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Inthe BeginningC

Spatial abilities
A Many students have difficulties with spatial thinking
A A prerequisite for solving 3D problems

‘GeometryEducation

Hypothesis:

A See 3D objects in 3D

ALYGSNY OGAGSte O02yaliNdzOiGzE Y2
A Build mental models of geometric situations more easily
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Inthe BeginningC

Spatial abilities
A Many students have difficulties with spatial thinking
A A prerequisite for solving 3D problems

‘GeometryEducation In VR/AR

Hypothesis:

A See 3D objects in 3D =
ALYGSNY OGAGSte O02yaliNdzOiGzE Y2
A Build mental models of geometric situations more easily
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Overview

A Virtual and Augmented Reality?

A Construct3D &hysicsPlayground

A Recent Work in AR & Education
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Whatis Mixed Reality?
a At d Reaviywatuality Continuum(1994)

Mixed Reality

Real Augmented Augmented Virtual
Environment Reality Virtuality Environment

Adapted fromMilgram, TakemuraUtsumi Kishino Augmented
Reality: A class of displays on the realityuality continuum
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Augmented Reality (AR)

Definition (Azuma, 1997)
1) Combines real and virtual world
2) Interactive in real time

3) Registered in 3-D (real and virtual objects are in a
3D relation to each other)
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Usability Evaluation (2004)

A 16 students (age 149) working in
teams of two

A One teacher supervises each team
A 5 training sessions '

A Basic dualiser
evaluation setup

A ISONORM 9241
Usability questionnaire
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Milling Cutter
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Hyperboloid- Mixer

Given 2 skewlines

Surfaceof revolutionandits properties

View in 3D with Deep View View in 3D with Deep View
Free at Free at
www.righthemisphere.com/dv www.righthemisphere.com/dv
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Main Results

Construct3D is
A Easyto use, requires little time téearn
A Encouragetearners to try newfunctions

A Canbe used consistently

ADesignedn a way that things you learned once are
memorized well
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3rd Evaluation (2005

Focus on training of spatie
abilities:

A Pre and posttests with 5 spatial ability tests
(MRT, MCT, OPT, PSVT.R, DAT:SR)

A Strategy assessment; Gender differences

A 5 training groups 250 student{age 1619)
A Construct3D group (50); Desktop CAD3D group (50)

A 2 standard school groups: Classical paper/pencil
computer supported geometry

A Untrained control group



OInteractive Media Systems Group
[ Software Technology & Interactive Systems
[ Vienna University of Technology

Key Strengths

A Dynamic 3D geometrnearlyhapticinteraction
with geometric objects

A Students can walk around objects. Active
relationship between body object

A Strength to visualize abstract problems

===) |deal content Highly dynamic examples which
encourage modifications and visualize abstract
problems



PhysicsPlayground: Example 1 i- Torque

AFlywheel is spinned by exerting
force on the handle

ATorque depends on length of
handle

Alonger handle, larger torque

AFriction causes deceleration:
exponential factor
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Teaching content - Crankshaft

APiston is moved by exerting
force on flywheel

AMotion of the piston is analyzed

APath of movement is
recorded

AAnalyzer shows acceleration
and deceleration

ARotational motion transforms
INtO sinus wave
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PhysicsPlayground: Findings

ASimulation very robust for
experiments with rigid bodies

AAccuracy of the Nvidia PhysX
engine is sufficient for
educational purposes

AVariety of teaching content
AVery motivating for students

AReal time simulation and
monitoring of experiments possible




