
Editorial

Special issue on ``Visual Object Perception''

1. Introduction

The visual perception of objects is one of these things we e�ortlessly perform
thousands of times a day. Incredibly, despite its ubiquitous nature, we understand so
little about object perception that no arti®cial systems exist with capabilities even
close to those of many biological systems. Moreover, as a topic of study for ex-
perimental psychology, it has only come into its own in the past 20±30 years ± in
large part due to the availability of cheap, powerful PCs capable of presenting high-
quality images. There has also been increased interest in object perception from
scientists working in other disciplines, for example, computer vision and neurosci-
ence. Together, these factors have helped to create a ``boomlet'' in the study of high-
level vision ± particularly in terms of problems in object perception that fall precisely
at the interface between perception and cognition.

At the same time, the past several years have seen an increasing separation be-
tween those studying cognition and those studying visual perception. This separation
shows itself, for example, in the conferences people attend: The former go to the
Annual Meetings of the Psychonomic Society (``Psychonomics''); the latter go to the
Annual Meetings of the Association for Research in Vision and Ophthalmology
(``ARVO''). Obviously there is some overlap, but there are many researchers that
attend only one of these two meetings but have interests that really cover both
communities. Thus, there was a need for a single, focused meeting day in which one
might see a broad swath of recent work in high-level vision and, hopefully, draw
vision scientists that otherwise might not attend Psychonomics. For that reason,
Mike Tarr started OPAM (for Pre-Psychonomics Conference on ``Object Perception
And Memory'') in 1993 (November, Washington DC) as an informal gathering of
researchers interested in high-level vision and, in particular, object recognition.
Attendees included two of the editors of this special issue and their students (some of
whom have gone on to help organize future OPAMs). A second goal of OPAM was
to encourage graduate students to present their work. To that end, the selection of
papers has been based on reverse seniority with graduate student speakers receiving
the highest priority. Thus, we are more likely to hear from those researchers who
cannot present at Psychonomics.
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Since 1994, OPAM has convened on the Thursday before the start of Psycho-
nomics as a one-day workshop with spoken paper presentations and, since 1998,
poster presentations. During the past several years, well over 100 people have at-
tended each meeting. Traditionally, OPAM is organized by one or two younger
researchers who are somewhat local to the PsychonomicsÕ meeting site. Organizers
for next year's meeting ``volunteer'' during the current OPAM meeting and are se-
lected by the current organizers.

OPAM meetings have been expanding almost every year since inception. Notably,
the OPAM community has moved beyond those primarily interested in visual cog-
nition; in recent years, there have been an increasing number of participants who
study mid-level vision or cognition, two areas that OPAM is designed to bring to-
gether. Moreover, while OPAM was intended as a forum for hearing younger sci-
entists, we have been encouraged by the participation of a number of distinguished
senior members of the community ± we would like to thank them for their support
and their help in making OPAM a success. With an increasing diverse group of
participants, future OPAMs are likely to continue the tradition of bridging the areas
of perception and cognition, thereby reinforcing important connections that other-
wise might get lost in the gap between Psychonomics and ARVO.

The publication of this special issue marks the beginning of an even higher pro®le
for OPAM. The idea of this issue came about at the ®fth OPAM meeting (November
1997, Philadelphia), where Johan Wagemans proposed a special issue with papers
from young researchers who presented their work at OPAM or as posters in the
regular Psychonomics program. About 40 people were invited to submit summaries
outlining possible papers for the special issue. Based on the scienti®c quality of the
work as well as the topical coherence of the resulting papers, 15 people were invited
to submit their papers. These papers were read by two of the three editors and by two
reviewers. More than a year later, we are proud to present the 9 papers contained in
the resulting special issue of Acta Psychologica. We think they provide a represen-
tative picture of current psychological research on visual object perception and a
good indication of how far the ®eld has come in recent times. Moreover, these papers
re¯ect the growing diversity of OPAM ± connecting visual perception and cognition,
by addressing questions such as what constitutes an object (Xu; Feldman), how
objects are perceived (Tse; Van Lier), how changes in viewpoint a�ect object per-
ception (Lawson; Wraga, Creem & Pro�tt; Kourtzi & Shi�rar), and how we perceive
complex events and scenes (Pinto & Shi�rar; Hollingworth & Henderson). We hope
that you enjoy reading these authorsÕ work as much as all of us have had in par-
ticipating in OPAM over the years.

2. What is an object?

Most researchers working on visual object perception do not specify what they
mean by the term ``object''. That is usually left implicit in the set of stimuli they use,
which can be two-dimensional (2-D) patterns, outlines, random shapes, line draw-
ings, etc. and three-dimensional (3-D) simple geometric forms, smooth surfaces,
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solid shapes, everyday objects, etc. Two papers in this special issue are addressed
speci®cally to the question of what the human perceptual and cognitive system takes
as ``objects''.

Paper 1. Our perceptual and cognitive systems automatically parse the visual ®eld
into regions belonging to discrete objects. This is useful because it allows us to in-
teract with objects and to anticipate aspects of their future (e.g., their position). Fei
Xu reviews the literature on the development of this capacity for object individuation.
Adults use three sources of information in object individuation:

1. Spatiotemporal information (e.g., that objects move on spatiotemporally contin-
uous paths; they move as wholes and do not leave parts of themselves behind).

2. Object property information (e.g., that objects can be distinguished on the basis
of featural di�erences such as color, shape and texture; objects tend to obey the
Gestalt principles of good form and good continuation).

3. Object kind information (e.g., that objects belong to a speci®c category).
Some evidence about these factors is also provided by other papers in this issue.

Spatiotemporal continuity also turns out to play an important role in object priming
from di�erent viewpoints (see Kourtzi & Shi�rar) and in the perception of human
walkers from point-light displays (see Pinto & Shi�rar). Both Tse and Van Lier
provide compelling demonstrations that similar object property factors also deter-
mine amodal completion of surfaces and volumes in adult vision. Hollingworth and
Henderson investigate whether the distinction between object types or between two
tokens of the same object type (i.e., object category) a�ects the use of semantic
constraints provided by the scene context.

The evidence reviewed by Xu indicates that young infants (before one year) use
primarily spatiotemporal information to individuate objects. It is only at the age of
12 months that they start using information about object properties, although they
can perceptually distinguish the relevant properties at an earlier age already. Twelve-
month-old infants can even use shape information to distinguish two di�erent ex-
emplars from a category (e.g., two cups) as easily as two objects from di�erent
categories (e.g., a cup and a bottle). Xu proposes two explanations for this devel-
opment, one maturational mechanism that allows object location information
(WHERE) to be integrated with object property information (WHAT) and one
mechanism related to the role of count nouns to refer to discrete objects. She refers
to neurophysiological work with monkeys about the role of the prefrontal cortex in
the what-where integration and to experimental work with humans about the role of
language in keeping track of changes in arrays of objects.

Paper 2. Perceptual grouping is the process of combining the elements in the vi-
sual ®eld into larger and more meaningful collections. It is a precursor to object
recognition because it allows the visual system to avoid having to match arbitrary
subsets of image elements to stored object models. However, studies of grouping
have focused more on simple units such as contours and surfaces than on objects as
such (recent work on amodal completion by Tse and by Van Lier is the exception
rather than the rule). Conversely, studies of object representation and recognition
have taken for granted that meaningful groups somehow arise from a cluttered
background. Jacob Feldman argues that this situation (which is more typical for
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adult work than for the developmental literature reviewed by Xu) is caused by the
di�culty of de®ning ``good groups'' and speci®cally ``objects''.

Feldman has developed a formal theory of perceptual organization, the Minimal
Model Theory (MMT), in which the best interpretation of a visual scene is the
formally minimal interpretation in a well-de®ned space of possible interpretations.
The theory has three main components: a relational language to describe qualitative
interpretations, a ranking among interpretations, and a rule for selecting the most-
preferred interpretation. Together, these components provide a theory of perceptual
grouping: The minimal interpretation indeed describes the perceived grouping; it
works with di�erent types of elements (e.g., dots, line fragments); and local and
global regularities are integrated in a uniform theoretical framework. This last as-
pect is important because both are known to play a role in perceptual organization
(e.g., in amodal completion, see Tse and Van Lier). MMT is comparable to
Structural Information Theory (SIT), which also provides a quantitative account of
Gestalt psychologyÕs minimum principle (see Van Lier, for an application of SIT).
Perhaps the nicest characteristic of MMT is that a de®nition for objects follows
from it that is formally rigorous while at the same time ¯exible enough to capture
human intuitions about objects. At the heart of FeldmanÕs theory is the notion that
``good'' regularities are those that are non-accidental: The minimal, preferred in-
terpretation is the one that explains the largest number of coincidences. A similar
notion of ``non-accidentalness'' also has a role in the following two papers in this
special issue.

3. Object completion

Amodal completion has always been an important topic in the area of perceptual
organization. However, it has usually been restricted to the completion of a planar
surface behind a planar occluder. In this issue, we have two papers in which the
authors independently extended the problem to the completion of more complex
surfaces and to volumes.

Paper 3. In previous work, amodal completion was predicted to occur when the
visible contours of the occluded regions were relatable (i.e., when their extensions
intersected at an angle P 90°). Peter Tse demonstrates that the principle of contour
relatability is neither necessary nor su�cient for completion to occur. He argues that
completion is driven by intermediate representations derived from global relations
between the image cues, not by the image cues as such. Instead of ``good contour
continuation'' (i.e., contour relatability), Tse proposes the principle of ``good volume
continuation'' (i.e., complete mergeability). He presents ®ve paper-and-pencil ex-
periments to support the psychological plausibility of this new principle.

Paper 4. Rob Van Lier starts with a review of the evidence for the role of both
local and global ®gural properties as determinants of perceived completions with
simple, 2-D ®gures. He then brie¯y summarizes his own theory in which the two
major tendencies towards regular shapes, good continuation (see also Tse) and the
avoidance of coincidence (see also Feldman), are integrated. Van Lier also discusses
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two extensions of the stimulus domain of amodal completion, fuzzy completion and
object completion.

Fuzzy completion refers to the completion of a fuzzy pattern such as a texture, or
the completion of a fuzzy regularity such as a zigzag structure with a typical range of
edge lengths and a systematic alternation of concave and convex angles. The same
compatibility criterion seems to be at work in both cases, compatibility of pattern
elements and compatibility of regularity, respectively.

Object completion refers to the completion of 3-D solid objects such as cube-like
®gures with indentations. Using these novel stimuli, Van Lier showed that both local
and global factors determine 3-D object completion as well as 2-D pattern com-
pletion. In addition, global regularities such as symmetries were more important to
the perceived completion when they were present in the top surface than when they
were only visible in the side views. This points to the role of viewpoint, which
constitutes another topic of current interest in the domain of visual object percep-
tion.

4. E�ects of viewpoint changes

When an object is viewed from di�erent positions, the projected images of the
object are usually very di�erent. How then does the visual system determine that the
two images arise from the same object? This question has been at the center of in-
terest in recent work on object representation and recognition. Three papers in this
special issue address some of the current views and present new empirical work on
this topic.

Paper 5. Rebecca Lawson presents a review of research on how the visual system
achieves object constancy despite variations in the image caused by picture-plane
and depth rotations. She distinguishes between three accounts: invariant features,
multiple views and mental transformations. Evidence from a variety of studies with
normal and brain-injured subjects is summarized and discussed. From this review,
Lawson concludes that all of these distinct processes and representations can be
used, depending on factors such as the stimuli (e.g., line drawings of familiar objects
versus novel 3-D objects), the task (e.g., mirror-image discrimination, simultaneous
or sequential matching, speeded or unspeeded naming, short-term and long-term
priming, picture-word veri®cation, object decision) and the experimental procedures
(e.g., unlimited presentation duration versus brief, masked displays). The resulting
view is more balanced than what is usually found in empirical papers directly in-
spired by a speci®c theoretical account.

Paper 6. Maryjane Wraga, Sarah Creem, and Dennis Pro�tt address a speci®c
question concerning mental transformations (one of the three accounts of object
constancy reviewed by Lawson). In previous research, they discovered that imag-
ined object rotations are more di�cult than imagined viewer rotations. In this
paper, Wraga, Creem and Pro�tt review the literature on several related topics
(e.g., mental rotation, object recognition, perspective taking, motor imagery) in
order to better understand this di�erence in terms of the frames of reference that
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can be used to describe an object: relative to its own intrinsic object axis, relative to
the viewer, or relative to the environment. This review demonstrates a general
di�culty with imagining a rotation of the objectÕs intrinsic axis, leading to a greater
contribution from viewer and environment frames. For that reason, many studies
testing object perception across rotations in depth (e.g., Van Lier; Lawson; Kourtzi
& Shi�rar) have used only rotations around the vertical environmental axis. In
contrast, imagined viewer rotations are much less dependent on the environmental
frame.

Paper 7. In normal, everyday viewing of 3-D objects, we are not presented with a
series of static snapshots but with a spatiotemporally continuous series of images
resulting from object or observer motion. Zoe Kourtzi and Maggie Shi�rar in-
vestigate whether this motion can help to integrate 3-D object views into a view-
point-invariant representation, even when the rotations in depth lead to di�erent
visible part con®gurations. The answer to this question is clearly positive, based on
evidence from priming e�ects of two successive images (either static or in apparent
motion), separated by a depth rotation, on subsequent matching of two simulta-
neously presented target images. The role of motion constitutes a nice complement
to the variety of strategies to identify static pictures of objects from di�erent views
(see Lawson) and the role of local and global regularities to integrate static views of
3-D objects rotated in depth (see Van Lier). An interesting question remaining is
whether the linkage provided by motion is equally strong for object motion as for
observer motion (which may not be the case in the light of the evidence reviewed by
Wraga, Creem & Pro�tt).

5. Objects in events and scenes

The majority of research on visual object perception typically deals with static,
``normal'' objects presented in isolation. The paper by Kourtzi and Shi�rar focused
on the role of apparent motion as a means of linking static views of normal 3-D
objects. The next paper goes one step further and investigates a phenomenon where
the object is biologically relevant and the speci®c type of motion is critical: per-
ception of human locomotion from point-light displays. The ®nal paper raises the
issue of whether and how the identi®cation of everyday objects is a�ected by the
context provided by the scene in which it is embedded.

Paper 8. Jeannine Pinto and Maggie Shi�rar investigate the special nature of
human locomotion as a salient visual event. Point lights attached to (parts of) the
human body were masked by other moving dots. This technique forces the visual
system to rely on more global, con®gurational characteristics instead of local motion
components (for another discussion of local versus global aspects of processing, see
Tse & Van Lier). Together, these experiments demonstrate that the processing of
these stimuli is based on characteristic subcon®gurations of the human body when
walking (e.g., limbs with dynamic symmetry). An experiment in which observers
were asked to describe the stimuli qualitatively con®rm the results from the psy-
chophysical experiments.
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Paper 9. To what extent is the identi®cation of an individual object in¯uenced by
our schematic knowledge of the scene containing that object? Constraints from the
scene context may enhance the perceptual analysis (i.e., description enhancement),
may lower the threshold for identi®cation (i.e., criterion modulation), or they may
have no in¯uence at all. Andrew Hollingworth and John Henderson present results
supporting the last position. In one experiment, subjects had to determine which of
the two types of objects (e.g., a cello or a harp) had been present in a brie¯y ¯ashed
picture of a scene (e.g., a concert hall or a parking lot). Surprisingly, performance
was better for semantically inconsistent objects (i.e., when the two target objects has
been present in the parking lot scene). In another study, subjects had to determine
which of the two tokens of the same type of object (e.g., two di�erent armchairs) had
been present. Again, semantically consistent objects were not discriminated better
than semantically inconsistent ones, regardless of the overall level of di�culty. These
results suggest that both the initial perceptual analysis of objects to derive a struc-
tural description and the matching of this perceptual description to similar de-
scriptions stored in memory are functionally isolated from stored knowledge about
semantic relations between objects and scenes.
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