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Objectives

+ Discuss the role that robotic and sensor technology
can play in preventi iIntervention.

+ Describe howi
optimizedto p
with or at risk f

arning in infants

+ Evaluate the meri tiated Prone
Progression Crawler a rtechnologies in
promoting early learning and exploration in very
young infants with or at risk for CP.



Outline

+ Early developmental screening and surveillance
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+ Importance of ea

+ Movement le isition
+ Reinforce ent
learning

+ Technologic

+ Limitation of
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What do we know about early
development of NICU graduates?

Longitudinal Development:

By Risk Group

longitud group assig
full term
low risk preterm
" very low birthweight
vV bpd

O cns

post-term age at testing in days

Campbell et al 2001




Barbosa et al, 2005

Test of Infant Motor Performance
TIMP Longitudinal Performance

CP Children
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Surveillance using Percentile
Ranking Scores
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What do we know about early development and
children with Cerebral Palsy?

Physical Challenges Challendes in Other
Domains

Muscle Developmentt . Learned Disuse

Postural Control Neural Atrophy

Coordination ' ~ Spatial Reasoning

Mobility Communication Skills

(Haddars-Algra, 2001)




What do we know about
mobility in children with CP?

+ Most potential a first 2 years
(Morgan et al 2012) (Critical
Period)

. fnctional changesa
hanges (brain-behg

+ Reach 90% of their gra otor potential by
age 5 (Rosenbaum et al, 2002)



Early Mobility and Exploration
Challenges

Movement is the gateway to learning -- it IS essential to every aspect of health




What do we know about skill
acquisition + neuroplasticity

Task-Specific
training

Incorporate
feedback, reward-
and error-based Morgan et al,
learning. 2016; Kleim
& Jones,2012




How can we incorporate the factors
in interventions with young infants?

Task-Specific
training

fechnology

Incorporate
feedback, reward-
and error-based Morgan et al,
learning. 2016; Kleim
& Jones,2012




Robotic and Sensor Technology:
Requirements

: designed to
xecution of
ed on reward

Machine learning par
optimize behavi
action and achi

feedback.

ement learning
are domain-specifi representation for
motor skill and reinforcement learning
algorithms that work with the skill (Kober,
2013).



Robotic Reinforcement Movement Learning and .
Skill Acquisition

e Gained promi ment science

literature.
e Potential learning
in adults.

* Posits that
essential for rel

— (Wagner * Smith, 2008)

loration Is
arning



Reinforcement and Error-
based Learning

+ Reinforcement learnin
or an artificial syst

rocess by which a person
learn a behavior that
(or penalties).

+ |Isbased onth
result

t are predicted to
utcomes.

+ Error-based learni uses errors to improve
performance by giving the subject information about the
direction and magnitude of error resulting from their own

actions.
+ Bastian et al, 2016; Diedrichson et al, 2010:;



Reinforcement and Error-based
Learning: Assumptions

Complementary: RML provides a mechanism to
Improve a performance learned from EBL



Reinforcement and Error based
Learning: Co

Does not rel
knowledge ¢
makes use o
which often

learning and
11

Does not direc
person about ho
performance

*+ Shows better retention

+ Basal ganglia believed to be
specialized 1©

Complementary: RML provides a
mechanism to improve a
performance learned from EBL



Questions

Can infants as young as 4 months old use
technology to learn a new motor skill? (means-to-
an-end)

Can infants withibrainiinsult use technology to
learn a motor new skill?’(means-to-an-end)

’

If so, how? (mechanism)

How effective?
What are the neural connections to learning?



Prone Locomotion

*The earliest type of functional
mobility available to infants --
severely compromised in chil
with CP.

*Develops during a pe
active synaptic forme
brain.

. ) infan_cy_ linked
as vision,
tion, and

«Anderson et al, 2013;
Campos et al, 2012;
Herbert, Gross, & Hayne,
2007;



The Self-Initiated Prone Progression
Crawler (SIPPC)

Kolobe, Pidcoe, et al, 2007; Kolobe & Pidcoe, 2015 (US patent); Kolobe & Fagg, 2019

Motion Capture Sensor Suit

Base sensor
Lower leg Thigh and central
processor

Kolobe & Fagg, 2013

Funded by NICHD
& Foundation for
Physical Therapy



The Self-Initiated Prone
Progression Crawler (SIPPC-3)

Kolobe & Pidcoe, 2015; Gazi, Fagg, Kolobe, Ding, Miller, 2015
6-AXIS
Load Cell

5553  Kinematic

Vertical Lift

Head '} capture Suit
Net

Infant 5;’;;4:"3 |
Support S Omni-Wheels

Funded by NSF



Type of information gathered @

_ _ : e Sensor suit: Kinematics
SIPPC: Distance, direction (type, timing, and frequency

travelled, type and timing of  of arm and leg movements
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What the trainer sees and manipulates
to assist infant- the interface

Subject Assistance Event Counts

Power St Suit

Suit Calibration Backward
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Week 1 Week 4
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Mastery and Proficiency in goal-
directed locomotion using the
SIPPC

Kolobe & Fagg, 2019

Subscale 3

S




RML with Infants with Down
Syndrome

Cox, Kolobe, Fagg, Schmiedeberg, 2015



Change in Mean Linear ‘
Distances Traveled

Cox, Kolobe, Fagg, Schmiedeberg, 2015

6
5

4

3 ¥

5 +

. ¥

1ol I

Infant 1 Infant 2 Infant 3 Infant 4 Infant 7 Infant 8 Infant 9 Infant 10

ANOVA: Difference between initial and greatest distance travelled
statistically significant, F = 4.90; p = 0.020



What about Social Emotional
Development?

+ Goal Directed Behaviors (GDB):
measure (Zachry & Mitche
measure SE

* Motivation to Move
(MTM-a): SE meas
& Scher, 2013)

* Persistence to
difficulty of task
control

* Proportion of the se
motion

*+ Strength of external stimulus
to elicit movement

* Movement Observation Coding System
(MOCS) Mastery of Propulsion: SGPL
measure (Rule, 2010)

Smart, DeGrace, Kolobe, 2016



What have we learned?

High correlation between
frequency of spontaneous
arm and leg movements
and emergence of mastery
(goal-directed strategies)
critical threshold.

Emergence of
simultaneous bilateral arm
(and leg movement)
associated with mastery of
prone locomotion.

Kolobe & Fagg, 2019; Kolobe et al, 2015; 2017



What about neuroplastic
changes?
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Brain Structure-Function Connection:
Neuroplastic Responses

+ Relieving spasticity is not sufficient therapy to cause long

term change (Hoare et

+ Repetition not su gful changes in
motor behavior i

(Klei
ed cortical inhibition

ninger et al., 2011)

+ Pathophysiologic
and results of incre

+ Evidence that you ga
al, 2011)

you train (Sakzewski et

+ Newly learned movements are represented over large cortical
areas (Kleim et al. 1998, Plautz et al. 2000)



Principles of Experience-Dependent Neural Plasticity
and Their Translation to the Damaged Brain

Salience
matters

Age
matters
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Jump to EEG

Xiao, Patino; Fagg, Kolobe,
Miller, & Ding (2016)



EEGdata-TD

Xiao, Patino; Fagg, Kolobe, Miller, & Ding (2016)
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Mobilefjtechnology

https://sites.usc.edu/dimpl/



ZeroG technology — upright
functions and walking

https://www.aretechllc.com/products/zerog-gait-and-balance/



Technology Limitations

.
el




Summary

Infants with or at high risk rn complex skills such

as prone locomotion

Importance of acti

Bypassing rate li il acquisition or

adaptive learning
Significance of ot red —cognition
Ability to reach is a ne locomotion
Task-specific training vi
More work needed on understanding neuroplastic changes

Technology development must be tailored to infant
development



Challenge:
Institute of Medici

"By 2020 -- 90%
decisions wil
by accurat
to date cli
and will re
available e
works for wh
what circumsta

, 2009
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