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Topics

1. Information presentation using tactile displays

2. Movement instruction using tactile displays

3. Tactile performance feedback during skill acquisition
* Rowing

Collaborative work: Jan van Erp, Hendrik-Jan van Veen, Wouter
Vos, Eric Groen, Maaike Duistermaat, Sjoerd de Vries, Arjen
Oving, Antoon Wennemers, Sjouke Burry, lan Saturday, Chris
Jansen
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1. Information presentation using tactile displays

Psychophysical Studies
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Functional Studies
(spatiotemporal resolution)
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Applications
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Advantages of tactile displays

Free sensory information channel
Hard to ignore

‘3D’ information presentation
Private

Surplus value in Degraded Visual Environments
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Crucial information:
e altitude

e ground speed / drift
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Tactile display
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eTactor burst: 200ms on/off

*Display active < 150ft

Current Altitude
<alternating activation> \

Ground Reference

Resolution: 7ft

Ground Speed \

<Tactile alarm for
backward direction> Resolution: 6°
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Flight trials, August 2007

Test conditions:
« GVE: Good Visual Environment, no tactile support

« DVE: Degraded Visual Environment, no tactile support

1

 DVE, with tactile support



DVE Inside cockpit view *GVE outside view

«Safety pilot’s
DVE/GVE outside view

DVE outside view
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Drift angle variability (inal 5 seconds)
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ISS

US Army

General Motors

UK Army UK Marine
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2. Movement instruction using tactile displays

* Navigation = Movement Co-ordination
* To support
* learning new co-ordination patterns (direct communication)
 walking with artificial limb
« flying an aircraft
* iImproving already existing co-ordination patterns (real-time
feedback)
* bringing golfswing to perfection
* finetuning sequence of leg, back, and arm muscle
activation in rowing

« Initiation of wrist rotations
(Jansen, Oving & Van Veen; Eurohaptics 2004)
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Simple RT Task

oIf yellow stimulus is presented, rotate wrist to the

*If one of the other 4 stimuli is presented, do not
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left.

rotate the wrist.



Simple RT
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Choice RT Task

oIf yellow stimulus depicted in the left picture is presented, rotate
wrist to the left.

oIf yellow stimulus depicted in the right picture is presented, rotate
wrist to the right.

*If one of the other 3 stimuli is presented, do not rotate the wrist.
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Choice RT
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Conclusion

* AL/BR most intuitive
« extrinsic frame of reference
« follow-the-needle (pull)
« Conclusion is restricted to wrist rotations:
spontaneous arm movements in response to
« stimulus E: intrinsic, elbow
 stimulus C: extrinsic, shoulder
« stimulus B: also extrinsic, shoulder
* The more complex the task, the more beneficial it
IS to use intuitive stimuli: difference between most
and least intuitive was 3 times larger in Choice RT
than in Simple RT
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3. Tactile performance feedback during skill acquisition

Applications of tactile displays in sports:
* Where to move to

* How to move

* When to move
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Where to move to

e low around the torso =>
direction to move to.

 high up the back =>
"keep your head up”

o left shoulder => "look left"
e right shoulder => "look right",

* middle of the chest => "stop".

soccer coach Guus Hiddink tested the system
while coaching Champions League team PSV
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How to move: posture information

Virtual “hand of the coach”

Olympic skater and cyclist test the posture measure ment and feedback system
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When to move: movement coordination

Hands-on demo Eurohaptics 2005
co-ordinated team movement
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Training goal: Creating coordination attractors

Zanone, P.G., & Kelso, J.A.S. (1992). Evolution of behavioral
attractors with learning: Nonequilibrium phase. Journal of

Experimental Psychology: Human Perception and
Performance, 18, 403-421.

Jansen, C, Peper, C.E., & Beek, P.J. (2000). Limitations of the
scanning procedure in assessing changes in coordination
dynamics due to learning. In: Rhythm Perception and
Production. Eds. Peter Desain and Luke Windsor. Lisse;
Swets & Zeitlinger.
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Jansen, Peper, & Beek (2000)
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Method: Relative Phase Scanning
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Creating new “Rowing attractors”

\/X)
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Coaching / feedback for motion patterns

* The “success factors” (Thorndike, 1927):
a. frequency of feedback (more is better),
b. the accuracy (higher is better),
c. the timeliness (sooner is better), and
d. the information richness.

» The potential of a tactile feedback system:
€. Timeliness:
Feedback during (and not after) the pull.
¢ d. Information richness:
Feedback is positional, i.e. it can indicate how to do it right

32 RO-MAN workshop Skills Capture and Transfer, Miinchen August 1st 2008



Rowing

« Timing of the different movements is important: legs, trunk, arms
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O = Reference for feedback:

target stroke coordination *Knee at 110
*Trunk at 80°

Knee angle

Trunk angle




Experiment

* Three groups: /
» tactile / each stroke

 visual / each stroke
» visual / after 25 strokes

» Eight sessions of 10 minutes
* pre-test
* 6 sessions with feedback
* post-test
* Instruction to maintain a set
tempo of 21 strokes/minute and

a heart rate of 160 beats/minute
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Results

* No effect on timing performance or rowing speed
 Effect on heart rate (F(2,16)=5.14; p=0.019):
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Discussion

* Both the coach and the trainees liked the system very much
* None of the groups showed increased performance

« visual feedback => increased heart rate in the post-test,
tactile feedback => decreased heart rate.

The groups with visual feedback had to invest more effort

during the day to maintain their optimal performance.
Less mental effort required with tactile?
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Overall conclusions

 Tactile displays significantly enhance in-the-loop performance
(e.g., navigational control tasks).... when presenting information
Intuitively.

« Some tactile stimulus — motion response combinations are much
stronger than others

» Tactile feedback for skill acquisitions is promising, due to its

direct and positional character. However, we did not yet find
strong evidence for performance benefits in rowing.
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