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During the perception of a visual scene, atten-
tion can be directed to parts of the space (Posner 
and Cohen, 1984), distinct features (Treisman 
and Gelade, 1980) and, as recently shown, also 
to entire objects (Desimone and Duncan, 1995; 
Valdes-Sosa et al., 1998; O’Craven et al., 1999; 
Schoenfeld et al., 2003). Depending on the 
goals of the observer, those types of selection 
are flexibly employed to eliminate ambiguity 
and to shape out wanted from unwanted visual 
information (Hopf et al., 2005; Stoppel et al., 
2007).

It is becoming increasingly clear that atten-
tional selection can also operate upon internal 
representations held in visual short-term mem-
ory (VSTM) beyond the phase of perceptual 
encoding. Importantly, these representations 
appear to maintain at least some of the spatial 
configuration of the initial perceptual scene 
(Gratton, 1998; Jiang et al., 2000). Very recent 
work has shown that the selection of a target 
within a search array maintained in VSTM 
draws on similar mechanisms as during per-
ception. For example, the identification of a 
color target within that array was observed to 
elicit an N2pc component in the electrophysi-
ological response (Kuo et al., 2009). The N2pc 
is a well established signature of attentional 
selection in visual search (Luck and Hillyard, 
1994) which reflects spatial biasing of activity 
in contralateral posterior parietal and occipital-
temporal areas during target selection and the 
suppression of distracters (Hopf et al., 2000, 
2002).

A recent study by Astle et al. (2009) inves-
tigated not only whether the spatial represen-
tation of an array of items is maintained in 
VSTM, but went on to look for the mechanism 
underlying the selection of individual item 

features stored in VSTM. This is an important 
issue because studies have shown that when 
items are stored in VSTM, the individual fea-
tures are bound together to form integrated 
objects (Vogel et al., 2001; Awh et al., 2007). 
This could lead to conflicting information at 
the level of feature selection because features 
requiring selection may be bound to features to 
be discarded from processing. This is the situ-
ation Astle et al. (2009) address in one of their 
experiments. The subjects memorized two 
items of different shape and color and were 
subsequently cued to either recall whether a 
certain color or shape was present in the array 
(VSTM search). In another experiment, sub-
jects were first cued to a particular shape or 
color and then asked to perform the search 
in a presented array (perceptual search). Astle 
et al. (2009) compared the ERP correlates of 
VSTM search to those of perceptual search and 
observed that both were associated with a lat-
eralized ERP response, suggesting that VSTM, 
like perceptual search, involves spatially organ-
ized attentional selection.

Surprisingly, in contrast to the perceptual 
search, the lateralized response seen in VSTM 
search was of opposite polarity to the typi-
cal N2pc component. This is intriguing and 
at the same time surprising, as this contrasts 
with the previous demonstration of a typical 
N2pc component being associated with VSTM 
search (Kuo et al., 2009). The authors suggest 
that while during perceptual search partici-
pants can search the array at a feature-specific 
level, VSTM search requires these processes to 
occur at an object-specific level. In contrast to 
the study by Kuo et al. (2009), in the present 
experiment the  binding of features into objects 
in VSTM led to conflicting requirements of 
feature selection, namely, to the necessity to 
simultaneously boost and suppress features 
that are part of the same object. Whether this 
could entirely explain an inversed polarity of 
the N2pc component is still to be determined 
in further studies. Nonetheless, the data of Astle 
et al. (2009) points to different mechanisms 
of feature selection in perceptual and VSTM 

search, especially when conflicting feature-
level information interferes with the target 
selection.

RefeRences
Astle, D. E., Scerif, G., Kuo, B. C., and Nobre, A. C. (2009). 

Spatial selection of features within perceived and remem-
bered objects. Front. Hum. Neurosci. 3, 6. doi: 10.3389/
neuro.09.006.2009

Awh, E., Barton, B., and Vogel, E. K. (2007). Visual working 
memory represents a fixed number of items regardless of 
complexity. Psychol. Sci. 18, 622–628.

Desimone, R., and Duncan, J. (1995). Neural mechanisms 
of selective visual attention. Annu. Rev. Neurosci. 18, 
193–222.

Gratton, G. (1998). The contralateral organization of visual 
memory: a theoretical concept and a research tool. 
Psychophysiology 35, 638–647.

Hopf, J.-M., Boelmans, K., Schoenfeld, A. M., Heinze, H.-J., 
and Luck, S. J. (2002). How does attention attenuate 
target-distractor interference in vision? Evidence from 
magnetoencephalographic recordings. Cogn. Brain Res. 
15, 17–29.

Hopf, J.-M., Luck, S. J., Girelli, M., Hagner, T., Mangun, G. 
R., Scheich, H., and Heinze, H.-J. (2000). Neural sources 
of focused attention in visual search. Cereb. Cortex 10, 
1233–1241.

Hopf, J.-M., Schoenfeld, M. A., and Heinze, H. J. (2005). The 
temporal flexibility of attentional selection in the visual 
cortex. Curr. Opin. Neurobiol. 15, 183–187.

Jiang, Y., Olson, I. R., and Chun, M. M. (2000). Organization 
of visual short-term memory. J. Exp. Psychol. Learn. Mem. 
Cogn. 26, 683–702.

Kuo, B. C., Rao, A., Lepsien, J., and Nobre, A. C. (2009). 
Searching for targets within the spatial layout of visual 
short-term memory. J. Neurosci. 29, 8032–8038.

Luck, S. J., and Hillyard, S. A. (1994). Spatial filtering during 
visual search: evidence from human electrophysiology. J. 
Exp. Psychol. Hum. Percept. Perform. 20, 1000–1014.

O’Craven, K. M., Downing, P. E., and Kanwisher, N. (1999). 
fMRI evidence for objects as the units of attentional selec-
tion. Nature 401, 584–587.

Posner, M. I., and Cohen, Y. (1984). Components of visual 
orienting. In Attention and Performance, Vol. X, H. Bouma 
and D. Bowhuis, eds (Hillsdale, NJ, Lawrence Erlbaum), 
pp. 531–556.

Schoenfeld, M. A., Tempelmann, C., Martinez, A., Hopf, J. 
M., Sattler, C., Heinze, H. J., and Hillyard, S. A. (2003). 
Dynamics of feature binding during object-selective atten-
tion. Proc. Natl. Acad. Sci. U.S.A. 100, 11806–11811.

Stoppel, C. M., Boehler, C. N., Sabelhaus, C., Heinze, H. J., Hopf, 
J. M., and Schoenfeld, M. A. (2007). Neural mechanisms of 
spatial- and feature-based attention: a quantitative analysis. 
Brain Res. 1181, 51–60.

Treisman, A., and Gelade, G. (1980). A feature-integration 
theory of attention. Cogn. Psychol. 12, 97–136.

Valdes-Sosa, M., Cobo, A., and Pinilla, T. (1998). Transparent 
motion and object-based attention. Cognition 66, 
B13–B23.

Vogel, E. K., Woodman, G. F., and Luck, S. J. (2001). Storage of 
features, conjunctions, and objects in  visual working mem-
ory. J. Exp. Psychol. Hum. Percept. Perform. 27, 92–114.

Received: 17 November 2009; published: 15 April 2010 .
Citation: Front. Neurosci. (2010) 4, 1: 7. doi: 10.3389/
neuro.01.005.2010
Copyright © 2010 Schoenfeld and Hopf. This is an open-access 
publication subject to an exclusive license agreement between the 
authors and the Frontiers Research Foundation, which permits 
unrestricted use, distribution, and reproduction in any medium, 
provided the original authors and source are credited.


