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Introduction
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Internship Experience

� Article Review Experience:
o European Archives of Oto-Rhino-Laryngology and Head & 

Neck (EAOR)
� Get Locomotion Study Going:

o Review IRB.
o Informed Consent / Layman’s Summary.
o Test Readiness Review (TRR).
o Look at individual subjects’ data from Peters et al., 2013.
o Learn hardware & software.

» GVS device.
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Background 
� Sensory discordance during gravitational transitions 

may affect planetary EVAs:
o ↓ locomotor stability.
o ↑ cognitive cost.
o ↑ metabolic cost.

� Sensorimotor adaptability training may be used to 
mitigate these effects by challenging multiple 
sensorimotor systems.

o Brain “learns to learn” (adaptive generalization) and solves 
motor challenges better.

» More efficient at generating appropriate strategies.

 ↑ adaptation tools ⇨ ↓ adaptation time.
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(Mulavara et al., 2009; Peters et al., 
2013)
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Background 

� Sensory Weighting and Functional Performance
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Background 

6
Brady et al., 
2012

� Sensory Weighting and Functional Performance
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�We hypothesize that subjects who are 
more dependent on a single sensory 
modality and/or show reduced function 
within a given sensory modality will have 
reduced ability to adapt to a novel 
discordant sensory environment compared 
to subjects who use multiple sensory 
modalities equally.�
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Background 

� Stochastic Resonance (SR)
o Detection of weak input signals may be enhanced by 

addition of low levels of noise.
» Vestibular or proprioceptive.

» ↑ external cues.

» ↑ adaptability in sensorimotor adaptability training.
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(Mulavara et al., 
2011)

(Hijmans et al., 2008)
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Background 

� Purpose:
o Determine if SR can be used to improve individualized 

sensorimotor adaptability training programs by enhancing 
vestibular signal detection.
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Methods

� Subjects:
o Healthy (passed modified Air Force Class III physical).
o ~10 in control group.
o ~10 in experimental group (+SR).
o Naïve to support surface perturbations.
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Methods
� Equipment & Procedures:

o Vestibular Stimulus Device
» Maximum amplitude of 4 mA.

» Threshold Testing:
 Subject moves joystick with stimulus perception.

• Sinusoidal signals (0-2,000 uA).

 Threshold and optimal stimulus are determined.

» Optimal amplitude of stimulus delivered is at 20-40% of individual’s 
perceptual threshold.

 White Noise (100 Hz).
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(Mulavara et al., 
2011)
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Methods

� Equipment & Procedures:
o Sensory Discordant Environment:

» Six Degree of Freedom Motion Base (Moog, East Aurora, NY):
 0.3 Hz continuous, sinusoidal, lateral motion.

• Started after 8 minutes of baseline walking.

» Treadmill (Quinton Model Q55, Philadelphia, PA):
 1.1 m/s for all subjects.

» Virtual Hallway:
 3.6 m x 2.6 m screen.

 2 m in front of subjects.

 Forward translating.
• Perceptually matched to treadmill speed.
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Methods

� Equipment, Procedures, & Analysis:
o Locomotor Instability ⇨ Stride Frequency:

» Collected continuously.
 Foot switches (Motion Lab Systems, Baton Rouge, LA).

o Metabolic Cost ⇨ VO2:
» Collected continuously.

 Cosmed K4b2 (Cosmed USA Inc., Chicago, IL).
o Cognitive Cost ⇨ Reaction Time (RT):

» Collected at BL 1, BL 2, T 1, T 2, T 3, & T 4.
 Custom LabView code (National Instruments, Austin, TX)

• 7 auditory tones presented at varied timing to reduce anticipation.
• Response via thumb switch.
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Peters et al., 
2013

Control Group?
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Methods

� Additional Analysis of Peters et al., 2013 Data:
o My goals were to:

1. Look at the individual subjects’ responses to the discordant 
environment.

 What is the variability across subjects?

2. Examine relationships between the locomotor stability, metabolic 
cost, and cognitive ability parameters based off individual subject 
responses.
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Results

16

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

St
rid

e 
Fr

eq
ue

nc
y 

D
ev

ia
tio

ns
 (H

z)
 F

ro
m

 In
di

vi
du

al
 B

as
el

in
e 

M
ea

ns

Normalized Stride Frequency

Normalized Mean

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

S13

S14

S15

S16

-5 0 207 13
Minutes

Enhancing Sensorimotor Adaptability Training



National Aeronautics and Space Administration

Results

17

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

R
ea

ct
io

n 
Ti

m
e 

D
ev

ia
tio

ns
 (s

ec
on

ds
) F

ro
m

 In
di

vi
du

al
 B

as
el

in
e 

M
ea

ns

Normalized Reaction Time

Normalized Mean

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

S13

S14

S15

S16

-5 0 207 13
Minutes

Enhancing Sensorimotor Adaptability Training



National Aeronautics and Space Administration

Results
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� Normalized Max Response Correlations:

o General Trend:
» ↑ Stride Frequency Resp. ⇔ ↑ VO2 Resp. ⇔ ↓ RT Resp. 

 No significant correlations though.
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R² = 0.1916
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Pearson’s R = -0.438 Pearson’s R = 0.506 Pearson’s R = -0.479
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Take Home:  Decreased locomotor stability is associated with increased metabolic cost and 
increased cognitive cost while adapting to novel sensory discordance.
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Discussion
� What I learned:

o Subjects display considerable variability in their responses to the discordant 
environment.

o General trend in max response data between stride frequency, reaction time, 
and VO2.

» ↑ Stride Frequency Resp. ⇔ ↑ VO2 Resp. ⇔ ↓ RT Resp.

� Contributions to NASA’s knowledge base:
o Adaptation to sensory discordance can incur tradeoffs in locomotor, metabolic, 

and cognitive abilities.

» Decreased locomotor stability is associated with increased metabolic cost 
and increased cognitive cost while adapting to novel sensory discordance.

� Uses for future research/mission planning:
o Determine if vestibular SR helps improve adaptation to a novel sensory 

discordant environment.

o Design individual sensorimotor adaptability training programs to promote 
multisensory reliance in individuals to enhance ability to adapt.
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