We Find Before We Look: Neural Signatures of Target Detection
Preceding Saccades During Visual Search
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Abstract Summary of Experimental Paradigm Single-trial EEG Analysis
We investigated neural correlates of target detection in the electroencephalogram * 7 Subjects, 3 stimulus T@INNG G 150 ms Target S
(EEQG) during a free viewing search task and analyzed signals locked to saccadic conditions System Overview Saccade Saccade
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search task for multiple random scenes while we simultaneously recorded 64 Each cluster had 7 image chips, Computer 3 If P e " —, —»
channels of EEG and tracked subjects’ eye position. For each subject we 1dentified where each chip
target s.accade.s (TS) and distractor saccades (DS). For TS we used sacgades which was 128x96 pixels and spanned y = w X
were aimed directly to the target and were followed by a correct behavioral response 1 5deo visual field | o
(button press); for DS, we used saccades in correctly responded trials having no R L Computer 1 1§ il iy A y: discrimination components
target (these were 28% of the trials). We sampled the sets of TS and DS saccades * For each Condltlon, WE ge.nerate - | 3 | | E X: i‘éﬁ’;‘fﬂ ZZZEEEE? g coctictents
such that they were equalized/matched for saccade direction and duration, ensuring 125 scenes with tE}rget Chlp.(s)a lEvent Xy %
that no information in the saccade properties themselves was discriminating for their where targets are image chips of , EEG + EOG T
type. We aligned EEG to the saccade onset and used logistic regression (LR), in the pe.rson/ people, ar}d 50 SCCNECS Computer ZL& Pl B 05  'p=001 1
space of the 64 electrodes, to identify activity discriminating a TS from a DS on a with no target chip(s), which are =  Agrange
single-trial basis. Specifically, LR was applied to the signals from 50ms time chips of natural environments o S . .
windows preceding and following saccade onset for varying latencies. We found that including animals. Three Search Conditions Identifying discriminative components in the EEG using
there is significant discriminating activity in the EEG both before and after the » Each subject views (125 + 50) x _ time-locked spatial filters yielding discriminative
saccade—average discriminability across 7 subjects was AUC=0.64, 80 ms before 3 =525 trials. These trials are Pow..? = projections.
the saccade, and AUC=0.68, 60 ms after the saccade (p<0.01 established using divided into 5 sessions of 105
bootstrap resampling). Between these time periods we saw substantial reduction in trials. Each trial in a session is P p— PO — e B G
discriminating activity (mean AUC=0.59). We conclude that we can identify neural chosen at random from the Ve @ O @ @ @ O |
signatures of detection both before and after the saccade, indicating that subjects possible 525 trials. — P s « We see significant pre
anticipate the target before the last saccade which serves to foveate and confirm it . Subiects are told to respond with g spais correlation low spatial correlation low spatial corelaon '
target identity. uoj P - and post-saccade
a button press when they find a Iﬁ Ih J E discrimination.
target or conclude there 1s no - 508 — e
Neural Correlates of Target Detection target in the scene. 'l! ' Dlscrlmmab.l lity
e The trial times out after 10s 1f : correlates with target
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sual detection they do not respond. =5 SA11CNCC.
° Traditional paradigms for StUinng 0.63 g0.55 g0.67 0.62 g0.55 g0.67 - . ;
neural correlates of target detection . - Bondition ! - Condition 2 Condition 3
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* Methods for single-trial EEG AN 5 v 3 g , ,
analysis can also reveal ETE wgﬁéﬁ\arep £ Our resu.lts suggest thatoln tfact we know .the location of the target (we
components which capture trial-to- o % 4l _ “see” it) prior to making a saccade to 1t (before we “look™).
trial variability of neural correlates L & / However there are still many open questions, a few include,
target detection. £ opin) 'i;_ﬁ.. w v J f% 2 1 5 3 * Does the pre-saccade discriminability represent evidence accumulation
L '4601'4- T or peripheral detection?
Stimulus locked time (ms
" L peee e - * The timing and scalp topologies we find are different than what one
+ The situation is not so simple in free-viewing visual search. o ' s X We match (via resampling) the f)bse.rvers for typical stimu.lus locked target detection (P} OO)—-doe.:s this
= £ ¥ . A distributions fo.r the target implicate different processing and/or cortical networks involved 1n target
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lock the EEG. In addition, the events are clearly not independent of : | - formation which lie in saccadic
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