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Hemispheric Specialization
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These faces are mirror images of
each other. Stare at the nose of
each. Which face is happier!
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Figure 2. Patterns of possible interactions between visual hemifield of stimulus presenta-
tion and response hand in a lateralized tachistoscopic experiment. The figures on the left
show h X VF plots; the figures on the right show plots of VF X condition. Condition has
two levels: ipsilateral (RVF-Rh, LVF-Lh) and contralateral (RVF-Lh, LVF-Rh).
(A) Callosal relay pattern reflecting exclusive specialization in the left hemisphere.
(B) Direct-access pattern reflecting independent processing in each hemisphere.
(C) Direct-access pattern with interference between central decision and response pro-
gramming, reflecting hemispheric independence.
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Hemispheric Attention



Figure 3. Stimulus sequence in the sLANT




Definitions:

1. Conflict. C = Targets with Congruent minus
targets with i ffan

congruent ers

1. Orienting Benefit: OB = Tarﬁ%tiwith alid minus
targets w entral cue

1. Orienting cost: : . .
5 OC= Tav\rlﬁ%ts with Invalid minus
targets Central cue

4. Alerting: : :
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Fitting the task to the brain

— Daily rhythms
— Fatigue
— Social Context



Orienting Benefit (+20)

“The Brain in Film” Psych 119G, Fall, 2010

e Condition x Film x Target Visual Field
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Experiment 3: Emotional LANT

e
9

Cue: 180ms

Fixation: 150ms

+

Target: 170ms



Main effect of Anxiety on IOR
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STAI-TA score with IOR for RVF targets, r =-.476, p = .01



Interaction on mean amplitude N2: VF x

Electrode x Anxiety
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LH = P1 electrode
RH = P2 electrode

* Significant
interaction p < .05



Interaction on IOR magnitude:
Handedness x Anxiety, p = .08
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oY 5
=
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Right Left
Handers Handers

e Right-Handers: STAI-TA and IOR RVF, r=-.476, p = .01
e Left-Handers: STAI-TA and IOR RVF, r=-.04, p = .85



Time Course of Events
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EEG-Biofeedback

— Does it work?
* Changing hemispheric specialization in children
e Changing attention in ADHD

— How does it work?

 The behavioral change
e The physiological change
e The feedback monitor



 Adapting the problem to the brain

— Changing hemispheric specialization
— Changing hemispheric attention

— Recovering from brain damage
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Figure 8. The effect of EEG Biofeedback on the
attention nehworky as a funciion of the training
electrode.

Figrure 10, The effects of CF and O4 EEGEF
frawing on Conflict in the LI and RIT.



How does EEGBF work?

- Changes during feedback
e Changes in the ERP of the reward signal
e Changes in the EEG spectrum

- Changes after feedback
e Changes in the ERP of the SLANT
* Behavioral changes in the SLANT

- Default Network hypothesis
» Disengage Network
» Self Network



Experiment Measures Summarized

e Speeded Test of Lateralized Attention (SLANT)
— Behavior: Accuracy, Reaction Time
— ERP (N1, P2, P3)
— Scalp estimates of ERPs

e EEG Biofeedback (Sham, C3Beta, C3SMR, C4SMR)
— ERP to Reward (P50, N1, P2)
— ERSP of ERP at C3 and C4
— Eyes Open / Eyes Closed EEG



The UCLA experiment, Andrew Hill

Methods: Hardware & Software

Groups assigned one of 4 biofeedback protocols:
— C3-A1SMR (8), C4-A2 SMR (8), C3-Al Beta (8), Sham (16)
Five training sessions, five days in a row.

Day 3
LANT & BFB

Day 5
LANT & BFB

Day 1
LANT & BFB

Training parameters:

— Unified reward stimuli (meeting all thresholds) was provided by a brief tone and
simultaneous visual reward ("4-Mation" game).

— Reward threshold set at 70% of amplitude, Theta inhibit at 20%, High Beta inhibit at 15%

— Auto-thresholds every 30 seconds (after manual the first 30 seconds to begin rewards).
Assessment and Testing on days 1,3,5:

— Full head EEG recorded using a BioSemi 64-channel cap, plus bipolar ear channels.

— LANT (Lateralized Attention Network Test), before the daily biofeedback session.

e EEGer software events (beep/reward onset) and LANT event (cue/target codes) were
embedded with the BioSemi 66 channel recording.

— Eyes Open, Eyes Closed, pre/post data sets were also gathered at the beginning and end of
days 1,3,5.

Biofeedback only on days 2,4 (omitting full-head recording).
Daily Surveys on Sleep, Mood, and Attention were administered.



Figure 3. Stimulus sequence in the sLANT




SLANT

e Behavior
— SLANT effects of Cue, Flanker, TVF similar to LANT
— Main effects of Cue, Flanker, TVF on both RT and ACC
— Conflict in RVF larger than LVF (RT)

e ERPs
— N1,P2,(N2),P3
— Lateralized Scalp ERP distribution
— Conflict ERPs more anterior, Orienting ERPs more posterior

— T-test visualization of Conflict & Orienting Cost
e Conflict: posterior (bilateral) and right hemisphere
e Orienting Cost: central & contralateral

 P3 Latency at C3, C4, correlated with behavior (RT & ACC)



Table 1: sLANT Performance: Reaction Time

SLANT 2x2x3 ANOVA (Reaction Time)

Variable F P
Flanker 79.89 0.001
Cue 18.14 0.001

All results significant at p < 0.001

e No RT effect of TVF

* Center Cues faster than Invalid Cues,
slower than Center Cues

e Congruent Flankers faster than
Incongruent

Table 2: sLANT Performance: Accuracy
SLANT 2x2x3 ANOVA (Accuracy)

Variable F P
Target Visual Field | 7.66 0.009
Flanker 97.03 0.001
Cue 18.90 0.001
TVF * Flanker 7.32 0.01
TVF * Cue 7.48 0.001

All results significant atp < 0.01

LVF more Accurate
Flanker effect (Conflict) larger in RVF
Cue effect (Orienting) larger in LVF



Figure 2: sSLANT ERPs that vary by Cue Validity & Flanker Congruity
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Correlations between Behavior & ERP

e C3
— P3 Latency with sSLANT RT (r =.782, p=.002)
— P3 Latency with sSLANT Accuracy (r=-.872, p <.001)

e C4
— P3 Latency with sLANT RT (r=.899, p <.001)
— P3 Latency with sSLANT Accuracy (r =-.903, p <.001)



Effects of EEGBF on the sLANT

 Behavior
— RT: Flanker * Session
— ACC: Flanker * TVF thoughout
— RT: TVF * Flanker * Session * Group

* ERP

— Lateralized Scalp distribution

— Group X Session effects
N1 Latency: C3 SMR v. Sham
 P3 Latency
e P3 Mean Amplitude



C3Beta training selectively reduced Conflict in the right hemisphere

(p = .053)
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Ch2 Findings: TVF * Electrode (C3, C4) * Session: P3 Amplitude: SHAM
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Ch2 Findings: IVF * Electrode (C3, C4) * Session: P3 Amplitude: (C3 Beta
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e Change in EC/EO EEG from each session, by group
— EO change in Theta and Alpha for Sham; sig in SMR and Beta for Active
— EC changes in Theta, Alpha, SMR, Beta for Active; not for Sham



Conclusions

e “Group * Session” interactions demonstrate that EEG Biofeedback acts in
a protocol-specific way on:
— Behavior
— ERP of behavior
— ERP of Biofeedback reward
— Resting EEG (eyes open / eyes closed)

Thus,
e Hemisphere of training electrode matters.
* Reward frequency matters.
e Blinded Sham/Placebo EEG BFB training is possible
 Reward frequency can be seen in ERSP
— ERPS may be used to determine if training is occurring in real-time

e Contralateral training protocols

— SMR at C3-A1 vs C4-A2) have complementary effects on behavior and EEG in
each hemispheres

e (3 Beta appears to increase laterality / decrease interhemispheric
transfer
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Figure 0. Left: CE2 BESA dipole simulator model including eight sowrces (LI, RI: alpha |, alpha 2;
LIf, RE: theta 1, theta 2) showing views aof eguivalent dipole and corresponding reference-free EEG
sowrce-distributions. Kight: EEG simulated with the CE2 S-source model including states of low ard

high warkload. Electrodes Cz {Blue) and Pz {red) are shovn here. A toral of 33 electrode recordings
were simlated and processed wsing 3-D PARAFAC {pavallel factor analysis), with dimensions of
space (electrode), EEG power speciral densily, and time fworkload).
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Figuree 2 Hestirg-state networks. A numbes of group resting-stabe studies have consistently reported the Tesmation of Tunctionally
linked resting-state neCworks during rest. These studies, althawgh all usirg different groups of subjects, different methods {e.g- seed,
C& or clustering) {Beckmann et al., 2005; Biswal et al., 1995; Damalseaux &1 al., 2006; D& Luca ot al., H006; Salvadaor et al., 2005a;
Wan den Hauel 8T al., #08a) and different types of MR acquisithon protoools, show large overlap between thedr results, indicating the
robust formation of Tunctionally linked resting-state networks in the brain during rest. This figure shaws the most comnsistent reported
resting-state mebwarks aCross these studies, including Uhe primany Sensorimotor nelwork, the primany visual and extra-striate wisual
network, a network Consisting of bilateral temporaldinsular and anterior cingulate cortex regions, Bt and right lateralized netwarks
carsisting of superior parietal and superior Tremtal regions “reparted as ane single network) and the so-called defamll mode nelwark
carsisting of precuneus, medial frontal, inferior parietal cortical reghons and medial temporal lobe. The Tigure illustrates resting-state
networks regorted by the Tollowing studies: {(a) Biswal et al. {(1993), (b) Beckmanm et al. {305), (b De Luca et al. [200&],
{d] Damolseaue et al. (2006), (&) Salvador et al. {2305a), and (1] ¥an den Heuvel et al. {3308a].



LLTC

dMPFC vMPFC

FIGURE B. jiop] Functional corralation strengths ane lished ior malfiple regions within the deloull retwark, Egch of the
regians i disphayed on log with the sinesgis of the regiortoregion comalalions imdicoted below [Falies were compuled
using procedures identical 1o Vincent et ol. 2004). Regions are ploted on the averoged onofomy of the porticipons
group MMIAICEMT 52 odos with Z coordinoles displayed). (botom| The regicns of $he defoudt network ore groghicolly
represanied with lines depicting comelofion sirengths. The positioning of nodes s bosed on a springembedding dgorithm
thot pasitions correloted nodes mear each other. The structure of the defoult network has a core set of regions [red) thot ore
oll correlated with sach other. [TC is distant becouse of its weoker correlofion with she other stuctures. The medial lemporol
lobe subsystemn |blue] includes both the hippocampal formotion {HF) ond porchippocampal cortex |PHC). This subsysiem is
correbated with key hubs of $e defoult netwark including PCC /Rsp, vMPFRC, and IPL. The dMPFC is negatively comreloted
with the medial temporal lobe subsysiem supgesSing functional dissociofion. Groph analyfic visuolizotion provided by
Alesander Coben and Steven Fetersen.
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FIGURE 12. The defouk netwark is octivoled by diverse forms of tasks thot reguire mental simulotian of
olternalive perspecives or imagined scenes. Four such emamples fram the [berature ilestrale the generali.
[A) Autchicgrophicol memary: subjects recount a specific, post event from memary. (B] Envisioning the
future: cwed with an isem je.g., dress|, subjects imogine o specific future event invaling that item. [€)
Thecry of mind: subjects answer guestions thot require shem fo conceive of e perspective (belief) of
onother persor. (D) *#ormol decision making: subjects decide upon o persanol morol dilemma. Dota come
from prioe studies ond ore here displayed using procedures similar fo Fiouie 2. Dofo in A ond 8 are fom
Addis et al. [2007). Data in C wses the paradigm of Sawe ond Karsisher [2003]. Dal in D is fom
Graenn al al, [2007]. Mate thet ol the sudies getivate stangly PCCRap aed dMPFC. Active ragices
ol inchade those close le 1PL and ITC, glthough Turther sessarch will be regquired o dalarsming he axoc
dagros of anstamic cwarlog. 11 ssems Bely fal s mops e tiiliple, i ingy subsyilams,




ANTICORRELATIONS

FIGURE 15. Inirinsic oclivity supgests thal the defoulr
netwark is negatively correloled [anficorrelofed] with brain
systema shat ore vsed for focused extarnal visual atiention.
Anticorrefialed networks ore disployed by plating thase
regians thot negofively correloie with the defouk netwark
[shown in blue| in additian % those that pasitively cormelate
[shomwm in red|. Those hwo anficorrrelated netwoeks may par
ficipate in distinct funclions thot compete with one onother
borr cantrod af information processing within the broin, Dok
ore the same os anolyzed for FiGuRET.



Next

e EEGBF and intra- / inter-hemispheric
connectivity

 Real time automated EEG identification of
task complexity and fatigue in each
hemisphere

 Real time adjustment of hemispheric
input/output resources using gaze contingent
display

e Hemispheric EEGBF



e Bypassing evolution
e Hemispheric attention
e Fitting the task to the brain

e Fitting the brain to the task
e Remaining issues



Some remaining issues

e The “neutra

"
Interhemisphericity vs. invalidity

Are the attention networks a-modal?
Orienting x Conflict

“Mind states” (e.g., RT, Acc) vs. “brain states”
(e.g., peak latency of ERP components)



