
1. Do spatial and object-based attention use fundamentally different selection 
mechanisms at different levels of the visual pathways?  

 

2. Or, does spatial attention tend to “spread” within object boundaries, selecting 
the entire object including all its parts? 

Some open questions 



        Stimuli 
--50 ms corner offsets 
--Randomized sequence 
--ISI’s 300-500 ms 
 
      Conditions 
--Bars either horizontal or vertical 
--Subject attends to one quadrant at a 
   time, detecting occasional targets 
--20 sec runs, attend UL/UR, LL/LR 

Vertical Bars 

Horizontal Bars 

Standard Target 

Experimental Design 
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1. Spatial attention to one part of an object results in facilitation of sensory 
processing of the entire object . 
 

2. This object-based attention  is evident within 140-180 ms of visual 
stimulus onset (as reflected in enhanced amplitude of N1 component). 
 

3. Similarity of N1 scalp distributions suggest that spatial and object 
attention share a common mechanism (but P1 modulation is specific to 
spatial attention). 
 

4. Spatial attention spreads within object boundaries, strengthening sensory 
representations of objects at or near the locus of attention; i.e., 
deployment of spatial attention to one part of an object results in a 
facilitation of sensory processing of the entire object, even if not relevant 
to the current task.  
 
 
 

INFERENCES/CONCLUSIONS 



1. Do spatial and object-based attention use fundamentally different selection 
mechanisms at different levels of the visual pathways?  

 

2. Or, does spatial attention tend to “spread” within object boundaries, selecting 
the entire object including all its parts? 

Some open questions 

Coming full circle: Results most consistent with 2nd hypothesis!!! 



VISUAL SEARCH 
We don’t always know where the target is, must search! 



VISUAL SEARCH PARADIGM 

Find predefined target stimulus within an array of distractors 

Mechanisms of attention used spontaneously during visual 
search are basically the same as the mechanisms used when 
attention is directed by explicit instructions: i.e., P1 and N1,  
where P1 reflects suppressed processing at nontarget location, 
and N1 reflects enhanced processing at target location. 

Examine ERPs to stimuli/probes at cued or uncued locations, 
as well as ERPs to search array.  



Feature present 

Feature absent 

VISUAL SEARCH PARADIGMS 

popout 



RVF Target Array 

LVF Target Array 



N2pc 

N2pc – N2 posterior contralateral 

Target  

N2pc component reflects the deployment of perceptual-level attention to 
minimize interference between the attended item and nearby distractors. 

N1 

P1 

distractor 

Contralateral: L hem/R target + R hem/L target;  
Ipsilateral: Lhem/L target + R hem/R target 



Luck et al 2006 

N2pc is difference between contralateral and ipsilateral ERP waveforms 



1. N2pc component is absent for nontarget stimuli that can be rejected on the 
basis of preattentive feature information, but is present both for target 
stimuli and for nontarget stimuli that require careful scrutiny to be 
distinguished from the targets (Luck & Hillyard, 1994).  
 

2. N2pc component is larger when distractors are near the target (Luck et al., 
1997). There is no N2pc when there are no distractors (Luck & Hillyard, 
1994).  
 

3. N2pc component is larger for conjunction targets than for feature targets 
(Luck et al., 1997), and it can be completely eliminated for feature targets 
under some conditions (Luck & Ford, 1998). 
 

4. N2pc component appears to reflect the same attentional mechanism 
observed by Chelazzi and his colleagues in single-unit recordings 
(Chelazzi & Desimone, 1994; Chelazzi et al., 1993, 1998). 

Some N2pc-related findings 



Does attention shift from item to item (serial) or is it divided 
across the entire field or across all objects (parallel).  In 
other words, how is attention allocated during visual search? 

One question addressed by N2pc measurements 



Woodman & Luck 1999, 2003 

Target: square with gap on left 

Each display has 2 potential 
targets (red items). 

Attention switched first to near item ~200 ms 
and then switched to far item ~100 ms later 

Lateral occipital recording site 



N2pc generator based on MEG recording/source modeling 

Early parietal source  (180-200 ms) 
 
Later occipital source (220-240 ms) 

Hypothesis: parietal areas used to initiate shift of attention within search 
array.  Focussing attention is implemented by extrastriate areas of 
occipital and inferior temporal cortex. 







Contralateral delay  
                   activity 





 
 Psychological Refractory Period (PRP) 
 Attentional Blink Paradigm (AB) 

Dual/Multi-Task Paradigms 

Post-perceptual levels of processing after attention is 
directed to specific locations and/or objects  



AUDITORY SELECTIVE ATTENTION 

Brainstem potentials 

Mid-latency potentials 

Endogenous, late potentials 



attend right ear ignore left ear 

Task: attend low frequency (250 Hz) right ear, respond to louder tones 

800 hz left ear 
1500 hz right ear 
250-1250 ms ISI 
10% targets 
 - 840 hz, 1560 hz 
6 different orders 
 

Filtering paradigm 



attention effect  
on auditory N1 
 

N1 attention effect 



N1 early phase: stimulus set; P3 late phase response set (further 
processing once stimulus is selected 



Attend right 

Attend left Attend right 

Attend left 



Processing Negativity (PN),  
    called Nd in difference wave 



Attend left ear 
Attend right 

ERPs to Left Ear Tones 



Views on Auditory Selective Attention Effects 

Hillyard et al.: N1 amplitude modulation + Nd (negative difference): 
N1 reflects tonic facilitation of attended sensory channel. 

Naatanen et al.: only Nd, attention based on comparison of each 
sensory input against memory representation of to be attended 
stimulus. 

Major portion of auditory selective attention is endogenous Nd 
(which may overlap N1), but supratemporal N1 amplitude also may 
be modulated by attention in highly focused, fast rate conditions, so 
there seems to be (at least) two selective attention mechanisms in 
audition. 



N1 distribution whether attended or 
not varies with pitch (i.e., tonotopic) 

Nd distribution does NOT vary 
with pitch (i.e., not tonotopic).  

From lab of David Woods, Martinez 



AUDITORY EVENT RELATED POTENTIALS 

AUDITORY BRAINSTEM POTENTIALS 



No reliable attention effects on ABR 
 – auditory brainstem  response 



Earliest auditory attention effect at scalp is P20-50 

P20-50 

Woldorff & Hillyard 



M50 M100 

Magnetic auditory selective attention effects – M50, M100  



MAGNETIC FIELD DISTRIBUTIONS 



Nde 
Ndl 

N1 

Nde – early, central distribution 
Ndl  -- late, more frontal distibution 



Nd – negative difference consists of two subcomponents 



Nde(arly) Ndl(ate) 

Nd – negative difference consists of two subcomponents 



N1, fronto-central, broad spread 
       contralateral to stimulated ear  

Nde: Early Nd, more frontal than N1 
        bilaterally symmetric 

Ndl: Late Nd, frontopolar 
       bilaterally symmetric 

SCALP TOPOGRAPHY OF N1, Nde, Ndl attention effects 



In difference ERP (attended minus unattended), attention related Nd 
 
Nde – negative difference early (~50 ms+), reflects early processing  
        negativity (PN) 
        rapid analysis of physical features of initial portion of  
        stimulus for further processing 
        reduced with dorsolateral prefrontal damage 
 
Ndl – negative difference late (200-500 ms onset, 1000 ms duration),      
         reflects later PN 
         more frontal distribution than either N1 or early Nd 
         further processing of attended stimulus after initial selection 
         or, rehearsal and maintenance of attentional trace 
         reduced with parietal and temporal damage 
 
Distributional and functional differences indicate that N1, Nde and Ndl 
are distinct. 
 

Attended ERP minus Unattended ERP 



No reliable attention effect on ABR/BER 
Earliest attention effect: P20-50 generated in supratemporal cortex 
N1 amplitude enhanced, Processing Negativity (PN) 
Nde – negative difference early, reflecting early processing negativity  
Ndl – negative difference late, reflecting later processing negativity 

 = Nde + Ndl 

ATTENTION AND AUDITORY EVENT RELATED POTENTIAL SUMMARY 

AUDITORY 
BRAINSTEM 
RESPONSE 

MID LATENCY RESPONSE 

LONG LATENCY RESPONSE 



Basic Mismatch Negativity (MMN) paradigm 

– Present a series of sounds with some regularity  

– Infrequently break the rule 

– Have the subject do something else  
(e.g. read a book, play a video game) 

– Compare electrical potentials elicited by the standard and 
deviant stimuli 

 



Mismatch Negativity – Index of Automatic Change Detection  

Beep… Beep… Beep… Boop… Beep… Beep… Beep… Boop… 
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The Mismatch Negativity (MMN) 

Probe index of sound representation, echoic short term 
memory 

Pre-attentive, non-intentional; i.e., does not require 
attention or response (seen in babies, sleep, coma) 

Change detection between new auditory input and 
representation in auditory sensory memory 



 Comparator? 

Sensory memory traces 
Formed by as few as 3 events 
Last for up to 10 seconds 
NMDA dependent (LTP) 
Deviance detected in 100ms – 300 ms 
Automatic & pre-attentive 

MMN- Theory 

MMN reflects pre-attentive change detection process: mismatch 
between new auditory input and representation stored in auditory 
sensory memory. 



What information is coded in sensory memory? 

Sound Frequency 

Duration 

Intensity 

Location  

Timbre 

Phonetic content 

 

Temporal order 

Frequency change direction  

 ??? 

 

 

Simple physical featuress, phonetic content, temporal order, etc.! 



What information is coded in sensory memory? 

Sound Frequency 

Duration 

Intensity 

Location  

Timbre 

Phonetic content 

 

Temporal order 

Frequency change direction  

 ??? 

 

 

Auditory short term memory stores not only simple but complex features 



standards 

deviants 

Abstract rule: the higher the frequency, the louder the intensity 



Preattentive auditory processing can detect complex relationships 
between stimulus features. 
 



Multiple sources of evidence support a temporal 
generator of the MMN (near auditory cortex) 

Inverse Solutions PET and FMRI 

Implanted Electrodes Recordings in Animals 



Less robust evidence for a frontal generator 
of the MMN 

EEG-CSD ! –  
– frontal sinks in addition to temporal 

sink-sources.  
– [But: intracranial sources not 

determined] 
MEG dipole modeling –  
– [NO, maybe wrong orientation] 

EEG inverse solutions –  
– Rt IFG, Left ACC, Right ACC  
– [But: Frontal dipoles add very little to 

the solution, if any!] 

CSD 

Inverse Solutions 

Restuccia et al., 2006 



MMN is not only sensitive index of short term echoic 
memory but also longer term perceptual learning 
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MMN is Sensitive to Categorical Knowledge 

Finns 

Estonians 

Estonian prototype, does not 
exist in Finnish 

MMN amplitude MMN Latency 







Speech sounds are stored as perceptual patterns in auditory cortex. 



Language experience can influence auditory processing very  
very early – certainly within 100 ms! 
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