Exploiting Proprioception inVirtual-Environment Interactionbyof for of of Philosophy 1997_______________________________________________________Dr. Frederick P. Brooks Jr., AdvisorDr. Henry Fuchs_______________________________________________________Dr. Gary Bishop, Reader_______________________________________________________Dr. John Tector, Reader.Dr. Carlo H. Sequin

Mark Raymond MineExploiting Proprioception in Virtual-Environment Interaction(Under the direction of Frederick P. Brooks, Jr.)¥¥¥

Thanks toFrederick P. Brooks Jr., Gary Bishop, Henry Fuchs, Anselmo Lastra, JohnFrederick P. Brooks Jr., my advisor, for his insights, inspiration, and for making it1;

1Institute for Half-Baked Ideas at the Top of the Hill vTABLE OF CONTENTS.....................................................xLIST OF FIGURES....................................................................................................................................................1.............................................1............................................1...............................................2...........................................3...............................................5................................................6...................................................8............8.............11.....................................14................................14...................19...................22................................24........................25.................................30................................33................................33................................36.................................36..........36...........38................................38.........................38.......................39...............41...................................41..........................41

...........................43.......................43..................44...............................46..............................................46Hypotheses..............................................47...........................................47..........................................47...............................47.........................................48.............................49.............................50..................................................51.......................................54...............................................56...............................................56.............58..............................................58Hypotheses..............................................59...........................................59..........................................59...............................60.........................................61.............................62..................................................63.......................................64...............................................65..............................................66.................68.........................................68..........................................73................................74......................75....................................77..................................77...........................................78

........................................81..........................................82..............................83................................83................................85..............................86....................................................90..............................................90.............................................91..............................................93...................................93............95..............................................95...........................96....................96...........................96............................96.......................97...................98...............99...............................100...............................101.....101.......................102..................................105.................................................107.........................................107....................................108.................................108........................109..........................................109..............................110................................................111.........................................111....................................112

.................................113........................114..........................................114..............................114..........................................115.........................................115....................................116.................................117........................117..........................................118..............................118......................................119.........................................119....................................120.................................121........................122..........................................122..............................122..................................................123.........................................123....................................124.................................125........................125..........................................126..............................126..................................................128.........................................128....................................130.................................130........................131..........................................131..............................132...............................................133.........................................133....................................134.................................135

........................136..........................................136..............................136................................................138.........................................138....................................139.................................140........................140..........................................141..............................141................................................143.........................................143....................................144.................................145........................145..........................................146..............................146Upfront.................................................148.........................................148....................................149.................................150........................150..........................................151..............................151.............................................153.........................................153....................................154.................................154........................155..........................................155..............................156.....................................................157 xLIST OF TABLES....................3...............25...........52........................54..............54.....................................55.....................................55.....................................55..............63........................65..............65CHIMP system overview....................................70CHIMP’s hand-held widgets.................................71CHIMP’s control panels.....................................72................................95........................103.................................106

LIST OF FIGURESFigure 2.1:Nielson’s triad cursor.......................................8Figure 2.2:..............10Figure 2.3:...................................11Figure 2.4:The Rockin’ Mouse........................................12Figure 2.5:......................................13Figure 2.6:.................................14Figure 2.7:Using toolglasses, two-hands, and transparency in T3.............15Figure 2.8:..................................16Figure 2.9:Using two hands and props in Netra...........................17Figure 2.10:.....................................18Figure 2.11:.................................19Figure 2.12:.............................20Figure 2.13:................21Figure 2.14:.............22Figure 2.15:..........................23Figure 2.16:......................23Figure 2.17:Schmandt’s stereoscopic display..............................26Figure 2.18:........................27Figure 2.19:...........29Figure 2.20:UNC’s nanoWorkbench.....................................30Figure 2.21:....................31Figure 3.1:..................................................34Figure 3.2:..............35Figure 3.3:Using a pull-down menu....................................39Figure 3.4:...................................40Figure 3.5:.........................42Figure 3.6:............................................43Figure 3.7:........................................44Figure 3.8:..................................45Figure 4.1:....................49Figure 4.3:.............................53

Figure 5.1:........................................60Figure 5.2:............................62Figure 5.3:........................64Figure 6.1:Using the CHIMP system....................................69Figure 6.2:..................69Figure 6.3:........................................74Figure 6.4:................76Figure 6.5:...........76Figure 6.6:CHIMP’s look-at menus.....................................77Figure 6.7:...................79Figure 6.8:..................79Figure 6.9:...................80Figure 6.10:...................80Figure 6.11:......84Figure 6.13:...............................................86Figure 6.14:......................87Figure 6.15:..................................87Figure 6.16:..................................88:....................................100:.............................101:..............101:.........................................107:........................................111:..................................115:..............................119:..........................................123:...........................................128:........................................133:2D vs. 3D objects.........................................134:........................................138:........................................143:..........................................148:.....................................153

LIST OF ABBREVIATIONSKWIM

Chapter 11.1 The Research1.2 The Challenge

221.3 The Attack

2Tracing paper used by architects which can be placed on top of existing drawings to try out ideas quickly without having to redraw the entire design.

31.4 A ComplicationTable 1.1: Successful virtual-world application domains.Example Applications

Surgery: [Hunter, et al., 1993]

Nano-surfaces: [Taylor, et al., 1993]

4¥¥b)d)b)d)¥the fingers) [Zhai, et al., 1996] .

51.5 A ProposalThesis statement:¥¥¥

6¥¥¥1.6 Overview

7world system.

8Chapter 2Related Work2.1 3-DoF and 6-DoF Object Manipulation Using 2D Input

(Yx,Yy)(Zx,Zy)(Xx,Xy)(Dx,Dy)

(Yx,Yy)(Zx,Zy)(Xx,Xy)(Dx,Dy)AB

9,

10[Chen, et al., 1988]x or the arcball x[Shoemake, 1992] .Figure 2.2: Constrained geometric transformation using widgets [Conner,et al., 1992] .

11 Figure 2.3: Using object associations to map 2D cursor motions to threedimensions [Bukowski and Sequin, 1995] .2.2 Object Manipulation Using Higher-Dimensional Input.mouse, however, the Rockin’ Mouse has a rounded bottom (Figure 2.4). This allow users

12 Figure 2.4: The Rockin’ Mouse [Balakrishnan, et al., 1997] .

13 Figure 2.5: Zhai et al.’s framework for the study of multi-degree-of-

142.3 Two-handed Interaction2.3.1 Example TechniquesFigure 2.6: Layers in a toolglass system [Bier, et al., 1994] .

15 Figure 2.7: Using toolglasses, two-hands, and transparency in T3[Kurtenbach, et al., 1997] .

16 Figure 2.8: Marking Menus interaction. Novice users can perform1993] .use. Hinkley’s work supports previous work [Badler, et al., 1986] which showed that

17 Figure 2.9: Using two hands and props in Netra [Hinkley, et al., 1994] .

18

19 Figure 2.11: The Responsive Workbench [Stanford, 1997] .Several interactive design systems (3-Draw, U.Va’s WIM, Polyshop, Gobetti’s2.3.2 Theoretical and Experimental Results¥¥

20¥ Figure 2.12: Guiard’s handwriting experiment. The resulting carbon-page [Guiard, 1987] .

21 Figure 2.13: Buxton and Meyer’s two handed input experiment [Buxtonand Myers, 1986] .stomach).

22 Figure 2.14: Kabbash et al’s two-hand connect the dots experiment[Kabbash, et al., 1994] .2.4 Manipulating Objects Using Gesture and Voice

23 Figure 2.15: VIDEODESK two-handed interaction [Krueger, 1991] .mouse or a stylus.Figure 2.16: Using a gesture to move a group in GEdit [Kurtenbach andBuxton, 1991] .

24tracking [Bolt and Herranz, 1992; Thorison, et al., 1992] .useful words.2.5 Systems for Interactive Design

25¥¥¥¥¥¥¥¥Table 2.1: Interactive design systems input/output comparison. Systems are specified by

2 X 6-DoF

2.5.1 Working Through-the-window

26 Figure 2.17: Schmandt’s stereoscopic display [Schmandt, 1983] .

27[Halliday and Green, 1996] .Figure 2.18: University of Alberta’s JDCAD system [Liang and Green,1993] .

28solids, spheres, cylinders, cones, free-form tubes, and many more. Users control

29

30

31

32snapping, popping, and stretching behaviors).

33Chapter 3Interaction Techniques3.1 Working Within Arm’s Reach¥¥¥¥

3) Manipulate 4) Release

Figure 3.1: Automatic scaling of the world when the user grabs and3. Scaling

3More precisely the object will move to point on the of sphere whose is to user’s current arm extension. The object will move to the user’s hand only if his hand lies along the vector the scaling center (the user’s to the object. This is the case when the user’s hand visually occludes

35 head_ object projection of head_ hand onto head_ objecthis hand (Figure 3.2).

he a d_ h an d h e ad

_ ob j ectFigure 3.2: Vectors used in determining automatic scaling factor.objects.

363.2 Sample Interaction Techniques3.2.1 Direct Manipulation3.2.1.1 Scaled-World Grab for ManipulationRelated Work

37[Bowman and Hodges, 1997] and [Pierce, et al., 1997] . In Pierce’s image-plane

383.2.1.2 Scaled-World Grab for Locomotion3.2.2 Physical Mnemonics3.2.2.1 Pull-Down Menus

39Figure 3.3: Using a pull-down menu.3.2.2.2 Hand-Held Widgets

40Object Movement

Figure 3.4: Using a hand-held widget.

413.2.2.3 FOV-Relative Mode SwitchingOne knows when one’s hand or foot is in one’s field of view (FoV), and one3.3.3 Gestural Actions3.3.3.1 Head-Butt Zoom

42Figure 3.5: Selecting a region for closer inspection.4

4Note that head-butt zoom can also be used to switch between other kinds of viewing modes. Instead views at different scale, for example, the user could specify views in different rendering style. forward to get a wireframe view, lean back to get a full shaded representation.

433.3.3.2 Look-at MenusFigure 3.6:_{L o o k - a t m e n u .} 3.3.3.3 Two-Handed Flying

445Direction of FlightFigure 3.7: Two-handed flying.hands out.3.3.3.4 Over-the-Shoulder Deletion

5similar flying technique has been implemented by Mapes colleagues in [MultiGen, 1997] .

Over-the-shoulder deletion.

46Chapter 4User Study 1Virtual Object Docking4.1 Introduction

47was 3.87 seconds, it was 5.10 seconds for objects held at a fixed offset, and 4.96 seconds4.2 Hypotheses , 4.3 The Experiment4.3.1 Subjects4.3.2 Experimental Platform

484.3.3 The Task

494.3.4 Experimental Conditionssubject’s hand.

ACBFigure 4.1: Experimental conditions for the docking test. A) Co-located

50extender grab (see Section 3.2.1).4.3.5 Experimental Procedure

51trials.4.4 Results

52Average Docking TimesTrial

Seconds0510152025050100150200250

Block 1Block 2Table 4.1: .M e a n ( s e c o n d s ) S t a n d a r d D e v i a t i o n ( s e c o n d s )

53Task Completion TimeTechnique

0123456co-locatedfixed offsetvariable offset

789Figure 4.3: Mean docking times by technique (with 1 sigma error bars).offset (F(1,17) = 8.37; p = 0.01). No significant difference was found between theinteraction was found for sex (F(2,8) = 0.03; p = 0.97), and order-of-presentation(F(10,14) = 0.92; p = 0.54).

544.5 Questionnaire ResultsTable 4.2: Mean questionnaire results by technique .F i x e d o f f s e t V a r i a b l e o f f s e t

(Table 4.3).Table 4.3: F statistic and significance by questionnaire category.F statistic

F(2,12) = 7.8p < 0.01

F(2,12) = 17.8p < 0.001

F(2,12) = 4.8p = 0.03

F(2,12) = 14.6p < 0.001

55Table 4.4: Co-located vs. fixed-offset, F statistic and significance by questionnaireF statistic

F(1,13) = 14.3p < 0.005

F(1,13) = 14.0p < 0.005

F(1,13) = 3.1p = 0.10

F(1,13) = 15.2p < 0.005

(Table 4.5).Table 4.5: Co-located vs. variable-offset, F statistic and significance by questionnaireF statistic

F(1,13) = 13.7p < 0.005

F(1,13) = 28.8p < 0.001

F(1,13) = 10.1p < 0.01

F(1,13) = 30.7p < 0.001

Table 4.6: Fixed-offset vs. variable-offset, F statistic and significance by questionnaireF statistic

F(1,13) = 0.6p = 0.47

F(1,13) = 2.0p = 0.18

F(1,13) = 2.5p = 0.14

F(1,13) = 4.2p = 0.056

564.6 Discussion4.7 Conclusion

57

58Chapter 5User Study 2Proprioception andVirtual Widget Interaction5.1 Introduction

595.2 Hypotheses5.3 The Experiment5.3.1 Subjects

605.3.2 Experimental Platform

Widget test objects.

615.3.3 The Taskof the sphere.

625.3.4 Experimental Procedure

Table 5.1: Mean positional accuracy by experimental condition.Mean (cm)Standard Deviation (cm)

Positional AccuracyTechnique

Offset (cm)024681012hand-heldin-space

1416Figure 5.3: Mean positional accuracies by technique (with 1 sigma errorinteraction was found for sex (F(1,14) = 1.26; p = 0.28), and order-of-presentation( F ( 1 , 1 4 ) = 2 . 2 0 ; p = 0 . 1 6 ) . 5.5 Questionnaire Results

Table 5.2: Mean questionnaire results by technique.

Table 5.3: F statistic and significance by questionnaire category.F statistic

F(2,12) = 15.1

F(2,12) = 19.4

F(2,12) = 4.1p = 0.06

F(2,12) = 21.2

control.

Chapter 6

Planes 5, see [Fuchs, et al., 1989] ).

with two buttons.

70Table 6.1 presents an overview of the CHIMP’s features.Table 6.1: CHIMP system overview.Object Generation

Derivative Object Generation

6 DoF Manipulation

Object Transformation

Surface Attribute Control

Viewpoint Manipulation

GridObject control¥¥¥¥

71Table 6.2: C H I M P ’ s h a n d - h e l d w i d g e t s .

72Table 6.3: CHIMP’s control panels.Control Panel

¥¥Cut, copy, paste¥¥¥Group/ungroup¥¥¥¥¥

Snap¥¥¥¥¥¥¥Grid¥¥¥¥¥¥

Grid¥¥ ¥¥¥

73CHIMP objects.6.2 Managing Modesfunction.

746.2.1 Rotary Tool ChooserFigure 6.3:^{Rotary tool chooser.}

756.2.2 Two-Dimensional Control Panels

76Figure 6.4: Interacting with a control panel using a laser beam.Figure 6.5: Interacting with a control panel using occlusion selection.

776.2.3 Look-at Menus Figure 6.6:

6.2.4 Pull-Down Menus

786.3 Object Selectionuser’s head through his hand (Figure 6.8).

79 Occlusion selection, first person point of view.

Figure 6.9: Spotlight selection, third person point of view.Figure 6.10:

Spotlight selection, first person point of view.

816.4 Object Manipulation

826.5 Object Generation

836.6 Constrained Object Manipulation¥¥¥¥¥6.6.1 Co-Located Widgets

84his head.Figure 6.11:

A) First and B) second generation constrained manipulation

856.6.2 Hand-Held WidgetsFigure 6.12:_{CHIMP’s hand-held constrained manipulation widgets.}

86Figure 6.13: Constrained manipulation mode selection based upon hand6.7 Numeric Input in a Virtual World

87Figure 6.14: Numeric input using the Arithma Addiator.Figure 6.15:

Linear interactive numbers.

88Figure 6.16: Rotary interactive numbers.

89

90Chapter 7Final Words7.1 Conclusions

917.2 Contributions

92¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥

937.3 Future WorkLocalized Haptic Feedbackassociated with hand posture [Kessler, et al., 1995] .

94

95Appendix AA Review of theState of the Art ofComputer-Aided ModelingA.1 IntroductionTable A.1: Modeling packages reviewed. 12

96Graphsoft

Upfront2

A.2 Modeling Techniques and ParadigmsA.2.1 Input for a Three-Dimensional Task1)2)3)A.2.1.1 Numeric Input.A.2.1.2 Relative Input.

97left sides, align tops).A.2.1.3 2D Interactive Input.

DesignWorkshop).,

98height.A.2.2 Output of a Three-Dimensional Space1)

992)3)A.2.2.1 Format of the Modeling View.1)2)3)

100

A.2.2.4 Complications of Two-Dimensional Output

Three orthogonal views of the object in Figure A.2a.

¥¥¥¥¥¥¥

Table A.2: Modeling system capability comparison.

• • • • • • • •• • • • • • • • • • •• • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ••• •••••• ••••• •••••• ••••• •••••• ••••• •••••• ••••• •••••• ••••• •Object Generationvertexblocksphereconeregular prismirregular prism3D polygonpolygon stripterrain/contour surfacecurved surfacewallroofslabrectangular

ve Object Generationextrudesurface of revolutionloftsweep along pathlevel of detail generationObject Selectionpointermarqueeby name/hierarch y b y t y p e O b j e c t I n f o r m a t i o n F u n c t i o n s e d g e / r a d i u s d i m e n s i o n s a r e a c a l c u l a t i o n ma t e r i a l s d a t a b a s e

A

r

c

h

i

c

ad

A

u

t

o

C

A

D

D

e

s

i

g

n

e

r

’

s

W

o

r

k

b

e

n

c

h

D

e

s

i

g

n

Wo

r

k

s

h

o

p

F

or

m

-

Z

I

G

R

I

P

Mi

n

i

c

a

d

+

4

Mu

l

t

i

G

e

n

S

c

u

l

p

t

3

D

U

p

f

r

o

n

t

W

a

l

k

t

h

r

o

u

g

h

Table A.2 (cont’d): Modeling System Comparison

• • •• • • • • • • • • • •• • • • • • • • • • •• • • • • • • • • • •• • • • • • • • • • •• • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

• • • • • • • • • • • • • • • • • • Object Transformationmoverotatescalereshapeduplicateduplicate linearduplicate circularmirrortrin/slicecut to gridfiletprojectplantbendCSG operatorssurface intersectionmagnet attract/repelset/modify convergenceSurface Attribute Controlcolor samplecolor settransparency controltexture controlView Manipulationpanzoomset eye pointset focus pointrotate about eye pointrotate about focus pointset field-of-viewinteractive walkthrough

A

r

c

h

i

c

a

d

A

u

t

o

C

A

D

D

e

s

i

g

n

e

r

’

s

W

o

r

k

b

e

n

c

h

D

e

s

i

g

n

W

or

k

s

h

o

p

F

or

m

-

Z

I

G

R

I

P

M

i

n

i

c

a

d

+

4

M

u

l

t

i

G

e

n

S

c

u

l

p

t

3

D

U

p

f

r

o

n

t

W

al

k

t

h

r

o

u

g

h

Table A.2 (cont’d): Modeling System Comparison

• • •• • • • • • • • • • •• • • • • • • • • • •• • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Cursor Controlsnumeric inputSnapsgridvertexobject centercoordinate systemConstraintslinefacetangentparallel to an edgeperpendicular to an edgeperpendicular to a faceprincipal axis (X,Y,Z)angledistancesymmetricalConstruction Assists3D hotspotaverage vertex valuemidpointdistance along a lineclosest point on a lineintersection of two linesclosest point on a plane

A

r

c

h

i

c

a

d

A

u

t

o

C

A

D

D

e

s

i

gn

e

r

’

s

Wo

r

k

b

e

n

c

h

D

e

s

i

gn

Wo

r

k

s

h

op

F

o

r

m

-

Z

I

G

R

I

P

M

i

n

i

c

a

d

+

4

M

u

l

t

i

G

e

n

S

c

u

l

p

t

3

D

U

p

f

r

o

n

t

Wa

l

k

t

h

r

o

u

gh

3)4)5)6)T a b l e A . 3 : Modeling system paradigms.

A.5.1 Overview¥¥¥¥¥¥

A.5.2 Model CreationA.5.3 Model Modification

A.5.4 Model Interaction/VisualizationA.5.5 Manual

A.5.6 Comments/Impressions

A.6.1 Overview¥¥¥¥¥¥

A.6.2 Model Creation

A.6.3 Model Modification

A.6.4 Model Interaction/VisualizationA.6.5 ManualA.6.6 Comments/Impressions

A.7.1 Overview¥¥¥¥

A.7.2 Model Creation

A.7.3 Model ModificationA.7.4 Model Interaction/Visualization

A.7.5 ManualA.7.6 Comments/Impressions

A.8.1 Overview¥¥¥¥.

A.8.2 Model Creation

A.8.3 Model Modification .

A.8.4 Model Interaction/VisualizationA.8.5 ManualA.8.6 Comments/Impressions

A.9.1 Overview¥¥¥¥

A.9.2 Model Creation

A.9.3 Model ModificationA.9.4 Model Interaction/Visualization

A.9.5 ManualA.9.6 Comments/Impressions

A.10.1 OverviewNumeric.

ContextWorld Display

PageAction

Figure A.8: IGRIP interface.:

PROG

A.10.2 Model Creation

A.10.3 Model Modification

A.10.4 Model Interaction/VisualizationA.10.5 Manual

A.10.6 Comments/Impressions

A.11.1 Overview¥model.¥¥¥¥¥¥

A.11.2 Model Creation

2D vs. 3D objects.

A.11.3 Model Modification

A.11.4 Model Interaction/Visualization

A.11.5 ManualA.11.6 Comments/Impressions

reduced.

A.12.1 Overview¥¥¥¥

A.12.2 Model Creation

A.12.3 Model ModificationA.12.4 Model Interaction/Visualization

A.12.5 Manual

A.12.6 Comments/Impressions

CSG operators), and a high price.

A.13.1 Overview¥¥¥¥¥

A.13.2 Model Creation 1) 2) 3)

A.13.3 Model ModificationA.13.4 Model Interaction/Visualization

A.13.5 ManualA.13.6 Comments/Impressions components.

A.14.1 Overview¥¥¥

A.14.2 Model Creation

A.14.3 Model ModificationA.14.4 Model Interaction/Visualization

A.14.5 ManualA.14.6 Comments/Impressions

A.15.1 Overview¥¥¥¥¥

A.15.2 Model CreationA.15.3 Model Modification

A.15.4 Model Interaction/Visualization A.15.5 ManualA.15.6 Comments/Impressions

ACM, pp. 151-69.CHI ’97

Symposium on Interactive 3D Graphics

, 20(4), ACM, pp. 233-40.(1994). �A taxonomy of see through tools.�

(Boston,MA), ACM, pp. 358-364.Conference Series, ACM, pp. 73-80.

Boff, Kenneth R., Lloyd Kaufman and James P. Thomas, Eds. (1986). Handbook ofBolt, Richard A. (1980). �Put-that-there.� Proceedings of SIGGRAPH ’80 (Seattle, WA).In

, 14(3), ACM, pp. 262-270.dialog.�

(Monterey, CA), ACM, pp. 7-14.environments.�

(Los Angeles, CA), ACM.In

, 12(3), , pp. 222-227.

,25(2), ACM, pp. 135-138.of CHI ’86

In , 22(4), ACM, pp. 121-129.Treatment Beams.

Communications of the ACM

, 25(2), ACM, pp. 183-188.the ACM http://www.evl.uic.edu/EVL/VR/systems.html.Fakespace, Inc. (1997). �Immersive workbench.� U R L : h t t p : / / w w w . f a k e s p a c e . c o m / . (Atlanta, GA), ACM, pp. 43-50.CO), ACM, pp. 442-449.Fuchs, Henry, John Poulton, John Eyles, Trey Greer, Jack Goldfeather, David Ellsworth,

, 23(3), ACM, pp. 79-88.synthetic worlds.�

(Atlanta, GA), , pp. 167-78.Goble, John C., Ken Hinckley, Randy Pausch, John W. Snell and Neal F. Kassell

Eye and Brainvirtual reality.�

39(5), pp. 46-53.

(Austin, TX), ACM, pp. 241-245.Herndon, Kenneth P., Robert C. Zeleznik, Daniel C. Robbins, D. Brookshire Conner,of UIST ’92

Science, University of Virginia, Ph.D. thesis.Hinkley, Ken, Randy Pausch, John C. Goble and Neal F. Kassell (1994). �Passive real-

2(4), pp. 265-280.compound task.�

(Boston, MA), ACM, pp. 417-423.

Kessler, G. Drew, Larry F. Hodges and Neff Walker (1995). �Evaluation of the

36(7), pp. 36-37.contiguous gestures.�

23(2), pp. 22-26.Netherlands), IOS Press, pp. 482-487.transparency.� (Atlanta, GA), ACM, pp. 35-42.

18(4), pp. 499-506.environments.� 3(4), pp. 265-287.

Human-Computer Studies

Aided Design

Report TR96-029.TM.�Norman, Donald A. (1988). The Psychology of Everyday Things. New York, Basic

Conference Series, ACM, pp. 193-202.Pierce, Jeffrey S. , Andrew Forsberg, Matthew J. Conway, Seung Hong, Robert Zeleznik

(Singapore), ACM, pp. 111-121.

39(5), pp. 37-45.

(Seattle, WA), ACM, pp. 79-80.Rothbaum, B., L. Hodges, R. Kooper, D. Opdyke, J. Williford and M. North (1995). , 17,(3), ACM, pp. 253-61.

(Marina del Rey, CA), ACM, pp. 205-12.BC, Canada), Canadian Inf. Process. Soc, pp. 151-6.Stanford, University (1997). �Responsive workbench.� http://www-ACM, pp. 265-272.Taylor, Russell M, Warren Robinett, Vernon L. Chi, Frederick P. Jr. Brooks, William V.Conference Series, ACM, pp. 127-134.walkthroughs.� Proceedings of SIGGRAPH ’91 (Las Vegas, NV). In , 25(4), ACM, pp. 61-69.

dialogue.�

(Monterey, CA), ACM, pp. 653-654.pp. 355-61. gesturing and voice input.�

(Austin, TX), ACM, pp. 235-Wilson, John R., David J. Brown, Susan V. Cobb, Mirabelle M. D’Cruz and Richard M. 4(3), pp. 306-317.Witmer, Bob G., John H. Bailey and Bruce Knerr, W. (1995). �Training dismountedfor virtual reality.� (Pittsburgh, PA), ACM, pp. 39-40.Zeleznik, Robert, Kenneth P. Herndon and John F. Hughes (1996). �SKETCH: anZeleznik, Robert C., Andrew S. Forsberg and Paul S. Strauss (1997). �Two pointer input (Providence, RI), ACM, pp. 115-120.