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Example; Evaluations

Nen-isomorphic retation (SDUIL 07)
Interaction Offset (3DUI 07)
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Motivation and Goals

Rotating objects inr 3D space isia
filndamental task:

Want ter understand how: 3D; retation
technigues perform

Isemorphic and nen-isomorphic
approaches

Explore these approaches!ini SSVE

s extend and augment existing knowledge
= does existing knowledge transfer?
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Non-Isomorphic 3D Rotation

Human-Machinge interaction

= input device

u display device

s transfer function (controll to display: mapping)
Non-isemorphic — scaledilinear/mon-linear
mapping

s manual control constrained by: humani anatomy.

s more effective use of limited! tracking| range (i.e
vision-based tracking)

s additional tools for fine tuning Interaction techniques
Isomorphic — one-to-one mapping
= more natural
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Non-Isomorphic Rotation; Tlechnique

Quaternion — four-dimensional vector (v, w) where
visiai 3Divector and wisi a reall number

Let g, be the orientation of the input device 4y be the
displayed orientation, and 0, be the reference
orientation then

dy =0, dq =(q.9,1)",, k =CD gain coefficient

Using relative mapping

qdi i (in qc_,i)k qdi—l
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Related Work

User' performance with different 3D; rotation
technigues (Chen 1988, Hinckley 1997)

Rotating real andivirtual ebjects (Ware 1999)

Framework, design guidelines, non-isemorphic
effiectiveness| (Poupyrev. 2000)

Non-isomorphic head rotations (ILaViela 2001,
Jay 2003)

GlobeFishrand Globe Mouse! (Froehlichr 2006)
Hybrid haptic retations (Deminjon; 2006)
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Experimental Study.

Further explore non-isemerphic rotation of
virtual ebjects

Systematic evaluation: of different rotation
amplifications

Understand benefitsi of nen-isemoerphic in
SSVE

= head tracking

m Stereescopic vision

Spring 2009 CAP6938 — 3D User Interfaces for Games and! Virtual Reality ©Joseph J. LaViola Jr.



Experimental Design

16 subjects (13 male, 3ifemale)
Conducted in Brown *Cave”

Based on Poupyrev: 2000 — Hinckley: 1997 —
Chen 1988

4 x 2 % 2 balanced, within-subjects design; (16
conditions)

Independent variables

= amplification (1,2,3,4)

s rotation amplitude (20-60, 70-180 degrees)

s Error threshold (6, 18 degrees)

Dependent variables

= completion time

m orientation error
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Experimental Procedure

Jlask = rotate house firom
random to) target
orientation

Pre-guestionnaire

16 practice; trials

16 sets of 10! trials each
Ordering was  randemized
Poest-guestionnaire
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Results - ANOVA

Repeated measures, three way ANOVA

S T

A

A A
F; 15=1.575, p=0.243

[

. ot T = error threshold A = angle ,
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Results - Post Hoc Analysis

Pairwisel comparisensi on;scaling factor using
Holm’s sequential Bonferroni adjustment

Mean Completion Times per Scaling Factor Mean Error par Scaling Factor

f ]

98% €I (Tima In Secands)
4% €1 (Errar in Dagrass]

&:ﬂ Factors ?
Significant differences between S1 and S2 Significant difference between S1 and S4
and S1 and S3
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Resultis — Subject Prefierences

Subject Scaling Factor Preferences

Frequency

T T
2.00 300
Preference
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Results - Summary

Subjects performed 11.5%: faster with S2
and 15.0% faster with S3iwith) no
statistically: significant 16ss! in accuracy.

Appears, to) be: correlation: between subject:
prefierences and mean; completion; time

s scalingl factor of 3 is preferable amplification
coefficent
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Discussion - Error

Interesting| differences withi previous
studies

Poupyrev.— 6.8 degrees
Hinckley — 6.7 degrees
Ware| (physical objects) -- 4.4 degrees

Our'study — 3.9 degrees
= threshold of 6 — 3.41, threshold of 18— 4.4
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Discussion — Completion Time

PoUpyrey.

» 5.15 seconds for isomorphic

s 24,75 seconds for' non-isomorphic
Hinckley

a 17.8/ seconds for isomorphic (no training,
dCCUracy. focus)

Our'study:
» 2.2 seconds for isomorphic
s 1,96 seconds for non-isomporhic
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Discussion — Implications

Differences attributed to

 diffierent hardware configurations
previeus studies on| desktop
our'studyzin SSVE

Poupyrev's amplification factor (11.8)

Hinckley — *... accuracy, ofi rotation less affected
by interfiace then by difficulties inf perception of
error...”

= head tracking

m Stereescopic vision

Others — display size, refresh rate, video game
proficiency, tracking lag
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Conclusion

Presented! experiment exploring non-isomoerphic
retation: in' SSVE

Rotation task completed! 15% faster with
amplification: factor of 3/ tham with/isomorphic
retation

» no statistically significant 16ss I accuracy,

u subjects preferred this amplification; factor

Faster andl more accurate perfiormance in SSVE
ingeneral

s perception of objects closely: matched with physical
reality;

= many: other factors could contribute
Further work needed
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Motivation and Goals

\Want to build effiective interfaces; in VE
applications

Many: diffierent interaction technigue
choices

a SEt parameters to) optimize performance

= guidelines needed

Jlechnigues centered around User’s body.
are common in VES

Where shouldivirtual ebject be; placed with
respect to user?
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Display-Interaction Offset

What isidisplay-interaction offiset?
= tWo firames of refierence

display’

Interaction
Display: frame of: reference

s perceived location of rendered graphical
fieedback

Interaction firame ofi refierence
= location| off physical interaction
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Display-Interaction Offiset (HMD)

Courtesy of www.5dt.com

Projection surface occludes physical hand
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Display-Interaction; Offset (SSVE)

Interaction in a SSVE

Physical hand occludes projection screen
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Related Work

Virtual ebject manipulation for docking
task
WithrHMDI— Mine(1997)

= found users performed! faster with collocation
over positional offiset

With Responsive Woerkibenchi—
Paljic(2002)

s found collocation or minimal offset minimized
time to completion
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Experimental Study.

Hypothesis — Tiranslational effset between
interaction; and display firames, of: refierence
would improveruser performance for 3D
widget-based! task

Chose color matching with HSV widget
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Experimental Design

24 subjects (12 male, 12 female)
Conducted in Brown “Cave”

3l conditions of display-interaction| ofifset
s collocated

s 3 Inches

m 2 feet

15! trials per condition
Within-subjectsidesign

Jlarget color used asisecond factor to
control for color difficulty:
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Experimental Procedure

, MOV FAY COLOH CHACITY OF TGP OF FACH OTATA_

Pre-questionnaire: &
coler vision screening

6 practice trials
[For'each trial

s centering task p— -
. l
s color matching

Post-guestionnaire @

=

r P T AT

15 more trials with S

subject chosen ofifset ——
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Performance; Metrics

Measurements

= [ime to center hand

= [ime to chose matching colox
= Chosen color

Derived
s Distance between target and chiesen
u ACCUracy: per time
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Results — Time to Match Color

Time in seconds
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Resultsi— Centering Time

Centering Time in seconds
_—ﬂ{l“ﬂﬂ'ﬂ.l. L)

Offset
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Results — Distance Between Target and
Chosen Color

Offset
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Resultsi— Accuracy: per Time

Accuracy per Time

Offset
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Results - ANOVA

Statistic Factor | Df | F-value | Pr(>F)
Offset | 2 1.297 0.283
Color | 14 | 7.867 | 2.27x 1014
Offset | 2 413 0.0224
Color | 14 | 207 | <2.0x10°'®
Offset | 2 1.655 0.202
Color | 14 | 7.108 | 7.98x 1071
Offset | 2 | 8.2594 0.0008614
Color | 14 | 0.7685 0.7033

Time

Distance

Accuracy Per Time

Centering Time
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Results — Paired Sample T-Tiests
Bonferronil correction

Conditions Statistic p-value
Time 2.2635
Short vs. Long offset Distance 2.5266
Accuracy Per Time 2.1699
Centering Time 1.689 x 10~

Time 0.19872
Collocated vs. Long Distance 0.0026733
offset

Accuracy Per Time 0.1221
Centering Time 1.944 x 1077

Time 0.3624
Collocated vs. Short Distance 0.0027369
Offset

Accuracy Per Time 0.2526
Centering Time 1.2495

Spring 2009

Results — Second Phase

Histegram of Chosen Offsets

Chosen offset

= mean — 1.34
fieet

= SD — 1.026

I'II'II'II'II'IHI'I H'II'I 0

T 1
4 B

Chosen offset in feet
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Post — Questionnaire Results

Questions 1 r F-value, Pr(>F)
I enjoyed using the color picker.{ | 2.4052, 0.04021
© Colocated
I found matching to be difficut. A Shott Offset | 0.0149, 0.9853
* Long Offset
The distance | moved my hand was the same distance that the color picker cursor moved. | 27867, 0.07019
The distance between my hand and the color picker cursor was constant when | moved my hand. | 5.9165, 0.004666
| was able to see the locations of colors easily. | 3.4857, 0.03743
I felt the color picker was within my reach. | 6.9404, 0.002029
It was easy to line up the color discs before each matehing try. 4 | 1.4261, 0.2488
I felt that color matching was fatiguing. | 1.3494, 0.2677
The volume inwhich | had to move my hand was a comfortable space to reach. 4 | 2:3957, 0.1004
1'was mainly looking at the color picker while trying to match colors. - | 27616, 0.07181
I saw my own hand while trying to match colors. | 5.1031, 0.009207
Seeing my own hand was distracting for matching colors with the color picker. 4 | 26571, 0.07898

I felt that | could move my hand into the color picker - [ 19.310, 4 186e-07

Using the color picker felt natural . - L 22609, 01137

Strongly Agree : X : Strongly Disagree
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Discussion

Both offset conditions were significantly’ better
than| collocation

n distance

= USEr preference

Noisignificant difference; between, offiset
conditions

fFor centering task

= most similar to Mine and Paljic

s collocation;and minimall offiset significantly: faster

Results agree and disagree with previous work:
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Conclusion

Compared effect off positional offisets on
user performance in SSVE

s color matching
m centering

Centering task performance in line with
Previous Work

Color matching perfiermance; shows
technigue doesinot fit:within: established
guidelines

Further studies needed
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Next Class

Student Presentations Begin
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