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Abstract

A considerable amount of research has uncovered heuristics that the visual system employs
to keep track of objects through periods of occlusion. Relatively little work, by comparison,
has investigated the online resources that support this processing. We explored how attention
is distributed when featurally identical objects become occluded during multiple object track-
ing. During tracking, observers had to detect small probes that appeared sporadically on tar-
gets, distracters, occluders, or empty space. Probe detection rates for these categories were
taken as indexes of the distribution of attention throughout the display and revealed two novel
effects. First, probe detection on an occluder’s surface was better when either a target or dis-
tractor was currently occluded in that location, compared to when no object was behind that
occluder. Thus even occluded (and therefore invisible) objects recruit object-based attention.
Second, and more surprising, probe detection for both targets and distractors was always bet-

* For helpful conversation and/or comments on earlier drafts, we thank Todd Horowitz, Allan Kugel,
Josh New, and two anonymous reviewers. J.I.F. was supported by an individual NSF Graduate Research
Fellowship and an NIH National Research Service Award predoctoral fellowship. B.J.S. was supported by
NSF #BCS-0132444. Z.W.P. was supported by NIH 1-R01-MH60924. A subset of these experiments was
presented at the 2006 annual meeting of the Vision Sciences Society.

* Corresponding authors. Tel.: +1 203 432 2518; fax: +1 203 432 7172.

E-mail  addresses: Jonathan.Flombaum@yale.edu (J.I. Flombaum), Brian.Scholl@yale.edu
(B.J. Scholl).
URL.: http://www.yale.edu/perception/.

0010-0277/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.cognition.2007.12.015


mailto:Jonathan.Flombaum@yale.edu
mailto:Brian.Scholl@yale.edu 	
http://www.yale.edu/perception/

J.LI. Flombaum et al. | Cognition 107 (2008) 904-931 905

ter when they were occluded, compared to when they were visible. This new attentional high-
beams effect indicates that the ability to track through occlusion, though seemingly effortless,
in fact requires the active allocation of special attentional resources.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

During early stages of processing, the visual system dedicates a considerable
amount of resources to recovering the three-dimensional structure of the environ-
ment that is lost on the retina during optical transmission (Marr, 1982). The result-
ing representations of surfaces and their occlusion relationships go on to constrain
further visual processing and cognition (Nakayama, He, & Shimojo, 1995) — for
instance, in visual search (He & Nakayama, 1992) and in the perception of apparent
motion (He & Nakayama, 1994). This prioritization of surface representations, and
the accompanying body of research exploring how these representations are con-
structed, can make it appear as though occlusion is a problem that is opened and
closed, so to speak, quickly and early in vision. The occlusion relationships that
are identified at these early stages seem to form the basis for later cognition, rather
than pose a problem for later cognition.

Nearly all of this research has employed static displays, and if occlusion relation-
ships remained stable over time, this perspective might be accurate. In the real world,
however, where objects move, and where occlusion relationships are constantly in
flux, this view may underestimate the extent to which occlusion presents a challenge
to visual cognition. In particular, occlusion complicates the process of maintaining
representations of objects as the same persisting individuals through time and
motion. Such complications may require the frequent online application of extra
resources to resolve, although this processing may not always be phenomenologi-
cally apparent. In the present study, we introduce a new phenomenon — attentional
high-beams — that provides a window into the special resources that are in fact
required to maintain persisting object representations through occlusion.

1.1. The problem of object persistence

Determining depth relationships in early vision involves solving a type of inverse
mapping problem: three-dimensional relationships exist in the world itself, but are
collapsed during optical transmission, and must then be recovered. A similar type
of inverse problem characterizes the determination of object persistence: objects in
the world maintain their identities as the same persisting individuals over time and
motion, but these identity relationships are not explicit in the fragmented visual
input that our eyes receive, and must be inferred for visual experience to be coherent.

Research with a variety of paradigms and phenomena has uncovered some of the
principles that our visual system uses to meet this challenge. Perhaps the most central
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