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My background

Numerical Analysis (Trinity College Dublin, PhD work)
Robust Numerical methods of Prandtl Boundary Layer Problems

Self-motion Perception (Max Planck Institute for Biological Cybernetics)
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Walking .
Driving ﬂ
Unisensory and Multisensory processing
Developmental Disorders (Albert Einstein College of Medicine)
Autism Spectrum Disorder, Niemann Pick Type C
Movement Disorders (Trinity Centre for Bioengineering)
Parkinson's Disease

Dystonia
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The combination of visual and vestibular cues observe an optimal rule of integration

Butler et al. Journal of Vision 2010



Common or Redundant Sensory

Processing

Superior Temporal Gyrus (STG) - Auditory Cortex
Audio MMN :

Soma MMN

15uV/cm2| : Ut .
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100ms

Postcentral Gyrus (PcG) - Somatosensory Cortex

Audio MMN
' PcG,

Soma MMN

100ms

15pV/cm2

Butler et al. Journal of Neuroscience 2011



Sexual Dimorphism of Sensory

Processing
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Autism Spectrum Disorder
Social interactions and relationships

Verbal and nonverbal communication
Limited interests in activates or play
Sensory processing DSM V

Hypo activity
Hyperactivity
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Decreased Coherent Motion Discrimination in Autism

Spectrum Disorder: The Role of Attentional Zoom-Out
Deficit

11 ASD, 11 TD

Coherent motion task
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Increased intra-participant variability in children with autistic
spectrum disorders: evidence from single-trial analysis of

evoked EEG

Elizabeth Milne*
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Neuron

Unreliable Evoked Responses in Autism

llan Dinstein,’* David J. Heeger,2 Lauren Lorenzi, Nancy J. Minshew,2® Rafael Malach.* and Marlene Behrmann!
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Predictions

Behavioural Predictions
1) ASDs should have more variable responses
2)  ASDs should have worse detection thresholds

Neuronal Predictions

1) the averaged evoked response should be broader and have a
delayed peak for all components

2)  ASD individuals should have a greater variability of phase
dispersion across single trials.

3) More variability in the single trial amplitude



Overview

1) The reliability of the ASD and TD groups average evoked
response

2) to investigate the reliability of the phase dispersion and
amplitude across trials

3) Link the group average data with single trial

4)  Unreliable evoked response was simulated by introducing a
temporal jitter (and amplitude variability) at a single trial level in

the TD data.



Soma Condition

Inter-Stimulus Interval
* 150ms

* 250ms

* 350ms

* 550ms

* 1050ms




Visual Condition

Inter-Stimulus Interval
 200ms

* 300ms

* 550ms

* 1050ms

* 2050ms >

Experiment 1
-200 & 300 m:
-2500ms intel
- 1Sls are varie:
- 33% of stimu
(unpaired che

<55, O,
2

N

Experiment 2- Blocked Presentation
- 200, 300, 550, 1050, 2550 ms ISI
- Stimuli are jittered by +/- 50ms
- Self-paced 2500-5000ms inter-block interval
- Consistent within block ISI (100 trials)



Matched Groups

D] [ Jowmweon ]
B D ASD P TD ASD P

Age 11.242.3 10.9£2.3 0.7 11.0£2.3 10.7£2.3 0.7
(MeantSD)

VIQ 111.8+15.7 101.£17.5 0.04 111.8+12.0 108.4%+18.0 0.1
(MeantSD)

FSIQ 109.1+12.4 108.4*17.1 0.9 113.5+13.3 105.7+x17.5 0.6
(MeantSD)

20 20 20 20

No of males g¥ 19 18 18



Electroencephalography (EEG)
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Sensory Cortex

Motor & Sensory

primary motor cortex
(precentral gyrus)

visual
cortex

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings



Event-Related Potential (ERPs)

EEG

— 5w
Evoked

Potentials
(ERPs)

2‘0 400 00 200 1000 4200 1400 1600 1200



Event-Related Potential (ERPs)
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Results

A Visual B Somatosensory
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Frequency decomposition

e WA 6—— Alpha 7 - 14 Hz ("~10 HZ")
< Beta 14 - 20 Hz

l €——— Gamma > 20 Hz (“~40 HzZ")
e AN Y «— Theta 3 -7 Hz

1 Hans Berger:

.
) Eyes open Eyes closed First Human EEG

| recording in 1929
o - Alpha waves

discovered

22



Frequency decomposition

POWER PHASE
Event Related Spectral Perturbation Inter-trial Coherence (ITC)
(ERSP)

Alignment of response
Baseline power versus post stimulus

ERF

I:_') PPR

2z I 1+ -r-
0 BT
ERSF (408) + 8% Frequancy

THENTLY in Cogndne Soenoes
Scott Makeig , Stefan Debener , Julie Onton , Arnaud Delorme
Mining event-related brain dynamics

Trends in Cognitive Sciences, Volume 8, Issue 5, 2004, 204 - 210



Amplitude
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Inter-trial Coherence (I'TC) -Phase

<
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ITC=0, unreliable response



Inter-trial Coherence (I'TC) -Phase
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Inter-trial Coherence (I'TC) -Phase

Amplitude
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Statistics

Comparison between groups at each time and frequency point

All stats presented are uncorrected



Bootstrapped Analysis
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Bootstrapped Statistics

Qbserved Iterations of Randomization of Groups
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Bootstrapped Statistics

— (Observed

95%

400

300 |

200 ¢

100 |

14Hz
Number of Observations

0
-0.2 -=0.1 0 0.1 0.2

Difference Value

/70ms



ootstrapped Statistics
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Power (Amplitude)

Event-related spectral perturbations

A Visual B Somatosensory
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Alignment (Phase)
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Bayesian Statistics

Classical statistical test give evidence of an alternative hypothesis

Bayesian Factor Analysis allows for the continuum of
hypotheses, from the alternative to the null

Jetterys, Zellner and Siow (JZS) Bayes Factor which uses the
classical t-statistic to calculate a ratio of the null versus the
alternative. Table 1

Critical ¢ Values
JZS Bayes Factor Value

Favors
Favors Null Alternative

N 10 3 1/3 1/10

5 - 0.40 3.15 4.97
10 - 0.89 2.73 3.60
20 - 1.20 2.64 3.26
50 - 1.51 2.68 3.17

100 0.69 1.72 2.76 3.20
200 1.08 1.90 2.86 3.27
500 1.44 2.12 2.99 3.38

Rouder, Speckman, Sun, Morey, and Iverson (2009)



Bayes Factot

A Visual B Somatosensory
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Overview Results

Not statistically different average evoked response
Not statistically different single trial data
Highly similar correlation of average evoked response

Are our metrics sensitive enough; what would an unreliable
evoked response look like



Simulation
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Temporal Jitter Simulation
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Temporal Jitter Simulation
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Amplitude Jitter Simulation
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Amplitude Jitter Simulation
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Amplitude Jitter Simulation

ITC
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Amplitude Jitter Simulation
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Simulations Overview

The simulations shows the sensitivity of the measures to single
trial variability

These ditferences were not exhibited in the group comparison



What are the considerations

The significance of significance
The importance of attention (task)
The role of connectivity
Mismatching groups

Diagnosis as a continuous variable



The significance of significance

Largely Typical Patterns of Resting-State Functional Connectivity in High-Functioning (a)
Adults with Autism

J. Michael Tyszkal, Daniel P. Kennedy?3, Lynn K. Paul? and Ralph Adolphs!:2 2>
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The importance of attention

(task)

Decreased Coherent Motion Discrimination in Autism
Spectrum Disorder: The Role of Attentional Zoom-Out
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The role of connectivity

Central Peripheral
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Mismatching groups

I
o

Gender match

w
o

Signal to Noise
N
o

IQ match

—y
o

Number of trials match % stmbe:gtf)swéggs 180
1 1
Number of participants 08 08
g o0s = 06
g 04 /v’_\’\ S 04
02 - 0o
0

0
0 50 100 150 200 0 50 100 150 200



Diagnosis as a continuous variable

* Severity of diagnosis
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Conclusions

ASD and TD groups exhibited similar evoked response

While the unreliability thesis might hold for unique situations it
does not hold for all

ASD 1s a more subtle and complex disorder

Null results are important to understand when something breaks
down



Future Directions
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Any questions

Sophie Molholm
Gizely Andrade
John Foxe

CNL Team at the Albert
Einstein College of
Medicine
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