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ABSTRACT

Three-dimensional (3D) interaction with scientific data is still an immature topic. It involves studying
visualization methods to faithfully represent data, on the one hand, and designing interfaces that truly
assist users in the data analysis process, on the other hand. In this chapter, we study how the human
computer interface influences performance in specific scientific visualization tasks. Although a wide
range of virtual reality (VR) systems are in use today, there are few guidelines to help system and ap-
plication developers in selecting the components most appropriate for the domain problem they are
investigating. Using the results of an empirical study, we develop guidelines for the choice of display
environment for four specific, but common, volume visualization tasks. identification and judgment of the
size, shape, density, and connectivity of objects present in a volume. These tasks are derived from data
analysis questions being asked by domain specialists studying Cystic Fibrosis (CF). We compared user
performance in three different stereo VR systems: (1) a head-mounted display (HMD), (2) a fish tank
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VR (fish tank); and (3) a fish tank VR augmented with a haptic device (haptic). HMD participants were
placed inside the volume and walked within it to explore its structure. Fish tank and haptic participants
saw the entire volume on-screen and rotated it to observe it from different perspectives. Response time
and accuracy were used to measure performance. The results show that the fish tank and haptic groups
were significantly more accurate at judging the shape, density, and connectivity of objects and completed
the tasks significantly faster than the HMD group. Although the fish tank group was itself significantly
faster than the haptic group, there were no statistical differences in accuracy between the two. Partici-
pants classified the HMD system as an inside-out display (looking outwards from inside the volume),
and the fish tank and haptic systems as outside-in displays (looking inwards from outside the volume).
Including haptics added an inside-out capability to the fish tank system through the use of touch. We
recommend an outside-in system, since it offers both overview and context, two visual properties that
are important for the volume visualization tasks we studied. In addition, based on the haptic group's
opinion (80% positive) that haptic feedback aided comprehension, we recommend supplementing the
outside-in visual display with inside-out haptics when possible. Based on the results from this user study,
we further investigated the 3D interaction tasks from the design perspective of tangible interfaces. Since
participants using the fish tank VR system performed better than the other groups in terms of time and
accuracy, we asked the question whether or not the user performance could be further improved by
adding tangible elements to the interface. In particular, we designed tangible interfaces for performing
clipping-plane operations. Because of the dense nature of the data, we believe that adding a tangible
clipping plane and an intersection image can help the user to better understand the complex data set.
The computing platform and tangible interfaces are described to clarify the different design options.
An experimental study is planned to quantitatively measure the added value of different aspects of the
tangible interface.

INTRODUCTION

When talking about 3D interaction, people often
think of 3D input devices, such as a 3D joystick,
or 3D output devices, such as 3D stereo shutter
glasses. However, 3D interaction should also be
concerned about the activities thattake placeinthe
context of the 3D space that is being manipulated
through these devices. The introduction of 3D
interaction was driven by technological opportu-
nities and by our desire to better exploit human
familiarity with the 3D world that surrounds us
daily. Interacting in 3D space has an intuitive
feeling for a wide range of applications. In the
early 1960s, Ivan Sutherland (1968) proposed his
vision of using an immersive head-mounted-dis-
play-based computer system for 3D interaction.
His work is generally recognized as the first 3D

interface. Ever since, 3D interfaces and relevant
interaction techniques have become increasingly
interesting topics to study.

VR is the most popular approach towards 3D
human-computer interfaces. Fred Brooks de-
fines a VR experience as “any in which the user
is effectively immersed in a responsive virtual
world; this implies user dynamics that control
the viewpoint” (Brooks, 1999, p.16). VR is an
approach towards scientific visualization that
makes multi-sensory 3D modeling of scientific
data possible. While the emphasis is on visual
representation, other senses, such as touch, can
potentially complement and enhance what the
scientist can visualize.

Although it is difficult to categorize all VR
systems, this chapter separates them based on
their display technology:

137



36 more pages are available in the full version of this document, which may be
purchased using the "Add to Cart" button on the publisher's webpage: www.igi-
global.com/chapter/interaction-scientific-data-through-virtual/30628

Related Content

Evaluating an Evolutionary Particle Swarm Optimization for Fast Fuzzy C-Means Clustering on Liver
CT Images

Abder-Rahman Ali, Micael S. Couceiro, Ahmed M. Anterand Aboul Ella Hassanian (2014). Computer Vision
and Image Processing in Intelligent Systems and Multimedia Technologies (pp. 1-21).

www.irma-international.org/chapter/evaluating-an-evolutionary-particle-swarm-optimization-for-fast-fuzzy-c-means-clustering-

on-liver-ct-images/108407

Comparative Performance Analysis of Optimization Techniques on Vector Quantization for Image
Compression

Karri Chiranjeevi, Umaranjan Jenaand Sonali Dash (2017). International Journal of Computer Vision and
Image Processing (pp. 19-43).
www.irma-international.org/article/comparative-performance-analysis-of-optimization-techniques-on-vector-quantization-for-

image-compression/177199

A Comparative Analysis of Deep Learning Approaches for Unmasking Image Forgeries

Shobana Ganesan, Naveen Kumar Alagarsamyand Nithish Kumar Ravi (2025). Modern Intelligent Technigues
for Image Processing (pp. 391-408).
www.irma-international.org/chapter/a-comparative-analysis-of-deep-learning-approaches-for-unmasking-image-
forgeries/377709

Structure Preserving Non-Photorealistic Rendering Framework for Image Abstraction and
Stylization of Low-llluminated and Underexposed Images

Pavan Kumar, Poornima B., Nagendraswamy H. S.and Manjunath C. (2021). International Journal of
Computer Vision and Image Processing (pp. 22-45).
www.irma-international.org/article/structure-preserving-non-photorealistic-rendering-framework-for-image-abstraction-and-

stylization-of-low-illuminated-and-underexposed-images/275816

The Role of Significant Digits of Fractal Dimension for the Measurement of Texture in SAR Images
Triloki Pant (2021). International Journal of Computer Vision and Image Processing (pp. 80-96).
www.irma-international.org/article/the-role-of-significant-digits-of-fractal-dimension-for-the-measurement-of-texture-in-sar-
images/270877



http://www.igi-global.com/chapter/interaction-scientific-data-through-virtual/30628
http://www.igi-global.com/chapter/interaction-scientific-data-through-virtual/30628
http://www.irma-international.org/chapter/evaluating-an-evolutionary-particle-swarm-optimization-for-fast-fuzzy-c-means-clustering-on-liver-ct-images/108407
http://www.irma-international.org/chapter/evaluating-an-evolutionary-particle-swarm-optimization-for-fast-fuzzy-c-means-clustering-on-liver-ct-images/108407
http://www.irma-international.org/article/comparative-performance-analysis-of-optimization-techniques-on-vector-quantization-for-image-compression/177199
http://www.irma-international.org/article/comparative-performance-analysis-of-optimization-techniques-on-vector-quantization-for-image-compression/177199
http://www.irma-international.org/chapter/a-comparative-analysis-of-deep-learning-approaches-for-unmasking-image-forgeries/377709
http://www.irma-international.org/chapter/a-comparative-analysis-of-deep-learning-approaches-for-unmasking-image-forgeries/377709
http://www.irma-international.org/article/structure-preserving-non-photorealistic-rendering-framework-for-image-abstraction-and-stylization-of-low-illuminated-and-underexposed-images/275816
http://www.irma-international.org/article/structure-preserving-non-photorealistic-rendering-framework-for-image-abstraction-and-stylization-of-low-illuminated-and-underexposed-images/275816
http://www.irma-international.org/article/the-role-of-significant-digits-of-fractal-dimension-for-the-measurement-of-texture-in-sar-images/270877
http://www.irma-international.org/article/the-role-of-significant-digits-of-fractal-dimension-for-the-measurement-of-texture-in-sar-images/270877

