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Hemispheric Specialization
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Figure 2. Patterns of possible interactions between visualliemifield 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. 



Patterns of Hemispheric Specialization: Direct 
 Access



Patterns of Hemispheric Specialization: Callosal 
 Relay



Hemispheric Attention



Figure 3. Stimulus sequence in the sLANT 



Definitions:

1.
 
Conflict:

C
 

= Targets with Congruent minus 
 

targets with Incongruent flankers

1.
 
Orienting Benefit:

OB
 

= Targets with Valid minus 
 

targets with Central cue

1.
 
Orienting cost:

OC
 

= Targets with Invalid minus 
 

targets with Central cue

4.    Alerting:
A

 
= Targets with Double minus targets        

 
with No cue
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Fitting the task to the brain

– Daily rhythms

– Fatigue
– Social Context



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

• Condition x Film x Target Visual Field



+

Cue: 180ms

Target: 170ms

+

+

Fixation: 150ms

Experiment 3: Emotional LANT



Main effect of Anxiety on IOR

STAI‐TA score with IOR for RVF targets, r

 
= ‐.476, p

 
= .01
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Interaction on mean amplitude N2: VF x 
 Electrode x Anxiety

*
*

*

LH = P1 electrode
RH = P2 electrode

* Significant 
interaction p < .05



Interaction on IOR magnitude:
 Handedness x Anxiety, p

 
= .08

*

• Right‐Handers: STAI‐TA and IOR RVF, r
 

= ‐.476, p

 
= .01

• 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
• Changing attention in ADHD 

– How does it work?
• The behavioral change
• The physiological change
• The feedback monitor 



• Adapting the problem to the brain

– Changing hemispheric specialization

– Changing hemispheric attention

– Recovering from brain damage 
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How does EEGBF work? 

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

- Changes after feedback
• Changes in the ERP of the sLANT
• Behavioral changes in the sLANT

- Default Network hypothesis
• Disengage Network 
• Self Network 



Experiment Measures Summarized

• Speeded Test of Lateralized Attention (sLANT) 
– Behavior: Accuracy, Reaction Time

– ERP (N1, P2, P3)
– Scalp estimates of ERPs

• 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‐A1 SMR (8), C4‐A2 SMR (8), C3‐A1 Beta (8), Sham (16)

• Five training sessions, five days in a row.

• 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. 

• 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.

Day 1
LANT & BFB

Day 3
LANT & BFB

Day 5
LANT & BFB

Day 2
BFB Only

Day 4
BFB Only



Figure 3. Stimulus sequence in the sLANT 



sLANT

• 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)

• ERPs
– N1,P2,(N2),P3
– Lateralized Scalp ERP distribution 
– Conflict ERPs more anterior, Orienting ERPs more posterior
– T‐test visualization of Conflict & Orienting Cost

• Conflict: posterior (bilateral) and right hemisphere
• Orienting Cost: central & contralateral

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



• No RT effect of TVF
• Center Cues faster than Invalid Cues, 

 
slower than Center Cues

• Congruent Flankers faster than 

 
Incongruent

• LVF more Accurate

• Flanker effect (Conflict) larger in RVF
• Cue effect (Orienting) larger in LVF 



P3

N1

P2



Correlations between Behavior & ERP

• C3 

– P3 Latency with sLANT RT (r =.782, p=.002) 
– P3 Latency with sLANT Accuracy (r= ‐.872, p <.001)

• C4 

– P3 Latency with sLANT RT (r=.899, p <.001) 
– P3 Latency with sLANT 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
• P3 Mean Amplitude 
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Ch2 Findings: TVF * Electrode (C3, C4) * Session: P3 Amplitude: 
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Ch2 Findings: TVF * Electrode (C3, C4) * Session: P3 Amplitude: 
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• 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

• “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, 
• Hemisphere of training electrode matters.
• Reward frequency matters.
• 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   
• Contralateral training protocols 

– SMR at C3‐A1 vs C4‐A2) have complementary effects on behavior and EEG in 

 
each hemispheres

• C3 Beta appears to increase laterality / decrease interhemispheric 

 
transfer



••• 
.:::. 0 .4 

•• ~ 
E 0.2 

l 0 

~ .0 2 

Tim~ (tJewnd~l 

Figure 6. Lift: CE1 BESA dipole simulator model including eight sottrces (UI. Rlf: alpha 1. alpha 2: 
Llf. Rll- theta 1, theta 2) showing vie-v.•s of equivalent dipole and corresponding reference-free EEG 
sottrce-distributions. Rigllr: EEG sinut!ated ·.vfth the CE2 8-source model including states of /o·.v and 
high M'Orkload. Electrodes Cz (bllte) and Pz (red) are :dwv;n here. A total of 33 ele-ctrode recvrdings 
were simulated and processed !ISing 3-D PARAFAC (paralleljactor ana~vsis), ·.vith dimensions of 
space (elecn·ode). EEG power spectral dens ity, and time (lit.'Orkload). 
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Next

• 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

• Hemispheric EEGBF
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• Fitting the brain to the task
• Remaining issues



Some remaining issues

• The “neutral”

• 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)


