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Abstract

Three experiments were designed to test the hypothesis that different mechanisms are used
to encode objects seen in unfamiliar contortions than are used to encode objects seen in
conventional poses. When a familiar non-rigid form (e.g. an animal) is seen in a contorted
pose, we hypothesize that object identification may be achieved by (1) encoding the object’s
parts separately, (2) encoding the spatial relations among the parts, and (3) matching these
encodings to a stored structural description. However, once this form has become familiar, its
global shape can be directly matched to information stored in memory. Based on the idea that
‘categorical’ spatial relations are encoded better by the left cerebral hemisphere and are used
in structural descriptions, we predicted a left-hemisphere advantage when one first encodes
contorted poses; in contrast, based on the idea that overall shapes are encoded better by the
right hemisphere, we predicted a right-hemisphere advantage for encoding the same shapes
after they are familiar. Three experiments confirmed these predictions, which supports the
hypotheses that different visual mechanisms operate in the recognition of familiar and
unfamiliar views of known non-rigid objects. Moreover, correlational analyses between
visual-field differences in several perceptual tasks (matching whole pictures to names,
body parts to the whole body, and judging categorical spatial relations) revealed that the
degree and lateralization of categorical spatial encoding predicts the left hemisphere’s initial
advantage in the identification of contorted shapes. 1999 Elsevier Science B.V. All rights
reserved.
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1. Introduction

Most plants and animals, and many objects, have joints that can bend or surfaces
that can be stretched, creased and folded, either by internal or external forces.
Hence, such objects project many different images onto our retinas, which somehow
must be recognized as arising from the same object. Consider, for example, the
varieties of shapes that a cat can take during a very common sequence of feline
actions: jumping on a chair, sitting down and grooming its muzzle, curling up
asleep. Although rigid objects can project different images when seen from different
viewpoints (e.g. consider walking around buildings or mountains), their parts and
surfaces always remain at fixed locations relative to one another. In contrast, parts
and surfaces of flexible objects change their relative locations when these objects
contort. Computationally different problems must be solved by a system that iden-
tifies flexible objects than by one that identifies only rigid objects, and different
mechanisms may be used in the two cases.

One of the differences between flexible and rigid objects is that the geometric
structure of a rigid object can be completely described by a single set of spatial
coordinates (e.g. in a Cartesian framework) among its parts. In contrast, the only
spatial relations among parts of a flexible object that must remain invariant during its
non-rigid transformations are abstract, describing qualitative properties of the con-
nections (such as that one part is above another or on the side of another; cf. Richards
et al., 1988). Kosslyn (1987) calls such abstract spatial representations ‘categorical’
because they define an equivalence class, independent of any precise position.

The fact that the structure of flexible objects remains invariant at an abstract level
has been taken to imply that we recognize such objects, at least in part, by using a
‘structural description’ that specifies parts and their connections (e.g. cf. Marr,
1982). Consider a case in which a non-rigid object, such as the human body, is
seen for the first time in a new contortion. If our visual memories are stored in a
viewer-centered format, as much recent data suggests (for reviews, see Kosslyn,
1994; Ullman, 1996), such input would fail to match the stored representations of
the object. Only a few parts of the object (e.g. a hand or foot or part of the head)
might match stored representations. Although the contortion alters the global shape,
the individual parts are left intact (although some parts may have become occluded
or may be seen from a novel perspective). Moreover, the spatial relations among
parts may also be evident. Hence, the parts and their spatial relations can provide
clues as to the identity of the whole. Such information is particularly useful in
conjunction with an abstract description of how parts are arranged, which in turn
can guide active top-down search for distinctive characteristics (see Kosslyn et al.,
1990).

On the basis of these observations, then, we suggest that people will use informa-
tion based on the encoding and recognition of individual parts of objects when faced
with a flexible object seen in an unfamiliar pose; in contrast, if the object and its pose
are familiar, then the entire shape can be matched as a single representation. This
notion is consistent with theories that posit view-centered representations and
matching processes (e.g. Lowe, 1985; Kosslyn, 1994; Ullman, 1996), and is incon-
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sistent with theories that posit that parts arealwaysutilized during the course of
object identification (e.g. Biederman, 1985).

Information about the global shape and the parts of an object may be extracted
automatically and in parallel (e.g. a simple feature such as convexity, on which the
description of an object’s parts may depend, cf. Hoffman and Singh, 1997, can be
preattentively salient; Driver and Baylis, 1995; Wolfe and Bennett, 1997). However,
both sorts of information may not be used to the same extent in all circumstances.
Whether information about global shape or parts will be used in object identification
may depend on the viewing conditions and stored visual knowledge. Typically, one
will need to encode not simply the parts themselves, but also the spatial relations
among them, and this entire description would be compared to stored structural
descriptions (i.e. a descriptions of sets of parts and their spatial relations) in order
to identify the object. This process is computationally expensive (cf. Ullman, 1996;
Saiki and Hummel, 1998), and we surmise that, in visually familiar and unambig-
uous circumstances, global shape extraction and immediate matching to stored
perceptual templates would be a more efficient strategy than one based on the
recognition and description of parts. If so, then a global shape matching process
should be faster than a parts-based process (cf. Cave and Kosslyn, 1989).

We also hypothesize that both parts and categorical spatial relations among them
are encoded better in the left cerebral hemisphere (LH). Robertson and her collea-
gues (e.g. Delis et al., 1986; Robertson and Delis, 1986, 1991) have presented much
evidence that left hemisphere damage selectively disrupts a patient’s ability to
encode constituent parts of objects, and normal subjects can encode local elements
of a hierarchical display (Navon figures; see Navon, 1977) better when the stimuli
are presented in the right visual field (RVF, and hence encoded initially by the LH).
In addition, there is evidence that categorical spatial relations representations are
encoded better in the LH (e.g. Kosslyn, 1987; Hellige and Michimata, 1989; Kosslyn
et al., 1989, 1992; Laeng, 1994; Laeng and Peters, 1995; Laeng et al., 1998).

The LH’s specialization for categorical spatial relations is in contrast to the well-
known specialization of the right hemisphere (RH) for spatial tasks, which seems to
be restricted to the use of ‘coordinate’ spatial relations representations (see Kosslyn,
1987, 1994; Laeng, 1994; Kosslyn and Koenig, 1995). Such representations specify
the precise metric distances among objects or parts, and are particularly useful for
motor control. There is also evidence that global forms are encoded better when
presented in the left visual field (LVF, and hence encoded initially by the RH; e.g.
Delis et al., 1986; Robertson and Delis, 1986; Robertson and Lamb, 1991) and that
visual representations of specific shapes are matched more effectively in the RH
(e.g. Marsolek et al., 1992, 1994; Marsolek, 1995). Thus, we expect that if people are
very familiar with a shape (so that it is very likely to be stored as such), they can
identify it more effectively in the RH.

2. Experiment 1

Animals are natural objects that often require us to identify a shape from a variety
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of unpredictable transformations of its form. Therefore, we used drawings of ani-
mals as the stimuli to be identified. We hypothesized that the LH’s superior ability to
process structural descriptions of flexible shapes would lead it to identify novel
views of non-rigid objects better than the RH; in contrast, the RH’s superior ability
to store the visual appearances of specific shapes would lead it to identify familiar
views of objects better than the LH.

In short, we asked subjects to view pictures and hear words that either were or
were not appropriate names for the pictured objects. Their job was to decide whether
the word correctly named the picture as quickly as possible. The pictures either
depicted the object in a contorted pose or a conventional pose, and were presented
equally often in the LVF and RVF (and hence were encoded initially by the RH or
LH, respectively). We are led to make two predictions: First, drawings of animals
will be recognized better, in terms of both response time and accuracy, in the RVF
than in the LVF, if the pose of the animal is unfamiliar and clearly ‘contorted’ (i.e.
the animal bends its body or body parts, thus causing unusual juxtapositions and
occlusions of relevant body parts). Second, we do not expect such a laterality effect
for familiar poses of objects. Rather, as unfamiliar views of objects become familiar,
we expect the initial RVF advantage to disappear and be replaced by a LVF advan-
tage (because the specific pictures become stored as particular exemplars of global
shapes in the RH). Because one may learn to recognize a specific pose after only a
single presentation, we were particularly interested in comparing visual field differ-
ences in performance between the very first presentation of a drawing and all the
subsequent presentations of the same drawing.

2.1. Method

2.1.1. Subjects
Twenty female and 20 male right-handed students at Harvard University volun-

teered to serve as paid subjects. Handedness was assessed with the Edinburgh
questionnaire (Oldfield, 1971). Each subject was assigned to one of four experi-
mental groups and each of these groups had an identical number of males and
females.

2.1.2. Stimuli and apparatus
Sixty-four black-and-white line drawings of animals were selected from zoology

books (e.g. Harter, 1979; Leclerc, 1993). All drawings were realistic depictions
(either engravings or fine ink pen drawings) in which the correct proportions, natural
texture, and shading of the animals’ bodies were clearly represented. Two drawings
were selected for each species, according to the following criteria: (1) one drawing
depicted a specific view of the animal that was judged by the authors to be ‘con-
ventional’ (i.e. the body appeared in a natural standing position and, typically, as
seen from either a side or 3/4 ‘canonical perspective’, cf. Palmer et al., 1981); (2) the
other drawing depicted the animal in a pose judged by the authors to be contorted or
relatively unconventional and unfamiliar; the animal’s whole body and/or body
parts appeared bent or flexed (although they were in a position that would be natural
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to the animal); however, even in these drawings the perspective could be canonical
to the main axis of skew symmetry. Fig. 1 provides examples of the two types of
stimuli.

Fig. 1. Examples of the stimuli used in all experiments. The left column shows examples of Conventional
poses of animals, the right column shows the same animal in a Contorted pose.
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Thirty-two pairs of drawings of animals were obtained and divided into 4 stim-
ulus sets (A–D). Set A included an alligator, anteater, baboon, bat, cat, cow, deer,
and dog; set B included a duck, elephant, fish, giraffe, horse, jaguar, lion and
pheasant; set C included a lizard, ostrich, otter, owl, panther, parrot, peacock, and
rabbit; and, set D included a rat, rooster, seal, shark, sheep, sparrow, toucan, and
turtle. These animals’ names were also recorded digitally, while spoken slowly and
clearly by a male, for auditory presentation. On foil trials, names of dissimilar
animals used in the task were paired with an inappropriate picture (e.g. a picture
of a ‘lion’ and the name ‘horse’); each name appeared equally often as a distractor
and a target.

Drawings were digitized by a Microtek Scanmaker 600ZS scanner and edited
with commercial software (e.g. Adobe Photoshop). The background was edited out
along the contour of the animal’s shape, leaving only the animal’s figure. The
original orientation of the figure in the drawing was not changed. However, the
size of the drawings was normalized by fitting each drawing into the frame of a
7 × 7 cm empty box; the boundary of the drawing was no more than 5 mm from any
side of the frame. The box with an animal inside could appear in one of two different
positions on the central horizontal meridian of the Macintosh II screen, either 2.7 cm
to the left or 2.7 cm to the right of central fixation. The head of the animal was
always toward the screen center (i.e. rightward for LVF trials and leftward for RVF
ones) in order to facilitate recognition (details of the head are typically smaller than
those of other parts of the body and would therefore benefit from the higher resolu-
tion of retinal locations near to the fovea). Two versions of each of the lateralized
stimuli were prepared, one in each visual field (which allowed appropriate counter-
balancing, as described below). All sequences of trials and storage of key presses
were controlled by MacLab software (Costin, 1988).

2.1.3. Design
Subjects were divided into four groups and stimuli into four sets so that indivi-

duals in each group saw all four sets randomly intermixed, but one view (contorted
or conventional) of a specific animal in a same set would always be presentedin its
very first presentationin one visual field. For example, group 1 saw, initially, (1)
contorted poses of animals in set A in the LVF, (2) contorted poses of animals in set
B in the RVF, (3) conventional poses of animals in set C in the LVF and (4)
conventional poses of animals in set D in the RVF. Each group saw for the first
time one version of an animal in one set in a different visual field than any other
group of subjects, counterbalancing this factor across the groups.

For the following seven presentations of a same drawing, three were in the same
visual field as the first presentation and four in the opposite visual field. Thus, there
were a total of 256 trials, with an equal number of trials in which each animal
appeared in each visual field and pose. The order of both visual field and pose in
the trials following the first presentation was pseudo-random (random but with no
more than three consecutive trials in the same visual field or with the same response,
and no consecutive presentations of the same animal’s drawing or name or those of
taxonomically closely related animals).

58 B. Laeng et al. / Cognition 70 (1999) 53–85



2.1.4. Procedure
Subjects sat upright and placed their heads on a chin-rest located 45 cm away

from the computer screen. There were no practice trials; subjects were told that they
would see drawings and hear names of animals, and their job was to determine
whether the name was appropriate for that animal. They were told that each trial
had the following sequence of events: (1) A blank screen; the subjects would initiate
a trial by pressing the space bar of the computer’s keyboard; (2) a small fixation
cross then appeared at the center of screen, which remained visible for 450 ms; the
subjects were asked to gaze directly at the cross and maintain fixation until the end
of the trial; (3) a blank screen appeared for 50 ms; (4) a lateralized visual stimulus
(i.e. an animal in a box) appeared for 100 ms; (5) a blank screen appeared, and after
50 ms the recorded name of an animal was played through the computer’s speaker;
(6) the subjects were asked to indicate whether the name was appropriate, as quickly
and accurately possible, by using the right hand’s fingers to press one of two
adjacent keys marked ‘yes’ and ‘no’. Following this, the subject would initiate a
new trial.

2.2. Results

We first obtained descriptive statistics for each subject. Means of percent errors
and response times (RTs) were calculated for each combination of the following
factors: Pose (contorted versus conventional), presentation (‘initial’, i.e. presenta-
tion 1, versus ‘following’, i.e. presentations 2–8), and visual field (left versus right).
The data were pooled over type of match (yes versus no), since a preliminary
analysis showed that this factor did not interact with any of the other factors.
Times from trials on which errors occurred were excluded from computation of
the RTs, and trials with RTs longer than three standard deviations from each indi-
vidual’s mean RT for that condition were excluded from all the statistics (on average
2% of data were discarded for each subject).

2.2.1. Response times
An analysis of variance with group as the between-subjects factor and pose

(contorted versus conventional), presentation (initial versus following presentations)
and visual field (left versus right) as within-subjects factors was performed on RTs
as the dependent variable. An ‘initial’ presentation was considered the first time a
specific pose of a specific animal was seen. ‘Following’ presentations were any other
presentation of a specific drawing from the second time to the last (i.e. the eighth
presentation).

The analysis of variance revealed an interaction between the factors of pose,
presentation and visual field,F(1/36) = 3.93, P , 0.05. Most important, as pre-
dicted, subjects evaluated initial presentations of animals seen in contorted poses
faster when the pictures were presented in the RVF/LH (mean RT= 1120 ms;
SD = 215) than when they were presented in the LVF/RH (mean RT= 1175 ms;
SD = 266). Because we had specific predictions about the effects of pose on the
initial and following trials, we analyzed each visual field difference in separate
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analyses of variance, with group as the between-subjects factor and visual field as
the within-subjects factor. The first analysis confirmed the RVF/LH advantage for
initial presentations of animals in contorted poses,F(1/36) = 7.6; P , 0.01. This
visual field difference appeared reversed for following presentations of contorted
poses (for the LVF/RH, mean RT= 872 ms; SD= 140; for the RVF/LH, mean
RT = 886 ms; SD= 146). A separate analysis of variance revealed this to be just
a trend towards a LVF/RH advantage,F(1/36) = 3.3;P , 0.08. Moreover, subjects
evaluated following presentations of animals in conventional poses faster in the
LVF/RH (mean RT= 799 ms; SD= 116) than in the RVF/LH (mean RT= 817
ms; SD= 117); a separate analysis of variance confirmed such LVF/RH-advantage,
F(1/36) = 8.7; P , 0.006. Finally, there was no statistically reliable visual field
difference for the initial presentations of conventional shapes,F(1/36) = 0.1;
P , 0.72. All of these effects are illustrated in Fig. 2.

The main analysis also revealed that animals in conventional poses were identi-
fied faster (mean RT= 915 ms; SD= 188) than those in contorted poses (mean
RT = 1013 ms; SD= 239),F(1/36) = 78.5;P , 0.0001. There was also a practice
effect, with initial presentations being identified more slowly (mean RT= 1085 ms;
SD = 228) than following presentations (mean RT= 843 ms; SD= 134), F(1/
36) = 276;P , 0.0001. We also found that subjects showed a larger practice effect

Fig. 2. Experiment 1. Means of response times (RTs) to Contorted and Conventional shapes of animals in
the left visual field (LVF) and the right visual field (RVF). (a) Shows the performance for the initial
presentation only, whereas (b) shows it for all following presentations (2–8).
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(i.e. reduction of RT from initial to following presentations) for contorted poses than
for conventional poses, as evident in an interaction of pose and presentation,F(1/
36) = 15.0;P , 0.004.

In addition, subjects generally evaluated the pictures of animals in contorted
poses more quickly when they were presented in the RVF/LH (mean RT= 1003
ms; SD= 217) than in the LVF/RH (mean RT= 1024 ms; SD= 260), whereas they
evaluated animals in conventional poses generally faster when pictures were pre-
sented in the LVF/RH (mean RT= 909 ms; SD= 186) than in the RVF/LH (mean
RT = 921 ms; SD= 191),F(1/36) = 5.7;P , 0.02 for the interaction of visual field
and pose. Moreover, subjects were generally faster for initial presentations in the
RVF/LH (mean RT= 1073 ms; SD= 209) than the LVF/RH (mean RT= 1097 ms;
SD = 238), whereas they were generally faster for following presentations in the
LVF/RH (mean RT= 836 ms; SD= 133) than in the RVF/LH (mean RT= 851 ms;
SD = 136),F(1/36) = 9.9; P , 0.003.

The between-subjects factor of group interacted with the factors of pose, presen-
tation and visual field,F(3/36) = 12.8;P , 0.0001. It appeared that although three
of the four groups showed the above-described pattern of findings, one group had no
reliable difference between visual fields for the initial presentations of animals in
contorted poses. This group may have viewed in the LVF drawings that showed
animals in contorted poses that were not as novel as the others, or that had a smaller
amount of deformation of the typical animal’s shape than those in the other sets. To
confirm this hypothesis, we performed a separate ANOVA on drawing sets as the
within-subjects factor (thus collapsing data over all the other factors), which
revealed that the set of drawings with contorted poses that were seen by the ‘anom-
alous’ group initially in the LVF were in general evaluated the fastest by all subjects,
F(3/93) = 2.8; P , 0.04.

According to our theory, once both conventional and contorted poses of animals
have been encoded and stored as global shapes after repeated presentations, these
forms will be stored in the RH as specific pattern exemplars belonging to a familiar
object; therefore, after practice, the initial RVF/LH advantage for contorted forms
would disappear and a LVF/RH advantage would appear. Fig. 3 illustrates the
average visual field difference (LVF− RVF) for each of the eight presentations,
and shows that the RVF/LH advantage is clearly present for presentations of con-
torted poses (see a) only in the first trial; by the second trial, this difference has
already reversed towards a LVF/RH advantage (indicated by a negative difference in
RTs). This visual field reversal after the first trial is also clearly absent for presenta-
tions of conventional poses (see b).

2.2.2. Error rates
The same analyses were performed on the percent error data. Subjects found the

identification of animals in contorted poses (mean % error= 16.9; SD= 9.9) more
difficult than that of animals in conventional ones (mean % error= 4.4; SD= 5.7);
F(1/36) = 150; P , 0.0001. In addition, they made more errors in the initial pre-
sentations (mean % error= 12.3; SD= 13) than the following ones (mean %
error = 9.2; SD= 7.1), F(1/36) = 15.7; P , 0.005. No other significant findings
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surfaced in this analysis,P . 0.15 in all cases. Clearly, there were no speed/accu-
racy trade-offs.

2.3. Discussion

We hypothesized that if an object projects a novel image, which cannot be
matched as a single global shape to a stored representation, then individual parts
of the pattern and categorical spatial relations among them will be used to identify
the object. On the basis of previous research, we assumed that categorical spatial

Fig. 3. Experiment 1. Means of differences between response times in the left visual field (LVF) and the
right visual field (RVF) are plotted over each trial (1–8). The curved interpolating line between the means
is the polynomial fit (order of 3). (a) Illustrates the visual differences for Contorted poses of animals
whereas (b) illustrates the visual differences for Conventional.
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relations are encoded better by mechanisms in the LH (e.g. Laeng, 1994) whereas
specific forms are recognized better by mechanisms in the RH (e.g. Marsolek et al.,
1992). As predicted, we found a RVF/LH advantage in response speed when animals
in contorted poses were seen for the first time.

The findings also support the idea that the RH has better visual memory stor-
age for specific forms, since there was a LVF/RH advantage for following pre-
sentations for both contorted and conventional poses. Additionally, this finding
reveals that the LH advantage observed initially could not have been due to en-
coding words per se. In short, the findings are consistent with the hypothesis that
the superior ability of the LH in encoding categorical spatial relations or in encod-
ing parts (or both of these factors) plays a role in the initial identification of a
novel contorted pose of a flexible shape. But once the overall shape has been
encoded and stored, it can be matched directly, which does not rely on mechanisms
that are superior in the LH but rather draws on mechanisms that are superior in the
RH.

Our hypothesis that the default mechanism for object recognition is a global
pattern matching process (see Kosslyn, 1994) implies that subjects should have
identified conventional shapes better when they were initially presented to the
LVF/RH. However, we observed only a small LVF advantage in response time,
which failed to reach statistical significance. One possible explanation for this
negative finding could be that some of the conventional views may not have been
familiar to every subject. Thus, in the initial presentations of conventional views,
subjects may have used a mixture of two hemispheric strategies (i.e. a RH-based
global matching or a LH-based part-based matching), depending on the familiarity
of each stimulus.

3. Experiment 2

The results from Experiment 1 leave open the issue of whether spatial relations
between parts are actually encoded when one recognizes an object that is in a
contorted pose. Indeed, an alternative interpretation for our finding of an initial
RVF advantage for contorted forms would focus on the LH’s superior ability to
encode parts (Delis et al., 1986; Robertson and Delis, 1986; Robertson and Lamb,
1991). According to this view, parts of contorted forms could activate representa-
tions in associative memory (e.g. tail, whiskers) which, in turn, activate related
semantic information about animals that possess such features (e.g. cat, rat, etc.).
Thus, in our task, the name could be compared to candidate names linked to the
activated semantic information. This hypothesis could account for the initial RVF/
LH advantage for recognizing animals in contorted poses, and the disappearance of
the RVF advantage after the initial exposure could be explained if the entire shape
comes to be encoded.

In this study we investigated the role of encoding categorical spatial information
and parts in shape identification. We reasoned as follows: if encoding spatial infor-
mation is important when one identifies contorted objects, then the speed of encod-
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ing such relations should predict the speed of recognizing such pictures. Moreover,
if encoding parts is important when one identifies contorted objects, then the speed
of encoding parts should predict the speed of recognizing such pictures. How-
ever, the results of Experiment 1 led us not to be interested in speed in general,
but rather speed of processing when stimuli were presented in the LVF or RVF.
Hence, in the following experiment we measured the differences in RT and accuracy
between visual fields when subjects encoded categorical spatial information and
when they recognized fragments as parts of a whole; following this, we examined
how these measures predicted performance in the picture-name matching task of
Experiment 1.

In this experiment we test three accounts for the hemispheric asymmetries
observed in Experiment 1. First, if they are a result of differences in the ease of
encoding parts per se, then we expect a positive correlation between the visual field
differences for encoding parts and those for encoding the initial presentations of
contorted shapes in picture-name matching. In addition, if this is the only relevant
process, then we should not expect visual field asymmetries in encoding categorical
spatial information to predict visual field differences for the initial presentations of
contorted shapes in picture-name matching. Second, if encoding categorical spatial
information is critical, then we expect a positive correlation between the observed
asymmetry in encoding categorical spatial information and the visual field differ-
ences for initial presentations of contorted shapes in picture-name matching. Third,
it is possible that encoding both parts and categorical spatial information play
important roles when one names objects in contorted poses. In this case, both
measures should predict the differential visual field performance in the picture-
naming task. Therefore, we developed two new tasks and administered them to a
new group of subjects along with the picture-name matching task used in Experi-
ment 1. The whole-part matching task utilized the same animal figures that were
used in the picture-name matching task. These were lateralized and then immedi-
ately followed by the presentation, in central vision, of a part of an animal’s shape
(which could either belong to the same drawing or to a drawing of a different
animal); the subject was asked to decide whether the part was in fact a portion of
the previously seen picture. The categorical spatial task also used pictures of
common animals, but different drawings from those used in the other two tasks.
In this task, the figure of an animal was lateralized and then immediately followed
by a drawing of the same animal, in central vision, in either the same hori-
zontal orientation (e.g. a rabbit was facing left in both the first and second
frame) or in the opposite orientation (e.g. the rabbit was facing left in the first
frame, but right in the second one). Studies with brain-damaged patients (see
Laeng, 1994) have shown that lesions of the left hemisphere can cause diffi-
culty in judging the left/right orientation of single shapes. Similarly, normal sub-
jects show more efficient performance in judging this type of categorical spatial
information when the spatially transformed stimuli are presented in the RVF/
LH (Laeng and Peters, 1995). Thus, this task should provide a useful estimate
of the degree and polarity of categorical spatial encoding function in normal indi-
viduals.
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3.1. Method

3.1.1. Subjects
Twelve female and 12 male right-handed students at Harvard University volun-

teered to serve as paid subjects. Handedness was assessed with the Edinburgh
questionnaire. Each subject was assigned to one of two experimental groups,
which counterbalanced across subjects the order of the picture-name matching
task and the whole-part task, and each of these groups had an identical number of
males and females. In addition, these groups were further divided into two groups to
counterbalance visual field of presentation of the parts; that is, in each specific
presentation, one group viewed the part in the opposite visual field than the other
group. Counterbalancing for the picture-name matching task and the whole-part task
is important because the same stimuli were used in both tasks (and–as seen in the
early shift in hemispheric advantage in the previous experiment–a single exposure
can be sufficient for a pose to become familiar). Because the categorical spatial
relation task used different stimuli from the other tasks, it was not counterbalanced
and was always performed first.

3.1.2. Stimuli and apparatus
Different stimuli were used in the different tasks, as described below.
Picture-name matching task. The stimuli used in Experiment 1 were also used

here.
Whole-part matching task. The stimuli used in Experiment 1 were also used here

as the ‘whole animal stimuli’. In addition, drawings of parts of the objects were
produced by editing out (with Adobe Photoshop) a portion of the animal’s shape,
leaving only a part of the animal. Parts were determined according to the following
procedure. Twelve additional subjects (also students at Harvard, who did not parti-
cipate in any of the experimental tasks) were given 64 sheets, each with one of the
whole drawings used in the task, and were asked to circle with a pencil a part of the
animal that they thought would help them the most in recognizing that particular
animal. There was high agreement on the choice of the part (on average eight out of
12 circled the same portions of each drawing). The one part with the highest con-
sensus was then edited out. Each part was fitted and centered (but without changing
its lateral orientation within the whole figure or its size) inside a centrally presented
box, which was the same size as that used with the whole animals. As in the previous
task, for whole presentations, the head of the animal always faced the center of the
screen center (i.e. rightward for LVF trials and leftward for RVF ones). Parts
extracted from a figure of a different animal in the same set were used as distractors.
Both correct parts and distractors appeared equally often in each visual field. Fig. 4
illustrates an example of whole and matching part drawings.

Categorical spatial information encoding task. Different drawings of animals
(taken from various sources) than those used in the previous task were collected.
These included two different figures of the following animals: Dog, frog, monkey,
rabbit, rooster, sheep. The drawings depicted the animals in clear and highly con-
ventional side views. The drawings were digitized as black and white PICT-files,
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and the average size of these stimuli was made as close as possible to the average
size of the stimuli used in the other tasks. For half of the trials the figure would
change orientation from the first (lateralized) to the second (central) presentation
and for half of the trials it would not. Again, in the lateralized presentations the head
of the animal always faced towards the center of the screen (i.e. rightward for LVF
trials and leftward for RVF ones). Both spatially transformed and non-transformed
stimuli appeared equally often in each visual field.

3.1.3. Procedure
For all tasks, no more than three consecutive same-visual-field presentations of

any stimulus were allowed or more than three consecutive true or false responses;
consecutive trials of a same, or taxonomically closely related, animal’s drawing
(whole or part) and name also were avoided. Subjects sat upright and placed their
heads on a chin-rest located 45 cm away from the computer screen for all three tasks.
There were no practice trials for any of the tasks.

Picture-name matching task. The procedure for this task was identical to that of
Experiment 1. However, only half of the trials in Experiment 1 were used (n = 128);
each drawing was seen four times. Moreover, we used only one of the sequences of
trials. Because the primary goal of this experiment was to examine how given
individuals’ visual field differences for the initial identification of contorted shapes
correlate with the other measures, we selected one of the three trials sequences that
in the previous experiment had revealed a consistent group’s RVF/LH advantage for
the initial presentations of contorted shapes.

Fig. 4. Experiment 2. Examples of the stimuli used in the part-whole matching task. The left column
shows examples of Contorted and Conventional poses of the whole animals, the right column shows just
the part to be correctly matched to the same picture of the animal.
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Whole-part matching task. The procedure was the same as in the previous task,
except that the subject’s job was now to determine whether the part belonged to the
previously seen whole figure. Thus, after the 100 ms lateralized presentation of the
drawing of an animal in a box, and after a subsequent 50 ms of blank screen, the part
of an animal would appear on the screen in a central box and remain in sight until the
subjects, using the right hand’s fingers, pressed one of two adjacent keys marked
‘yes’ and ‘no’ as quickly and accurately as possible. There were a total of 128 trials.

Categorical spatial information task. Subjects were told that they would see two
drawings of the same animal in rapid sequence and their task was to determine
whether the figures faced the same way. The sequence of events was as follows:
(1) the subjects would initiate a trial by pressing the space bar on the computer’s
keyboard; (2) a small fixation cross appeared at the center of screen, which remained
visible for 450 ms; the subjects were asked to gaze directly at the cross and maintain
fixation until the end of the trial; (3) a blank screen appeared for 50 ms; (4) a 100 ms
lateralized stimulus was presented; (5) a blank screen appeared for 50 ms, followed
by a picture of the same animal in central vision; (6) the subject was asked to
indicate, as quickly and accurately as possible, whether the animal faced the same
way (left/right) in the two frames using the right hand’s fingers to press one of two
adjacent keys marked ‘same’ and ‘different’. Following this, the screen would go
blank and a new trial would begin. There were a total of 48 trials in the task.

3.2. Results

Means of RTs and percent errors were calculated for each combination of the
following factors for both the picture-name and the whole-part matching tasks: pose
(contorted versus conventional), presentation (presentation 1 vs. presentations 2–4),
and visual field (left versus right). Thus, data were pooled over the type of match
(correct versus incorrect) and items. For the categorical spatial task, means of RTs
and errors were calculated for ‘change’ and ‘no-change’ in orientation. For all of
these tasks, times from trials on which errors occurred were excluded from compu-
tation of the RTs, and trials with RTs longer than three standard deviations from
each individual’s mean RT were excluded from all the statistics (on average, no
more than 2% of data was discarded for each subject in each task). Because pre-
liminary analyses revealed that both the sex and the order of the two matching
tasks had no effect, these factors were not included in any of the analyses described
below.

3.2.1. Picture-name matching task
Response times. An analysis of variance with pose (contorted versus conven-

tional), presentation (initial versus following presentations) and visual field (left
versus right) as the within-subjects factors was performed on RTs as the dependent
variable. For initial presentations of animals in contorted poses, the subjects eval-
uated the pictures faster when they were presented in the RVF/LH (mean RT= 972
ms; SD= 207) than in the LVF/RH (mean RT= 1047 ms; SD= 243), but for
following presentations the subjects evaluated these types of pictures faster when
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they were presented in the LVF/RH (mean RT= 866 ms; SD= 160) than in the
RVF/LH (mean RT= 1014 ms; SD= 197). The analysis of variance revealed that
this interaction between the factors of pose, familiarity and visual field was statis-
tically reliable,F(1/23) = 39.8;P , 0.0001.

Because we had specific predictions about the effects of pose on the initial and
following trials, we analyzed each of these sets of data in separate analyses of
variance, with group as the between-subjects factor and visual field as the within-
subjects factor. These tests confirmed the statistical reliability of both the visual field
difference for initial presentations of animals in contorted poses (LVF/RH: mean
RT = 1047 ms, SD= 243; RVF/LH: mean RT= 972 ms, SD= 207; F(23) = 6.9,
P , 0.01), and that for following presentations (LVF/RH: mean RT= 866 ms,
SD = 160; RVF/LH: mean RT= 1014 ms, SD= 197; F(23) = 85.6,P , 0.0001).
The separate ANOVAs also revealed that the visual field differences for the con-
ventional pose at initial presentations approached significance (LVF/RH: mean
RT = 861 ms; SD= 201; RVF/LH: mean RT= 887 ms; SD= 214; F(23) = 2.9,
P , 0.09) whereas it failed to reach statistical reliability for following presentations
(LVF/RH: mean RT= 805 ms; SD= 160; RVF/LH: mean RT= 801 ms;
SD = 182;F(23) = 0.1,P , 0.72). Fig. 5 illustrates the interaction of pose, novelty
and visual field.

The overall analysis of variance also revealed that subjects recognized animals in
conventional poses faster (mean RT= 838 ms; SD= 191) than contorted views
(mean RT= 974 ms; SD= 212),F(1/23) = 99.6;P , 0.0001. Because of practice,
subjects responded faster to following presentations (mean RT= 871 ms;
SD = 193) than to initial presentations (mean RT= 942 ms; SD= 226), F(1/
23) = 29.5; P , 0.0001. In addition, subjects were faster overall when pictures
were presented in the LVF/RH (mean RT= 895 ms; SD= 212) than in the RVF/
LH (mean RT= 918 ms; SD= 214),F(1/23) = 9.3; P , 0.006. Finally, for initial
presentations the subjects evaluated the pictures faster when they were presented in
the RVF/LH (mean RT= 929 ms; SD= 213) than in the LVF/RH (mean RT= 954
ms; SD= 240); in contrast, they evaluated following presentations faster when
pictures were presented in the LVF/RH (mean RT= 835 ms; SD= 161) than in
the RVF/LH (mean RT= 907 ms; SD= 216),F(1/23) = 22.9;P , 0.0001.

Error rates. The same analyses were performed with the error data. This revealed
that subjects found animals in contorted poses more difficult to identify (mean %
error = 12.3; SD= 14) than animals in conventional poses (mean % error= 9.7;
SD = 8); F(1/23) = 6.1; P , 0.02. More errors were made on the initial presenta-
tions (mean % error= 18.1; SD= 11) than the following ones (mean % error= 4;
SD = 6), F(1/23) = 114.4;P , 0.0001. In addition, this effect was greater for the
animals in contorted poses (initial presentations: mean % error= 21; SD= 14;
following presentations: mean % error= 4; SD = 7) than those in conventional
poses (initial presentations: mean % error= 16; SD= 8; following presentations:
mean % error= 4; SD = 4), F(1/23) = 5.9; P , 0.02. Finally, as shown in Fig. 6,
less errors were made to animals in contorted poses when they were presented in the
RVF/LH (mean % error= 8.5; SD= 11) than in the LVF/RH (mean % error= 16;
SD = 16), whereas less errors to animals in conventional poses were made when
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they were presented in the LVF/RH (mean % error= 8.3; SD= 7) than in the RVF/
LH (mean % error= 11; SD= 9), F(1/23) = 17.8;P , 0.0003.

3.2.2. Whole-part matching task
Response times. An analysis of variance with pose (contorted versus conven-

tional), presentation (initial versus following presentations) and visual field (left
versus right) as the within-subjects factors was performed on RTs as the dependent
variable. Perhaps the most interesting finding was that the speed in matching parts to
whole animals in one visual field depended on their specific pose,F(1/23) = 6.5;
P , 0.02. Subjects were faster in matching parts to contorted poses when the
pictures were presented in the RVF/LH (mean RT= 829 ms; SD= 351) than in
the LVF/RH (mean RT= 858 ms; SD= 334), t(23) = 2.1, P , 0.4. Although
matches to animals viewed in conventional poses seemed faster when the pictures

Fig. 5. Experiment 2. Means of response times to Contorted and Conventional shapes of animals in the left
visual field (LVF) and the right visual field (RVF) for the picture-name matching task. (A) Shows the
performance for the initial presentation only, whereas (B) shows it for all following presentations (2–4).
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were presented in the LVF/RH (mean RT= 701 ms; SD= 185) than in the RVF/LH
(mean RT= 722 ms; SD= 207), the post-hoc test failed to achieve reliability,
t(23) = 0.15.

Moreover, subjects evaluated initial presentations faster when the pictures
appeared in the RVF/LH (mean RT= 783 ms; SD= 318) than in the LVF/RH
(mean RT= 821 ms; SD= 318), but had the reverse pattern for following presenta-
tions (mean RT in the LVF/RH= 738 ms; SD= 232; mean RT in the RVF/
LH = 768 ms; SD= 283), F(1/23) = 10.6; P , 0.004. Post-hoc tests revealed
that the RVF/LH advantage for initial presentations was reliable,t(23) = 0.01,
and that there was a weak LVF/RH advantage for following presentations,
t(23) = 0.06.

In addition, we found an interaction between the pose, presentation and visual
field, which is illustrated in Fig. 7,F(1/23) = 6.3;P , 0.02. Subjects evaluated the
initial presentations of animals in contorted poses faster when the pictures appeared
in the RVF/LH (mean RT= 817 ms; SD= 358) than in the LVF/RH (mean
RT = 925 ms; SD= 384), but there was no such RVF/LH advantage for following
presentations (mean RT in the LVF/RH= 790 ms; SD= 266; mean RT in the RVF/
LH = 840 ms; SD= 351). Furthermore, the subjects showed a tendency to evaluate
initial presentations of animals in conventional poses faster in the LVF/RH (mean
RT = 716 ms; SD= 191) than in the RVF/LH (mean RT= 748 ms; SD= 237), as
well as following presentations (LVF/RH: mean RT= 685 ms; SD= 182; RVF/LH:
mean RT= 695 ms; SD= 174). A post-hoc test confirmed that only the RVF/LH
advantage for initial presentations of animals in contorted poses was statistically
reliable,t(23) = 3.03,P , 0.006. Indeed, the presence of an initial RVF/LH advan-
tage for matching parts of animals in contorted poses was very robust: Of the 24
subjects, 23 (96%) responded faster to the RVF/LH presentations than to the LVF/
RH presentations. Moreover, for 16 of the former 23 subjects (70%) the RVF/LH

Fig. 6. Experiment 2. Means of the percent error rate for Contorted and Conventional shapes of animals in
the left visual field (LVF) and the right visual field (RVF) for the picture-name matching task.
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advantage (LVF. RVF) was greater than 100 ms, whereas the only subject who
showed a LVF/RH (LVF, RVF) advantage had only an 88 ms difference.

Finally, this analysis revealed that parts were matched to animals viewed in
conventional poses faster (mean RT= 711 ms; SD= 196) than to animals viewed
in contorted poses (mean RT= 843 ms; SD= 341), F(1/23) = 17.5; P , 0.0004,
and that subjects improved with practice, taking less time for following presenta-
tions (mean RT= 753 ms; SD= 258) than initial presentations (mean RT= 802 ms;
SD = 309),F(1/23) = 12.3;P , 0.002.

Error rates. The same analysis was performed with the error data. Subjects
matched parts to whole animals more accurately when the animals were viewed
in conventional poses (mean % error= 9.3; SD= 9) than in contorted ones (mean %
error = 15.3; SD= 16);F(1/23) = 17.5;P , 0.0004. More errors were made on the
initial presentations (mean % error= 17.6; SD= 14) than the following ones (mean

Fig. 7. Experiment 2. Means of response times to Contorted and Conventional shapes of animals in the left
visual field (LVF) and the right visual field (RVF) for the whole-part matching task. (A) Shows the
performance for the initial presentation only, whereas (B) shows it for all following presentations (2–4).
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% error= 6.8; SD= 10), F(1/23) = 58.4;P , 0.0001. In addition, the interaction
of pose and visual field was statistically reliable,F(1/23) = 7.5;P , 0.01. Subjects
evaluated the contorted poses more accurately when drawings were presented in the
RVF/LH (mean % error= 13.4; SD= 15) than in the LVF/RH (mean %
error = 17.1; SD= 18), but they did not show this effect when evaluating the con-
ventional poses (LVF: mean % error= 7.5; SD= 8; RVF/LH: mean % error= 11;
SD = 9). Post-hoc tests revealed that only the visual field difference for the con-
torted poses approached reliability,t(23) = 1.9,P , 0.06.

We also found an interaction of pose, presentation and visual field,F(1/23) = 4.8;
P , 0.04. Subjects evaluated contorted poses more accurately for initial presenta-
tions in the RVF/LH (mean % error= 18; SD= 16) than in the LVF/RH (mean %
error = 26; SD= 18), but not following presentations of contorted poses (LVF/RH:
mean % error= 8.5; SD= 13; RVF/LH: mean % error= 8.9; SD= 13). There were
less errors for initial presentations of conventional poses in the LVF/RH (mean %
error = 11; SD= 10) than in the RVF/LH (mean % error= 16; SD= 9), and there
appeared to be less errors for following presentations of conventional poses in the
LVF/RH (mean % error= 4; SD = 4) than in the RVF/LH (mean % error= 6;
SD = 5). Post-hoc tests revealed that only the RVF/LH advantage for initial pre-
sentations of contorted poses was statistically reliable,t(23) = 2.7, P , 0.01.
Because this pattern of effects on the error rates is very similar to the effects
previously described for the response times, there was clearly no speed-accuracy
trade-off.

3.2.3. Categorical spatial information task
Response times. An analysis of variance with spatial orientation (change versus

no change) and visual field (left versus right) as the within-subjects factors was
performed on RTs as the dependent variable. This analysis revealed that subjects
detected a change in spatial orientation faster than no change (with means of
RT = 900 ms, SD= 288, and 967 ms, SD= 307, respectively),F(1/23) = 7.4;
P , 0.01. In addition, subjects were faster overall when the stimulus appeared in
the RVF/LH (mean RT= 903 ms; SD= 276) than in the LVF/RH (mean RT= 964
ms; SD= 319),F(1/23) = 5.6; P , 0.03. The interaction of spatial orientation and
visual field failed to achieve significance (F = 1). However, post-hoct-tests revealed
that when a categorical spatial transformation occurred (i.e. the animal’s left/
right orientation changed) there was a RVF/LH advantage (LVF: mean RT= 945
ms; SD= 297; RVF/LH: mean RT= 855 ms; SD= 279), t(23) = 2.3, P , 0.03;
whereas when there was no change in facing direction there was no visual field
difference,t , 1.

Error rate. An analysis of variance with spatial orientation (change versus no
change) and visual field (left versus right) as the within-subjects factors was per-
formed on errors. This analysis revealed no statistically reliable effects or interac-
tions; however, subjects had a tendency to detect a change in spatial orientation
more accurately (mean % error= 15; SD= 8) than no change (mean % error= 20;
SD = 12), F(1/23) = 3.5; P , 0.07. Given these error rate findings, there were
clearly no speed-accuracy trade-offs.
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3.2.4. Linear regressions of visual field differences
Three separate linear regression analyses were performed in order to evaluate

whether the observed RVF/LH advantages in both matching a part to the whole and
in judging categorical spatial transformations predict the observed RVF/LH advan-
tage for the first identification of a contorted shape of an animal.

Correlation between the whole-part matching and picture-name matching tasks.
For each task, visual field differences in the initial presentation of an animal seen in
contorted pose were computed for every subject by subtracting each subject’s mean
RT in the RVF/LH from each respective mean RT in the LVF/RH. Mean LVF/RH-
RVF/LH RTs for each subject for each task were then submitted to a simple regres-
sion analysis. As evident in Fig. 8, most subjects had a RVF/LH advantage in the
whole-part matching task. However, there was no correlation between these scores
and those in the identification task,R = 0.07, beta= −q0.04,t(23) = 0.3,P , 0.74.
Clearly, a greater RVF/LH advantage in matching parts to the whole in first pre-
sentations did not imply an advantage in identifying the contorted pose of an animal
by name in this same first presentation.

Correlation between the picture-name matching and the categorical spatial
transformation tasks. We next correlated each individual’s difference in mean
RTs (LVF/RH − RVF/LH) in the categorical spatial transformation task with the
visual field difference in the picture matching task for the initial presentation of an
animal seen in contorted pose. As evident in Fig. 9, performance on these tasks was
in fact related,R = 0.44, beta= 0.35,t(23) = 2.3,P , 0.03. Our overall estimate of
each subject’s degree and polarity of categorical spatial information encoding pre-
dicts the presence of a LH’s superiority in identifying novel contorted shapes in
these same individuals.

Fig. 8. Experiment 2. Scatterplot of each subject’s mean response time visual field difference for the initial
presentation of Contorted shapes for the picture-name and whole-part matching tasks. The straight inter-
polating line between the means is the simple regression.
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An additional correlation was also performed between each individual’s differ-
ence in mean RTs (LVF/RH− RVF/LH) in the categorical spatial transformation
task with the visual field difference in the picture matching task for the initial

Fig. 9. Experiment 2. Scatterplot of each subject’s mean response time visual field difference for the initial
presentation of Contorted shapes in the picture-name matching task and for performance in the categorical
spatial relation task. The straight interpolating line between the means is the simple regression.

Fig. 10. Experiment 2. Scatterplot of each subject’s mean response time visual field difference for the
initial presentation of Contorted shapes in the whole-part matching task and the whole performance in the
categorical spatial relation task. The straight interpolating line between means is the simple regression.
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presentation of an animal seen in a conventional pose. In contrast with the previous
regression analysis, we would now expect no correlation between these two scores,
because spatial information encodings should be irrelevant for the identification of
conventional shapes. And indeed, this analysis revealed no reliable relation between
the two variables,R = 0.21, beta= −0.09,t(23) = 1.0,P , 0.32.

Correlation between the whole-part matching and the categorical spatial trans-
formation tasks. The visual field differences in the whole-part matching task (for the
initial presentation of an animal seen in contorted pose) and categorical spatial
transformation tasks were also correlated. Surprisingly, there was a statistically
reliable negative correlation between these two scores, as illustrated in Fig. 10;
R = −0.71, beta= −0.31, t(23) = 4.7, P , 0.0001. Considering that all subjects
except one responded faster when stimuli were presented in the RVF/LH than in
the LVF/RH in the part-whole matching task, the best way to describe this relation-
ship is that a LH’s superiority in the spatial transformation task predicted a decrease
in the LH’s superiority in matching parts to whole of new contorted shapes.

3.3. Discussion

First, we again found that subjects identified animals in contorted poses on the
first presentation better when the pictures were presented in the RVF, and hence
were encoded initially by the LH. Moreover, we again found that once the specific
shapes were memorized, subjects subsequently identified them better when they
were presented in the LVF, and hence were encoded initially by the RH. Second,
the same effect occurs when a part of the contorted shape is matched to a previously
seen global shape. Third, the individual’s estimated degree and polarity of hemi-
spheric specialization for categorical spatial relations encoding was related to the
LH advantage for identifying novel contorted shapes but had no relationship to this
hemisphere ability in identifying conventional shapes.

The latter finding is particularly interesting because it indicates that spatial infor-
mation is involved in processing novel contorted shapes. If we consider that virtually
all of our subjects encoded parts of a contorted shape more efficiently in the RVF/
LH, whereas they varied in the laterality estimate of spatial information encoding, it
is not surprising that visual field differences for categorical spatial information
predicted the RVF/LH ’s ability to identify a new contorted pose. However, it is
worth noting that the ease of encoding parts in the RVF/LH did not, by itself, predict
the ease of identifying a new contorted pose in the RVF/LH. As theorized, although
parsing is a necessary prerequisite for recovering the object’s structural description,
one hemisphere’s advantage for such operation is clearly not sufficient by itself to
guarantee a better same-hemisphere’s recognition of contorted shapes. The same
hemisphere must also possess an advantage for encoding categorical spatial rela-
tions. In this case, the LH apparently can best use a combination of the two types of
visual information to access and match structural descriptions.

However, unexpectedly, we found that LH superiority in the spatial task was
associated with LH inferiority in matching parts to whole of novel contorted shapes
(Fig. 11). One possible explanation for this negative correlation could be that the
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more resources the LH uses in performing parsing, the less efficient it becomes in
performing categorical spatial relations processing. This suggests to us that although
parsing and spatial relations computations must cooperate in the same hemisphere to
achieve structural descriptions, they can also interfere with each other (possibly
because they compete for the same attentional resources and/or mechanisms; cf.
Friedman and Polson, 1981). If the subjects who had a moderate advantage in
parsing are efficient in encoding categorical spatial relations in the same (left) hemi-
sphere, they will be in turn the most capable of matching structural descriptions of
the novel contorted shapes in the LH. And indeed, subjects who had a strong RVF/

Fig. 11. Experiment 3. Means of response times for Contorted and Conventional shapes of animals in the
left visual field (LVF) and the right visual field (RVF) for the picture-name matching task. (A) Shows the
performance for the initial presentation only, whereas (B) shows it for all following presentations (2–4).
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LH advantage in the categorical spatial task also showed the clearest RVF/LH
advantage in the initial recognition of contorted shapes.

Finally, we found a weak LVF/RH advantage in matching parts of familiar forms
(i.e. forms in conventional poses and contorted shapes once they have become
familiar). This unexpected finding raises questions about the ability of the whole-
part matching task to reveal part processing. In turn, this may suggest that our failure
to find a correlation between the part/whole task and the first identification of con-
torted forms in the RVF/LH reflects the task’s failure to properly address the status of
part processing in shape identification. Yet, this task also revealed a strong RVF/LH
advantage for matching parts to novel contorted forms. One possible interpretation
for these results is that the LH’s advantage is really for theextractionof a part from
the whole shape in the initial processing of contorted shapes. Each shape, we claimed,
needs to be recognized (made sense from a flashed image) by a process of extracting
parts followed by a matching to a structural description. However, such processing
would not imply that the RH cannot match efficiently the extracted information about
parts to a portion of the contour of a stored (familiar) global shape.

4. Experiment 3

In this experiment we further investigated the relationship between the ability to
encode categorical spatial relations in one hemisphere and the ability to identify
novel contorted shapes of animals. First of all, we aimed to replicate the positive
correlation between the LVF-RVF differences in the categorical spatial relation task
and the picture-name matching task. For this purpose we tested a new group of
subjects with both tasks. In this replication, we slightly modified the original cate-
gorical spatial task by using the same stimuli we used in the picture-name matching
task. The main reason for such change was that we had previously used only highly
conventional shapes for this task. The argument that categorical spatial relations are
essential for identifying contorted shapes would be strengthen if we could demon-
strate that the encoding of categorical spatial information of these contorted shapes
is related to successfully identifying the object.

4.1. Subjects

Six female and six male right-handed students at the University of Tromsø
(Norway) volunteered to participate as paid subjects. Handedness was assessed
with a Norwegian translation of the Edinburgh questionnaire.

4.2. Stimuli and apparatus

The same 64 black-and-white line drawings of animals used in the picture-name
tasks of the two previous experiments were also used as stimuli for the categorical
spatial task. Both tasks were presented on the screen of a Macintosh PowerBook
1400cs/133. The stimuli appeared either 2.7 cm to the left or 2.7 cm to the right of
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central fixation and the head of the depicted animal was always toward the screen
center. In the picture-name matching task, the animals’ names were presented
visually as words in Norwegian (block Geneva letters, size 18) appearing 4 cm
from the lower center portion of the screen. All sequences of trials and storage of
key presses were controlled by MacLab software.

4.2.1. Design
Because the two tasks used the same stimuli, in order to avoid the possibility that

familiarity with the pictures would affect the initial hemisphere/visual field differ-
ences in the picture-name matching task, the subjects always performed this task
first. In the new categorical spatial task, each of the 32 pairs of drawings was shown
twice in each visual field, half of the time followed by a central presentation of the
same drawing in the same orientation and half of the time in the opposite lateral
orientation. The sequence of presentation was semi-random, which was random
except that animals in the same species could not be presented consecutively and
there could be no more than three consecutive presentations of the same response
(change/no change in orientation), visual hemifield (left/right), or pose (contorted/
conventional). In addition, in order to rule out the possibility that the previously
observed hemispheric advantages were an artifact of the delay between the visual
and verbal stimuli, the verbal label now followed immediately after the offset of the
visual stimulus (i.e., at zero ms delay).

4.2.2. Procedure
Subjects sat upright, facing directly the computer screen at a distance of about 45

cm without use of a chin-rest. There were no practice trials. Subjects received the
same instructions for each task that we used in the previous experiment. The picture-
name matching task was practically identical to the one used in Experiment 2; the
only modifications were that (1) the presentation of the lateral visual stimulus was
reduced to 75 ms (in order to compensate for possible visual persistence due to the
PowerBook’s screen passive matrix), (2) verbal labels were presented visually and
remained visible until the subject made a key press, and (3) there was no delay
between the offset of the visual stimulus and the onset of the verbal label.

4.3. Results

Means of RTs and percent errors were calculated in the picture-name matching
task for pose (contorted versus conventional), presentation (presentation 1 versus
presentations 2-4), and visual field (left versus right). For the categorical spatial task,
means of RTs and errors were calculated for change and no-change in orientation.
For both tasks, RTs longer than three standard deviations from each individual’s
mean RTs for that condition were excluded from the statistics (on average, no more
than 1.5% of the data was discarded for each subject on both tasks). Since preli-
minary analyses revealed that both the sex and the type of match (correct versus
incorrect) did not interact with any of the other factors, these factors were not
included in the analyses described below.
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4.3.1. Picture-name matching task
Response times. An analysis of variance with pose (contorted versus conven-

tional), presentation (initial versus following presentations) and visual field (left
versus right) as the within-subjects factors was performed on RTs as the dependent
variable. We again observed a RVF/LH advantage for initial presentations of ani-
mals in contorted poses (LVF: mean RT= 933 ms; SD= 131; RVF/LH: mean
RT = 831 ms; SD= 122), as well as the finding that, with following presentations,
subjects evaluated these types of pictures faster when they were presented in the
LVF/RH (mean RT= 809 ms; SD= 84) than in the RVF/LH (mean RT= 917 ms;
SD = 110). The ANOVA revealed that the interaction between the factors of pose,
familiarity and visual field was statistically reliable,F(1/11) = 36.5; P , 0.0001.
We also tested each of our specific predictions on the effects of pose on the initial
and following trials, by analyzing each of these sets of data in separate analyses of
variance, with group as the between-subjects factor and visual field as the within-
subjects factor. The separate anovas confirmed the visual field difference for initial
presentations of animals in contorted poses,F(1/11) = 10.7,P , 0.007, and that for
following presentations, F(1/11)= 61.5, P, 0.0001. Importantly, we now
observed the expected LVF/RH advantage for the conventional pose at initial pre-
sentations (LVF/RH: mean RT= 765 ms; SD= 109; RVF/LH: mean RT= 800 ms;
SD = 95; F(1/11) = 7.3, P , 0.02). The LVF/RH advantage also approached sta-
tistical reliability for following presentations of conventional views (LVF/RH: mean
RT = 708 ms; SD= 86; RVF/LH: mean RT= 729 ms; SD= 82; F(1/11) = 3.9,
P , 0.07).

The other statistically reliable effects were analogous to those seen in the pre-
vious two experiments: (1) subjects recognized animals in conventional poses
faster (mean RT= 838 ms; SD= 191) than contorted views (mean RT= 974 ms;
SD = 212), F(1/23) = 99.6; P , 0.0001; (2) they responded faster to follow-
ing presentations of a drawing (mean RT= 871 ms; SD= 193) than to initial pre-
sentations (mean RT= 942 ms; SD= 226), F(1/23) = 29.5; P , 0.0001; and (3)
subjects evaluated the pictures faster, for initial presentations, when they were
presented in the RVF/LH (mean RT= 929 ms; SD= 213) than in the LVF/
RH (mean RT= 954 ms; SD= 240), but they evaluated following presenta-
tions faster when pictures were presented in the LVF/RH (mean RT= 835 ms;
SD = 161) than in the RVF/LH (mean RT= 907 ms; SD= 216), F(1/23) = 22.9;
P , 0.0001.

Error rates. The same analysis was performed with the percent error data.
More errors were made for animals in contorted poses (mean % error= 13.3;
SD = 14.2) than animals in conventional poses (mean % error= 9.5; SD= 7.5),
F(1/11) = 5.8; P , 0.03. More errors were made on the initial presentations
(mean % error= 18.9; SD= 11) than the following ones (mean % error= 3.8;
SD = 5.4), F(1/11) = 72; P , 0.0001. In addition, subjects made more errors for
animals in contorted poses when they were presented in the LVF/RH (mean %
error = 17.9; SD= 17) than when they were presented in the RVF/LH (mean %
error = 8.5; SD= 9), F(1/11) = 35.4; P , 0.0001. No other effects were statisti-
cally reliable.
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4.3.2. Categorical spatial information task
Response times. An analysis of variance with pose (contorted versus conven-

tional), spatial orientation (change versus no change), and visual field (left versus
right) as the within-subjects factors was performed on RTs as the dependent variable.
Subjects detected a change in spatial orientation (mean RT= 739 ms, SD= 130)
faster than no change (mean RT= 790 ms, SD= 129), F(1/11) = 14; P , 0.003.
Most important, subjects were faster overall when the stimulus appeared in the RVF/
LH (mean RT= 745 ms; SD= 128) than in the LVF/RH (mean RT= 784 ms;
SD = 134),F(1/11) = 5.1;P , 0.04. The interaction of spatial orientation and visual
field was statistically reliable,F(1/11) = 6.5; P , 0.03. It appeared that RTs were
faster in the RVF/LH (mean RT= 697 ms, SD= 90) than in the LVF/RH (mean
RT = 781 ms, SD= 151) when a categorical spatial transformation occurred (i.e. the
animal’s left/right orientation changed), but there was no such RVF/LH advantage
when the two drawings to be matched faced in the same direction (LVF/RH: mean
RT = 788 ms, SD= 117; RVF/LH: mean RT= 792 ms, SD= 143). There was no
difference in time for the two poses, nor did this factor interact with the others.

Error rates. An analysis of variance with spatial orientation (change versus no
change) and visual field (left versus right) as the within-subjects factors was per-
formed on percent errors. This analysis revealed no statistically reliable effects or
interactions.

Correlation between the picture-name matching and the categorical spatial infor-
mation tasks. We correlated each individual’s difference in mean RTs (LVF− RVF/
LH) for the whole categorical spatial information task with the visual field differ-
ence in the picture-name matching task for the initial presentation of an animal seen
in a contorted pose. Fig. 12 illustrates that the two scores were, as we expected,
positively related,R = 0.69, beta= 0.42, t(11) = 3.01,P , 0.01. Therefore, when
the estimate of subjects’ degree and polarity of categorical spatial information
encoding was based on judgments of contorted animal shapes, we were capable
of predicting the presence of a LH superiority in identifying novel contorted shapes.
A test of the difference beween this correlation coefficient and that obtained in the
previous experiment showed that there was no significant difference, Exp 2:
r′ = 0.476, Exp 3: r′ = 0.848,z = 0.93 (Fisher, 1921).

We also performed a correlation between each individual’s difference in mean
RTs (LVF/RH − RVF/LH) in the categorical spatial transformation task with the
visual field difference in the picture matching task for the initial presentation of an
animal seen in a conventional pose. Again, as pointed out earlier, we would now
expect no correlation between these two scores, since according to our hypotheses
the spatial information encodings play no significant role in the identification of
conventional shapes. Indeed, the analysis revealed no reliable relation between the
two variables,R = 0.34, beta= − 0.05,t(23) = 1.1,P , 0.29.

4.4. Discussion

Experiment 3 successfully replicated the major findings of Experiment 2, namely
that a LH superiority in encoding categorical spatial relations is related to a LH
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superiority in identifying contorted shapes that are seen for the first time. Thus, the
replication strengthens the conclusion that the LH’s ability to encode categorical
spatial information is indeed related to its ability to identify contorted objects. For
the third time we found a RVF/LH advantage in identifying a contorted shape in the
first exposure, whereas with following exposures of the same shapes the field advan-
tage switches to a LVF/RH.

In addition, as predicted, in this experiment we found that subjects identified
conventional shapes faster in the LVF/RH than in the RVF/LH when they were
first shown. We should note that in all three experiments subjects identified initial
presentations of conventional shapes faster in the LVF than in the RVF, although in
Experiment 1 this difference failed to achieve significance and in Experiment 2 it
only approached statistical reliability. We speculate that the conventional views may
have occasionally included poses of animals that were unfamiliar to some subjects,
which would have weakened the visual field differences.

Finally, we note that despite the fact that we varied several parameters of both
encoding tasks from the previous two experiments (i.e. in the picture-name task
there was now no delay between picture and name presentations, and in the spatial
task both contorted and non-contorted shapes were used), the findings remained
virtually identical to those previously observed. It would seem that the effects
described here are not limited to a narrow range of experimental manipulations.

5. General discussion

A left-hemisphere advantage was repeatedly found when subjects first encoded

Fig. 12. Experiment 3. Scatterplot of each subject’s mean response time visual field differences for the
initial presentation of Contorted shapes in the picture-name matching task and for performance in the
categorical spatial relation task. The straight interpolating line between the means is the simple regression.
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contorted poses of non-rigid objects (animals’ bodies in this specific case). How-
ever, after the form was identified even a single time, this left-hemisphere’s advan-
tage was replaced by a right-hemisphere advantage. A right-hemisphere advantage
was also observed for the same non-rigid objects when these were shown in more
conventional (possibly already familiar) poses. This unique pattern of results is
consistent with the hypothesis that identification of objects that assume unusual
shape configurations is achieved by (1) encoding the object’s parts separately, (2)
encoding the spatial relations among the parts, and (3) matching these encodings to a
stored structural description; moreover, (4) once this form has become familiar, its
global shape can be directly matched to information stored in memory. In addition,
we hypothesized that the left cerebral hemisphere encodes better (1) the parts of an
object, which are taken to be essential components of structural descriptions, and
also (2) ‘categorical’ spatial relations among parts, which complete the structural
descriptions; furthermore, we hypothesize that (3) the right hemisphere plays a
complementary role to the left because it is able to encode better the global form
of the object. This set of hypotheses led to the prediction of a left-hemisphere
advantage only when one first encodes contorted poses and to the prediction of a
right-hemisphere advantage for encoding these same forms once they become famil-
iar or if already familiar (i.e. if shown in conventional poses).

The results from the three experiments reported here confirmed these predictions
and, further, revealed that the degree and lateralization of categorical spatial encod-
ing can predict the left hemisphere’s initial advantage in the identification of con-
torted shapes. The latter finding clearly points to the importance of spatial
information in processing non-rigid shapes. We conclude from our findings that
there are at least two ways to achieve object recognition, one that relies crucially
on mechanisms in the LH and one that relies crucially on mechanisms in the RH.
Which one will prevail in a given situation depends on multiple factors, including
whether a specific view or pose of an object is either familiar or unfamiliar.

Indeed, previous theories of object identification typically have stressed only
some of the aspects of processing we have noted here. For example, several theorists
have proposed that understanding a picture often requires an iterative perceptual
process that begins with selecting salient cues (which could constitute a rough
sketch or schema of what the picture may represent) which in turn provide the
basis for a guided search, which is under the control of perceptual feedback. Bruner
(1957) proposed that object identification begins with a perceptual readiness, char-
acterized by the selection of relevant information and rejection of irrelevant infor-
mation; this information then serves as a perceptual hypothesis that, via repeated
verifications and falsifications, drives additional encoding. According to several
current theories of visual perception, parts of objects are always extracted from
the visual input, because by necessity (for such theories) objects are nothing more
than aggregates of parts (i.e. geometric primitives arranged in a characteristic spatial
layout), and parts provide the indices to stored structural descriptions of the object
(e.g. Sutherland, 1968; Milner, 1974; Winston, 1975; Marr, 1982; Hoffman and
Richards, 1986; Biederman, 1985).

However, there are situations in which object identification may not require that
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parts be encoded explicitly. In some cases, objects seen in familiar views may have
been stored as templates or a unique set of primitives (e.g. non-accidental properties;
Lowe, 1987), which can be matched globally to stored representations. Indeed, there
is evidence that object recognition can occur even before figure-ground organization
(Peterson, 1994). The global contour of partially occluded objects can also be
completed, on the basis of depth cues in the early input, so as to facilitate template
matching (Nakayama et al., 1989). These and other considerations (see Kosslyn,
1994) cast doubt on the idea that parsing objects into their natural parts must precede
recognition and identification. Indeed, as Ullman (1996) points out, there may not be
a single ‘correct’ account of how object recognition and identification are achieved;
instead, many of the current approaches may characterize possible methods that are
sometimes used by the brain in dealing with different types of objects and object
transformations.

Our proposal is that structural descriptions are stored and can guide the system to
look for parts in order to match the input and stored visual representations. However,
matches will be attempted over the most comprehensive region of the visual input
that appears as a perceptually coherent unit, and only when these attempted matches
fail will matches to smaller portions be attempted (cf. Navon, 1977; Robertson and
Palmer, 1983). Thus, global matching would have priority in visual perception, and
recognition by parts through structural description would intervene at a later phase,
particularly in ‘visually challenging’ situations.

Our study provides partial support for this view. We proposed that non-rigid
forms, even familiar ones like animals, may often present exactly the type of visual
challenge described above. This view led us to make clear predictions about normal
individuals’ performance in a divided-visual-field task, which were supported by the
results. However, the details of our findings suggest that the spatial relations among
parts play at least as important a role as the encoding of parts themselves.
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