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The Educational Potential of
Haptic Augmentation

James Minogue
North Carolina State University
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= Uses resistive bend-sensing
technology to accurately transform
hand & finger motions into real-time
joint-angle data

= Position & orientation of hand
& fingers are tracked in the virtual
3-D environment

=  CyberGrasp- a lightweight,
force-reflecting exoskeleton that fits over
a CyberGlove & adds resistive force
feedback to each finger
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* sensing the state of a haptic interface
e computing haptic collision detection
e updating the status of the virtual object(s

* computing and displaying the necessary
forces and/or torques to a user

Typically performed at rates of 1 kHz or higher
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* computer science
= developmental & experimental psychology

Inherently multidisciplinary
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Klatzky led to the development of

* The sensory channel of touch receives
information, not just sensations.
exploratory procedures (EPs).

» The extensive work of Lederman &
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12433

Haptics is oriented toward the perception and
subsequent encoding of material properties.

Haptics is thought to be superior to vision in
perceiving of properties such as texture,
weight, hardness, compliance, elasticity, and
viscosity.

Vision dominates in the perception geometric
properties like shape and size (and color).
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Investigating Viruses: The Mystery of
the Sick Puppy-

Students act as veterinarians &
are given the challenge of
diagnosing the virus that has
infected a puppy.

GO BACK
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The Cell Exploration program:

= Students can zoom in or out &
rotate the 3-D model.

= They can “feel” the
flexibility of the cell
membrane, the viscosity
of the cytoplasm, the
texture of the rough ER...

cytoplasm: is everything between the cell membrane & the nucleus, It
consists primarily of water & surrounds the organelles. It
also contains salts, dissolved gasses & nutrients.

Back Next
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The Haptic Lever Program:

e students manipulated the fulcrum location, beam
length, and amount of load placed on a lever

* acomparison lever of the same
type-but with fulcrum location, beam |

i First Class
length, or load varied-was generated Lvers Ly mem!
by the program & students were asked
to chose which lever would take more
force to move the load.

e students received force feedback
via a PHANToM Omni.
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A chasm currently separates two
important types of research in the

equally

ICS

field of hapt
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Research is Inspired by...

Considerations of Use? ————*

Yes
Use-inspired
ves Basic
Quest for (Pasteur)
Fundamental
Understanding?
N
Pure Applied
NO -
“ (Edison)
S

Stokes, Donald E. "Fasteur’s Quadrant: Basie Science and Technobgica! Innovation, ™ Brockings instiution: 1597,

systematically link the
fundamental research on haptic
perception & cognition with the
research on haptics as an
intervention for change

apply the knowledge creation of
basic research to achieve
beneficial effects in real-world
classrooms



89¢

— Mathematics: tangible graphs &
touchable curves to teach to
the visually impaired

— Chemistry: “feeling” attractive &
repulsive forces associated with
various compounds

— Physics: “feeling” of forces such
as gravity & friction at the macro
& microscopic level




J rade 4.

3.01 Observe and investigate the pull of magnets on all
materials made of iron and the pushes or pulls on other
magnets.

e Grade 5:

2.01 Identify and analyze forces that cause change in landforms
over time including: wind & gravity

s 4.02 Evaluate how pushing or pulling forces can change the
position and motion of an object.

4.04 Determine that an unbalanced force is needed to move an
object or change its direction.

4.05 Determine factors that affect motion including: force,
friction, inertia, momentum
e Grade 6:

6.03 Analyze sound as an example that vibrating materials
generate waves that transfer energy.
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— Increased interest

— Deeper understandings of the content covered?

e Teachers

& technology

INn science

— Increased interest
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— Deeper understanding of the content they teach &

methods of assessment?
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* Reiner (1999) studied the role
of tactile perception in learning
about forces and fields

* tactile trackball & computer
simulations of force fields

e drawing tasks analyzed

* embodied knowledge...
previously unexploited
nonpropositional knowledg

Eguatiorce lines
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e voluminous & rich literature base

» conducted primarily by developmental & cognitive

psychologists
e attempt to identify & detail the underly

Ing principles &

processes of haptics
e often conducted

tine & “uncluttered”

In pris
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laboratories with relatively small samples of eager

participants.
» studies are methodologically r

igorous, include

sophisticated statistical analyses, & provide sound

evidence-based results.



9LE

scant collection that have directly investigated the efficacy of
haptically augmented instruction

mainly educators & educational technologists

attention is given to issues of practice & users’ experiences with
the emerging technology

research methodologies employed are varied & at times sound,
often capturing valuable qualitative & (to a lesser extent)
quantitative data

they have resulted in little empirical evidence for the existence of
a cognitive impact of haptic technology



The process of calculating
sending force values to be
displayed at the haptic device...
Spring-damper model:
— The response force is
calculated using Haptic
Interface Point’s (HIP

penetration into the virtual
object

— Each object has a spring
co-efficient, K, and
damping factor, R.

LLE

Calculation of response
force

K R

S S

Spring-damper
model
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* Haptic exploration in the presence of vision

e Klatzky, Lederman, and Matula (1991) raised this
iIssue of ‘modality specificity in perceptual
encoding’

Visual Dominance:

Respond
Extract Full
Visual Info.

Extract Haptic Info.__, Respond
Visual Preview:

Respond

Extract Preliminary Extract Further Visual Info. _____ |, Respond

Visual Info.
Extract Haptic Info. ——» Respond
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V. Tools and User Applications Session

Tools and Applications: Innovative Uses of Game-Based Learning
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