Ep2 # Users Mean St Dev. Low High P Value Normal? CV
Glove 15 267.0 60.14 150.0 365.0 = 0.1000 Yes 22.53%
Wand 15 191.5 47.37 115.0 300.0 0.0929 Yes 24.73%
86"Non 15 237.3 70.78 150.0 440.0 =0.1000 Yes 29.82%
WIS 15 263.7 72.24 165.0 445.0 > 0.1000 Yes 27.39%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 23 Pr=F <0.0001
B3Ep2 Chfgg'm;.f I %SI:ISq —oenes Test 52?"7‘ df |F(1,14)| Pr>F Mii‘;i' ,| Sinificant? | statisticaly Better
Glove vs Wand 7.6330 0.3823) Yes 14 | 1312 |0.2800] Yes Neither Neither
Glove vs 86"Non 0.3571 0.5501 Yes 14 1.52 |0.2384| Yes Neither Neither
Glove vs WIS 04514 0.5017 Yes 14 0.01 |0.9090| Yes Neither Neither
\Wand vs 86"Non 2.1244 0.1450 Yes 14 6.19 |0.0260] No Means Wand 23.92%
Wand vs W/S 2.3389 0.1262 Yes 14 | 35.27 |0.0000] No Means Wand 23.92%
86"Non vs W/S 0.0056 0.9404 Yes 14 1.75 |0.2070 Yes Neither Neither
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Benchmark 3 - Experienced Users - Pass 2 - Manipulation Ratings
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Figure H- 14: B3Ep2Mov Experienced Users Pass 2 Manipulation Ratings

Table H- 14: B3Ep2Mov Experienced Users Pass 2 Manipulation Ratings
Statistics

Benchmark 3, Experienced Users, Pass 2, Manipultion Ratings

B3Ep2 # Users Mean St. Dev. Low High P Value Normal? [
Glove 15 267.0 6014 190.0 365.0 >0.1000 Yes 22.53%
Wand 15 191.5 47.37 115.0 300.0 0.0929 Yes 24.73%
86"Non 15 237.3 7078 150.0 440.0 =0.1000 Yes 29.82%
WIS 15 263.7 7224 165.0 445.0 = 0.1000 Yes 27.39%
Homogeneity of Variance Roy's Grealest Root: F(3,12) 23 Pr=F <0.0001
B3Ep2 Chfgg'eﬁ I‘?:Srtn = FLZ‘IEQE SF,TrEf'F E,g'ﬁ' df |F(1.14)| Pr>F M'Eeg';:'? Significant? | Statistically Better
Glove vs Wand 7.6330 0.3823 Yes | 14 | 13.12 | 0.2800] Yes Neither Neither
Glove vs 86"Non 0.3571 0.5501 Yes 14 1.52 [0.2384 Yes Neither Neither
Glove vs WIS 0.4514 0.5017 Yes 14 | 0.01 |0.9090 Yes Neither Neither
Wand vs 86"Non 2.1244 0.1450 Yes 14 | 6.19 [0.0260 No Means Wand 23.92%)|
Wand vs WIS 2.3389 0.1262 Yes 14 | 35.27 [ 0.0000 No Means Wand 23.92%)|
86"Non vs W/S 0.0056 0.9404 Yes 14 1.75 [0.2070 Yes Neither Neither
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Benchmark 3 - Experienced Users - Pass 2 - General Impressions Ratings
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Figure H- 15: B3Ep2Gen Experienced User Pass 2 General Impressions
Ratings

Table H- 15: B3Ep2Gen Experienced User Pass 2 General Impressions
Ratings Statistics

Benchmark 3, Experienced Users, Pass 2, General Impressions Ratings

B3Ep2 # Users Mean St. Dev Low High P Value Normal? CV
Glove 15 267.0 60.14 190.0 365.0 > 0.1000 Yes 22.53%
Wand 15 191.5 47.37 115.0 300.0 0.0929 Yes 24 73%
86"Non 15 237.3 70.78 150.0 440.0 >0.1000 Yes 29.82%
WIS 15 263.7 72.24 165.0 445.0 > 0.1000 Yes 27.39%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 23 Pr=F <0.0001
B3Ep2 Cnfag'e%f I EC’:S;Bq F';,%‘Tﬁge SPT,ele 5‘;?‘1' daf |F114)| Pr>F M';g‘;i'? Significant? | Statistically Better
Glove vs Wand 7.6330 0.3823 Yes 14 | 13.12 |0.2800| Yes Neither Neither
Glove vs 86"Non 0.3571 0.5501 Yes 14 1.82 [0.2384| Yes Neither Neither
Glove vs WIS 0.4514 0.5017 Yes 14 | 0.01 |0.9090| Yes Neither Neither
Wand vs 86"Non 2.1244 0.1450 Yes 14 6.19 | 0.0260 No Means Wand 23.92%
Wand vs WIS 2.3389 0.1262 Yes | 14 | 35.27 |0.0000] No Means Wand 23.92%
86"Non vs W/S 0.0056 0.9404 Yes 14 1.75 [0.2070] Yes Neither Neither
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Benchmark 3 - Experienced Users - Pass 2 - Overall Impressions Ratings
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Figure H- 16: B3Ep20vr Experienced Users Pass 2 Overall Impressions
Ratings

Table H- 16: B3Ep20Ovr Experienced Users Pass 2 Overall Impressions
Ratings Statistics

Benchmark 3, Experienced Users, Pass 2, Overall Impressions Ratings

B3Ep2 # Users Mean St. Dev Low High P Value |[MNormal?| CWV
Glove 15 267.0 50.14 190.0 365.0 >0.1000 Yes [2253%
Wand 15 191.5 47.37 115.0 300.0 0.0929 Yes [24.73%
86"Non 15 2373 70.78 150.0 440.0 >0.1000 Yes [29.82%
WIS 15 2637 7224 165.0 4450 > 0.1000 Yes |[27.39%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 23 Pr=F <=00001
Bagp2 ChEgrs|61|;f 12—%5%:6 g sz{ﬁgesptef t’: E,gf%l df |F(1,14)| Pr=F Miiﬁz‘ » Significant? | Statistically Better
Glove vs Wand 7.6330 0.3823] Yes | 14 | 131202800 Yes Neither Neither
Glove vs 86"Non 0.3571 0.5501 Yes | 14 | 152 |02384| Yes Neither Neither
Glove vs WIS 0.4514 0.5017 Yes | 14 | 0.01 |0.9090| Yes Neither Neither
Wand vs 86"Non 2.1244 0.1450 Yes | 14 | 6.19 |0.0260| No Means  |Wand 23.92%
Wand vs W/S 2.3389 0.1262 Yes | 14 | 35.27 | 0.0000| No Means |Wand 23.92%
86"Non vs WIS 0.0056 0.9404 Yes | 14 | 1.75 [02070| Yes Neither Neither
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Benchmark 3 - Experienced Users - Pass 3 - Part 1 Offsets
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Figure H- 17: B3Ep3-10ff Experienced Users Pass 3-Icon 1 Offsets

Table H- 17: B3Ep3-10ff Experienced Users Pass 3-Icon 1 Offsets Statistics

Benchmark 3, Experienced Users, Pass 3, Part 1 Offsets

B3Ep3 # Users St Dev. Low High P Value MNormal? cvV
Glove 569 0.00 2500 0.0040 No 116 41%
Wand 10.14 0.00 40.00 0.0004 No 144 86%
86"Non 13.65 0.00 50.00 0.0929 Yes 97.50%
WIS 20.35 0.00 75.00 0.0001 No 135.67%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 126 Pr=F 0.3317
B3Ep3 e e i F(1,14)| Pr>F | =990 Significant? | Statistically Better
Glove vs Wand 0.1200] 0.7321] Yes 0.04 [0.8411 Yes Neither Neither
Glove vs 86"Non 1.3800] 0.2498] Yes 2562 [0.1351] Yes Neither Neither
Glove vs WIS 1.8300] 0.1866] Yes 1.88 |0.1915] Yes Neither Neither
Wand vs 86"Non 04900 04904] Yes 369 [0.0754 No Means |[Wand 100.00%
Wand vs WIS 1.4300] 0.2423] Yes 168 |02156| VYes Neither Neither
86"Non vs WIS 1.4300) 0.2433] Yes 0.03 |0.8737] Yes Neither Neither
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Benchmark 3 - Experienced Users - Pass 3 - Part 2 Offsets
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Figure H- 18: B3Ep3-20ff Experienced Users Pass 3-Icon 2 Offsets

Table H- 18: B3Ep3-20ff Experienced Users Pass 3-Icon 2 Offsets Statistics

Benchmark 3, Experienced Users, Pass 3, Part 2 Offsets

B3Ep3 # Users Mean St. Dev. Low High P Value Naormal? CV
Glove 15 333 523 0.00 20.00 0.0004 No 157.01%
Wand 15 6.33 13.82 0.00 55.00 < 0.0001 No 218.22%
86"Non 15 10.00 711 0.00 22 00 = 01000 Yes 71.11%)
WIS 15 13.13 14.12 0.00 48.00 0.0117 No 107 .54%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 126 Pr=F 0.3317]
B3Ep3 Chﬁgg‘egf :,T‘?‘;Srtnsq WEEEAC \Efgfi' of [Friaa| Prsr r._q'égﬁz‘ | Sianificant? | Statistcally Better

Glove vs Wand 1.0400] 03175 Yes | 14 | 004 | 0.8411 Yes Neither Neither

Glove vs 86"Non 1.1700] 02892 Yes | 14 | 252 | 0.1351 Yes Neither Neither

Glove vs WIS 1.4200] 02427 yes | 14| 088 [ 01915 | Yes Neither Neither
Wand vs 86"Non 0.1100] 07431 Yes | 14 | 389 | 00754 No Means [Wand 57 .90%

Wand vs WIS 0.9200] 03445 ves | 14| 168 | 02156 | Yes Neither Neither

86"Non vs WIS 0.6700f 0.4189] Yes | 14 | 003 | 0.9737 Yes Neither Neither
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Benchmark 3 - Experienced Users - Pass 3 - Total Offsets
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Figure H- 19: B3Ep3TotOff Experienced Users Pass 3 Total Offsets

Table H- 19: B3Ep3TotOff Experienced Users Pass 3 Total Offsets Statistics

Benchmark 3, Experienced Users, Pass 3, Total Offsets

B3Ep3 # Users Mean St. Dev. Low High P Value | Normal? CV
Glove 15 9.00 17.88 0.00 90.00 < 0.0001 No 198.67%
Wand 15 5.20 10.59 0.00 55.00 < 0.0001 No 170.81%
86"Non 15 56.83 T71.74 0.00 280.00 < 0.0001 No 126.24%
WIS 15 55.40 66.42 0.00 325.00 0.0030 No 119.89%
Homogeneity of Variance Roy's Greatest Root F(3,12) 11 Pr=F 0.001
e e TP ST TF VA P oa | df |F(1,14)|ProF | 993 [ signifcant? | Statistcally Betier
Glove vs Wand 1.04000 03175 Yes | 14 | 641 [0.0239] No Means  |Wand I 11%
Glove vs 86"Non 1.1700] 02892 Yes | 14 | 1459 [00019] No Means |Glove 53144%
Glave vs WIS 142000 02427 Yes | 14 | 1367 [00022] No Means  [Glove 515 56%
Wand vs 86"Non 0.1100] D7432] Yes | 14 | 0.00 |0.5759] Yes Neither Neither
Wand vs WIS 09200 03445 Yes | 14 | 184 |01367] Yes Neither Neither
86"Non vs W/S 0.6700[ 04189 Yes [ 14 | 3.22 [0.0942] No Means |W/S 2.58%
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Benchmark 3 - Experienced Users - Pass 3 - Navigation Ratings
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Figure H- 20: B3Ep3Nav Experienced Users Pass 3 Navigation Ratings

Table H- 20: B3Ep3Nav Experienced Users Pass 3 Navigation Ratings
Statistics

Benchmark 3, Experienced Users, Pass 3, Navigation Ratings

B3Ep3 # Users Mean St. Dev. Low High P Value |Normal? [
Glove 15 212.3 30.64 175.0 270.0 = 0.1000 Yes 14.43%
Wand 15 171.9 37.11 115.0 2450 =>0.1000 Yes 21.58%
86"Non 15 194.5 48.14 95.0 260.0 =>0.1000 Yes 24.75%
WIS 15 196.4 36.60 125.0 250.0 = 0.1000 Yes 18.83%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 44 Pr>F 0.0186
BeEes Cnsaglegf:?:shl@q 5 kr?lrigesPTre:»s tF E‘;‘rji' df |F(i14)| Pr>F M'th'g' | Significant? | Statistically Better
Glove vs Wand 0.4924 0.4828] Yes | 14 | 10.23 | 0.0064 No Means  |Wand 23.50%
Glove vs 86"Non 27107 0.0997 Yes 14 1.75 | 0.2069 Yes MNeither Neither
Glove vs WIS 0.4509 0.5019 Yes 14 1.17 | 0.2969 Yes Neither Neither
\Wand vs 86"Non 0.9305 0.3347 Yes 14 3.76 [ 0.0729 No Means  |Wand 13.15%
Wand vs WIS 0.0009 0.9757 Yes 14 6.72 |0.0213 No Means [Wand 13.15%
86"Non vs WIS 0.9893 0.3199 Yes 14 6.72 | 0.0213 No Means  [86"Mon 0.98%
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Benchmark 3 - Experienced users - Pass 3 - Locating Ratings
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Figure H- 21: B3Ep3Loc Experienced Users Pass 3 Locating Ratings

Table H- 21: B3Ep3Loc Experienced Users Pass 3 Locating Ratings Statistics

Benchmark 3, Experienced Users, Pass 3, Locating Ratings

B3Ep3 # Users Mean St Dev. Low High P Value Normal? CV
Glove 15 212.3 30.64 175.0 270.0 = 0.1000 Yes 14.43%
Wand 15 171.9 711 115.0 245.0 =0.1000 Yes 21.58%
B6"Non 15 194.5 48.14 95.0 260.0 =0.1000 Yes 24.75%
WIS 15 196.4 36.80 125.0 250.0 > 0.1000 Yes 18.83%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 439 Pr=F 0.0186
B3EP3 Chfgg'm;.f I %SI:ISq —oenes Test 52?"7‘ df |F(1,14)| Pr>F Mii‘;i' ,| Sinificant? | statisticaly Better
Glove vs Wand 0.4924 0.4828] Yes 14 | 10.23 |0.0064] No Means Wand 23.50%
Glove vs 86"Non 2.7107 0.0997 Yes 14 1.75 |0.2069| Yes Neither Neither
Glove vs WIS 0.4509 0.5019 Yes 14 1.17 |0D.2869| Yes Neither Neither
\Wand vs 86"Non 0.9305 0.3347 Yes 14 3.76 |0.0729] No Means Wand 13.15%
Wand vs WIS 0.0009 0.9757 Yes 14 672 |0.0213 No Means Wand 13.15%
86"Non vs W/S 0.9893 0.3199 Yes 14 6.72 |0.0213] No Means 86"Non 0.98%
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Benchmark 3 - Experienced Users - Pass 3 - Manipulation Ratings
5.00 -
4.00 A A TH I
. 3.00 =1 sl N s M S as
Rating
(0-5)
2.00 ~ =l sl Nl Wl Ml s s
1.00 - =1 sl N WG A S s
0-00 1 [ Es [E9 [E10[E11]E12[E13[E14]
O Glove 4.00(4.00{4.60(5.00]|4.60|4.00(4.00|3.00}4.29|0.57
B 'Wand 4 60[4.60(5.00(5.00|4.20(4.00(5.00|4.00}4.53|0.40
O86" Non 4.20[4.00{4.60(4.00|4.00|3.00(5.00|3.80}4.07|0.45
OWwis 4.20(4.00{4.60(4.00]4.00|3.00(5.00(3.40)3.96|0.51
User #

Figure H- 22: B3Ep3Mov Experienced Users Pass 3 Manipulation Ratings

Table H- 22: B3Ep3Mov Experienced Users Pass 3 Manipulation Ratings
Statistics

Benchmark 3, Experienced Users, Pass 3, Manipultion Ratings

B3Ep3 # Users Mean St Dev. Low High P Value Normal? [
Glove 15 212.3 30.64 175.0 270.0 > 0.1000 Yes 14.43%
‘Wand 15 171.9 3711 115.0 245.0 =>0.1000 Yes 21.58%
86"Non 15 194.5 46.14 95.0 260.0 =0.1000 Yes 24.75%
WIS 15 196.4 36.80 125.0 250.0 > 0.1000 Yes 15.83%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 439 Pr=F 0.0186]
B3Ep3 Chfggleﬁf il %Srtnsq e Tes, 5‘;‘#?)' af |F1,14y| PrsF Mig‘;i‘ ,| Significant? | Statistically Better
Glove vs Wand 0.4924 0.4828 Yes 14 | 10.23 | 0.0064 No Means Wand 23.50%
Glove vs 85"Non 27107 0.0997 Yes 14 1.75 [0.2069 Yes MNeither Neither
Glove vs WIS 0.4509 0.5019 Yes [ 14| 1.17 | 0.2969 Yes Neither Neither
Wand vs 86"Non 0.9305 0.3347 Yes 14 | 3.6 |0.0729 No Means Wand 13.15%)|
Wand vs WIS 0.0009 0.9757 Yes 14 | 872 10.0213 No Means Wand 13.15%
86"Non vs WIS 0.9893 0.3199 Yes | 14| 672 |0.0213 No Means 86"Non 0.98%
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Benchmark 3 - Experienced Users - Pass 3 - General Impressions Ratings
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Figure H- 23: B3Ep3Gen Experienced Users Pass 3 General Impressions
Ratings

Table H- 23: B3Ep3Gen Experienced Users Pass 3 General Impressions
Ratings Statistics

Benchmark 3, Experienced Users, Pass 3, General Impressions Ratings

B3Ep3 [ FUsers Tean T Dev. Tow Fign FVale  [Normar?] GV
Glove 5 2123 30.64 175.0 370.0 >0000 | Yes | 1443%
Wand 15 719 5711 1150 2450 >0.1000 Yes | 2158%

56"Non 13 194.5 38.14 9.0 260.0 >0.1000 Yes | 24.75%

WIS 15 196.4 36.80 1250 2500 >01000 | Yes | 1883%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 4239 Pr>F 0.0186

B3Ep3 Ch‘B_ag'EIF'.f I‘g’;lsq s Tes E,?r"'f)' & |F114)| ProF Mig‘;g'? Significant? | Statistically Better

Glove vs Wand 04524 0.4529 Yes | 14 | 1023 |00064] No WMeans _ |Wand 33.50%

Glove vs B6"Non 27107 0.0997 Yes 14 1.75 |02069| Yes Neither Neither

Glove vs WIS 04508 0.5019 Yes | 14 | 1.17 |0.2969] ves Neither Neither

Wand vs 86"Non 09305  0.3347 Yes | 14 | 3.76 |00729] MNo Means  |Wand 13.15%

Wand vs Wis 0.0003] __ 0.9757 Yes | 14 | 6.72 |0.0213| No Means _ |wand 13.15%

86"Non vs W/S 09893 0.3199 Yes | 14 | 6.72 [0.0213] No Means _ |86"Non 0.98%
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Figure H- 24: B3Ep3Ovr Experienced Users Pass 3 Overall Impressions
Ratings

Table H- 24: B3Ep3Ovr Experienced Users Pass 3 Overall Impressions
Ratings Statistics

Benchmark 3, Experienced Users, Pass 3, Overall Impressions Ratings

B3Ep3 # Users Mean St. Dev Low High P Value [MNormal?| CV
Glove 15 2123 30.64 175.0 270.0 > 0.1000 Yes [1443%
Wand 15 171.9 3TN 115.0 2450 >0.1000 Yes [2158%
86"Non 15 194.5 48.14 95.0 260.0 >0.1000 Yes [2475%
WIS 15 196.4 36.80 125.0 250.0 = 0.1000 Yes [1883%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 44 Pr=F 00185
B3Ep3 Chﬁgg'eﬁéf J%S,jlsq rrnes Test s af |F(1,14) Pr>F | %2 significant? | Statisticaly Better
Glove vs Wand 0.4924 0.4828 Yes [ 14 | 10.23 | 0.0084 No Means |Wand 23.50%
Glove vs 86"Non 27107 0.0997 Yes | 14 | 175 |02069| Yes Neither Neither
Glove vs WIS 0.4509 0.5019 Yes | 14 | 117 |0.2969] Yes Neither Neither
Wand vs 86"Non 0.9305 0.3347 Yes | 14 | 3.76 |0.0729] No Means  |Wand 13.15%
Wand vs W/S 0.0009 0.9757 Yes | 14 | B.72 |0.0213] No Means  |Wand 13.15%
86"Non vs W/S 0.9893 0.3159 Yes | 14 | 672 |0.0213] No Means  |B6"Non 0.98%
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Benchmark 3 - All Users - Pass 1 - Part 1 Offsets
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Figure H- 25: B3E3pA-10ff Experienced Users 3 Pass Avg. Icon 1 Offsets

Table H- 25: B3E3pA-10ff Experienced Users 3 Pass Avg. Icon 1 Offsets
Statistics

Benchmark 3, Experienced Users, 3 Pass Avg., Part 1 Offsets

B3IE3pA |#Users Mean St Dev Low High P Value |Normal? CV
Glove 15 20.78 14.80 0.00 47.33 > (.1000 Yes 71.29%
Wand 15 17.82 9.14 3.33 38.33 > (.1000 Yes 51.31%)

86"Non 15 26.00 11.25 6.67 48.33 >(0.1000 Yes 43.27%

WIS 15 2776 17.15 833 5833 = 01000 Yes 61.78%)
Homogeneity of Variance Roy's Greatest Root: F(3,12) 360 Pr=F 0.0480
B3E3pA bhf_’gg'eﬁf :I‘E,Srtu:,q ovenes test et (Fe1ae| ProF | 29| signiicant? | Statistcally Better
Glove vs Wand 3.0241 0.0820] Yes | 14| 046 |05106] Yes Neither Neither
Glove vs 86"Non 1.0145 0.3128 Yes | 14| 1.20 [0.2924 Yes Neither Neither
Glove vs WIS 28.4000 0.5853 Yes [ 14| 1.83 [0.1971 Yes Neither Neither
Wand vs 86"Non 0.5706 0.4507 Yes | 14| 8.37 |0.0118 No Means  |Wand 45.90%
Wand vs WIS 5.0277 0.0249 No [ 14 [ 431 [0.0521 No Var/Means |[Wand 55.78%)
86"Non vs WIS 23472 0.1255 Yes | 14| 011 [0.7481 Yes Neither Neither
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Benchmark 3 - All Users - Pass 1 - Part 2 Offsets
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Figure H- 26: B3E3pA-2of Experienced Users 3 Pass Avg. Icon 2 Offsets

Table H- 26: B3E3pA-2of Experienced Users 3 Pass Avg. Icon 2 Offsets

Statistics
Benchmark 3, Experienced Users, 3 Pass Avg., Part 2 Offsets
B3E3pA [# Users Mean St. Dev Low High P Value | Normal? CV
Glove 15 11.27 5.02 1.67 31.67 0.0442 No 80.05%
Wand 15 1211 B.71 4.00 29.00 = 0.1000 Yes 55.40%
86"Non 15 2198 9.63 6.33 39.00 > 0.1000 Yes 43.81%
WIS 15 23.44 16.21 233 51.00 > 0.1000 Yes 654.89%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 36 Pr=F 0.046
BIE3pA Lhﬁgg'eﬁf ijflbq ovenes test 52;‘?,' df |F(1,14)| Pr>F M'égiz‘ | Sionificant? | Statistically Better

Glove vs Wand 0.9700] 0.3322] Yes | 14 | 046 | 05108 Yes Neither Neither

Glove vs 86"Non 24000 0.1328] Yes | 14 | 120 | 0.2024 Yes Neither Neither

Glove vs WIS 252000 01234 Yes | 14| 183 [ 01971 Yes Neither Neither
Wand vs 86"Non B 0386 0.0028 No 14 | 837 | 0.0118 No Var/Means |Wand 8150%
Wand vs WIS 13.4373 0.0002 No 14 | 451 | 0.0521 No Var/Means |Wand 93.56%

86"Non vs WIS 0.6647 0.4149 Yes | 14 | 0.11 | 0.7481 Yes Neither Neither
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Figure H- 27:

User #

B3E3pAtotOff Experienced Users 3 Pass Avg. Total Offsets

Table H- 27: B3E3pAtotOff Experienced Users 3 Pass Avg. Total Offsets
Statistics

Benchmark 3, Experienced Users, 3 Pass Avg., Total Offsets

# Users

B3E3pA Mean St. Dev. Low High P Value | Normal? CcV
Glove 15 2043 14.86 0.00 §5.00 0.0188 No T72.74%
Wand 15 15.03 9.03 0.00 23.33 < 0.0001 No 60.05%

B86"Non 15 8465 168.50 10.00 826.70 < 0.0001 No 199.05%

WIS 15 8057 175.70 233 975.00 < 0.0001 No 218.07%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 36 Pr=F 0.0466
B3E3pA Lnf_’gg'e‘;f I?,Sr:n:q _evenes Test 53?2‘ df |F(1,14)| Pr>F 52;‘:; Significant? | Statistically Better
Glove vs Wand 0.9700] 03322] Yes | 14 | 205 |[01737] Yes Neither Neither
Glove vs 86"Non 240000 01320] Yes | 14 | 684 |[0.0196] Mo Means |[Glove 314.34%
Glove vs WIS 252000 01234] Yes | 14 | 0.88 |0.3B53| Yes Neither Neither
Wand vs 86"Non 372000 00840 ves | 14 | 0.33 |05744] Yes Neither Neither
Wand vs WIS 3.1900] 00849 wes | 14 | 244 |01409] Yes Neither Neither
86"Non vs WIS 0.4100[ 05281 Yes | 14 | 8.59 [0.0110] No Means |W/S 5.06%
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Benchmark 3 - Experienced Users - 3 Pass Avg. - Navigation Ratings
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Figure H- 28: B3E3pANav Experienced Users 3 Pass Avg. Navigation Ratings

Table H- 28: B3E3pANav Experienced Users 3 Pass Avg. Navigation Ratings

Statistics
Benchmark 3, Experienced Users, 3 Pass Avg., Navigation Ratings
B3E3pA # Users Mean St Dev. Low High P Value | Normal? [
Glove 15 2745 44.01 2133 3483 =0.1000 Yes 16.03%
Wand 15 221.8 6917 153.3 403.3 =>0.1000 Yes 31.19%
86"Non 15 252.6 69.45 167.7 436.7 0.0135 No 2749%
WIS 15 268.6 54.36 191.7 376.7 >0.1000 Yes 20.24%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 66 Pr>F 0.0071
B3E2pA Chﬁag'e‘;fjffr:lsq roaer P Sal | ot | F(1.14)| Pr>F | E999 Fsignificant? | Statistically Better
Glove vs Wand 2.6742 0.1020 Yes | 14 8.30 [0.0120 No Means |Wand 23.76%
Glove vs 86"Non 14300 [ 0.2413 | Yes | 14 123 |02860| Yes Neither Neither
Glove vs WIS 0.5987 0.4391 Yes 14 0.10 | 0.7610 Yes Neither Neither
Wand vs 86"Non 0.0001 | 0.9909 | Yes | 14 1.32 | 02690 | Yes Neither Neither
Wand vs W/S 0.7771 0.3780 Yes 14 | 11.81 | 0.0040 No Means |Wand 13.89%
86"Non vs W/S 0.5400| 0.4683| Yes 14 0.51 | 0.4900 Yes Neither Neither
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Benchmark 3 - Experienced Users - 3 Pass Avg. - Locating Ratings
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Figure H- 29: B3E3pALoc Experienced Users 3 Pass Avg. Locating Ratings

Table H- 29: B3E3pALoc Experienced Users 3 Pass Avg. Locating Ratings

Statistics

Benchmark 3, Experienced Users, 3 Pass Avg., Locating Ratings

B3E3pA # Users Mean St. Dev. Low High P Value Normal? [y
Glove 15 2745 44.01 2133 348.3 = 0.1000 Yes 16.03%
Wand 15 221.8 69.17 153.3 403.3 >(0.1000 Yes 31.19%

86"Non 15 2526 69.45 167.7 436.7 0.0135 No 27.49%

Wis 15 268.6 54.36 191.7 376.7 > 0.1000 Yes 20.24%
Homogeneity of Variance Roy's Greatest Root: Fi3,12) 6.57 Pr>F 0.0071
BakapA cnfggleg? I ecS|:|5q FLfa";ﬁgespTreft,: EgLr"';' df |F(1,14)|Pr>F Migﬁi' ,| Significant? | Statistically Better
Glove vs Wand 26742 0.1020] Yes | 14 | 830 [00120] No Means Wand 23 76%
Glove vs 86"Non 14300 [ 02413 [ Yes | 14 | 123 [02860] Yes Neither Neither
Glove vs WIS 0.5987 0.4391 Yes 14 010 [0.7610] Yes Neither Neither
Wand vs 86"Non 0.0001 | 0.99059 | Yes 14 1.32 |0.2690| Yes Neither Wand 13.89%
Wand vs WIS 0.7771 0.3780 Yes 14 | 11.81 |0.0040 No Means Wand 13.89%
86"Non vs W/S 0.5400| 0.4683| Yes 14 0.51 [0.4900| Yes Neither Neither
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Benchmark 3 - Experienced Users - 3 Pass Avg. - Manipulation Ratings
5.00
4.00 Lo ]
~3.00 A0 HEHEHE AR A EEHEHEH
Rating
(0-5)
2.00 -S| O - E A HEEE
1.00 0| HU{HH N HEHEHE AN Al
0-00 TEi e2]ea 4| es | €6 | €7 £8 | 910
O Glove |5.003.67|3.73(4.60/4.00[4.60[3203.67[3.33[4.07]5.00]4 40[3 60[3.33[3 00[3.95[0 64
mWand _|5.003.67]3.83[3.73(4.00[4.67[3.47]3.87|4.13[4.67]5.00]4.27]4.00]4.00]4 004. 16[0 47
186" Non [4.00[3.53[3.87|3.73(4.00[4.07[3.33(3.72[3.87|4.20[3.47]4.00[3 67|4.67]3.53[3.84[0.34
owis  |2333.53(3.73(3.07]4.13[3.67[3.33[3.72[3.87]4.20]3.73[3.93]3 67[5.00[3 273.75[0 47
User#

Figure H- 30: B3E3pAMov Experienced Users 3 Pass Avg. Manipulation
Ratings

Table H- 30: B3E3pAMov Experienced Users 3 Pass Avg. Manipulation
Ratings Statistics

Benchmark 3, Experienced Users, 3 Pass Avg., Manipultion Ratings

B3E3pA # Users Mean St. Dev Low High P Value Normal? [
Glove 158 274.5 44.01 213.3 248.3 = 0.1000 Yes 16.03%
Wand 15 221.8 69.17 153.3 403.3 >0.1000 Yes 31.19%
86"Non 15 252.6 69.45 167.7 436.7 0.0133 No 27.49%
WIs 15 268.6 54.36 191.7 376.7 = 0.1000 Yes 20.24%

Homogeneity of Variance Roy's Greatest Root F(3.12) 657/ Pr>F 0.0071

B3E3pA Cnfgg'eré,f L= 1F e TS 5‘;‘#?)' dof |F(1,14)| Pr>F M'Zi‘;i' 5| Signiicant? | statistically Better

Glove vs Wand 2.6742 0.1020 Yes 14 | 830 [0.0120 No Means Wand 23.76%
Glove vs 86"Non 14300 | 02413 | Yes | 14| 123 |02860| Yes Neither Neither
Glove vs WIS 0.5987 0.4391 Yes | 14 | 0.10 [0.7610 Yes Neither Neither
Wand vs 86"Non 0.0001 | 09909 | Yes | 14 | 132 |[0.2690| Yes Neither Neither
Wand vs W/S 0.7771 0.3780 Yes 14 | 11.81 | 0.0040 No Means Wand 13.89%
86"Non vs W/S 0.5400| 0.4683| Yes 14 | 0.51 |0.4900 Yes Neither Neither
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Benchmark 3 - Experienced Users - 3 Pass Avg. - General Impressions Ratings
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Figure H- 31: B3E3pAGen Experienced Users 3 Pass Avg. General Ratings

Table H- 31: B3E3pAGen Experienced Users 3 Pass Avg. General Ratings
Statistics

Benchmark 3, Experienced Users, 3 Pass Avg., General Impressions Ratings

B3E3pA # Users Mean St Dev. Low High P Value Normal? CV
Glove 15 274.5 44.01 213.3 348.3 > 0.1000 Yes 16.03%
Wand 15 221.8 69.17 153.3 403.3 =0.1000 Yes 31.19%

86"Non 15 2526 69.45 167.7 436.7 0.0135 No 27.49%

WIS 15 266.6 54.36 191.7 376.7 > 0.1000 Yes 20.24%
Homogeneity of Variance Roy's Greatest Root: F(3,12) 657 Pr=F 0.0071
B3E3pA Chlﬁ_‘ag'e‘F"f J‘E:Srg@q AP A o |F(1.14)| proF | ER3 significant? | Statistically Better
Glove vs Wand 2.6742 0.1020 Yes 14 §.30 | 0.0120 No Means Wand 23.76%
Glove vs 86"Non 14300 | 0.2413 | ves 14 [ 123 |0.2860| Yes Neither Neither
Glove vs WIS 0.5987 0.4391 Yes 14 0.10 |0.7610| Yes Neither Neither
Wand vs 86"Non 0.0001 | 0.9909 | ves 14 1.32 | 0.2690| Yes Neither Neither
\Wand vs WIS 0.7771 0.3780 Yes 14 | 11.81 [0.0040 No Means Wand 13.89%
86"Non vs WIS 0.5400( 04683] Yes 14 0.51 |04300| Yes Neither Neither
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Benchmark 3 - Experienced Users - 3 Pass Avg. - Overall Impressions Ratings
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Figure H- 32: B3E3pAvgOvr Experienced User 3 Pass Avg. Overall Ratings

Table H- 32: B3E3pAvgOvr Experienced User 3 Pass Avg. Overall Ratings

Statistics

Benchmark 3, Experienced Users, 3 Pass Avg., Overall Impressions Ratings

BaE3pA [#Users Mean St Dev. Low High P Value |[MNormal?| CV
Glove 15 2745 44.01 2133 3483 = (0.1000 Yes [ 16.03%
Wand 15 221.8 69.17 163.3 403.3 =0.1000 Yes [31.19%
86"Non 15 2526 69.45 167.7 436.7 0.0135 No | 27.49%

NE 15 268.6 54.36 191.7 376.7 = 0.1000 Yes | 20.24%

Homogeneity of Variance Roy's Greatest Root: F(3,12) 66 Pr=F 00071

B3E3pA mﬁgg'et,f I‘?j:lbq rovenes e ot Rt 14| Pr>F |, S99 | Significant? | Statistcally Beter

Glove vs Wand 26742 0.1020 Yes [ 14 | B30 {00120 Mo Means |Wand 23 76%
Glove vs 86"Non 14300 02413 ] Yes [ 14| 1.23 |0.2860] Yes Neither Neither
Glove vs WIS 0.5987 0.4391 Yes | 14 | 0.10 |0.7610] VYes Neither Neither
Wand vs 86"Non 00001]09909] Yes | 14 | 1.32 |0.2600] Yes Neither Neither

Wand vs WIS 0.7771 0.3780 Yes [ 14 | 11.81 [ 0.004D] Mo Means |Wand 13.89%
86"Non vs WIS 0.5400| 04683] Yes | 14 | 0.51 |04900| Yes Neither Neither
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Appendix I

All Users Benchmark 3 (Spatial Awareness) Detail
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Figure I- 1: B3Apl-loff All Users Pass 1-Icon 1 Offsets

Table I- 1: B3Apl-loff All Users Pass 1-Icon 1 Offsets Statistics

Benchmark 3, All Users, Pass 1, Part 1 Offsets

B3Ap1 # Users Mean St Dev. Low High P Value Normal? CV
Glove 30 26.57 26.59 0.00 130.00 0.0218 No 100.08%
Wand 30 26.50 2577 0.00 75.00 0.0023 Yes 97.25%
86"Non 30 63.93 110.00 0.00 500.00 < 0.0001 No 172.06%
WIS 30 36.33 4146 0.00 200.00 < 0.0001 No 114 12%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 157 Pr>F 0.2207
B3Ap1 cnﬁgg‘eﬁ i ?:sr;Sq - 'f;ﬁge SPTreftF \Efgf%' df | F(1.29)| Pr>F Migf;'? Significant? | Statistically Better

Glove vs Wand 001 09131] Yes 29 0.00 0.2800 Yes Neither Neither

Glove vs 86"Non 23400/ 0.1318] Yes 29 345 | 0.2384 Yes Neither Neither

Glove vs WiS 1.0500] 0.3096] Yes 29 103 | 09090 Yes Neither Neither
Wand vs 86"Non 23600 0.1299] Yes 29 3.20 0.0250 No Means Wand 58.55%
Wand vs WIS 13700 D2575] Yes 25 1.33 0.0000 No Means Wand 27.06%

86"Non vs WIS 1.9200| 0.1716| Yes 29 1.49 0.2070 Yes Neither Neither
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Benchmark 3 - All Users - Pass 1 - Part 2 Offsets
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Figure I- 2: B3Ap1-2off All Users Pass 2-Icon 2 Offsets
Table I- 2: B3Ap1-2off All Users Pass 2-Icon 2 Offsets Statistics
Benchmark 3, All Users, Pass 1, Part 2 Offsets
B3Ap1 # Users Mean St Dev. Low High P Value Normal? CV
Glove 30 15.90 17.89 0.00 70.00 < 0.0001 No 110.63%
Wand 30 14.57 17.75 0.00 70.00 0.0022 No 121.83%
86"Non 30 59.50 110.20 0.00 500.00 < 0.0001 No 185.21%
WIS 30 34.07 43.47 0.00 200.00 < 0.0001 No 127.59%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 157 Pr>F 0.2207
B3Ap1 Bartletl's Test Levene's Test Equal ; Equal - ’
ChSq| Pr=ChSg|FVaue| PreF | var? di | F{1.29)| Pr=F Means? Significant? | Statistically Better
Glove vs Wand 2.09| 0.1537| Yes 29 0.00 0.2800 Yes Neither Neither
Glove vs 86"Non 4.0000[ 0.0236] No 29 345 | 0.2384 Yes var Glove 274.21%
Glove vs W/S 28400 00975 Yes 29 103 | 09090 | Yes Neither Neither
Wand vs 86"Non 3.9100{ 0.0257] No 29 3.20 | 0.0260 No Var/Means |Wand 308.37%
Wand vs W/S 1.8100] 0.1842] Yes 29 1.33 | 0.0000 No Means Wand 57.24%
BE"Non vs WIS 3.5400[ 0.0356] No 29 149 [ 02070 [ Yes Var WIS 74.64%
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Benchmark 3 - All Users - Pass 1 - Total Offsets
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Figure I- 3: B3Ap1TotOff All Users Pass 1 Total Offsets
Table I- 3: B3Ap1TotOff All Users Pass 1 Total Offsets Statistics
Benchmark 3, All Users, Pass 1, Total Offsets
B3Ap1 # Users Mean St Dev. Low High P Value Normal? CV
Glove 30 3817 23.10 0.00 105.00 0.0297 No 60.52%
Wand 30 37.50 31.44 0.00 95.00 0.0713 Yes 83.84%
86"Non 30 116.40 22090 0.00 1000.00 < 0.0001 No 189.78%
WIS 30 63.73 77.09 0.00 400.00 0.0010 No 120.96%
Homogeneity of Variance Roy's Greatest Root: F(3.27) 172 Pr=F 0.2165
B3Ap1 Bartlett's Test Levene's Test Equal . Equal
Pr= ST [FVae [ Pr=F var 2 F(1,29) | PraF | 0 o | Significant? | Statistically Better
Glove vs Wand 0.0000] 1.0000{ Yes 1.93 0.2800 Yes Neither Neither
Glove vs 86"Non 0.0000[ 1.0000] Yes 1.53 | 0.2384 Yes Neither Neither
Glove vs WIS 1.1800[ 0.1892 Yes 066 | 0.9090 Yes Neither Neither
Wand vs 86"Non 0.68001 04172 Yes 0.44 0.0260 No Means Wand 210.40%
\Wand vs W/S 2.2400] 0.1454] Yes 293 | 0.0000 No Means Neither
B86"Non vs WIS 1.1500| 0.2918| Yes 3.06 0.2070 Yes Neither Neither
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Benchmark 3 - All Users - Pass 1 - Navigaton
Ratings
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Figure I- 4: B3Ap1Nav All Users Pass 1 Navigation Ratings

Table I- 4: B3Ap1Nav All Users Pass 1 Navigation Ratings Statistics

Benchmark 3, All Users, Pass 1, Navigation Ratings

B3Ap1 # Users Mean St. Dev. Low High P Value Normal? =
Glove 30 3.87 0.64 2.71 5.00 0.0879 Yes 16.61%
Wand 30 3.88 0.80 2.71 5.00 0.0133 No 20.57%
86"Non 30 3.69 0.55 2.71 5.00 0.0154 NO 14.98%
WIS 30 348 0.58 2.71 5.00 0.0030 No 16.58%
Homogeneity of Variance Roy's Greatest Root: F(3.27) 206 Pr>=F 1291
B3Ap CnEag‘egf ;F%SI:ISQ - ';i;ﬁge SpTrfftF ngi' af | F(1,29) | Pr>F rv*lEeiﬁ? Significant? | Statistically Better
Glove vs Wand 3.4600[ 0.0684] Yes 29 1.48 0.2434 Yes Neither Neither
Glove vs 86"Non 0.8000] 03741 Yes 29 2.64 0.1262 Yes Neither Neither
Glove vs WIS 0.3700] 05452 Yes 29 1.15 0.3027 Yes Neither Neither
Wand vs 86"Non 6.5000( 0.0155] No 29 3.81 0.0713 No Var/Means |Wand 4.90%
Wand vs WIS 4 6500 00352] No 29 3.23 0.0940 No Var/Means |Wand 10.33%
86"Non vs WIS 0.0400| 0.8480| Yes 29 5.21 0.0386 No Means 86"Non 5.72%
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Benchmark 3 - All Users - Pass 1 - Locating
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Figure I- 5: B3AplLoc All Users Pass 1 Locating Ratings

Table I- 5: B3Ap1Loc All Users Pass 1 Locating Ratings Statistics

Benchmark 3, All Users, Pass 1, Locating Ratings

B3Ap1 # Users Mean St Dev. Low High P Value Normal? CV
Glove 30 3.97 0.58 3.00 5.00 0.0110 No 14.51%
Wand 30 3.99 0.77 3.00 5.00 0.0136 No 19.38%
86"Non 30 3.68 0.55 3.00 5.00 0.0009 No 15.08%
WIS 30 3.59 0.58 2.60 5.00 0.0532 Yes 16.35%
Homogeneity of Variance Roy's Greatest Root: F(327) 258 Pr=F 0.1021
B3Ap1 Ln?_:g'e?j )Tes,:lbq e e PO ar [Faze) | ProF | SR signiicant? | Statistically Better
Glove vs Wand 51200 00274 Yes 29 3.09 | 0.1007 Yes Neither Neither
Glove vs 86"Non 0.0500] 0.8210] Yes 29 380 [00714 No Means Glove 7 35%)]
Glove vs WIS 0.0000] 0.9737] Yes 29 166 | 02183 ] VYes Neither Neither
Wand vs 86"Non 55100] 0.0212] Yes 29 3.41 0.0859 No Means Wand 6.91%]
Wand vs WIS 3.7200| 0.0588] Yes 29 5.30 0.0371 No Means Wand 10.27 %]
86"Mon vs WIS 0.0500] 0.8217] Yes 29 7.60 0.0154 No Means 86"Non 3.61%]
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Benchmark 3 - All Users - Pass 1 - Manipulation
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Figure I- 6: B3Ap1Mov All Users Pass 1 Manipulation Ratings

Table I- 6: B3Ap1Mov All Users Pass 1 Manipulation Ratings Statistics

Benchmark 3, All Users, Pass 1, Manipulation Ratings

B3Ap1 # Users Mean St. Dev. Low High P Value Normal? cV
Glove 30 3.85 0.76 2.60 5.00 0.0031 No 19.68%
Wand 30 3.64 0.74 2.60 5.00 0.0019 No 20.22%
86"Non 30 3.53 0.57 2.60 5.00 0.0004 No 16.17%
WIS 30 340 0.56 2.60 5.00 0.0022 No 16.49%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 432 Pr>F 0.0131
BaAp1 hEag'etF‘,f I%SF:ISQ - '{3329 SPTﬁ,StF 5‘;‘%’ df | F(1.29)| Pr=F Mi%ﬂ? Significant? | Statistically Better
Glove vs Wand 0.0500[ 0.8258] Yes 29 2.07 0.1610 Yes Neither Neither
Glove vs 86"Non 4.6800| 0.0347] No 29 3.67 | 0.0652 No Var/Means |Glove 8.16%)|
Glove vs WIS 44400] 0.03%] No 29 678 | 0.0146 No Var/Means |[Glove 11.62%
Wand vs 86"Non 26000 0.1142] Yes 29 0.89 0.3528 Yes Neither Neither
Wand vs WiS 26000 0.1125] Yes 29 2.80 | 0.1048 Yes Neither Neither
86"Non vs WIS 0.0100{ 0.9172] VYes 29 7.34 0.0112 No Means 86"Non 3.76%
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Figure I- 7: B3AplLoc All Users Pass 1 General Impressions Ratings

Table I- 7: B3Ap1Loc All Users Pass 1 General Impressions Ratings Statistics

Benchmark 3, All Users, Pass 1, General Impressions Ratings

B3Ap1 # Users Mean St. Dev. Low High P Value Normal? CV
Glove 30 3.93 0.64 3.00 5.00 > 0.1000 Yes 16.19%
Wand 30 4.10 0.60 3.00 5.00 0.0345 No 14.70%
86"Non 30 3.79 0.57 3.00 5.00 0.0086 MNo 15.06%
E 30 3.62 0.50 3.00 5.00 0.0043 No 13.94%
Homogeneity of Variance Roy's Greatest Root: F(3.27) 618 Pr>=F 0.0025
B3Ap1 hfag'e‘é,f I?:Sr:|3q - '{Eﬁge SPTrefL 5gfi' df | F(129)| Pr>F Mi%L:;I? Significant? | Statistically Better
Glove vs Wand 0.1800[ 06741 Yes 29 1.85 0.1610 Yes Neither MNeither
Glove vs 86"Non 06400 0.4276] Yes 29 1.36 0.0652 No Means Glove 3.57%
Glove vs WIS 245000 0.1226] Yes 29 520 0.0146 No Means Glove 782%
Wand vs 86"Non 01400 07090 Yes 29 17.89 | 0.3528 Yes Neither Meither
Wand vs WIS 1.2200] 0.2742] Yes 29 17.82 | 0.1048 Yes Neither Neither
86"Non vs WIS 0.4900[ 0.4868] Yes 29 5.9 0.0112 No Means B86"Non 4.41%
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Figure I- 8: B3Ap10Ovr

All Users Pass 1 Overall Ratings

Table I- 8: B3Ap1Ovr All Users Pass 1 Overall Ratings Statistics

Benchmark 3, All Users, Pass 1,

Overall Impressions Ratings

B3Ap1 # Users Mean St Dev. Low High P Value MNormal? cV
Glove 30 415 0.52 3.08 5.00 = 0.1000 Yes 12.40%
Wand 30 415 0.46 3.42 5.00 < 0.0001 No 11.17%
86"Non 30 3.88 0.34 3.00 4.92 0.0047 No 8.72%
WIS 30 3.75 0.41 2.52 5.00 0.0350 No 10.95%
Homogeneity of Variance Roy's Greatest Root F(327)y 577 Pr=F 0.0035
B3Ap1 hEa;"e‘F‘,f ,T%Srﬁlsq - 'faﬁge SPT[EStF \E/gfi‘ df | F(1,29)| Pr>F Mi%ﬂ,) Significant? | Statistically Better
Glove vs Wand 0.0900] 0.7612] Yes 29 0.00 0.1610 Yes Neither Neither
Glove vs 86"Non 48400 00317 No 29 7.10 | D.0652 No “ar/Means |Glove 6.57%
Glove vs WIS 1.2000[ 0.2769] Yes 29 11.55 | 0.0146 No Means Glove 9.85%
Wand vs 86"Non 13.2300[ 0.0006] No 29 1446 | D.3528 Yes Var Wand 65.50%
Wand vs WIS 66100 0.0127] No 29 17.36 | 0.1048 Yes Var Wand 9.78%
86"Non vs WIS 0.4000| 0.5320] Yes 29 13.55 | 0.0112 No Means 86"Non 3.50%
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Benchmark 3 - All Users - Pass 2 - Part 1 Offsets
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Figure I- 9: B3Ap2-1off All Users Pass 2-Icon 1 Offsets
Table I- 9: B3Ap2-1off All Users Pass 2-Icon 1 Offsets Statistics
Benchmark 3, All Users, Pass 2, Part 1 Offsets
B3Ap2 # Users Mean St Dev. Low High P Value Normal? [
Glove 30 1717 21.29 0.00 55.00 < 0.0001 No 124 00%
Wand 30 4.73 5.16 0.00 20.00 < (0.0001 No 109.00%
86"Non 30 48.50 132.00 0.00 700.00 < 0.0001 No 272.16%
WIS 30 70.90 234.90 0.00 1300.00 < 0.0001 No 331.31%
Roy's Greatest Root: F(3,27) 379 Pr>F 0.0217
B3Ap2 Bartlett's Test Levene's Test Equal ) Equal [ .
CAFSqPr=ChSq [ FVame Pr=F vare | 9 | F(129)| Pr>F | | Significant? | Statistically Better
Glove vs Wand 3.1300[ 0.0822] Yes 29 5.60 0.2808 Yes Neither Neither
Glove vs 86"Non 1.3700] 02472] Yes 29 1.66 | 0.0408 No Means Glove 64.60%
Glove vs WIS 1.1100] 0.2968] Yes 29 157 | 04607 | Yes Neither Neither
Wand vs 86"Non 1.4400( 02356] vYes 29 3.24 | 0.5560 Yes Neither Neither
Wand vs W/S 1.1300] 02931 Yes 29 2.38 | 0.2638 Yes Neither Neither
86"Non vs WIS 04900 0.4879] Yes 29 0.26 0.0177 No Means 86"Non 321.59%
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Benchmark 3 - All Users - Pass 2 - Part 2 Offsets
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Figure I- 10: B3Ap2-2off All Users Pass 2-Icon 2 Offsets
Table I- 10: B3Ap2-2off All Users Pass 2-Icon 2 Offsets Statistics
Benchmark 3, All Users, Pass 2, Part 2 Offsets
B3Ap2 # Users Mean St Dev. Low High P Value Normal? CV
Glove 30 11.57 14.26 0.00 70.00 0.0006 No 123.25%
Wand 30 5.77 5.52 0.00 25.00 < 0.0001 No 113.07%
86"Non 30 49.23 132.10 0.00 700.00 < 0.0001 No 268.33%
WIS 30 69.80 234 .80 0.00 1300.00 < 0.0001 No 336.39%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 379 Pr>F 0.0217
B3Ap2 Bartlett's Test Levene's Test Equal ; Equal
CRESq T Pr=ChiSg [Fvae  Pror ] vare | O | FU1:29) | Pr>F | 20 C,| Sinfficant? | Statistically Better
Glove vs Wand 1.8900] 0.1744] Yes 29 860 | 02808 | Yes Neither Neither
Glove vs 86"Non 2.1200] 0.7509] Yes 29 1.66 | 0.0408 No Means Glove 325.50%
Glove vs WIS 1.2200] 0.2730] Yes 29 1.57 | 04607 | Yes Neither Neither
\Wand vs 86"Non 2.1600] 0.1468] Yes 29 3.24 | 0.5560 Yes Neither Neither
Wand vs WIS 1.2400) 0.2707| Yes 29 2.38 | 0.2638 Yes Neither Neither
86"Non vs WIS 0.3100] 0.5826] Yes 29 0.26 0.0177 No Means 86"Non 41.78%
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Benchmark 3 - All Users - Pass 2 - Total Offsets
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Figure I- 11: B3Ap2TotOff All Users Pass 2 Total Offsets
Table I- 11: B3Ap2TotOff All Users Pass 2 Total Offsets Statistics
Benchmark 3, All Users, Pass 2, Total Offsets
B3Ap2 # Users Mean St. Dev. Low High P Value Normal? Cv
Glove 30 19.23 2061 0.00 100.00 0.0073 No 107.18%
Wand 30 9.50 10.53 0.00 40.00 0.0011 MNo 110.84%
86"Non 30 73.90 17610 0.00 £550.00 < 0.0001 No 238.29%
WIS 30 91.74 256.00 0.00 1400.00 < 0.0001 No 279.05%
Homogeneity of Variance Roy's Greatest Root: F{327) 324 Pr=F 0.0605
B3Ap2 Barilett's Test Levene's Test Equal . Equal — il
CRISq [ PrsChSq T Vane T PreT vare | OF | F(129)| PreF | o e, | Sianificant? | Statistically Better
Glove vs Wand 0.5400[ 04688 Yes 29 1.26 0.2808 Yes Neither Neither
Glove vs 86"Non 3.0900{ 00899 Yes 29 508 | 0.0408 No Means Glove 284.30%
Glove vs WIS 0.0000] 09482 Yes 29 058 | 0.4607 Yes Neither Neither
\Wand vs 86"Non 19500 01739 Yes 29 036 | D.5560 Yes Neither Neither
Wand vs WIS 0.96500[ 03359 Yes 29 1.36 0.2638 Yes Neither Neither
B86"Non vs WIS 1.9400( 01747 Yes 29 7.22 0.0177 No Means B86"Non 24 14%
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Figure I- 12: B3Ap2Nav All Users Pass 2 Navigation Ratings

Table I- 12: B3Ap2Nav All Users Pass 2 Navigation Ratings Statistics

Benchmark 3, All Users, Pass 2, Navigation Ratings
B3Ap2 # Users Mean St Dev. Low High P Value Normal? cv
Glove 30 4.14 0.66 2.57 5.00 = 0.1000 Yes 15.94%
Wand 30 4.19 0.53 3.29 5.00 = 0.0001 NO 12.74%
86"Non 30 3.91 0.39 3.00 5.00 = 0.0001 NO 10.00%
WIS 30 3.70 0.46 243 5.00 0.0065 No 12.53%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 446 Pr>F 0.0252
B3Ap2 TP e v e e | af [Fa.29) | o F | S| signincant? | statistcaly Better
Glove vs Wand 2.0300[ 0.1596] Yes 29 4.95 0.0431 NO Means Wand 1.03%
Glove vs 86"Non 6.2300] 00154 No 29 554 | 00338 No Var/Means |Glove 565%
Glove vs WIS 3.0500] 00840 Yes 29 168 | 0.2165] Yes Neither Neither
Wand vs 86"Non 2.9200( 0.0929] No 29 1.81 0.1955 Yes var Wand 6.62%
Wand vs WIS 0.5500] 04622 Yes 29 10.09 | 0.0067 No Means Wand 11.63%
86"Non vs WIS 0.43001 05181 Yes 29 11.27 | 0.0047 No Means 86"Non 5.37%

351




5.00
4.00

Rating 3.00

(09 5 00

1.00

0.00

Benchmark 3 - All Users - Pass 2 - Locating
Ratings

S| N2 NG| ME | ME [ ME 2 WD |N1T (M2 N1 N14|N1E[ BT | E2 | E2 | E E5 | E6 |E7 | E2 [ E9 |[E1D|E11 |E12|ET2|E14|E15|4
Oclowe  |4.20[4.005.00(5.00(£.00|2.50 )2 0|4 B0 (4 €0 (4.60)2.50|4.00|2.50|5.00|4.20(2.0C0(4.30|2.00|2.50|3.00|2.00{4.00(3.60(5.00 |4.40|3.50)14.00) 2 20
EVWand [£.00[4.00(2.00 5.00)3. 0|5.00(4.00(4.20) 2.50|4.00| 2.50|5.00|4.00(4.00(2.30|2.00|5.00{3. 4.00|5.00(5.00(4.20)4.00( 5,00 2.30)
O5Eon [4.00[4.00(2.00 2.00]3.1 0|4.00(4.00(4.20)4.20|4.00{2.00|4.00|4.0C(2.00(2.30|4.00{£.00|3.00|2.00{4.00 (4.00|3.00 |4.00|3.30| 5.00) 2 .00
OWi'S 3.00|2.50|4.00|3.30(£.00(3.60|3. 0|4.00(4.00(3.60/4.00|4.00{2.00|2.00)2.30(4.00(2.30|4.00|3.60|3.00|2.00|4.00 (4.00 |3.60|4.00 |4.00| 5.00) 2 20| 2
User #
Figure I- 13: B3Ap2Loc All Users Pass 2 Locating Ratings
Table I- 13: B3Ap2Loc All Users Pass 2 Locating Ratings Statistics
Benchmark 3, All Users, Pass 2, Locating Ratings
B3Ap2 |# Users Mean St Dev. Low High P Walue MNormal? [
Glove 30 4.09 4.42 3.00 5.00 > 0.1000 Yes 108.25%
Wand 30 4.01 4.35 3.00 5.00 < 0.0001 No 108.58%
86"Non 30 3.74 4.00 3.00 5.00 < 0.0001 No 106.79%
WIS 30 3.64 3.91 3.00 5.00 < 0.0001 No 107.54%
Homogeneity of Variance Roy's Greatest Rool: F(3,27) 358 Pr>F 0.0446
B3Ap2 LnE:gleE,f I‘f’,:lbq . b%‘;-ﬁge S,JTreft,_ 51‘;??' df | F(1.29) | Pr>F ,‘JEeqaﬂ? Significant? |  Statistically Better
Glove vs Wand 0.0200] 0.8918] Yes 29 3.11 0.0431 No Means Glove 1.88%]|
Glove vs 86"Non 1.2100] 0.2765 Yes 29 3.96 0.0338 No Means Glove 8.40%)
Glove vs WIS 1.2200] 0.2745 Yes 29 407 | 02165 Yes Neither Neither
\Wand vs 86"Non 1.5000] 0.2235 Yes 29 295 | 01955 Yes Neither Neither
Wand vs WIS 1.5200] 0.2227] Yes 29 10.95 | 0.0067 No Means Wand 9.28%)
B6"Non vs WIS 0.0000] 0.9858] Yes 29 1254 | 0.0047 No Means 86"Non 2.83%]
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Figure I- 14: B3Ap2Mov All Users Pass 2 Manipulation Ratings

Table I- 14: B3Ap2Mov All Users Pass 2 Manipulation Ratings Statistics

Benchmark 3, All Users, Pass 2, Manipulation Ratings
B3Ap2 # Users Mean St. Dev. Low High P Value Normal? &Y

Glove 30 3.89 4.32 3.00 5.00 = 0.1000 Yes 111.19%

Wand 30 3.86 4.25 3.00 5.00 < 0.0001 No 109.92%

86"Non 30 3.67 3.91 3.00 4.40 < 0.0001 No 106.52%

WIS 30 3.51 3.81 2.80 5.00 0.0015 No 108.67%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 325 Pr>=F 0.0372

B3Ap2 Lnﬁagle‘:,f ,Tisr:bq - '{,E;-Vrﬁge S,_,Tresi E,gfi‘ df |F(129)| Pr>F Miiﬁ'? Significant? | Statistically Better
Glove vs Wand 0.8600[ 0.3367] Yes 29 0.16 | 0.0431 No Means Glove 0.69%
Glove vs 86"Non 12.7900] 0.000 No 29 524 | 00338 No Var/Means |[Glove 571%
Glove vs WIS 53200 00247 No 29 5.68 0.2165 Yes war Glove 9.80%
Wand vs 86"Non 65.2600| 0.0152] No 29 7.34 0.1955 Yes var Wand 5.05%
Wand vs WIS 17400 0.1928] Yes 29 8.93 [ 0.0067 No Means  |Wand 9.17%
G6"Non vs WIS 142001 02377 Yes 29 225 0.0047 No Means 86"Non 4 34%
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Figure I- 15: B3Ap2Gen All User Pass 2 General Impressions Ratings

Table I- 15: B3Ap2Gen All User Pass 2 General Impressions Ratings
Statistics

Benchmark 3, All Users, Pass 2, General Impressions Ratings

B3Ap2 |[# Users Mean St. Dev. Low High P Value Normal? CV
Glove 30 4.20 0.57 2.80 5.00 0.0504 Yes 13.53%
Wand 30 4.25 0.47 3.40 5.00 < 0.0001 No 10.97%
86"Non 30 4.05 0.33 3.00 5.00 0.0006 [ [s] B8.18%
WIS 30 3.84 0.43 3.00 5.00 < 0.0001 Mo 11.23%
Homogeneity of Variance Roy's Greatest Root: F(3.27) 423 Pr=F 0.0142
B3Ap2 nﬁagletﬁf ,Tejslbq - be.;rﬁge SPTre,St,_ ngi' df | F(1,29)| Pr>F MEG%L;:’S'? Significant? | Statistically Better
Glove vs Wand 1.4200] 0.2384 Yes 29 0.22 0.0431 NoO Means Wand 1.11%
Glove vs 86"Non 554000 00220 No 29 2.21 0.0338 No Var/Means |Glove 3.64%
Glove vs WIS 2.0000[ 0.1628] Yes 29 7.60 0.2165 Yes Meither Glove 8.57%

Wand vs 86"Non 2.8400( 0.0973] Yes 29 9.60 0.1955 Yes Meither Neither

Wand vs WIS 0.1900[ 06638 Yes 29 12.62 | 0.0067 No Means Wand 9.58%
B6"Non vs WIS 0.0500( 0.3057| Yes 29 13.09 | 0.0047 No Means 86"Non 5.11%
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Figure I- 16: B3Ap20vr All Users Pass 2 Overall Impressions Ratings

Table I- 16: B3Ap20vr All Users Pass 2 Overall Impressions Ratings
Statistics

Benchmark 3, All Users, Pass 2, Overall Impressions Ratings

B3Ap2 | # Users Mean St. Dev. Low High P Value Normal? CV
Glove 30 3.99 0.60 2.89 5.00 =>0.1000 Yes 19.14%
Wand 30 3.96 0.58 311 5.00 0.0153 No 14.75%
86"Non 30 372 0.46 3.00 4.98 0.0386 No 12.45%
WIS 30 3.58 0.48 2.68 5.00 0.0166 No 13.36%
Homogeneity of Variance Roy's Greatest Root: F(3.27) 390 Pr=F 0.0195
B3Ap2 n?_ag'et,ﬁf Ifj:lbq ovenes Tes ngi' df | F(129)| ProF Mi%ﬂ? Significant? | Statistically Better
Glove vs Wand 0.0300| 0.8596] Yes 29 0.00 0.9561 Yes Neither Neither
Glove vs 86"Non 2.6800] 0.1072] VYes 29 3.91 0.0576 Mo Means Glove 5.94%
Glove vs WIS 1.7400] 0.1929] Yes 29 7.88 | 0.0088 No Means Glove 9.59%
\Wand vs 86"Non 2.0400] 0.1587] Yes 29 10.98 | 0.0025 No Means \Wand 65.13%
Wand vs W/S 12500 02607 Yes 29 11.69 | 0.0019 No Means Wand 9.77%
86"MNon vs WIS 0.0200| 0.8874| Yes 29 8.71 0.0052 No Means 86"Non 3.87%
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Figure I- 17: B3Ap3-1off All Users Pass 3-Icon 1 Offsets

Table I- 17: B3Ap3-1off All Users Pass 3-Icon 1 Offsets Statistics

Benchmark 3, All Users, Pass 3, Part 1 Offsets
B3Ap3 # Users Mean St. Dev. Low High P Value Normal? CV
Glove 30 9.23 7.31 0.00 25.00 < 0.0001 No 139.59%
Wand 30 4.77 7.89 0.00 40.00 < 0.0001 No 165.60%|
86"Non 30 30.33 34.59 0.00 140.00 < 0.0001 No 114.05%)
WIS 30 30.33 35.38 0.00 180.00 0.0026 No 116.65%
Homegeneity of Variance Roy's Greatest Root: F(3,27) 672 Pr>=F 0.0016
B3Ap3 Chﬁgg'eﬁf :T%S;ISq e e 52;"37' df | F129) | PrsF Mi‘;ﬁ'? Significant? | Statistically Better

Glove vs Wand 0.0400] 0.8418] Yes 25 0.14 | 0.0235 No Means Wand 8.91%
Glove vs 86"Non 6.8700] 0.0112] No 29 14.03 | 0.0019 No Var/Means |Glove 82.75%
Glove vs WIS 24600 0.1220] Yes 29 13.68 | 0.0022 No Means Glove 82 75%
Wand vs 86"Non 6.7100] 0.0121 No 29 14.69 | 0.9738 Yes Var Wand 84.28%)

Wand vs WIS 2.4200] 0.1252] Yes 29 1364 | 0.1367 Yes Neither Neither

86"Non vs WiS 0.0000{ 0.9502] Yes 29 0.00 0.0942 No Means Either
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Benchmark 3 - All Users - Pass 3 - Part 2 Offsets
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Figure I- 18: B3Ap3-2off All Users Pass 3-Icon 2 Offsets
Table I- 18: B3Ap3-2off All Users Pass 3-Icon 2 Offsets Statistics
Benchmark 3, All Users, Pass 3, Part 2 Offsets
B3Ap3 # Users Mean St. Dev Low High P Value MNormal? CV
Glove 30 7.50 17.41 0.00 90.00 < 0.0001 No 232.13%
Wand 30 4.93 10.40 0.00 55.00 < 0.0001 No 210.83%
86"Non 30 33.50 35.85 0.00 140.00 0.0061 No 107.01%
WIS 30 32.57 34.50 0.00 145.00 0.0219 No 105.93%
Homogeneity of Variance Roy's Greatest Root: F(3.27) 672 Pr=F 0.0016
B3Ap2 Barilett's Test Levene's Test Equal ; Equal — ot
CRSqTPr=ChSq [T Vae Pr=T vare | O | F(129)| ProF | hep| Significant? | Statistically Better
Glove vs Wand 0.7400[ 0.3935] Yes 29 014 | 0.7148 | Yes Neither Neither
Glove vs 86"Non 7.0700( 0.0101] No 29 14.03 | 0.0008 No VarMeans |Glove 346.67%
Glove vs W/S 2.9800] 0.0898] Yes 29 13.68 | 0.0009 No Means Glove 334.27%
Wand vs 86"Non 7.2900[ 0.0071 No 29 14.69 | 0.0006 No Var/Means |Wand 579.10%
Wand vs WIS 3.2900( 0.0747] Yes 29 13.64 | 0.0009 No Means Wand 84.85%
B6"Non vs WIS 0.0300| 0.8529] Yes 25 0.00 1.0000 Yes Neither Neither
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Figure I- 19: B3Ap3TotOff All Users Pass 3 Total Offsets

Table I- 19: B3Ap3TotOff All Users Pass 3 Total Offsets Statistics

Benchmark 3, All Users, Pass 3, Total Offsets

B3Ap3 # Users Mean St. Dev. Low High P Value Normal? CV
Glove 30 65.73 17.88 0.00 90.00 < 0.0001 MNo 265.56%
Wand 30 7.03 10.90 0.00 55.00 < 0.0001 No 154.98%
86"Non 30 59.17 71.02 0.00 280.00 < 0.0001 No 120.03%
WIS 30 58.73 56.99 0.00 325.00 0.0071 MNo 114.06%
Homogeneity of Variance Roy's Greatest Root: F(327) 108 Pr=F 0.001
B3Ap3 CHEgg'eﬁ.E,f If;:lsq - f;ﬁge SPTrEftF 52;'2;' o |F(129)| Pr>F hiqa“ni'? Significant? | Statistically Better
Glove vs Wand 1.0400] 0.3175] Yes 28 G.41 0.0239 No Means Glove 4.27%
Glove vs 86"Non 1.1700] 02892 Yes 29 14.59 | 0.0019 No Means Glove 778.81%
Glove vs WIS 1.4200] 0.2427] Yes 29 13.67 | 0.0022 No Means Glove T72.2T%
Wand vs 86"Non 0.1100[ 0.7432] Yes 28 0.00 0.9759 Yes Neither Neither
Wand vs WIS 0.9200] 0.3445] vYes 29 1.84 | 0.1367 Yes Neither Neither
86"Non vs WIS 0.6700| 0.4189] Yes 29 3.22 0.0942 No Means WIS 0.75%
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Figure I- 20: B3Ap3Nav All Users Pass 3 Navigation Ratings

Table I- 20: B3Ap3Nav All Users Pass 3 Navigation Ratings Statistics

Benchmark 3, All Users, Pass 3, Navigation Ratings
B3Ap3 | # Users Mean St. Dev Low High P Value Normal? cV
Glove 30 4.37 0.52 3.00 5.00 0.0005 No 11.96%
Wand 30 4.44 0.54 3.00 5.00 0.0041 No 12.12%
86"Non 30 4.16 0.43 3.00 5.00 0.0085 No 10.42%
W/S 30 3.93 0.51 2.00 5.00 0.0006 No 12.98%
Roy's Greatest Root F(3.27) 3597 Pr=F 0.0352]
BeAps nﬁaﬁletéf I?:Sr:|5q F I@lﬁge SpTre-,s tF E,gfi' df | F(1,29) | Pr>F pfe%ﬁ',, Significant? | Statistically Better
Glove vs Wand 0.0300| 0.8720] Yes 29 3.00 0.2434 Yes Neither Neither
Glove vs 86"Non 1.0200/ 0.3164] Yes 29 | 1162 | 01262 Yes Neither Neither
Glove vs WIS 0.0100] 0.9359] Yes 29 243 | 03027 Yes Neither Neither
Wand vs 86"Non 1.1100] 0.2963] Yes 29 522 00713 No Means Wand 6.22%)|
Wand vs WIS 0.0300| 0.8546] Yes 29 0.06 0.0540 No Means Wand 11.47%
86"Non vs WIS 0.2600] 06181] Yes 29 1.20 | 0.0386 No Means 86"Nan 5.60%)

359



Benchmark 3 - All Users - Pass 3 - Locating
Ratings

5.00

4.00

Rating 3.00

03 5 00

1.00

0.00

M1 [ N2 N3 | MNe
mGiove |5.00[4.£0)5.00(2.00)4
mwand |5.00[4.40|5.00|5.00)4
D36 Mon [4.00[4.50]4.20]4.20)4
(= 4.00(4.20|4.00(4.20f2.

W2 (N1 [M11[N1Z|M12{N14|M15| E1 | EZ | E2 | 24
4.0 (5.00(4.20 4 E0)4.00)4.00)4.00/(5.00|4.00)4.00( =.00f<
4.0 |5.00 [4.00]4.20) 2.50] 400|400/ 5.00|4.50|4.50( 4. 604
4.00 |4.20 {4.00]4.40) 5.00| 4.00| 4.00(4.50(4.20(4.20f4
.00 |4 40 (4.00}4.00) 2.50| 4,00 2.00(4.20(2.00(4.20f=.

E1D[E11|E12
Q|4.40(3.00f4 €D
0|5.00 (5.00f4 40
.00 |4.70 (4. 20(4.20
00440 202 6D

T | o | oo | £ |

2.00|

User #

Figure I- 21: B3Ap3Loc All Users Pass 3 Locating Ratings

Table I- 21: B3Ap3Loc All Users Pass 3 Locating Ratings Statistics

Benchmark 3, All Users, Pass 3, Locating Ratings
B3Ap3 # Users Mean St Dev. Low High P Value Normal? cV
Glove 30 445 0.47 3.40 5.00 0.0002 No 10.55%
Wand 30 4.51 0.44 3.00 5.00 0.0046 No 9.85%
B6"Non 30 4.15 0.38 3.00 5.00 < 0.0001 No 9.27%
WIS 30 403 0.46 200 5.00 < 0.0001 No 11.51%
Roy's Grealest Rool: F{(327) 799 Pr>F 0.0034
B3Ap3 Lnfsg'e‘:,f L= T SRR Eg‘rm?' af | F(129) | ProF hi%ﬂ? Significant? | Statistically Better
Glove vs Wand 0.1900] 0.6635 Yes 29 692 | 00198 No Means Wand 1.33%]
Glove vs 86'Non 1.1200] 0.2927] Yes 29 19.03 | 0.0006 No Means Glove 6 74%)]
Glove vs WIS 0.0000] 0.9727] Yes 29 10.02 | 0.0069 No Means Glove 9 43%)]
Wand vs 86"Non 05500 04618 Yes 29 319 0.0958 No Means Wand 7.96%]
Wand vs WIS 0.0100] 0.9056] Yes 29 0.00 0.9559 Yes Neither Wand 10.64%]
56"Non vs WIS 0.1900| 0.6649] Yes 29 1.40 0.2508 Yes Neither Neither
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Figure I- 22: B3Ap3Mov All Users Pass 3 Manipulation Ratings

Table I- 22: B3Ap3Mov All Users Pass 3 Manipulation Ratings Statistics

Benchmark 3, All Users, Pass 3, Manipulation Ratings
B3Ap3 |# Users Mean St. Dev. Low High P Value Normal? CV
Glove 30 4.32 0.53 3.00 5.00 0.0019 No 12.38%
Wand 30 4.13 0.73 271 5.00 0.0408 No 17.58%
86"Non 30 3.99 0.48 3.00 5.00 0.0010 No 12.14%
WIS 30 3.80 0.61 2.00 500 0.0035 No 16.12%
Roy's Greatest Root: F(3,27) 544 Pr=F 0.0046
B3Ap3 Chﬁagle‘éff IE(;SF:ISC] I Pl | ar |Fa29)| proF | P03 T significant? | statistically Better
Glove vs Wand 36400 0.0612] Yes 29 1.82 0.0198 No Means Glove 4.42%
Glove vs 86"Non 0.8600] 03568 Yes 29 8.61 0.0006 No Means Glove T71%
Glove vs WIS 292000 00928 Yes 29 16.84 | 0.0069 No Means Glove 12.04%
Wand vs 86"Non 0.2100] 06481 Yes 29 1.27 0.0958 No Means Wand 3.44%
Wand vs WIS 1.6900[ 0.1989] Yes 29 571 0.9559 Yes Neither Neither
56"Non vs WIS 0.4800[ 0.4912] Yes 29 6.02 0.2508 Yes Neither Neither
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Figure I- 23: B3Ap3Gen All users Pass 3 General Impressions Ratings

Table I- 23: B3Ap3Gen All users Pass 3 General Impressions Ratings
Statistics

Benchmark 3, All Users, Pass 3, General Impressions Ratings

B3Ap3 | # Users Mean St. Dev Low High P Value Normal? (%%
Glove 30 4.43 0.49 3.20 5.00 0.0159 No 11.06%
Wand 30 4.49 0.51 3.00 5.00 < 0.0001 No 11.39%
86"Non 30 417 0.40 3.00 5.00 < 0.0001 MNo 9.56%
WIS 30 4.04 0.48 2.00 5.00 < 0.0001 No 11.80%
Roy's Greatest Root: F(3.27) 630 Pr=F 0.0022
B3Ap3 hfag'e‘é,f }T%Sr:‘sq . '{Eﬁge SPT[eftF \E;gfff)' df | F(1,29)| Pr>F Mi‘;ﬂ? Significant? | Statistically Better
Glove vs Wand 0.0500[ 0.8204] Yes 29 0.31 0.5841 Yes Neither Neither
Glove vs 86"Non 11500 02887 Yes 29 592 0.0218 No Means Glove 5.87%
Glove vs WIS 0.0700] 0.9334] Yes 29 11.11 | 0.0024 No Means Glove 8.87%
Wand vs 868"Non 1.1600 0.0858] Yes 29 14.30 | 0.0007 No Means Wand 7.00%
Wand vs WIS 0.0400[ 08371 Yes 29 19.78 | 0.0001 No Means Wand 9.96%
56"Non vs WiS 0.1900| 0.6633] Yes 29 7.07 0.0126 No Means 86"Non 3.19%
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Figure I- 24: B3Ap3Ovr All Users Pass 3 Overall Impressions Ratings

Table I- 24: B3Ap3Ovr All Users Pass 3 Overall Impressions Ratings
Statistics

Benchmark 3, All Users, Pass 3,

Overall Impressions Ratings

B3Ap3 |# Users Mean St. Dev Low High P Value Normal? CV
Glove 30 4.31 0.56 3.06 5.00 > 0.1000 Yes 12.96%
Wand 30 4.11 0.92 3.36 5.00 < 0.0001 No 12.73%
86"Non 30 3.86 0.32 3.00 474 0.0080 No 8.32%
WIS 30 3.72 0.41 2.87 5.00 0.0778 Yes 10.95%
Roy's Greatest Root: F(3.27) 3.97 Pr=F 0.0183
B3Ap3 hﬁag'egf ,Tecsr:lsq oS e \E/gt‘i' df |F(129)| Pr>F MEeK;L:;I’J Significant? | Statistically Better
Glove vs Wand 02900 0.6296] Yes 29 0.07 [ 0.8033 Yes Neither Neither
Glove vs 86"Non 91700 0.0037] No 29 5.13 0.0194 No Var/Means |Glove 10.37%
Glove vs WIS 2.7950 0.0946 Yes 29 9.46 0.0046 No Means Glove 13.64%
Wand vs 86"Non 6.6900] 0.0122] No 29 9.59 | 0.0043 No Var/Means |Wand 5.96%
Wand vs WIS 1.6900[ 0.1993] Yes 29 11.60 | 0.0019 No Means Wand 9.40%
86"Non vs WIS 0.7500] 0.3502] Yes 29 7.79 0.0092 No Means 86"Non 3.65%

363




Benchmark 3 - All Users - 3 Pass Avg. - Part 1 Offsets
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Figure I- 25: B3A3pA-10ff All Users 3 Pass Avg. Part 1 Offsets

Table I- 25: B3A3pA-10ff All Users 3 Pass Avg. Part 1 Offsets Statistics

Benchmark 2, All Users, 3 Pass Avg., Part 1 Offsets

B3A3pA | # Users Mean St. Dev. Low High P Value Normal? CV
Glove 30 16.12 12.08 0.00 47.33 0.0125 No 74.94%
Wand 30 12.00 9.72 0.00 38.33 0.0654 Yes 80.99%
86"Non 30 47.59 82.97 0.00 413.30 < 0.0001 No 174.34%
W/S a0 45.86 8810 333 493 30 < 0.0001 No 192 1%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 238 Pr>F 0.0921

B3A3pA Chﬁgg'eﬁgf T ?:Sr:m . ﬁ:ﬁge SPTreftF 5?;"1' af |F(1.29)| Pr>F Miqafg? Significant? | Statistically Better
Glove vs Wand 1.2100[ D2767[ Yes 29 293 0.0976 No Means Wand 25.56%
Glove vs 86"Non 20300 01594 Yes 29 423 | 0.0488 No Means Glove 195.22%
Glove vs WIS 122000 0.32730] Yes 20 343 | 0.0744 No Means Glove 64.85%
Wand vs 86"Non 2.0600( 0.1563] Yes 29 5.15 0.0308 No Means Wand 74.78%
Wand vs W/S 1.2400( 0.2698] Yes 29 426 | 00482 No Means Wand 73.83%
86"Non vs WIS 0.0100{ 0.9166] Yes 29 0.01 0.9184 Yes Neither Neither
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Benchmark 3 - All Users - 3 Pass Avg. - Part 2 Offsets
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Figure I- 26: B3A3pA-20ff All Users 3 Pass Avg. Part 2 Offsets
Table I- 26: B3A3pA-20ff All Users 3 Pass Avg. Part 2 Offsets Statistics
Benchmark 3, All Users, 3 Pass Avg., Part 2 Offsets
B3A3pA | # Users Mean St. Dev. Low High P Value Normal? (Y
Glove 30 11.66 13.36 0.00 68.30 < 0.0001 No 114.58%
Wand 30 8.42 6.76 0.00 25.00 = 0.1000 Yes 80.27%,|
86"Non 30 47.40 8295 2.70 413.30 0.0061 No 175.00%
WIS 30 45.47 85.99 2.30 481.70 0.0219 No 189.11%,
Homogeneity of Variance Roy's Greatest Root: F{3,27) 238 Pr=F 0.0921
B3A3pA Barilett's Test Levene's Test Equal Equal — )
CRISqTPr=CSq[EVame Pr=T vare | O |F(129) | Pr>F |t ep| Slnificant? | Statistically Better
Glove vs Wand 0.7700] 0.3836] Yes 29 293 | 0.0976 No Means Wand 27.79%
Glove vs 86"Non 20900 0.1540] Yes 29 423 | 0.0488 No Means Glove 306.52%)|
Glove vs WIS 1.2500] 02889 Yes 29 343 | 0.0744 No Means Glove 289.97%)
Wand vs 86"Non 2.1000[ 0.1522| Yes 29 515 | 0.0308 No Means Wand 462.95%)|
\Wand vs WIS 1.2600] 02671] Yes 29 4.26 0.0482 No Means Wand 81.48%)|
86"Non vs WIS 0.0100| 0.9373] Yes 29 0.01 0.9184 Yes Neither Neither
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Benchmark 3 - All Users - 3 Pass Avg. - Total Offsets
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Figure I- 27: B3p3A-totOff All Users 3 Pass Avg. Total Offsets

Table I- 27: B3p3A-totOff All Users 3 Pass Avg. Total Offsets Statistics

Benchmark 3, All Users, 3 Pass Avg., Total Offsets
B3A3pA | # Users Mean St. Dev. Low High P Value Normal? CcV

Glove 30 2043 14 86 0.00 8500 0.0188 No T2 74%
Wand 30 15.03 9.03 0.00 2333 < 0.0001 No 60.05%
86"Non 30 84.65 166.50 10.00 §26.70 < 0.0001 No 199.05%
WIS 30 80.57 175.70 2.33 975.00 < 0.0001 No 218.07%
Homogeneity of Variance Roy's Greatest Root: F(3.27) 3.89 Pr>F 0.0466
B3A3pA cnﬁggleif T %Sﬁlsq - @ﬁge SPTreftF E,gf";' af | Fr1.29)| Pr>F h_i‘;ﬂ? significant? | Statistically Better

Glove vs Wand 0.9700] 0.3322] Yes 29 205 0.1737 Yes Neither Neither
Glove vs 86"Non 2.4000, 0.1320] Yes 29 6.94 | 0.0196 No Means Glove 314.34%

Glove vs WIS 252000 0.1234] Yes 29 0.88 | 0.3653 Yes Neither Neither
Wand vs 86"Non 3.7200] 0.0640] Yes 29 033 | 05744 Yes Neither  |Wand 463 21%
Wand vs W/S 3.1900] 0.0849] VYes 29 244 | 01409 Yes Neither  [Wand 8135%
86"Mon vs W/S 04100 05281 Yes 29 859 0.0110 No Means Wis 5.06%
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Figure I- 28: B3A3pAnav All Users 3 Pass Avg. Navigation Ratings

Table I- 28: B3A3pAnav All Users 3 Pass Avg. Navigation Ratings Statistics

Benchmark 3, All Users, 3 Pass Avg., Navigation Ratings
B3A3pA | # Users IMean St Dev. Low High P Value Normal? CV

Glove 30 413 0.54 2.91 5.00 > (0.1000 Yes 13.21%

Wand 30 417 0.54 3.29 5.00 < 0.0001 MNo 12.91%

86"Non 30 3.90 0.37 3.00 5.00 0.0072 Mo 9.48%

WIS 30 3.70 0.45 243 5.00 = 0.1000 Yes 12.06%
Homogeneity of Variance Roy's Greatest Root: F(3,27) 1413 Pr=F 0.0003

B3A3pA Ch;ﬂ_ﬁg'e‘; I%Sr:‘ I 'ﬁsge SPTr‘ftF 5‘;??}' df | F(1.29)| Pr>F MEeiﬁ? Significant? | Statistically Better
Glove vs Wand 0.0100[ 09314] Yes 29 5.29 0.0374 No Means Wand 1.03%
Glove vs 86"Non 3.8500 00545 Yes 29 673 | 00213 No Means Glove 5.53%
Glove vs WIS 0.9843 0.3211 Yes 25 | 11.65 [ 0.0042 No Means Glove 10.23%
Wand vs 86"Non 09200 023402 Yes 29 | 13.82 | 0.0023 No Means Wand 6.50%
Wand vs WIS 415000 00467 No 29 549 ]0.0344 No Var/Means |Wand 11.16%
S6"Non vs WIS 0.4500[ 0.5011] Yes 29 16.49 | 0.0012 No Means 86"Non 4.98%
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Figure I- 29: B3A3pAloc

All Users 3 Pass Avg. Locating Ratings

Table I- 29: B3A3pAloc All Users 3 Pass Avg. Locating Ratings

Benchmark 3, All Users, 3 Pass Avg., Locating Ratings

B3A3pA | # Users Mean St Dev. Low High P Value Normal? cV

Glove 30 406 0.54 3.33 5.00 > 0.1000 Yes 13.42%

Wand 30 4.06 0.54 3.47 5.00 < 0.0001 No 13.25%

B6"Non 30 3.78 0.37 3.00 5.00 0.0207 No 9.78%

WIS 30 366 0.45 253 5.00 0.0085 No 12 21%
Homogeneity of Variance Roy's Greatest Root: F(327) 141 Pr>=F 0.0003

B3AIPA wf:g‘er:,f Iisnlmq - ﬁrﬁge SJff:_ 5‘;‘;"3)' df | F(1.29) | Pr>F r‘fe%‘ﬂ? Significant? |  Statistically Better
Glove vs Wand 0.0300] 0.8664] Yes 29 517 | 00393 No Means Wand 0.02%)|
Glove vs 86"Non 1.4200] 0.2372] Yes 29 869 | 00106 No Means Glove 7 00%)|
Glove vs WIS 0.6300] 04299 Yes 29 1097 | 0.0051 No Means Glove 9 55%)|
Wand vs 86"Non 1.7100] 0.1937] Yes 29 5.98 | 0.0298 Mo Means Wand 7.02%)
Wand vs WIS 0.8200] 0.3692] Yes 29 13.97 | 0.0022 No Means ‘Wand 9.97%)|
86"Non vs WIS 0.0400| 0.8511] Yes 29 15.61 0.0014 No Means B86"Non 3.18%
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Figure I- 30: B3A3pAmov All Users 3 Pass Avg. Manipulation Ratings

Table I- 30: B3A3pAmov All Users 3 Pass Avg. Manipulation Ratings

Statistics
Benchmark 3, All Users, 3 Pass Avg., Manipulation Ratings
B3A3pA | # Users Mean St. Dev. Low High P value Normal? CV
Glove 30 4.09 0.61 3.00 5.00 >0.1000 Yes 14.91%
Wand 30 3.94 0.62 2.90 5.00 0.0437 No 15.69%
86"Non 30 3.73 0.42 2.80 4.67 > 0.1000 Yes 11.28%
WIS 30 3.66 0.51 247 5.00 >0.1000 Yes 13.84%
Homogeneity of Variance Roy's Greatest Root: F(3.27) 360 Pr>F 0.0263
B3A3pA hﬁag‘egf I%Sr:\Sq e oA | ot | Fi1.29) | proF | B significanty | Statistically Better
Glove vs Wand 0.0100] 0.5207] Yes 29 1.57 0.2508 Yes Neither Neither
Glove vs 86"Non 3.68636 0.0493] No 29 7.34 0.0112 No War/Means |Glove 8.90%
Glove vs WIS 0.1542 0.6945] Yes 29 10.88 | 0.0026 No Means Glove 10.63%
Wand vs 86"Non 5.0400[ 0.0286] No 29 393 | 0.0569 No Var/Means |Wand 543%
Wand vs WIS 02500 06710] Yes 29 7.95 0.0086 No Means Wand 7.23%
86"Non vs WIS 2.5070 0.1133] Yes 29 6.24 0.0184 No Means 86"Non 1.91%
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Benchmark 3 - All Users - 3 Pass Avg. -
General Impressions Ratings
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Figure I- 31: B3A3pAgen All Users 3 Pass Avg. General Impressions Ratings

Table I- 31: B3A3pAgen All Users 3 Pass Avg. General Impressions Ratings

Benchmark 3, All Users, 3 Pass Avg., General Impressions Ratings
B3A3pA | # Users Mean St. Dev. Low High P Value Normal? CV
Glove 30 4.19 0.51 3.07 5.00 > 0.1000 Yes 12.15%
Wand 30 4.28 0.45 3.40 5.00 0.0002 No 10.48%
86"Non 30 4.00 0.38 3.00 467 0.0029 No 9.55%
WIS 30 3.83 0.41 267 5.00 > 0.1000 Yes 10.57%
Homogeneity of Variance Roy's Greatest Root: F(327) 644 Pr=F 0.002
B3IA3DPA Chﬁag‘e‘;‘rﬁ I%SF:ISQ . '{g‘ﬁge SPTfftF \Efgﬁ' df | F(129)| Pr>F M'i%ﬂ? Significant? | Statistically Better
Glove vs Wand 07600 0.3870] Yes 29 097 | 0.3331 Yes Neither Neither
Glove vs 86"Non 2.3013 0.1293 Yes 29 3.36 | 0.0769 No Means Glove 4.42%
Glove vs WIS 1.4513 0.2283 Yes 29 9.01 0.0055 No Means Glove 8.45%
Wand vs 86"Non 0.6000] 0.3758] Yes 29 19.02 0.0001 No Means Wand B 45%)|
Wand vs WIS 0.2400] 06238 Yes 29 20.58 [<=0.0001] Yes Neither Neither
86"Non vs W/S 0.1007 0.7510 Yes 29 13.64 | 0.0009 No Means B86"Non 4.22%
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Figure I- 32: B3A3pAvgOvr All User 3 Pass Avg. Overall Impressions
Ratings

Table I- 32: B3A3pAvgOvr All User 3 Pass Avg. Overall Impressions Ratings
Statistics

Benchmark 3, All Users, 3 Pass Avg., Overall Impressions Ratings

B3A3pA | # Users Mean St Dev Low High P Value Normal? CW
Glove 30 4.08 0.55 3.04 5.00 = 0.1000 Yes 13.43%
Wand 30 4.07 0.52 3.38 5.00 0.0012 No 12.868%
86"Non 30 3.82 0.36 3.00 4.88 > 0.1000 Yes 9.47%
WIS 30 3.68 0.42 2.69 5.00 > 0.1000 Yes 11.38%
Homogeneity of Variance Roy's Greatest Root: F(327) 452 Pr>F 0.0108|
B3A3pA Chﬁag'e‘,gf I?:Sr:|5q e e E,g'ﬂ af | F(129)| Pr>F M'iiﬁ'? Significant? | Statistically Better
Glove vs Wand 0.1000] 0.7519] Yes 29 0.01 0.9411 Yes Neither Neither
Glove vs B6"Non 4.7869 0.0087 No 29 5.70 0.0237 No Var/Means |Glove 6.40%
Glove vs WIS 2.0420 0.1530 Yes 29 9.68 0.0042 No Means Glove 9.83%
Wand vs 86"Non 41500 0.0461 No 29 11.90 | 0.0017 No Var/Means |Wand 6.21%
Wand vs W/S 1.3300] 0.2529] Yes 29 13.51 | 0.0010 No Means Wand 9.68%
86"Non vs W/S 0.6080 0.4356 Yes 29 10.65 | 0.0028 No Means 86"Non 3.66%
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Tables J-1 (Novice), J-2 (Experienced), and J-3 (All) present a compilation
of the statistically significant findings of the overall Benchmark 1 testing. The
tabulation includes the significance of both the objective (elapsed time) measures
and the subjective user ratings by category. Overall the tables show that 285 of the
432 Benchmark 1 elapsed time and ratings comparisons produce statistically

significant results (65.97%).

Table J-1 shows that 92 of the 144 novice user Benchmark 1 elapsed times

and ratings comparisons produced statistically significant results (63.89%).

Table J- 1 Benchmark 1 Novice Users Statistically Significant Comparisons

Benchmark 1 - Movice Users
Statistically Significant Environment Comparisons Results Summary
Elapsed Times Pass 1 Pass 2 Pass 3 3 Pass Avg.
45.83% 0% 33.33% B6.6T% 33.33%
Glove vs Wand Wand 14.04% Meither Wand 23 50%|Wand 23.708%
(Glove vs B8 Non d&"Non  5.685% Neither Neither Neither
(Glove vs WIS Neither MNeither Meither MNeither
Wand vs B8 Non Nether ‘Wand 23.92%[Wand 13.15% Meither
"Wand vz WIS Wand 14.34% |Wand A7 70%|Wand 14.25%| Wand 21.10%
A8 "Mon vs WIS Neither MNeither BE" Mom  D.2B8% Neither
Navigation Ratings Pass 1 Pass 2 Pass 3 3 Pass Avg.
% 33.33% 50% 0% BE_6T%
(Glove vs Wand Neddher Nerher Neither Ieither
(Glove vs BE Non Neither MNeither Glove B.92% | Glove T.E4%
(Glove vs WIS Glove 15.11%|Glove 15.92%|Glove 16.87%| Glove 15.87%
Wand vs 88 Non MNether MNeaither MNeither Meither
WWand vs WIS Neither ‘Wand 13.88%(Wand B.8E% | Wand 11.04%
358" MNon vs WIS 36" Wen 767|236 Mon  8.39% Meither 86" Mon  T.44%
Locating Ratings Pass 1 Pass 2 Pass 3 3 Pass Avg.
4.17% B6.67% B6.67% 0% 33.33%
Glowe ws Wand Wand 13.71% T.A3% Meither Meither
(Glove vs BE Non Glove 2.41%|Glove 10.26%| Glove 8.43%
(Glove vs WIS Glove e 13.36%|Glove 12.22%| Glove 10.44%
Wand vs 88 Non MNether MNeaither MNeither Meither
WWand vs WIS Wand 22.39%[Wand 5.52%Wand 6.78% Neither
A8 "Non vs WIS Nether MNeither Meither Meither
“‘;'a':i:::“" Pass 1 Pass 2 Pass 3 1 Pass Avg.
70.83% B8.67% S0% B3.33% 83.33%
Glove vs Wand Neither Y| Glove 12.00%| Glove 8.81%
Glove vs B8 "Non Glove a.03%|G6 14.57%|Glove 10.56%| Glove 14.20%
Glove vs WIS Glowe 15.29% |G 16.88%|Glove 24 44%| Glove 18.85%
"Wand vs 88" Non Neither i Wand 8.75% | Wand 4.56%
Wand vs WIS Wand Wand 11.11%|Wand 8.13%
A8 "Mon vs WIS AE" Non Meither Neither
Imﬁp:;:ns Pass 1 Pass 2 1 Pass Avg.
75% B6.67% B6.6T% 83.33%
Glove vs Wand Neither Meither MNeither
Glove vs BA"Non Glove 11.84% |G 12.56%|Glove 12.21%| Glove 12.28%
(Glowe ws WIS Glowe 18.32% 73%|Glove 22.1E8%|Glove 20.78%
Wand vs 88 Non Wand 5.2 Meither Wand 6.08%
WWand vs WIS 'Wand 12.2 1% Wand 17.24%|Wand 14.13%
A8 "Mon vs WIS Neither “|BE" Monm  B.TDW[BE" Mon  7.5B%
(Owerall Impressions| Pass 1 Pass 3 3 Pass Avg.
87.5% B5.6T7% 100% 100%
Glove v Wand Nether 34% | Glove 7.80% | Glove T.55%
(Glove vs BE Non Glove | Glove 13 80%| Glove 10.63%
(Glove vs WIS Glove 7.80%|Glove 21.78%| Glove 17.768%
"Wand vs B8 Non Neither Wand 5.37%|Wand 2.B6%
"Wand vs WIS Wand 2.40% 10.57%|Wand 12.87%|Wand 0.560%
A8"Non vs WIS 48" Won  8.08% B.30%[56" Mon 711%|86" Non  B.45%
92 Statistically Significant Results of 144 Comparisons (63.89%)




Table J-2 shows that the experienced user group test environment comparisons
tests provide a somewhat lower percentage (63.19%) of statistically significant

results.

Table J- 2 Benchmark 1 Experienced Users Statistically Significant
Comparisons

Benchmark 1 - Experienced Users
Statistically Significant Environment Comparisons Results Summary

Elapsed Times Pass 1 Pass 2 Pass 3 3 Pass Avg.
43.83% 33.33% S0% 0% W%
Glowe vs Wand Neither Wand  24.06%|Wand 57.15%|Wand 31.48%

Glowve vs 88 Non Glowe  18.18% Neither Meither Meither
Glowe ws WIS Neither Meither Meither Meither
Wand vs B8 Non ‘Wand 32 21% |Wand 50.02%|Wand B4 25%|Wand 44 09%
Wand ws WIS Neither ‘Wand 34 10%|Wand A4 BEB%|Wand AT 6B0%
38" Mon vs WIS Meither Meither Meither Weither
Mavigation Ratings Pass 1 Pass 2 Pass 3 3 Pass Avg.
538.33% G6.67% B6.6T% 0% 0%
Zowve vs Wand Mether Heither Feither Heither
Glowe ws B8 "Non Glove 3love 12.43%|Glowe B.11%| Glove 0.B2%
Ghowe ws WIS Glowe 2.84% | Glove 11.28% Meither Weither
Wand vs 88 "Non ‘Wand 12.45% |[Wand 11.84%|Wand 12.80%|Wand 12.33%
Wand wvs WIS Neither ‘Wand 10.50%|Wand BE1%|Wand BE1%
38" Mon vs WIS WIS 5.32% Meither Meither Neither
Locating Ratings Pass 1 Pass 2 Pass 3 3 Pass Avg.
BE.BT% 66.67% B6.6T% BE.ET% BE.BT%
Glowe ws Wand Neither Meither Meither Meither

t|Glove 18.22%|Glove 14 38%| Glove 13.40%
Glove 15.83%|Glowe 10.86%| Glove 11.58%
Wand BL42%: | Wand 10,87 % Wand 10.43%

Glowe ws B8 Non Glove 18.327
Glowe ws WIS Glove 15.
Wand vs B3 Mon ‘Wand 10.

Wand vs WIS ‘Wand 2.80% |Wand B.B2%|Wand T.E5%|Wand B66%
38" Mon vs WIS Neither Meither Meither Neither
ngs n Pass 1 Pass 2 Pass 3 3 Pass Avg.
T9.4T% 66.67% B3.33% B3.33% 83.33%
Glowe ws Wand Glove Meither Meither Glowve 8.E4%
Glowe ws B3 "Non Glove 3love 13| Glowe 31.08%| Glove 24 B7%
(Ghowe ws WIS Glowe 13.85% | Glove | Glowe 20.65%) Glowe 17 .65%
Wand vs B3 Mon ‘Wand B.08%|Wand e Wand 24.00%|Wand 14 55%
WWand vs WIS Neither ‘Wand | Wand 14.13%|Wand 8.10%
38" Mon vs WIS Neither WIS T3%|WIS B.85% Neither
ln:::sri::ns Pass 1 Pass 2 Pass 3 3 Pass Avg.
70.83% B6.67% BE.6T%: B3.33% 83.33%
Glowe ws Wand Neither Meither Meither Neither
(Ghowe ws BE"Mon Glowe 20. 16.54% | Glove 20.73%| Glowe 16.60%
(Ghowe ws WIS Glowe 13, 14.03%| Glove 13.81%|Glove 11.60%
Wand vs B8 Nen ‘Wand 18. 13.23%|Wand 16.07 %|Wand 11.71%
Wand wvs WIS ‘Wand 12.36 10.79%|Wand B.42%|Wand 6.74%
38" Mon vs WIS Neither WIS 6.08% Neither
.“:_:_‘::ns Pass 1 Pass 3 3 Pass Avg.
58 335 S0% BE.6T% 0%
Glowe wvs Wand Neither Meither Meither Meither
Glowe ws B8 "Non Glove 15.48% 17.71%|Glowve 17.80%| Glove 16.55%
Ghowe ws WIS Meither 12.81%|Glove 12.78% Weither
Wand vs 88 Non ‘Wand 12. 13.50%|Wand 14.20%|Wand 13.27%
Wand wvs WIS ‘Wand T. E.58%|Wand BT Wand H.26%

38" Mon vs WIS Neither Meither Meither Meither
31 Statistically Significant Results of 144 Comparisons (§3.13%)
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Similarly, Table J-3 shows that the all users Benchmark 1 elapsed times and
ratings comparisons produced statistically significant results in 102 of the 144

elapsed times and ratings environment comparisons (70.83%).

Table J- 3 Benchmark 1 All Users Statistically Significant Comparisons

Benchmark 1 - All Users
Statistically Significant Environment Comparisons Results Summary
Elapsed Times Pass 1 Pass 2 Pass 3 3 Pass Avg.
50% 0% % S0% 50%
Glowe wvs Wand Meither Wand 38.40%|'Wand 41.88%|Wana 27.92%
(Glowe ws B3 Mon BE" Mon  4.85%, Weither Meither Meither
Glowe vs WIS Meither Neither Meither MNeither
WWand vs B8 Nen Wand 35 67%|Wand 38.84%|'Wand A5 67%|Wand 30.06%
Wand vs WIS Wand 36.09%|Wand 35.68%|'Wand 38.09%|Wana 20.89°%
38" Mon vs WIS Meither Weither Meither Meither
";:t?:tgl:n Pass 1 Pass 2 Pass 3 3 Pass Avg.
T0.89% BE.BT% 83.33% BE.6T% BE.6T%
Gowve vs Wand Wand 0.57% HNeither Heidher Neihar
(Glowe ws B3 Mon Glove T.56%| Glowve BUE19%:]|38" Mon B.82%(Glove B.A5%
Glowe vs WIS Meither WIS 13.61% WIS 11.23%|Glove 11.13%
Wand vs B8 MNon Wand 7.00%|Wand 8.14%|Wand 7.81%|Wand 7.88%
Wand vs WIS Wand 8.27%|Wand 12.09%|Wand 9.58% |Wana 2.84%
38" Mon vs WIS Meither Wi's 365% Meither Meither
Lecating Ratings Pass 1 Pass 2 Pass 3 3 Pass Avg.
T0.83% BE.GT% 83.33% BE.6T% BE.6ET%
Glowe ws Wand Meither Wand G.33% Meiher Meither
Glowe ws B3 Nen Glove 11.80%| Glove 11.70%[38" Nen 12.65%|Glove 10.85%
Glowe ws WIS WIS 11.89%|Wis 14 40°% WIS t 10.99%
Wand vs B8 Mon Wand 7.7E%|Wand 5.05% |Wand 7.77%|Wand 8.84%
Wand vs WIS Wand 7.7E%|Wand 767%|Wand 7.22%|Wand 6.08%
38" Mon vs WIS MNeither Neither Meither MNeither
Ha;;;:;:un Pass 1 Pass 2 Pass 3 3 Pass Avg.
83.33% 83.33% 83.33% 83.33% 83.33%
Glowe wvs Wand Wand 7.55%|Wand 6.28%|Wand 8.78%|Wand 8.38%
(Ghowe ws B3 Non Meither  13.81%| Glove 15.51% (88" Non 18.17%
Glowe ws WIS Wis 14.57%| WIS 13.42%|WiS 17.81%
Wand vs B8 MNon Wand 5.81%|Wand 5.68% |Wand t 2.44%
Wand vs WIS Wand §.52%|Wand 6.72%|Wand 12 64%|Wand B.01%
38 'Mon vs WIS Meither Neither Meiher Meither
Im(::en:ii:nsr Pass 1 Pass 2 Pass 3 3 Pass Avg.
70.83% BE.BT% BE.BT% BE.6T% B3.33%
Glowe wvs Wand MNeither Neither Meither ‘Wand 5.20%
(Ghowe ws B3 Non Glove 15.68%| Glove 14.47% |Glowe 18.30%|G 14.40
Glowe wvs WIS Glowve 16.53%| Glowe 17.368%|Glove 17.9 18.20
Wand vs B8 Nen Wand 10.47%|Wand 5.88% |Wand 11.71% B.74%
Wand vs WIS Wand 11.07%|Wand 11.74%|'Wand 13.27% 10.48%
38" Mon vs WIS Meither Weither Meither
Im::::;:HE Pass 1 Pass 2 Pass 3
7947% BE.GT% 83.33% 83.33%
Glowe vs Wand Meither Glove 5.13%[Glowe 5.63%
Glowe ws B3 Nen Glowve 1167 %| Glove 14.05%|Glove 15.68%
Glowe ws WIS Glove 12.35%| Glove 15.18%|Glove 17.28%|G
Wand vs 83" Mon Wand T E5%| Wand B.48%|Wand 28.52%|Wand T.
Wand vs WIS Wand 8.30%|Wand 0.56% |Wand 11.01%|Wanad B.87%
38" Mon vs WIS MNeither Neither Meither MNeither
102 Statistically Significant Results of 144 Comparisons (70.83%)
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Tables K-1 (Novice), K-2 (Experienced), and K-3 (All) present a
compilation of the statistically significant findings of the overall Benchmark 2
testing. The tabulation includes the significance of both the objective (elapsed time)
measures and the subjective user ratings by category. Overall the tables show that
221 of the 432 Benchmark 2 elapsed time and ratings comparisons produce

statistically significant results (51.2%).

Table K-1 shows that 78 of the 144 novice user Benchmark 2 elapsed times

and ratings comparisons produced statistically significant results (54.17%).

Table K- 1 Benchmark 2 Novice Users Statistically Significant Comparisons

Benchmark 2 - Movice Users
Statistically Significant Environment Comparisons Results Summarny
Elapsed Times Pass 1 Pass 2 Pass 3 3 Pass Avg.
BE.67% BE.67% BE.6T% 0% 83.33%
Glove ws Wand Neither Meithar Meither Meither
Glove ws 88 Mon Glove 17.88% | Glove 22.23%|Glove 31.4E%|Glove 24 445
Glowe ws WIS Glove 21 zlowe 17.82%|Glove 26 20%| Glove 21.085%
"Wand ws B8"Non ¥Wand Nana 23.23%|Wand 31.4B%|Wand 24447,
Wand ws WIS ¥Wand t|Wand 1TA2% Meither ‘Wand 21.36%
B8 Mon vs WIS Neither Meither Meither WIS 4 25%|
Mavigation Ratings Pass 1 Pass 2 Pass 3 3 Pass Avg.
38.33% 33.33% G6.6T% B3.33% %
Glowe ws Wand Nether Maither Meither Meither
Glove ws BE Non Neither Glove 10.123% | Glove 12.87% Meither
Glove ws WIS Neither Glove 2.31%| Glove 16.20%| Glove 10.80%
Wand ws B8"Non ¥Wand 3.48%|Wand 8.58%|Wand 12.10%|Wand 8.87%)
Wand ws WIS ¥Wand 5.00%|Wand 8.58%|Wand 12.10%|Wand 8.87%)
38 Mon vs WIS Netther ES"Non 2.51%| Meither
Locating Ratings Pass 1 Pass 3 3 Pass Avp.
58.33% 33.33% BE.BT% G6.6T%
Glowe vs Wand Nether Glove 3.80% Meither
Glove ws B8 Non Neither 79| Glove 13.50%| Glove 8.50%|
Glove ws WIS Neither | Glove 13.00%) Glove 0_3B%,|
Wand ws B8"Non ¥Wand 5.7 E Meither ‘Wand B.E7%|
Wand ws WIS ¥Wand EE] Y| Wand E.25%|Wand T.T3%|
A8 Mon vs WIS Neither Meither Meither
Manipulation Pass 1 Pass 3 3 Pass Avg.
Ratings 25% 0% BE.ET% 16.67%
Glowe ws Wand Nether Meither Meither
Glowe ws 88 Mon Nether 2.41%|Glove 12.50%| Glove 0.24%
Glove ws WIS Nezither Glove 13.86% Meither
Wand ws B8 "Non Neither Wand 7.20%) Meither
Wand ws WIS Neither Wand B 42% Meither
B8 Mon vs WIS Neither Meither Meither
General Pass 1 Pass 3 3 Pass Avg.
Impressions  50% 0% 50% BE_ET%
Glove ws Wand Neither Meither Meither
Glove ws B8 Non Neither Meither Glowe 0.40%|
Glowe ws WIS Glowes 0.85% Glove 12.88%| Glove 0_28%
WWand ws B8 "Non ¥Wand 10.08% | Wand 11.02%|Wand 9.73%|
Wand ws WiS ¥Wand 10.08% 2% Wand 12.18%|Wand 0.62%|
A8 Mon vs WIS Either Meither Meither
Owerall Impressicns| Pass 1 Pass 3 3 Pass Avg.
BE.6T% BE.6T% B6.6T% 66_67%
Glove ws Wand Neither Meither Meither
Glove ws BE"Non Glove B%|Glove B.E7%|Glove 0447
Glowe ws WIS Glove 2% Glove Bap%| Glove 067 %)
WWand vs 80 Non WWand B.38%|Wand E.77%|Wand 8.43%)
Wand vs WIS WWand 2.70%|Wand B 8E%|Wand 8.85%
A8 Mon vs WIS Nezither Meither Meither
T8 Statistically Significant Results of 144 Comparisons (54.17%)




Table K-2 shows that 64 of the 144 experienced user Benchmark 2 elapsed

times and ratings comparisons produced statistically significant results (44.44%).

Table K- 2 Benchmark 2 Experienced Users Statistically Significant

Comparisons
Benchmark 2 - Experienced Users
Statistically Significant Environment Comparisons Results Summary
Elapsed Times Pass 1 Pass 2 Pass 3 3 Pass Avg.
54AT% 50% 50% 50% 66.67%
Glove va Wand Meither Meither Meither Neither
Glove va 36"Mon Meither Glove 14.77% Meither Glove 18.26%
Glove vs WIS Glove 13.47%| Glove 10.47%| Glove 20.79%|Glove 20.78%,
Wand ve 36"Mon Wand 10423 Wand 12.24%| Wand 15.11%|Wana 15.11%
Wand va WIS ‘Wand 16.38% Meither Wand 17.72%|Wand 17.72%
BE"Mon v WIS Meither Meither Meither Neither
Nawvigation Ratings Pass 1 Pass 2 Pass 3 3 Pass Avg.
45.83% 16.67% 66.67% B6.67% 33.33%
Glove va Wand Meither Meither Meither Meither
Glove va 35"Mon Meither Glove 2.84%| Glove 7.66%| Glove 3.88%
Glove va WIS Glove 10.39%| Glove 2.58%| Glove 7.69%| Glove 4.31%
Wand ve B6"Non Meither Wand 4 85%| Wand 6 B5% Meither
Wand vs WIS Meither Wand 4.62%| Wand G6.68% Meither
BE Mon va WIS Meither Meither Meither Meither
Locating Ratings Pass 1 Pass 2 Pass 3 3 Pass Avg.
45.83% 50% 33.33% B6.67% 33.33%
Glove va Wand Wand 0.34%|Glove 1.58% Meither Meither
Glove va 36"Mon Meither Meither Glove 6.91% Meither
Glove vs WIS Glove 2.11%|Glove 3.04%| Glove T.97%| Glove 4 45%
Wand ve 86"Mon Meither Meither Wand 4 S3%) Meither
Wand vs WIS Meither Meither Wand 5.958% Meither
BE"Mon vs WIS BE"Mon 4 .592% Meither Meither BE"Mon 2.2T%
““;;I“::;:““ Pass 1 Pass 2 Pass 3 3 Pass Avg.
37,59 0% 33.33% 5% 66.6T%
Glove ve Wand Meither Meither Meither Meither
Glove va 35"Mon Meither Meither Meither Glove 5.95%
Glove va WIS Meither Glove 4 78%| Glove 14 22%| Glove T.74%
Wand vs 86"Non Meither Meither Wand 13.88%|Wand 4.77%
Wand vs WIS Meither Meither Wand 12.82%|Wand 5.54%
BE"Mon va WIS Meither BE"MNon 2.93% Meither Meither
mﬁf::s'iﬂm Pass 1 Pass 2 Pass 3 3 Pass Avg.
0% 0% B6.67% 33.33%
25%
Glove va Wand Meither Meither Meither Meither
Glove vs 36"Mon Meither Meither Glove 10.42%| Glove 3.61%
Glove vs WIS Meither Meither Glove 9.32%| Glove 3.81%
Wand ve 36"Mon Meither Meither Meither Meither
Wand vs WIS Meither Meither Wand 5.97% Meither
BE"Mon va WIS Meither Meither Wis 1.01% Meither
mm:ns Pass 1 Pass 2 Pass 3 3 Pass Avg.
58.33% 50% 16.67% B6.6T% 100%
Glove vs Wand Meither Meither Meither Glove 0.65%
Glove va 868"MNon Meither Meither Glove 9.99%| Glove 4.12%
Glove va WIS Glove 1.85%| Glove 2.87%| Glove 0.83%| Glove 4.96%
Wand vs 86"Mon Meither Meither Wand 5.83%|Wand 3.45%
Wand va WIS Wand 1.50% Meither Wand a.67%[Wand 4 28%
BE"Mon va WIS BE"Mon 1.83% Meither Meither BE"Mon 0.80%
64 Statistically Significant Results of 144 Comparisons (44.44%)
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Similarly, Table K-3 shows that the all users Benchmark 2 elapsed times and
ratings comparisons produced statistically significant results in 79 of the 144

elapsed times and ratings environment comparisons (54.86%).

Table K- 3 Benchmark 2 All Users Statistically Significant Comparisons

Benchmark 2 - All Users
Statistically Significant Environment Comparisons Results Summary
Elapsed Times Pass 1 Pass 2 Pass 3 3 Pass Avg.
66,67 % 66,67 % 66.67% 50% 83.33%
Glove vs Wand Meither Meither Meither Meither
Glove va 868"Mon [Glove 12.71%| Glove 20.20%| Glove 25.81%|Glove 25.81%
Glove va WIS Glove 17.67%| Glove 12.84% Meither Glove 23.22%
Wand v 38"Mon [Wand 10.47%|Wand 19.84%| Wand 28.99%:|Wand 28.80%
Wand va WIS Wand 15.56%|Wand 13.25% Meither Wand 26.52%
BE"Mon va WIS Meither Meither Wis 3.AT%WIS 3.27%
";‘;‘g::;“ Pass 1 Pass 2 Pass 3 3 Pass Avg.
B0% 0% 66.67% 66.6T% 66.67%
Glove vs Wand Meither Meither Meither Meither
Glove vs 36"Mon Meither Glove 6.42%| Glove 10.29%| Glove 6.22%)
Glove va WIS Meither Glove 5.90%| Glove 11.66%| Glove T.A7%)
Wand vs 86"Mon Meither Wand &.11%| Wand 8.01%[Wand 542%
Wand vs WIS Meither Wand 5.55%| Wand 9.34%[Wand 6.36%
BE"Non vs WIS Meither Meither Meither Meither
Locating Ratings Pass 1 Pass 2 Pass 3 3 Pass Avg.
66,67 % 66,67 % 33.33% 83.33% 83.33%
Glove vs Wand Wand 1.18%| Meither Glove 2.83% Meither
Glove vs 86"MNon Meither Glove 5.25%| Glove 10.12%| Glove 5.30%
Glove va WIS Glove 4 91%|Glove 5.25%| Glove 10.45%| Glove 8.93%
Wand vs 86"Non Meither Meither Wand 7.08%[Wand 291%
Wand va WIS Wand 6.15% Meither Wand 7 44% [ Wand 5.52%
BE"Mon va WIS 88 "Mon 4 358% Meither Meither BE"Mon 1.55%
““"R:;'i‘:g"" Pass 1 Pass 2 Pass 3 3 Pass Avg.
37.5% 0% 33.33% 33.33% 66.67%
Glove vs Wand Meither Meither Meither Meither
Glove vs 85"Mon Meither Glove 3.64% Meither Glove B.13%
Glove va WIS Meither Glove 5.64% Meither Glove TET%
WWand vs 85"Mon Meither Meither Wand 10.60%|Wand 5.09%)
Wand va WIS Meither Meither Wand 10.80%|Wand 4.584%
BE"Mon va WIS Meither Meither Meither WIS 0.43%
Im{mﬂm Pass 1 Pass 2 Pass 3 3 Pass Avg.
0% 50% 83.33% 66.67%
50%
Glove ve Wand Meither Meither Glove 0.46%, Meither
Glove vs 38"Mon Meither Glove 4.41%| Glave 11.05%| Glove 5.49%)
Glove va WIS Meither Meither Glove 11.05%| Glove 6.38%
Wand vs 36"Mon Meither Wand 5.7%%| Wand 10.54%|Wand B.78%
Wand vs WIS Meither Wand 5.07%| Wand 10.54%|Wand B.E6T%
BE"Mon va WIS Meither Meither Meither Meither
Immgm Pass 1 Pass 2 Pass 3 3 Pass Avg.
58.33% 50% 66.67% 50% 66.67%
Glove va Wand Meither Meither MNeither Meither
Glove vs 36"MNon Glove 4 53%|Glove 5.93%| Glove 0.80%|Glove B.77%)
Glove va WIS Glove 5.55%|Glove 6.53%| Glove O.77%|Glove 7.30%)
Wand ve B5"Mon Meithar Wand E.82%|Wand 8.80%[Wand C 4%
Wand va WIS Wand 4.05%(Wand 6.43% Meither Wand BATY%
BE"Non vs WIS Meither Meither Meither Meither
79 Statistically Significant Results of 144 Comparisons (54.86%)
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Appendix L

Benchmark 3 Statistically Significant Environment Comparisons
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Tables L-1 (Novice), L-2 (Experienced), and L-3 (All) present a compilation
of the statistically significant findings of the overall Benchmark 3 testing. The
tabulation includes the significance of both the objective (distance offsets) measures
and the subjective user ratings by category. Overall the tables show that 247 of the
432 Benchmark 3 distance offsets and ratings comparisons produce statistically

significant results (57.18%).

Table L-1 shows that 85 of the 144 novice user Benchmark 3 distance offsets

and ratings comparisons produced statistically significant results (59.03%).

Table L- 1 Benchmark 3 Novice Users Statistically Significant Comparisons

Benchmark 3 - Novice Users
Statistically Significant Environment Comparisons Results Summary

Distance Offsets Pass 1 Pass 2 Pass 3 3 Pass Avg.
29.17% 0% 0% B3.33% 33.33%
(Ghowe ws Wand Mether Meither Wand BE.84% Meither
(Ghowe ws B3 Mon Mether Meither Glove BE.BE%| Glove B3.43%
Ghowe ws WIS Mether Meither Meither Meither
Wand vs 83" Mon Mether Meither Wand B4 15% Meither
Wand vs WIS Mether Meither Wand B3.TE% Meither
28"Mon vs WIS Mzther MNzither E] BR1%[Wis 7.30%
Navigation Ratings Pass 1 Pass 2 Pass 3 3 Pass Avg.
38.33% 33.33% S0% BE.ETH 83.33%
Glowve ws Wand Meither Glowe 5.30% Meither Glove 4. 81%
Ghowe ws B8 Mon Glowe 29.05% Meither Glove B.20%| Glove 8.83%
Ghowe ws WIS Mether 14.20% | Glove 14 26%| Glove 13.78%
Wand vs 88 Mon Wand £ 28%|Wand 8.28%|Wand 5.24% | Wand 5.27%
Wand vs WIS Mether Meither Wand 10.24% | Wand B.42%
38" Mon vs WIS Mether Meither Meither Meither
Locating Ratings Pass 1 Pass 2 Pass 3 3 Pass Avg.
A AT% 33.33% 33.33% BE.6T% 83.33%
(Ghowe ws Wand Mether Glowe 5.30% Meither Glove 4.81%
(Ghowe ws B3 Mon Glowe 2.80% Meither Glove B.20%| Glove B.B3%
Glowe ws WIS Meither Maithar Glove 14 26%| Glove 13.78%
Wand vs 83" Mon Wand S.47%|Wand 8.28%|Wand 5.24%|Wand 5.27%
Wand vs WIS Mether Meither Wand 10.24% | Wand B.42%
38" Mon vs WIS Mether Meither Meither Meither
“"’;'a':i:;:“" Pass 1 Pass 2 Pass 3 3 Pass Avg.
£ 5% 0% 33.33% B3.33% 83.33%
Glowe ws Wand Meither Glove 2.81% Meither Glove 12.16%
Ghowe ws B0 Mon Glowe 15.12% Meither Glove 10.12%| Glove 12.B2%
Ghowe ws WIS Glowe 25.07 Meither Glove 16.26%| Glove 18.52%
Wand vs 88 Mon Wand 3.02%|Wand 4 11%[|B6'Mon 4.88%Wand 0.76%
Wand vs WIS Mether Meither Wand 2.26% Meither
38" Mon vs WIS Meither Meither B&"Mon 6.83%|86 Non 78R
Imﬁ:::;ns Pass 1 Pass 2 Pass 3 3 Pass Avg.
£ 5% 0% S0% B3.33% BE_ET%
(Ghowe ws Wand Mether Meither Glowve 1.86%
Glowve ws 88 Nen Meither 03| Glove 11.02%| Glove 8.86%
Ghowe ws WIS Glowe 8.7 | Glove 14.50%| Glove 12.27%
Wand vs 83" Mon Wand 10.5 Wand 6.70% Meither
Wand vs WIS Wand 13.73% Meither Wand 10.35% Meither
38" Mon vs WIS Mether BE'Mon 3.71%|BEMon 3.81%[86 Nen 3.74%
Overall Impressions| Pass 1 Pass 2 Pass 3 3 Pass Avg.
BT 5% BE.6T% 100% B83.33% 100%
(Ghowe ws Wand Mether B.08% | Glove 6.27%| Glove 5.27%
(Ghowe ws B3 Mon Glowe 10.1 11.24%| Glove B.T2%| Glove 10.12%
Glowe ws WIS Glove 13.0 16.02% | Clove 16.44%| Glove 16.44%
Wand vs 83" Mon Wand 4.0 4.88% Meither Wand 4.10%
Wand vs WIS Wand 2.12% B.84%|Wand 10.84% | Wand 10.84%
38" Mon vs WIS Mether 4 28%|B6 Mon 7.44% 86 Mon 7.03%

B85 Statistically Significant Results of 144 Comparisons (59.03%)




Table L-2 shows that but 60 of the 144 experienced user Benchmark 3
distance offsets and ratings comparisons produced statistically significant results

(41.67%).

Table L- 2 Benchmark 3 Experienced Users Statistically Significant
Comparisons

Benchmark 3 - Experienced Users
Statistically Significant Environment Comparisons Results Summary

Distance Offsets Pass 1 Pass 2 Pass 3 3 Pass Avg.
41 6T% 0% 33.33% GE.BT% 33.33%
Glove ws Wand MNeither Meither Wand 31.11%| Meither
Glove ws 88 Mon MNeither Glove (EEEEREHClove SEEEEHEGlove  FRREEER
Ghowve ws WIS Neither Meither Glove SFREss Meither
Wand vs 88 Mon Wand  EEEEEH Meither Meither Meither
Wand ws WIS Wand 48 98% Meither Meither Meither
28" Mon vs WIS Neither B Mon  21.00%|W/S 2.58%|Wis 5.06%
Havigation Ratings| Pass 1 Pass 2 Pass 3 3 Pass Avg.
33.33% 0% 33.33% BE.ET% 33.33%
Glove ws Wand Neither Meither Wand 23.50%|Wand 23.76%
Glove ws B8 Mon Neither Meither Meither Meither
Glove ws WIS Neither Meither Meither Meither
Wand ws 88" Mon Neither Wand 23.82%|Wand 13.15% Meither
Wand vs WIS Neither Wand 23.82%|Wand 13.18%|Wand 13.50%
38" Mon vs WIS Neither Meither EG"Mon 0.3B% Meither
Locating Ratings Pass 1 Pass 2 Pass 3 3 Pass Avg.
3T % 0% 33.33% GE.BT% %
Glove ws Wand MNeither Meither Wand 23.50%| Wand 23.76%
Glove wvs 88 Mon MNeither Meither Meither Meither
Glowe ws WIS MNeither Meither Meither Meither
¥Wand ws 88" Mon Neither Wand 23.82%|Wand 13.15%]Wand 13.80%
WWand vs WIS Neither Wand 23.82%|Wand 13.15%]Wand 13.80%
A8 " Mon vs WIS Meither Meither BE"MNon O.8EB% Meither
”“&:"‘;1';‘:’“ Pass 1 Pass 2 Pass 3 3 Pass Avg.
31 3% 0% 33.33% BE.ET% 33.33%
Glove ws Wand Heither Meither Wand 23.80%|Wand 23.76%
Glove wvs B8 Mon Heither Meither Meither Meither
Glowve ws WIS Heither Meither Meither Meither
Wand vs 88" Mon Heither Wand 23.82%|Wand 13.15% Meither
Wand vs WIS Neither ‘Wand 23.82%|Wand 13.18%|Wand 13.50%
38" Mon vs WIS MNeither Meither E6"Mon 0.3E% Meither
m‘:;':;:nﬁ Pass 1 Pass 2 Pass 3 3 Pass Avg.
33 398 0% 33.33% BB.6T% 33.33%
Glove ws Wand Heither Meither Wand 23.80%| Wand 23.76%
Glove ws 88 Mon Heither Meither Meither Meither
Ghowve ws WIS Neither Meither Meither Meither
Wand vs 88 Mon Neither ‘Wand 23.82%|Wand 13.15%| Meither
Wand vs WIS Neither Wand 23.82%|Wand 13.18%|Wand 13.80%
38" Mon vs WIS Neither Meither EG"Mon 0.3B8% Meither
m;';“:i:m Pass 1 Pass 2 Pass 3 3 Pass Avg.
31 3% 0% 33.33% BE.ET% 33.33%
Glove ws Wand MNeither Meither Wand 23.50%| Wand 23.76%
Glove wvs 88 Mon MNeither Meither Meither Meither
Glowe ws WIS MNeither Meither Meither Meither
WWand vs 88 Mon MNeither ‘Wand 23.82%|Wand 13.15%| Meither
WWand vs WIS Neither Wand 23.82%|Wand 13.15%]Wand 13.80%
38" Maon vs WIS Heither Meither E6"Mon 0.3B8% Meither

60 Statistically Significant Results of 144 Comparisons (41.67%)
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Similarly, Table K-3 shows that the all users Benchmark 3 distance offsets
and ratings comparisons produced statistically significant results in 102 of the 144

elapsed times and ratings environment comparisons (70.83%).

Table L- 3 Benchmark 3 All Users Statistically Significant Comparisons

Benchmark 3 - All Users
Statistically Significant Environment Comparisons Results Summary
Distance Offsets Pass 1 Pass 2 Pass 3 3 Pass Avg.
45.83% 16.6T% 33.33% BE.67T% BE.BT%
Glowe ws Wand Meither Naither Ghowve 2.27% MNeither
(Ghowe ws 83" Mon Meither Glove  #FREEFF|Glove #EEEE|Glove TSR
Ghowe ws WIS Meither Naither Glove  wEEEEER MNeither
Wand ws 88 Men Wand  SFreess Neither Mether Wand  HEERH
Wand ws WIS Meither Naither Meither ‘Wand B1.35%
28" Mon vs WIS MNeither 88"Mon 24 14%|W/S 0.75% (WIS 5.08%
Jation Pass 1 Pass 2 Pass 3 3 Pass Avg.
Ratings 50% 83.33% 50% 100%
TR
Glowe ws Wand Meither Wand 1.03% Meither ‘Wand
Glowe ws B8 Mon Meither Glowve 5.66% Meither Glove
Glowe ws WIS Meither Naither Meither Glowe 1
Wand ws 88" Men Wand 4 B0%|Wand 6.62%[Wand 8.22%Wanad
Wand ws WIS Wand 10.33%(Wand 11.63% |Wand 11.47%(Wanad 11.1
28" Mon vs WIS E6"Mon §.72%(88 Non §37%[38"Non  5.60%[B&"Mon 4 98%
Locating Ratings Pass 1 Pass 2 Pass 3 3 Pass Avg.
T9AT% BE.ET% G6_6T% 83.33% 100%
Glowe ws Wand Meither Glove 1.68%[Wand 1.33%[Wand
(Ghowe ws 83" Mon Glove 735 % Glove B.40% [Glowe 8.74%[Glove
Ghowe ws WIS Meither Naither Ghowve 2.43%[Glove
Wand ws 88 Nen Wand 6.81% Neither Wand 7.88%[Wand
Wand ws WIS Wand 10_27%[Wand 8.28% [Wand 10.64%[Wand
28" Mon vs WIS EG"Mon 3.61%[88" "Non 2B3% Mether 22" Mon
lla}:;:]l;t;nn Pass 1 Pass 2 Pass 3 3 Pass Avg.
7586 0% 100% BE.6TY% 83.33%
Glowe ws Wand Meither Glove 0.68% [Glowe 2.42% Meither
Glowe ws B8 Mon Glowve 8.16%|Glove 5.71%[Glove 7.71%|Glove B.00%
Ghowe ws WIS Glove 11.62%| Glove B.BD% [Glowe 12.04%(Glove 10.83%
Wand ws 88 Non Meither Wand 5.05% [Wand 3.44%[Wand 5.43%
Wand ws WIS MNeither \Wand 9.17% Mether ‘Wand T.23%
38" Mon vs WIS BG"Mon 3.76%|88 "Non 4 34% Meither 22" Mon 1.91%
Im(:::;.i'ii:ns Pass 1 Pass 2 Pass 3 3 Pass Avg.
70.89% 0% 83.33% 83.33% BE.6T%
Glowe ws Wand Meither Wand 1.11% Meither MNeither
Glowe ws B8 Nen Glowe 357 %[ Glove 3.64% [Glove 5.87%[Glove 4.42%
Ghowe ws WIS Glove T B2%|Glove 857 [Glowe 3.87%[Glove
Wand ws 88" Men Meither Neither Wand 7.00%[Wand
Wand ws WIS Meither Wand 8.58% [Wand 9.88% Meither
28" Mon vs WIS E6"Mon 4 41%[88 Non 5.11% (88" Non 3.19%[28 Mon 4.27%
COwerall
o |l | Em2 | B | A
83.33% )
Glowe ws Wand Meither Naither Meither MNeither
Glowe ws 88" Men Glowve 6.57%|Glove §.B4% [Glove 10.37%[Glove B.40%
(Ghowe ws WIS Glove B BE| Glove BE8% [Glowe 13.64%[Glove 9.823%
‘Wand ws 88 "Non Wand G.50%|Wand 6.13% [Wand 5.88%[Wand 8.2
Wand ws WIS Wand 9.78%(Wand 9.77%[Wand 9.40%[Wana 2.
28" Mon vs WIS E6"Mon 3.50%(88 Non 3 E7%[38"Non  3.65%[B&"Mon 3.88%
102 Statistically Significant Results of 144 Comparisons (70.83%)

Overall the three benchmarks produced statistically significant comparison

in 753 of 1296 cases (58.10%).
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Appendix M

Cronbach’s Alpha Reliability Calculations Detail
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Table M- 1 Cronbach’s Coefficient Alpha - Benchmark 1 Elapsed Times

Benchmark 1 Elapsed Times - Gronbach Coefficient Alpha

Raw

94.06%

Standardized

94.63%

Cronbach Coefficient Alpha with Deleted Environment

Deleted

Raw Variables

Standardized Variables

. Correlation Correlation
Environment with Total Alpha with Total Alpha
Glove Pass1 0.243083 94.52% 0.239528 95.26%
Glove Pass? 0.521029 94.04% 0.528505 94.67%
Glove Pass3 0.586659 93.92% 0.606408 94.50%
Glove 3 Pass Avg. 0.610138 93.87% 0.613047 94.49%
Wand Pass1 0.486028 94.22% 0.524953 94.67%
Wand Pass?2 0.856688 93.52% 0.856684 93.96%
Wand Pass3 0.722563 93.87% 0.727977 94.24%
Wand 3 Pass Avq. 0.794861 93.63% 0.810059 94.06%
86”"Non Pass1 0.687629 93.86% 0.664131 94.38%
86”"Non Pass?2 0.84764 93.27% 0.826394 94.03%
86”°Non Pass3 0.854051 93.26% 0.845009 93.99%
86”"Non 3 Pass 0.86203 93.22% 0.833961 94.01%
W/S Pass1 0.724341 93.59% 0.731139 94.23%
W/S Pass?2 0.825594 93.33% 0.831912 94.01%
W/S Pass3 0.789896 93.43% 0.786321 94.11%
W/S 3 Pass Avg. 0.860884 93.28% 0.861516 93.95%
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Table M- 2 Chronbach’s Coefficient Alpha — Benchmark 1 Overall
Impressions Ratings

[ Benchmark 1 Overall Impressions - GCronbach Coefiicient Alpha

Raw 48.20%
Standardized 92 05%
Cronbach Coefficient Alpha with Deleted Environment

Raw Variables Standardized Variables

Deleted Correlation Correlation

Environment with Total Alpha with Total Alpha

Glove Pass1 0.074331 48.05% 0.526484 91.83%
Glove Pass?2 0.567743 44 71% 0.758973 91.16%
Glove Pass3 0.595601 43.58% 0.716966 91.28%
Glove 3 Pass Avg. 0.289919] 46.46% 0.661766 91.44%
Wand Pass1 0.675905 41.60% 0.917809 90.68%
Wand Pass?2 0.624863 41.48% 0.888486 90.77%
Wand Pass3 0.596493 41.64% 0.877167 90.80%
Wand 3 Pass Avg. 0.634937 41.61% 0.901454 90.73%
86”"Non Pass1 0.469563 44 .73% 0.657503 91.45%
86”"Non Pass?2 0.462928 44 78% 0.718824 91.27%
86”"Non Pass3 0.247371 46.32% 0.624722 91.55%
86”Non 3 Pass 0.473166 44 79% 0.711588 91.29%
W/S Passi 0.46664 44 .50% 0.371156 92.27%
W/S Pass2 0.555386 43.26% 0.463244 92.01%
WIS Pass3 0.477261 44 76% 0.373464 92.26%

WIS 3 Pass Avg. -0.139183]  93.75%] -0.143902] 93.62%

386



Table M- 3 Chronbach’s Coefficient Alpha — Benchmark 2 Elapsed Times

Benchmark 2 Elapsed Times - Cronbach Coefficient Alpha

Raw

89.62%

Standardized

86.12%

Cronbach Coefficient Alpha with Deleted Environment

Raw Variables

Standardized Variables

Deleted Correlation Correlation
Environment with Total Alpha with Total Alpha
Glove Pass1 0.437073 89.55% 0.395684 85.77%
Glove Pass? 0.67058 88.79% 0.769506 83.93%
Glove Pass3 0.276142 89.78% 0.39575 85.77%
Glove 3 Pass Avg. 0.72991 88.81% 0.783157 83.86%
Wand Pass1 0.861853 87.63% 0.774207 83.91%
Wand Pass2 0.767006 88.10% 0.628555 84.64%
Wand Pass3 0.819607 87.90% 0.71024 84.23%
Wand 3 Pass Avg. 0.862681 87.69% 0.742147 84.07%
86”Non Pass1 0.725958 88.47% 0.628305 84.64%
86”"Non Pass2 0.871928 87.69% 0.819021 83.68%
86”"Non Pass3 0.771664 88.32% 0.799375 83.78%
86”"Non 3 Pass 0.906137 87.59% 0.834115 83.60%
W/S Pass1 -0.088547 90.75% 0.037531 87.39%
W/S Pass?2 0.013944 90.39% 0.079492 87.21%
W/S Pass3 -0.016786 90.57% 0.062631 87.28%

-0.483495 90.35% -0.405823 89.23%

WIS 3 Pass Avg.
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Table M- 4 Chronbach’s Coefficient Alpha — Benchmark 2 Overall
Impressions Ratings

Benchmark 2 Overall Impressions - Cronbach Coefficient Alpha

Raw 34.00%
Standardized 95.74%
Cronbach Coefficient Alpha with Deleted Environment

Raw Variables Standardized Variables

D.eleted Correlation Correlation

Environment with Total Alpha with Total Alpha

Glove Pass1 0.461823 28.25% 0.731035 95.50%
Glove Pass2 0.480913 27.76% 0.887302 95.20%
Glove Pass3 0.402497 29.96% 0.752394 95.46%
Glove 3 Pass Avg. 0.498998] 28.43% 0.86011] 95.25%
Wand Pass1 0.545869 28.07% 0.915483 95.15%
Wand Pass?2 0.614421 27.32% 0.91424 95.15%
Wand Pass3 0.603859 28.92% 0.78582 95.39%
Wand 3 Pass Avg. 0.61252 28.01% 0.913109 95.15%
86”Non Pass1 0.576183 28.42% 0.887732 95.20%
86”Non Pass?2 0.590352 27.79% 0.950846 95.08%
86”Non Pass3 0.61191 29.40% 0.929563 95.12%
86”Non 3 Pass 0.622814 28.46% 0.967789 95.05%
W/S Pass1 0.478661 28.81% 0.749105 95.46%
W/S Pass?2 0.306533 31.41% 0.422079 96.06%
W/S Pass3 0.469663 29.58% 0.703437 95.55%
W/S 3 Pass Avg. -0.304178 97.11% -0.297973 97.27%

388




Table M- 5 Chronbach’s Coefficient Alpha — Benchmark 3 Distance
Offsets

Benchmark 3 Distance Offsets - Cronbach Coefficient Alpha

Raw

74.84%

Standardized

77.80%

Cronbach Coefficient Alpha with Deleted Environment

Raw Variables

Standardized Variables

Deleted Correlation Correlation
Environment with Total Alpha with Total Alpha
Glove Pass1 -0.28889] 75.75% -0.126597 80.39%
Glove Pass?2 0.003633) 75.19% 0.369897 76.67%
Glove Pass3 0.852934] 74.71% 0.735863 73.61%
Glove 3 Pass Avg. -0.004127] 75.19% 0.275553 77.42%
Wand Pass1 0.805255] 66.37% 0.358398 76.76%
Wand Pass?2 0.826932] 66.02% 0.390947 76.50%
Wand Pass3 0.706263] 70.85% 0.34495 76.87%
Wand 3 Pass Avg. 0.839837] 65.61% 0.38885 76.52%
86”Non Pass1 0.193969] 74.95% 0.493795 75.67%
86”"Non Pass?2 0.287516] 74.06% 0.585082 74.91%
86”"Non Pass3 0.112599] 75.03% 0.141717 78.44%
86”Non 3 Pass 0.290407] 74.11% 0.558478 75.13%
W/S Pass1 0.171367) 74.87% 0.390688 76.51%
W/S Pass2 0.142479] 74.96% 0.545837 75.24%
W/S Pass3 0.239222] 74.81% 0.599441 74.79%

-0.077736] 75.21% -0.010784 79.57%

WIS 3 Pass Avg.
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Table M- 6 Chronbach’s Coefficient Alpha — Benchmark 3 Overall
Impressions Ratings

Benchmark 3 Overall Impressions - Cronbach Coefficient Alpha

Raw 67.46%
Standardized 89.42%
Cronbach Coefficient Alpha with Deleted Environment

Raw Variables Standardized Variables

D.EIEtEd Correlation Correlation

Environment with Total Alpha with Total Alpha

Glove Pass1 0.470185] 65.15% 0.598455 88.62%
Glove Pass2 0.380794] 66.03% 0.631623 88.50%
Glove Pass3 0.321902] 66.43% 0.614357 88.57%
Glove 3 Pass Avg. 0.456495] 65.73% 0.699087] 88.25%
Wand Pass1 0.750028] 63.38% 0.70699 88.22%
Wand Pass?2 0.801942] 64.79% 0.926253 87.36%
Wand Pass3 0.649367] 64.72% 0.624205 88.53%
Wand 3 Pass Avg. 0.880903] 64.10% 0.89639 87.48%
86”Non Pass1 0.817604] 62.83% 0.642681 88.46%
86”Non Pass?2 0.824376] 63.73% 0.67249 88.35%
86”Non Pass3 0.625032] 63.85% 0.639366 88.47%
86”Non 3 Pass 0.876886] 63.23% 0.766962 87.98%
WIS Pass1 -0.152518] 68.65% 0.022831 90.66%
WIS Pass?2 -0.157067] 68.55% 0.051828 90.56%
WIS Pass3 -0.057898] 68.18% 0.074473 90.48%
WIS 3 Pass Avg. 0.450319] 89.47% 0.418238 89.29%

390



APPENDIX N

Human Subjects Protection Certification
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Completion Certificate

This is to certify that

Kurt Satter

has completed the Human Participants Protection Education for Research Teams
online course, sponsored by the National Institutes of Health (NIH), on 07/15/2005.

This course included the following:

key historical events and current issues that impact guidelines and legislation on
human participant protection in research.

ethical principles and guidelines that should assist in resolving the ethical issues
inherent in the conduct of research with human participants.

the use of key ethical principles and federal regulations to protect human participants
at various stages in the research process.

a description of guidelines for the protection of special populations in research.
a definition of informed consent and components necessary for a valid consent.
a description of the role of the IRB in the research process.

the roles, responsibilities, and interactions of federal agencies, institutions, and
researchers in conducting research with human participants.

National Institutes of Health
http://www.nih.gov
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A Service of the National Cancer Institute
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