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Intuitive and natural
[North et al., 2009]

Efficient for selection
[Kin et al., 2009]

Useful for scientific 

visualization?

Motivation: Direct-Touch Interaction
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[Hancock et al., 2009][Hancock et al., 2007 ]

Challenges of 2D to 3D Mapping
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[Fu et al., 2010][Reisman et al., 2009]

Challenges of 2D to 3D Mapping
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Use this to derive the 
mappings

Design: Frame Interaction
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Use this to derive the 
mappings

Design: Translation
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x- / y- Translation

Design: Translation
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Design: Translation
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Use this to derive the 
mappings

Design: Rotate-Scale-Translate (RST)



Yu et al.: FI3D: Direct-Touch Interaction for the Exploration of 3D Scientific Visualization Spaces University of Groningen10

RST interaction

Design: Rotate-Scale-Translate (RST)
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Design: Rotate-Scale-Translate (RST)
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Use this to derive the 
mappings

Design: z-Rotation
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z-Rotation

Design: z-Rotation
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Design: z-Rotation
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Use this to derive the 
mappings

Design: Trackball Rotation
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Trackball Rotation

Design: Trackball Rotation
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Design: Trackball Rotation
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Use this to derive the 
mappings

Design: Constrained Rotation
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Constrained y-Rotation

Design: Constrained y-Rotation
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Constrained x-Rotation

Design: Constrained x-Rotation
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Design: Constrained Rotation



Yu et al.: FI3D: Direct-Touch Interaction for the Exploration of 3D Scientific Visualization Spaces University of Groningen22

Design: z-Translation, Zoom
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z-Translation

Design: z-Translation
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Design: z-Translation
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Zooming

Zoom

Design: Zoom
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Design: Zoom
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Frame Interaction – Recap

• Use frame to control the interactions

• Navigation in 3D space

• 7 DOF: three translations, three rotations, and zoom

• Integrated interaction
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User study

• Participants:

– Twelve members

(6 male, 6 female).

– Ages from 19 to 39,

all right-handed

• Apparatus:

– 52’’ LCD screen with full HD resolution

(1920× 1080 pixels)

– SMART DViT overlay,

supports two independent inputs
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Study: Design
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Study: Design
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Study: Design
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Study: x/y-Translation
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Study: z-Translation
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z +

Study: Rotation
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x + y +

Study: Rotation
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Study: Zoom
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z +

Study: RST
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User Study: 1st Part –Travel Tasks

• eight travel tasks: x/y-translation, x/y/z-translation,

x-rotation, y- rotation, z-rotation, trackball rotation, 

zoom, RST

• trails

• real testing

• complete part of

questionnaire
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User Study: 2nd Part –Wayfinding



Yu et al.: FI3D: Direct-Touch Interaction for the Exploration of 3D Scientific Visualization Spaces University of Groningen40

• Touch:

– Interactions found to be easy to remember and perform

– Additional interaction capabilities valued

– Preferred for data exploration

– No time improvement over mouse but also no large 

difference

• Mouse

– Years of expertise valuable

– Preferred for time-critical tasks

– Faster for rotation and zoom

Study: Results



Yu et al.: FI3D: Direct-Touch Interaction for the Exploration of 3D Scientific Visualization Spaces University of Groningen41

Participant 1

Mouse  

Participant 1

Touch 

Participants all

Mouse  

Participants all

Touch

• familiar devices: time-pressured tasks

• touch: open-ended exploration

Lessons Learned
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• rotation task:

– hardware issues

• zoom task:

– wheel is faster

– touch has advantage of continuous zoom

Lessons Learned
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Improvement from Study



Yu et al.: FI3D: Direct-Touch Interaction for the Exploration of 3D Scientific Visualization Spaces University of Groningen44

Improvement from Study
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Exploration of Brain Anatomy
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Exploration of Brain Anatomy
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• design study for enabling direct-touch interaction 

with three-dimensional scientific visualization spaces

• 7DOF frame interaction with the whole space

• both large-scale and precise interactions

• different scientific visualization domains

• user study:

touch competitive with mouse as familiar device

Conclusion



http://www.cs.rug.nl/svcg/to/FI3D

FI3D: Direct-Touch Interaction for the

Exploration of 3D Scientific Visualization Spaces
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Additional Slides
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Use this to derive the 
mappings

[de la Riviere et al, 2008]

From real tube to virtual object
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Frame Interaction

[R. Zeleznik and A. Forsberg, 1999]
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Frame Interaction

[Nijboer et al., 2010]
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User Study: 1st Part –Travel Tasks

• 12 participants× 2 input devices× 8 tasks×
4 runs of trials× 4 trials = 3072 interactions 

• eight travel tasks: x/y-translation, x/y/z-translation,

x-rotation, y- rotation, z-rotation, trackball rotation, 

zoom, RST
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• log files:

– translation, RST : touch is slightly faster (not significant)

– all rotations, zoom: mouse is significantly faster

– wayfinding: 75% chose touch, 25% chose both

• questionnaire: overall preference

– after all travel tasks, 66% of participants prefer mouse

– after wayfinding task, 75% of participants chose touch 

over mouse

Study: Results
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Overall preferences

• after all travel tasks, 66% of participants prefer mouse

• Mouse: familiarity(2), speed(2), less physical involvement(4)

• Touch: intuitiveness, natural, closer feel

• after wayfinding task, 75% of participants chose touch over 

mouse

• Touch: perceived immersion(2), intuitiveness and ease of 

learning(2), “things under control”(1)

• Mouse: easy because of familiarity
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Significance scores for the four rotation tasks

Task: trackball x-rotation y-rotation z-rotation

F(1,11) = 8.040 18.967 41.837 7.439

P < .016 .001 .001 .020
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Significance scores for the four other tasks

Task: x/y-
translation

x/y/z-
translation

zoom RST

F(1,11) = .075 3.57 64.70 .982

P < .79 .08 .001 .343
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Scores about ease of use

• 7-point Likert scale

Task: translation rotation zoom

touch 6.5 6 7

mouse 6 6 7

Disagree
Strongly

Disagree Disagree
Somewhat

No 
opinion

Agree
somewhat

Agree Agree
Somewhat

1 2 3 4 5 6 7
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Overall rating

Usability Easy of 
use

Remember
time

Precise Effective Difficult

Touch 6 2 5.6 5.8 2.25

Mouse 5.9 3 5.7 5.4 2.75
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Study: timing result – x/y-translation
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Study: timing result – x/y/z-translation
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Study: timing result – z-rotation
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Study: timing result – trackball rotation
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Study: timing result – x-rotation
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Study: timing result – y-rotation
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Study: timing result – zoom
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Study: timing result – RST


