
Author's personal copy

The direction of hemispheric asymmetries for object categorization
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Abstract

In this study hemispheric asymmetries for categorizing objects at the basic versus subordinate level of abstraction were investigated.
As predictions derived from different theoretical approaches are contradictory and experimental evidence is inconclusive in this regard,
we conducted two categorization experiments, where we contrasted two experimental paradigms. In the first experiment, subjects had to
verify whether a word and a laterally presented picture matched or not. In the second experiment, subjects had to identify laterally pre-
sented pictures of animals either at the basic or subordinate level by pressing a corresponding response key. Whereas the first experiment
revealed an advantage of the left hemisphere (LH) for categorizing objects at the basic level and of the right hemisphere (RH) for cat-
egorizing at the subordinate level, just the opposite brain asymmetry was found in the second experiment. As the stimuli were identical in
both experiments, hemispheric asymmetries seem to be strongly task dependent.
� 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Each object we confront in our everyday life can usually
be categorized at more than only one level of abstraction
(Jolicoeur, Gluck, & Kosslyn, 1984; Rosch, Mervis, Gray,
Johnson, & Boyes-Braem, 1976). In most situations,
objects are classified at the so-called basic level (e.g. dog).
Basic categories are perceptually the most distinctive com-
pared to categories at other levels and contain sufficient
information for most of our everyday interactions (Rosch
et al., 1976). In some situations, however, a more specific
classification at the subordinate level can be necessary,
for instance, if one refers to a specific object among other
exemplars of the same basic category (e.g. a Dalmatian
among other kinds of dogs). It is assumed that categoriza-
tions at the basic and subordinate level mainly result from
perceptual processing (Jolicoeur et al., 1984; Kosslyn,

Alpert, & Thompson, 1995; Tanaka, Luu, Weisbrod, &
Kiefer, 1999).

The main challenge for our cognitive system in this
regard is to accomplish different classifications with identi-
cal visual input. For basic-level classification visual inputs
of different instances have to be mapped to the same output
category. In this case, a certain amount of information has
to be ignored. For subordinate-level categorization, on the
other hand, very similar visual inputs have to be sorted into
different subordinate categories, i.e. even small differences
in perceptual features have to be considered. How does
our cognitive system fulfill these somewhat opposed
demands?

Two major kinds of ideas have been proposed as a solu-
tion to this problem. One approach, linked to research on
object categorization and object representation, focuses on
the kinds of representations that are used for categoriza-
tions. The other approach, inspired by research on object
perception, focuses on the perceptual features that might
be differentially diagnostic for different kinds of categoriza-
tions. Both accounts also predict hemispheric asymmetries
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for categorizing visually presented objects at the basic or
subordinate level, which are the focus of the present paper.
Before we report our own experiments, both approaches
and corresponding empirical research will now be consid-
ered in turn.

As one solution to the problem of categorizing objects at
the basic or the subordinate level it has been proposed that
there might be different kinds of representations for differ-
ent categorization tasks located in different subsystems in
the brain. One kind of representation could subserve clas-
sification at the basic, and another kind of representation
classification at the subordinate level. Within this represen-

tation account it is further assumed that the cerebral hemi-
spheres differ with respect to these representations (e.g.
Laeng, Zarrinpar, & Kosslyn, 2003; Marsolek, 1999).
According to Marsolek (1999), for instance, each hemi-
sphere has a bias toward storing the shape of objects in a
specific representational format. The left hemisphere
(LH) stores visual objects in an abstract format in the sense
of a prototype. That is, those features are stored that are
invariant over the exemplars of a category. These features
of an object or object parts are represented independently
of each other (Marsolek & Burgund, 1997). Such a repre-
sentational format should be helpful for categorizing
objects at the basic level as a subset of features is always
present in all exemplars of a basic category but often in dif-
ferent configurations. For instance, all kinds of pianos pos-
sess the feature ‘keyboard’ but this feature can be present in
different configurations in an upright piano compared to a
grand piano (c.f. Marsolek, 1999). The right hemisphere
(RH), on the other hand, is assumed to store specific exem-
plars. That is, object shapes are represented in a format
that preserves the specific configuration of the features of
a specific instance of a category. For instance, such a rep-
resentation would include the information that the key-
board of a piano is arranged in line with the corpus of a
grand piano but horizontally to that of an upright piano
(c.f. Marsolek, 1999). Therefore, the specific representation
of the RH can be used to differentiate between different
subordinate categories.

Marsolek (e.g. 1999) provides some evidence for this
representation account in perceptual priming experiments.
In a priming phase line drawings of objects were presented
centrally. In the following test phase line drawings of either
the same objects or of other instances from the same basic
categories were presented either in the left visual field
(LVF; i.e. projected to the RH) or the right visual field
(RVF; i.e. projected to the LH) for a very short time.
The task for the subjects was to name these objects. Mar-
solek found that for stimuli presented in the RVF/LH per-
formance was independent of whether the same exemplar
had been used as prime or another exemplar of the same
basic category. That is, priming was independent of the
specific shape of an object. For LVF/RH-stimuli, in con-
trast, there was an advantage in performance when the
prime and the test object were the same exemplar and a dis-
advantage in performance when the prime and test object

were different exemplars of the same basic category. In this
case, priming was sensitive to the specific shape of an
object. This pattern of results could be produced with dif-
ferent stimulus material such as word forms (Marsolek,
Kosslyn, & Squire, 1992; Marsolek, Schacter, & Nicholas,
1996; Marsolek, Squire, Kosslyn, & Lulenski, 1994),
pseudo-word forms (Burgund & Marsolek, 1997), letter-
like forms (Marsolek, 1995) and with line drawings of
objects (Koutstaal et al., 2001; Marsolek, 1999; Saneyoshi,
Kaminaga, & Michimata, 2003). This indicates that the
assumed representational systems are used for storing
any kind of visual shapes, e.g. word forms as well as object
shapes, and are therefore independent of specific semantic
content (c.f. Marsolek, 1995).

The question is whether or not these findings could be
transferred to object categorization at the basic and subor-
dinate level. Therefore, Laeng et al. (2003) tried to replicate
the findings from these priming experiments in a categori-
zation experiment, using a picture–word verification task.
They presented black-and-white drawings of objects (ani-
mals, artifacts as well as photos of faces of famous persons)
either in the RVF/LH or in the LVF/RH. Directly after
picture presentation a word which described the objects
either at the basic level (e.g. ‘dog’) or at the subordinate
level (e.g. ‘collie’) was presented acoustically through a
loudspeaker. The task of the subjects was to indicate
whether picture and word matched or not by pressing a
corresponding response key. When subjects had to match
basic category labels (e.g. ‘dog’) to pictures, responses were
faster for RVF/LH-stimuli than for LVF/RH-stimuli. In
contrast, when subjects had to match subordinate category
labels (e.g. ‘collie’) to pictures, responses were faster for
LVF/RH-stimuli than for RVF/LH-stimuli. Laeng et al.
concluded from these observed visual field (VF)-effects that
hemispheric asymmetries in categorizing objects at different
levels of abstraction can be attributed to the fact that each
hemisphere stores objects in a specific kind of representa-
tion which is in accordance with Marsolek’s representation
account (Marsolek, 1999).

Another solution to the problem of categorization at the
basic and the subordinate level, which we call the feature

account, assumes that specific features might be diagnostic
for certain kinds of categorizations (e.g. Schyns, Bonnar, &
Gosselin, 2002). Hemispheric asymmetries should then be
observable when the processing of these features is lateral-
ized. In this regard, Schyns and colleagues (e.g. Schyns
et al., 2002) have recently shown that stimuli need not nec-
essarily be completely encoded and represented in a catego-
rization task, but that task demands influence which
features of an object are extracted and used to perform
the task at hand (c.f. Schyns, 1998). It has been argued that
the cognitive system might, therefore, rely on different
aspects of the information that is present in the stimulus
when having to categorize an object at the basic or the sub-
ordinate level (Archambault, O’Donnell, & Schyns, 1999;
Morrison & Schyns, 2001; Schyns & Oliva, 1997). At least
for the domain of living things, there is some evidence that
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the global and local features of an object play a crucial role.
For instance, early work of Eleanor Rosch (Rosch et al.,
1976) has already shown that the overall shape of an object
is diagnostic for categorizing at the basic level as categories
at this level are most distinctive in this respect. For exam-
ple, the global shape of a dog is quite distinct from the
shape of a bird. Recent experimental work has confirmed
this idea (Archambault, Gosselin, & Schyns, 2000; Collin
& McMullen, 2005; Hayward, 1998; Large & McMullen,
2006). In contrast, when an object has to be categorized
at the subordinate level, then categorization must rely on
local features, because objects of the same basic category
are very similar in global shape (Archambault et al.,
2000; Collin, 2006; Collin & McMullen, 2005).

The involvement of global and local processing in object
categorization also suggests that hemispheric asymmetries
should be observable. Research on global/local processing
has shown that the RH has a bias for processing the global
features of an object, whereas the LH is biased toward the
processing of local stimulus features. Corresponding asym-
metries were found in lesion studies (e.g. Delis, Robertson,
& Efron, 1986; Robertson & Lamb, 1991), electrophysio-
logical studies (e.g. Heinze & Münte, 1993; Malinowski,
Hübner, Keil, & Gruber, 2002; Proverbio, Minniti, & Zani,
1998; Volberg & Hübner, 2004), imaging studies (e.g. Fink
et al., 1996; Heinze, Hinrichs, Scholz, Burchert, & Man-
gun, 1998; Martinez et al., 1997) as well as response time
studies (e.g. Hübner, 1997, 1998; Martin, 1979). For a
recent review see Hübner and Volberg (2005).

The functional hemispheric asymmetries for global/local
processing suggest that corresponding hemispheric differ-
ences should also be observable for categorizations at dif-
ferent levels of abstraction. The specific hemispheric
asymmetry should occur depending on the level of the fea-
tures that have to be processed. This feature account of
hemispheric asymmetries for categorization should at least
hold for the domain of living things. As the classification of
these objects at the basic level predominantly relies on glo-
bal stimulus features, the RH should be better in perform-
ing basic-level classification than the LH. In contrast,
classification of objects at the subordinate level is mainly
based on local features. Thus, subordinate-level classifica-
tion should be better performed by the LH than by the RH.

To our knowledge, up to date there has been no attempt
to test this feature account directly. However, there is some
indirect evidence from studies of object recognition which
usually corresponds to a classification at the basic level.
If laterally presented objects have to be classified at the
basic level, then, according to the feature account there
should be a LVF/RH advantage for this task. Although
older studies are inconclusive in this respect (e.g. Bryden
& Rainey, 1963; Levine & Banich, 1982; Schmuller &
Goodman, 1980; Sergent & Lorber, 1983; Wyke & Ettlin-
ger, 1961), and also exhibit a number of methodological
problems (c.f. Biederman & Cooper, 1991), more recent
studies seem to support the feature account (e.g. Brooks
& Cooper, 2006; Koivisto & Revonsuo, 2003; Laeng, Shah,

& Kosslyn, 1999; McAuliffe & Knowlton, 2000). An
advantage of the LVF/RH was shown for the identification
of laterally presented pictures of animals (Brooks & Coo-
per, 2006; Laeng et al., 1999) and when subjects had to
detect familiar objects with nonsense shapes as distracters
(Koivisto & Revonsuo, 2003; McAuliffe & Knowlton,
2000). In contrast, when the object recognition task
required an analysis of local details, an advantage for the
RVF/LH has been observed (e.g. Koivisto & Revonsuo,
2003; Laeng et al., 1999; Lag, Hveem, Ruud, & Laeng,
2006; Laws & Neve, 1999; Perani et al., 1995). Taken
together, these results support the feature account.

As this short overview shows, there are two kinds of pre-
dictions about the pattern of hemispheric asymmetries that
can be made for categorizing objects at the basic and at the
subordinate level. Interestingly, at least for the domain of
living things, where the global shape is an indicator for
basic-level categorization and local features for subordi-
nate-level categorization, the pattern of hemispheric asym-
metries predicted by one approach is contrary to that
predicted by the other. Whereas the feature account pre-
dicts that the RH and the LH have an advantage for cate-
gorizing objects at the basic and subordinate level,
respectively, the representation account states exactly the
opposite. The aim of the present study was to investigate
the origin of the contradicting observations. Why is there
evidence for both the feature and the representation
account?

One conceivable reason could be that different experi-
mental methods are applied in the two research areas.
Research on categorization is traditionally based on exper-
iments using word–picture verification tasks. That is, a
word and a picture are presented and subjects have to indi-
cate whether both match or not. This task seems to require
to compare two object representations with respect to
whether or not they are from the same (basic or subordi-
nate) category. Therefore, functional hemispheric differ-
ences according to the representation account might be
expected. On the other hand, research on global/local pro-
cessing and object recognition prefers identification tasks.
That is, a picture is presented and subjects have to identify
it, e.g. by pressing a corresponding response key. In such a
task, subjects are prepared in advance at which level the
following object will have to be categorized. Therefore,
they might prepare to look for certain diagnostic features
that allow to categorize the shown object. There are, how-
ever, also differences in the employed stimulus sets. In glo-
bal/local tasks, a limited number of stimuli is usually
presented repeatedly whereas in categorization experiments
a large stimulus set is employed where each stimulus is only
shown once or at least only a few times. It is conceivable
that subjects are able to extract diagnostic features only
when they see the same stimuli repeatedly but not when
each stimulus is shown only once.

To see whether these methodological differences account
for the opposite results, we conducted two experiments in
which the stimulus set was largely the same but the task
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for the observers varied. In the first experiment, we applied
an experimental task similar to the one used by Laeng and
colleagues (2003), i.e. the subjects had to match pictures
and words. The aim was to examine whether Laeng
et al.’s (2003) result can also be obtained with a stimulus
set whose relatively small size corresponds to that usually
used in global/local experiments. The results of this task
were then compared to those of a second experiment, in
which the same stimuli were used but where a more glo-
bal/local like task was applied (e.g. Hübner & Malinowski,
2002).

Our stimuli were shaded three-dimensional drawings of
animals. In order to be able to clearly distinguish the pre-
dictions of the two approaches, we selected animals as
stimuli which could be distinguished by their global shape
at the basic level and by a local surface pattern at the sub-
ordinate level (for examples, see Fig. 1). That is, the mem-
bership to a given basic category was defined by the global
object shape, whereas the membership to a given subordi-
nate category was defined by a combination of global
shape and local texture. If the feature account is valid, then
there should be a LVF/RH advantage for categorizing our
stimuli at the basic level and of the RVF/LH for categoriz-
ing them at the subordinate level. If, on the other hand, the
representation account is valid, then the pattern of hemi-
spheric asymmetries should be reversed.

2. Experiment 1

In our first experiment, we used a word–picture verifica-
tion task similar to the one used by Laeng et al. (2003). The
question was: Can the pattern of hemispheric asymmetries
predicted by the representation account be obtained with a
stimulus set that is smaller and that is clearly defined by
global and local features with such a task? The subjects

had to decide whether a visually presented word describing
an object at the basic or at the subordinate level matched a
subsequently presented picture or not. Contrary to Laeng
et al. (2003), we used a word–picture and not a picture–
word verification task, because presenting the word first
and then the picture was more similar to the procedure
applied in our identification task in Experiment 2, where
the cue that indicated the level of categorization was also
presented first. Moreover, we supposed that the picture–
word order might produce a bias in favor of the represen-
tation account. If the picture is shown first, subjects always
have to encode and represent any relevant aspect of the
stimulus because they do not know in advance which pic-
ture level will be relevant for the subsequent verification
task. The fact that all aspects of an object are encoded
could induce a verification strategy that involves specific
representations.

If the verification task involves the proposed representa-
tions (e.g. Laeng et al., 2003), then the basic-level and sub-
ordinate-level categorization should be better
accomplished for stimuli presented in the RVF/LH and
those presented in the LVF/RH-stimuli, respectively. If,
on the other hand, the categorization is based on diagnostic
global and local features, then the opposite pattern of
hemispheric asymmetries should be observed.

Besides the classification at the basic and the subordi-
nate level we also included a condition where the subjects
had to verify only the local texture of the objects. With
this condition we wanted to investigate the relation
between the processing of local features and object cate-
gorization at the subordinate level. Although both the
recognition of local patterns and the categorization at
the subordinate level somehow involve local processing,
there are also clear differences. Namely for the local pat-
tern the analysis of the global form is not necessary and
could be ignored whereas for subordinate categorization
both the global form and the local patterns are necessary.
So the question was: If according to the representation
account, there were an advantage for stimuli presented
in the LVF/RH for subordinate-level categorization, what
kind of lateralization would be observable for the local
level alone?

2.1. Method

2.1.1. Subjects
Forty-eight subjects (34 female, 14 male; mean age 23.7

years) participated in this experiment. All were right-
handed by self-report, and had normal or corrected-to-nor-
mal vision.

2.1.2. Apparatus

The stimuli were presented on a 2100-color-monitor
(Sony) with a resolution of 1024 � 768 pixels and a refresh
rate of 85 Hz. A DOS-based C++ computer program run
on a personal computer (PC) served for controlling stimu-
lus presentation and response registration.

Fig. 1. Examples of stimuli used in all experiments. Basic categories were
defined by animal shape (dog, cat, horse, dolphin, and cow), subordinate
categories by a combination of animal shape and a specific texture (e.g.
striped vs. dotted dog). Note that all animals could appear in two
orientations and their mirror reflection and in combination with any of the
four texture types (dots, stripes, stars and ovals).
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2.1.3. Stimuli

The stimuli used in the present experiments were
designed with the computer software Curious Labs Poser
5. Three-dimensional images of cats, dogs, horses, cows,
and dolphins in orange-brown color served as stimuli.
The animals were additionally covered with a texture of
dots, lines, stars, or ovals. Each animal was combined with
all four texture types. Consequently, neither the shape nor
the texture alone determined the subordinate category, but
only the combination of animal shape and texture. Each
animal was rendered in orientations of 60� and 120� in
the depth plane and mirror images of each picture were
made. Thus, there were four orientations of each animal
stimulus (for examples of the stimuli, see Fig. 1). The stim-
uli were presented on a black background. The size of the
stimuli depended both on the type of the animal and on its
orientation. Height varied from 3.89� to 4.62�, width from
4.69� to 5.58�. The stimuli were presented at an eccentricity
of 2.79� (center of the screen to center of the stimulus).

For each subject there were four different basic catego-
ries (animals) and four subordinate categories resulting
from a combination of two animal shapes and two textures.
In order to avoid that the observed effects are just attribut-
able to the use of special stimulus combinations, the basic
and subordinate categories varied across subjects: one third
of subjects had cats, dogs, horses, and dolphins as basic
categories and striped cats, dotted cats, striped dogs, and
dotted dogs as subordinate categories. Another third of
subjects had the same basic categories, but horses and dol-
phins, each in combination with either stars or ovals as
subordinate categories. The remaining 16 subjects had cats,
dogs, horses, and cows as basic categories, and horses and
cows, each either with dots or stripes as subcategories. So,
each subject had four basic and four subordinate catego-
ries, but the specific stimuli differed between subjects.

2.1.4. Procedure

In this experiment, a word–picture verification task was
used. Subjects were seated at a distance of 100 cm from the
screen on which the stimuli appeared. A chin rest was used
in order to keep the distance from the screen constant and
to avoid head movements. Each trial started with the
appearance of a short word, which named an object at
the basic (e.g. ‘‘dog”) or at the subordinate level (e.g. ‘‘Pep-
po” for the dog with dots), at the center of the screen for
300 ms. The label served at the same time as fixation point
and subjects were instructed to keep their eyes at this point
during the whole experiment and were informed that it
would make no sense to gaze to the left or to the right as
stimuli would appear with equal probability in both visual
fields. Additionally, there was a condition in which only the
local texture had to be classified, irrespective of the animal
on which it appeared. Then a stimulus occurred either in
the LVF or RVF for 93 ms and the subjects had to indicate
whether the label named the picture correctly or not by
pressing a corresponding response button. The mapping
of ‘yes’ and ‘no’ to the buttons was balanced across sub-

jects as well as response hand. Response times were mea-
sured from the beginning of stimulus presentation.
Thousand milliseconds after the response the next label
appeared.

Three factors were varied in this experiment: level of cat-

egorization (basic or subordinate level, or local patterns),
visual field (LVF/RH, or RVF/LH), and response (same
or different). After one practice block of 96 trials, 8 blocks
of 96 trials were run resulting in 64 observations per condi-
tion and subject.

2.2. Results

Median latencies and mean error rates for ‘same’-
responses and ‘different’-responses were computed sepa-
rately. For each type of responses, analyses of variance
were conducted for both response times and error rates,
respectively, with level of categorization, and visual field

as repeated measures variables. ‘Different’-responses were
analyzed separately, because only with ‘same’-responses
one can be sure that a complete categorization at the
required level has taken place. ‘Different’-responses can
be given for multiple reasons and are also dependent on
the specific kind of distracter. Nonetheless, results of differ-
ent responses are reported for the sake of completeness,
and because they allow other interesting insights into stim-
ulus categorizations in matching tasks. The additional con-
dition of matching only the local textures was also analyzed
separately.

2.2.1. ‘Same’-responses

2.2.1.1. Response times. Averaged across visual field, verifi-
cations at the basic level (466 ms) were faster than verifica-
tions at the subordinate level (615 ms), F(1,47) = 23.02,
p < .001.

Most important, we found a significant two-way interac-
tion between the factors level of categorization and visual

field, F(1,47) = 5.76, p < .05 (see Fig. 2). Basic-level judg-
ments were faster (13 ms) for RVF/LH-stimuli than for
LVF/RH-stimuli, whereas subordinate-level judgments
were faster (19 ms) for LVF/RH-stimuli than for RVF/
LH-stimuli. Planned comparisons showed that the VF-
effect for matching at the basic level just failed shortly to
reach significance, t(47) = 1.44, p = .079, as did the VF-
effect for matching at the subordinate level, t(47) = 1.64,
p = .055.1

The data for the local condition in which only the local
textures had to be verified, were analyzed separately.
Responses to the local patterns were faster (16 ms) for
RVF/LH-stimuli than for LVF/RH-stimuli, t(1, 47) =
1.75, p < .05.

1 The specific stimuli had no reliable effect on the appearance and
direction of hemispheric asymmetries. The three-way interaction between
the factors level of categorization, visual field and stimulus type was not
significant, neither in response times, F(2,45) = 1.55, p = .222, nor in error
rates, F(2,45) = 0.68, p = .510.
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2.2.1.2. Error rates. Errors occurred on average in 4.38% of
the trials. Subjects generally made fewer errors for catego-
rizations at the basic level (2.84%) than for categorizations
at the subordinate level (6.14%), F(1,47) = 23.30, p < .001.
We did not find an interaction between level of categoriza-

tion and visual field. These results, however, rule out that
the significant effects in response times might be due to a
trade-off between speed and accuracy. Finally, there was
no VF-effect for the local texture condition, either,
t(1,47) = .08, p = .41.

2.2.2. ‘Different’-responses

2.2.2.1. Response times. Averaged across visual field, cor-
rect rejections at the basic level (528 ms) were faster
than those at the subordinate level (718 ms),
F(1, 47) = 31.25, p < .001. Further, there was a significant
two-way interaction between the factors level of categori-

zation and visual field, F(1, 47) = 5.23, p < .05 (see
Fig. 3). Basic-level judgments were faster (10 ms) for
RVF/LH-stimuli than for LVF/RH-stimuli, whereas sub-
ordinate-level judgments were faster (39 ms) for LVF/
RH-stimuli than for RVF/LH-stimuli. Planned compari-
sons showed that the VF-effect for rejecting at the basic
level was significant, t(47) = 2.89, p < .05, as was the
VF-effect for rejecting at the subordinate level,
t(47) = 3.43, p < .05. For the local condition in which
only the local textures had to be verified, responses were
faster (16 ms) for RVF/LH-stimuli than for LVF/RH-
stimuli, t(1, 47) = 4.93, p < .05.

2.2.2.2. Error rates. Errors occurred on average in 8.84% of
the trials. Subjects generally made fewer errors for correct
rejections at the basic level (3.64%) than for those at the
subordinate level (17.07%), F(1,47) = 117.81, p < .001.
We did not find an interaction between level of categoriza-
tion and visual field, so that the significant effects in
response times are not due to a trade-off between speed
and accuracy. Finally, there was no VF-effect for the local
texture condition, either, t(1,47) = .08, p = .39.

2.2.3. Subanalysis of ‘different’-responses at the subordinate
level

The present experiment was designed in a way that on
‘different’ trials for the subordinate categorization task
the distracter always differed on one dimension (e.g. the
global form was different) but overlapped on the other
dimension (e.g. the local texture was the same). For
instance, when the cue announced the presentation of the
striped dog, the distracter could either be a striped cat (mis-
match of the global form) or a dotted dog (mismatch of the
local pattern). This design allows to differentiate between
correct rejections that were based on the global form and
those based on the local patterns. To see whether the level
had any effect on the VF-effects, we further analyzed the
‘different’ data for the categorization at the subordinate
level.

Median response times of correct rejections only at the
subordinate level and error rates, respectively, were entered
into a 2-factor ANOVA for repeated measurements on the

Fig. 2. Response times (lines) and error rates (bars) of the ‘same’-
responses in Experiment 1: Categorizations at different levels of abstrac-
tion (basic level, subordinate level, and local patterns) plotted separately
for presentations in the LVF/RH and the RVF/LH.

Fig. 3. Response times (lines) and error rates (bars) of the ‘different’-
responses in Experiment 1: Categorizations at different levels of abstrac-
tion (basic level, subordinate level, and local patterns) plotted separately
for presentations in the LVF/RH and the RVF/LH.
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factors mismatching feature (global form, or local pattern)
and visual field (LVF/RH, or RVF/LH). Rejections were
generally faster when the global form mismatched
(693 ms) than when the local pattern mismatched
(781 ms), F(1,47) = 10.15, p < .01. There was also a two-
way interaction between the factors mismatching feature
and visual field, F(1, 47) = 4.65, p < .05, indicating that a
mismatch of the global form was detected faster for
LVF/RH-stimuli than for RVF/LH-stimuli (39 ms),
whereas a mismatch of the local pattern was detected faster
for RVF/LH-stimuli compared to LVF/RH-stimuli (21 ms;
see Fig. 4). Planned comparisons revealed that the VF-
effect for the mismatch of the global form was significant,
t(47) = 4.20, p < .05, the VF-effect for mismatches of the
local pattern, however, was not, t(47) = .81, p = .19. For
error rates, we found a main effect for the factor mismatch-

ing feature, F(1,47) = 13.68, p < .01, indicating that rejec-
tions based on the global form (13.33%) were more
accurately accomplished than those based on the local pat-
tern (20.13%). No other effects were significant.

2.3. Discussion

The aim of our first experiment was to show that hemi-
spheric asymmetries as predicted by the representation
account could be found with a small set of natural stimuli
in a word–picture verification task similar to the one used
by Laeng et al. (2003). For the main analysis, we included
only trials that required a ‘same’ response, because a ‘dif-

ferent’ response does not necessarily correspond to a com-
plete recognition or categorization of the distracter. In line
with other research using a verification task (Jolicoeur
et al., 1984; Laeng et al., 2003; Rosch et al., 1976) we found
that verifications at the basic level were generally faster
than those at the subordinate level. This suggests that more
information has to be processed to categorize objects at the
subordinate than at the basic level.

Concerning the hemispheric asymmetries, we found sim-
ilar results as Laeng and colleagues (2003; see Fig. 2).
Although the tests of the individual VF-effects failed
shortly to reach significance, the interaction between level
of categorization and VF was reliable and in the expected
direction. There was a strong tendency that basic-level cat-
egorizations were better accomplished in the RVF/LH, and
that subordinate-level categorizations were better accom-
plished in the LVF/RH. It should be noted that we found
the same pattern of VF-effects as Laeng et al. (2003), even
though we used a word–picture verification task and a
smaller stimulus set. This is surprising, because some of
our factors were quite specific and could also have favored
the analysis of global and local features to perform the
task. For instance, the stimuli were designed in a way, that
it is clearly the global form that differentiates between basic
categories, whereas the local patterns differentiate between
subordinate members of a category. And even the fact that
our subjects could prepare the processing of these relevant
features in advance, as the label was always presented
before the picture, did not prevent results in line with the
representation account.

The analysis of ‘different’-responses seems to reveal the
same pattern of results (see Fig. 3). There was an advantage
of the RVF/LH for correct rejections at the basic level and
an advantage of the LVF/RH for correct rejections at the
subordinate level. However, these results cannot readily
be interpreted, because a correct rejection does not imply
that the stimulus was completely identified at the required
level. Rather, the rejection might have also been based on
the type of distracter object. Indeed, if we consider our data
in detail, then this suspicion is confirmed. The analysis of
how the correct rejections of mismatches at the subordinate
level depended on the specific mismatch information
revealed that rejections based on global form differences
were accomplished faster in the LVF/RH, whereas those
based on local pattern differences were faster in the RVF/
LH. This result is in accord with the feature account.
Moreover, verifying local patterns was better accomplished
in the RVF/LH than in the LVF/RH, which also corre-
sponds to the hemispheric asymmetry expected for local
processing by the feature account.

Thus, a closer look at the data shows that the results for
the ‘different’-responses do less reflect the use of certain
types of representations but rather seem to be the result
of global or local processing. Although the overall analysis
of the ‘different’ data seems to be in line with the prediction
of the representation account (see upper curve in Fig. 3), it
is merely the result of collapsing the data for the different

Fig. 4. Response times (lines) and error rates (bars) for the subanalysis of
‘different’ responses at the subordinate level in Experiment 1: Rejections at
the subordinate-level dependent on the distracter type (i.e. either a
mismatch of the global form or of the local pattern) plotted separately for
presentations in the LVF/RH and the RVF/LH (see text for details).
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distracter types (Fig. 4). The fact that the VF-effect for the
global mismatch is larger than that for the local mismatch
is responsible for the misleading overall result. At least,
these considerations demonstrate that one should be care-
ful with collapsing ‘same’ and ‘different’-trials in a verifica-
tion experiment.

Nevertheless, the analysis of the ‘same’ responses in
Experiment 1—which are the most unambiguous data with
regard to categorization—supports the representation
account. However, as mentioned in the Introduction, there
is also some evidence that the feature account is valid. Our
idea was, that task demands might be responsible for these
contradictory findings. Therefore, in Experiment 2, we used
the same stimulus set, but the subjects had to perform an
identification task.

3. Experiment 2

The identification task used in this experiment was sim-
ilar to that used in global/local studies. We expected that
identification would lead to hemispheric asymmetries that
differ from those in the previous experiment. According
to the feature account, individual feature levels (global or
local) are diagnostic for specific categorizations and, there-
fore, determine the direction of the hemispheric asymme-
tries. In particular, we hypothesized that the RH should
have an advantage for categorizing objects at the basic
level, whereas the LH should be specialized for categorizing
objects at the subordinate level. In order to test these pre-
dictions, our subjects had to categorize laterally presented
objects either at the basic or at the subordinate level by
pressing a corresponding response key.

As in the word–picture verification experiment, we
defined four categories at each level that had to be indi-
cated by pressing one out of four response buttons, respec-
tively. The use of response buttons, however, introduced an
imbalance with respect to the number of response alterna-
tives in comparison with the previous experiment, because
only two response alternatives (‘same’ and ‘different’) are
involved in the verification task, whereas four alternatives
are involved in the identification task. Thus, in order to
see whether or not the number of response alternatives,
and, at the same time, the number of categories is crucial
for the direction of hemispheric asymmetries, we included
two conditions in the experiment. Half of the subjects
had to identify four categories by pressing one out of four
response buttons. In this condition we had the same num-
ber of categories as in the word–picture verification task in
Experiment 1, but more response alternatives. The other
half of the subjects had to identify only two basic catego-
ries and four exemplars mapped on two response buttons.
Accordingly, in this condition we had the same number of
response alternatives as in the word–picture verification
task, but fewer categories. These conditions should allow
to evaluate, at least to some extent, the effect of the number
of categories and of response alternatives on hemispheric
differences.

Moreover, in order to restrict the number of necessary
response alternatives, this time subjects did not have to
identify the local pattern alone.

3.1. Method

3.1.1. Subjects
Forty subjects (33 female, 7 male; mean age 23.2 years)

participated in the experiment. All were right-handed by
self-report, and had normal or corrected-to-normal vision.

3.1.2. Apparatus and stimuli

Apparatus and stimuli were the same as in Experiment
1. However, as it could be shown in the first experiment
that the specific animals had no influence on the results,
all subjects had the same categories. Subjects with four cat-
egories had cats, dogs, horses, and dolphins as basic cate-
gories and striped and dotted dogs as well as striped and
dotted cats as subordinate categories. Subjects with only
two categories had only cats and dogs as basic categories
and striped and dotted dogs as well as striped and dotted
cats as subordinate categories (for examples, see Fig. 1).

3.1.3. Procedure

The task was an identification task. Subjects had to clas-
sify the presented animal stimulus either at the basic level
(e.g. dog) or at the subordinate level (e.g. striped dog) by
pressing a corresponding response button.

Subjects were seated at a distance of 100 cm form the
computer screen on which the stimuli were presented. A
chin rest was used in order to keep viewing distance con-
stant and to avoid head movements. Each trial started with
the presentation of a letter as cue for 300 ms at the center
of the screen. The letter served at the same time as fixation
point and subjects were instructed to keep their eyes at this
point during the whole experiment and were informed that
it would make no sense to gaze to the left or to the right, as
stimuli would appear with equal probability in both visual
fields. The letter ‘‘T” indicated that the following picture
should be classified at the basic level, whereas the letter
‘‘E” signaled a classification at the subordinate level. After
a blank screen of 500 ms the stimulus was presented for
93 ms either in the LVF or in the RVF. The subjects
responded by pressing one out of four or two response but-
tons, respectively. Each button served as response for basic
labels as well as subordinate labels at the same time.

For the subjects with four buttons, there were four basic
(cat, dog, horse, and dolphin) and four subordinate catego-
ries (dotted cat, striped cat, dotted dog, and striped dog).
Each basic category was mapped onto one of the four
response buttons. Also each subordinate category was
mapped onto one of the same four response buttons. There
were two mappings of stimuli to response buttons which
were counterbalanced across subjects: Half of the subjects
responded with the left hand to cat and horse with the left
and right finger, respectively, and with the right hand to
dog and dolphin with the left and right finger, respectively
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(basic-level task). For the subordinate-level task, these sub-
jects responded to striped dog and dotted cat with the left
and right finger, respectively, and to striped dog and dotted
cat with the left and right finger, respectively. For the other
half of the subjects, the response hands were switched.

For the subjects with only two response buttons, there
were only two basic categories (cat and dog), but also four
subordinate categories (dotted cat, striped cat, dotted dog,
and striped dog). For the subordinate categories, it was nec-
essary to keep four categories, because with only two catego-
ries (e.g. dotted and striped cats), subjects could have
completely ignored the global animal form and just respond
to the local patterns. Thus, there was always one basic cate-
gory, one subordinate cat category and one subordinate dog
category mapped on one of the two response buttons. There
were four mappings of stimuli to response buttons which
were counterbalanced across subjects: In half of the subjects,
cat was mapped onto the left button and dog on the right but-
ton, for the other half this mapping was reversed (basic-level
task). Subordinate categories were mapped on response but-
tons so that always one striped and one dotted animal were
mapped onto the same response button. Consequently, the
dotted cat and the striped dog were mapped on one response
button and the striped cat and the dotted dog on the other.
Within this constraint, all possible combinations of basic
and subordinate categories were possible. One half of the
subjects responded with the left hand and the other half with
the right hand.

Response times were measured beginning with the pre-
sentation of the stimulus. Thousand milliseconds after the
response the next cue appeared.

Three factors were varied in this experiment: Level of

categorization (basic or subordinate level), visual field

(LVF/RH, or RVF/LH) and the number of response alter-

natives (two or four). The first two factors were randomized
within each block, whereas the number of response alterna-
tives was varied between subjects. Altogether there were
eight conditions. Twelve blocks of 64 trials were run for
subjects with four categories, so that we obtained 192
observations per condition and subject. Eight blocks of
64 trials were run for subjects with two categories, so that
we obtained 128 observations per condition and subject.

3.2. Results

The median latencies of correct responses and mean
error rates, respectively, were entered into a 3-factor
ANOVA with all involved factors.

3.2.1. Response times

Categorizations at the basic level (772 ms) were faster
than those at the subordinate level (1039 ms),
F(1, 38) = 70.42, p < .001. Further, subjects were generally
faster when they had to decide between two response alter-
natives (811 ms) compared to four alternatives (1000 ms),
F(1, 38) = 7.63, p < .01. Both factors, however, also inter-
acted significantly, F(1, 38) = 10.82, p < .01. This was due

to the fact that the reduction of response alternatives had
a stronger effect on basic-level categories (294 ms) than
on subordinate-level categories (84 ms).

Finally and most important, there was a significant
interaction between the two factors level of categorization

and visual field, F(1, 38) = 6.40, p < .05. As can be seen in
Fig. 5, categorizations at the basic level were faster
(13 ms) when the stimuli were presented in the LVF/RH
than when they occurred in the RVF/LH, whereas catego-
rizations at the subordinate level were faster (20 ms) for
RVF-stimuli than for LVF-stimuli. Planned comparisons
revealed that the VF-effect for identifications at the basic-
level failed shortly to reach significance, t(39) = 1.93,
p = .086, but that the VF-effect for identifications at the
subordinate level was significant, t(39) = 2.01, p < .05.
The VF-effect, however, did not depend on the number
of response alternatives, as can be seen by the fact that
the three-way interaction of the factors visual field, level

of categorization and number of response alternatives was
far from significance, F(1,38) = 0.33, p = .572.2

3.2.2. Error rates
Errors occurred on average in 12.1% of the trials. Catego-

rizations at the basic level (10.18%) were more accurate than
those at the subordinate level (14.00%), F(1,38) = 18.81,
p < .001. Further, subjects who had only two response alter-
natives generally made fewer errors (8.51%) than subjects
who had four response alternatives (15.68%),
F(1, 38) = 21.67, p < .001. These two factors also interacted
significantly, F(1,38) = 6.33, p < .05. This reflects the fact
that the reduction of response alternatives had a stronger
effect on categorizations at the basic level (9.39%) than on
categorizations at the subordinate level (4.96%).

Most important, there was a significant interaction of
the level of categorization and visual field, F(1,38) = 5.36,
p < .05. Categorizations at the basic level were more accu-
rate for stimuli that were presented in the LVF/RH (9.38%)
compared to the RVF/LH (10.98%). Categorizations at the
subordinate level, on the other hand, were more accurate
for RVF/LH-stimuli (13.70%) compared to LVF/RH-stim-

2 We conducted a post hoc analysis of the data including block as within
variable in the main ANOVA because some studies have shown that
lateralization of certain functions sometimes emerges only after a certain
amount of practice (e.g. Sullivan & McKeever, 1985) while other functions
seem to disappear after practice (e.g. Cowin & Hellige, 1994). The number
and length of blocks, however, differed between experiments and the whole
range of stimuli and conditions was completely presented only after four
blocks of trials. Therefore, we compared the first four blocks to the last
four blocks in each experiment. In Experiment 1, we neither found an
effect of block on the VF-effect in response times, F(1,47) = 1.99, p = .16,
nor in error rates F(1,47) = 3.36, p = .07. Also in Experiment 2, the three-
way interaction between VF, level of categorization, and block was not
significant, neither in response times, F(1,39) = 2.41, p = .13, nor in error
rates, F(1,39) = 2.08, p = .16. As can be seen in the p-values, there seems
to be a small tendency toward a change in hemispheric asymmetries over
time. This, however, only reflects that the VF-effects have a slight tendency
to get smaller over time which applies for both experiments. But there is
clearly no indication of a change in the direction of the VF-effects.
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uli (14.30%). Planned comparisons revealed that the VF-
effect for the identification at the basic level was significant,
t(39) = 1.845, p < .05, whereas the VF-effect for the identi-
fication at the subordinate level was not, t(39) = 1.09,
p = .141. The VF-effect, however, did not depend on the
number of response alternatives, as can be seen by the fact
that the three-way interaction of the factors visual field,
level of categorization and number of response alternatives

was far from significance, F(1,38) = 0.15, p = .704. In
sum, the analysis of the error rates mirrors the findings in
response times.

3.3. Comparison of Experiment 1 and 2

In order to directly compare the results of the second to
those of the first experiment, in particular concerning the
direction of the VF-effects, we conducted an analysis
including all subjects from Experiments 1 and 2 and includ-
ing the variable task as between-subjects factor. The aim
was to show that the direction of the VF-effects reliably dif-
fered between the two experiments and the respective tasks.
Accordingly, the median latencies of subjects’ response
times of the ‘same’-responses in Experiment 1 and the
response times of the subjects in Experiment 2 were entered
into a 3-factor ANOVA on the factors level of categoriza-

tion, visual field, and task. We report only results that
involve the factor ‘task’.

The analysis first revealed that responses in the word–
picture verification task (540 ms) were significantly faster
than those in the identification task (906 ms),
F(1, 86) = 78.33, p < .001. The factor task also interacted
significantly with the factor level of categorization,

F(1,86) = 6.19, p < .05, indicating that the difference in
response times between the two tasks was more pro-
nounced for classifications at the subordinate level
(424 ms) than for the classification at the basic level
(307 ms). Most important, the three-way interaction
between the factors level of categorization, visual field,
and task was highly significant, F(1,86) = 11.95, p < .001,
indicating that the direction of the VF-effect was reversed
depending on the specific categorization task. We also con-
ducted planned comparisons separately for the basic and
the subordinate level, which confirmed that both the simple
VF-effect for the basic level, F(1, 86) = 3.96, p < .05, as well
as the VF-effect for the subordinate level, F(1,86) = 6.19,
p < .05, differed significantly between the two tasks.

An analogue ANOVA was computed for the error rates
which revealed that subjects were generally more accurate
in the word–picture verification task than in the identifica-
tion task, F(1, 86) = 64.48, p < .001. No other effects
involving the task factor were significant.

3.4. Discussion

The aim of this experiment was to examine hemispheric
asymmetries for categorizing objects at different levels of
abstraction obtained with an identification task. Based on
earlier global/local results our hypothesis was that the
RH should be better at categorizing objects at the basic
level, because this level of categorization should predomi-
nantly rely on the global features of a stimulus, whereas
the LH is better in categorizing objects at the subordinate
level, because this level should predominantly rely on local
details. First of all, and in agreement with other experi-
ments in this area (e.g. Jolicoeur et al., 1984; Rosch
et al., 1976; Tanaka et al., 1999), we found that classifica-
tions at the basic level were generally faster and more accu-
rate than those at the subordinate level. This can be
attributed to the fact that more visual information has to
be processed when objects are classified at the subordinate
compared to when they are classified at the basic level.

Concerning the hemispheric asymmetries, our results sup-
port, as expected, the feature account. Categorizations at the
basic level were accomplished faster and more accurate when
the stimuli were presented in the LVF/RH, whereas catego-
rizations at the subordinate level were faster and more accu-
rate when stimuli were presented in the RVF/LH. Planned
comparisons revealed that the individual VF-effects were
reliable either in response times (subordinate level) or in
the error rates (basic level). Our results are in accord with
other studies (e.g. Marsolek & Burgund, 2003), where VF-
effects were sometimes also observed in response times and
sometimes in error rates, depending on how subjects adjust
their speed–accuracy trade-off. In any case, the reliable inter-
action between VF and level of categorization indicates that
the hemispheres are differently involved in categorizing
objects at the basic or subordinate level.

Because identification tasks and matching tasks usually
differ in the number of response alternatives, it is important

Fig. 5. Response times (lines) and error rates (bars) for categorizations at
the basic and the subordinate level in Experiment 2 plotted separately for
presentations in the LVF/RH and the RVF/LH.
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to note that this factor did not affect the VF-effects. Fewer
response alternatives merely led to generally faster and more
accurate responses. Thus, it must be the task as such that is
responsible. This is also confirmed by the direct comparison
of the VF-effects in the two experiments. The significant dif-
ference further confirms that the specific task has a strong
influence on the direction of hemispheric asymmetries.

4. General discussion

In the present study, two experiments were conducted in
which we investigated hemispheric asymmetries for the cat-
egorization of natural objects (animals) at the basic level
and at the subordinate level. In this context, we contrasted
two theoretical approaches—one that is more related to
research on object categorization and another one that is
more related to research on object perception. Interest-
ingly, both accounts predict hemispheric asymmetries for
categorization, but in opposite direction.

The first account stems from research on object catego-
rization and assumes that each hemisphere represents
objects in a specific format in memory (Marsolek, 1999).
According to this representation account the LH prefers
to represent objects as prototypes, i.e. as a collection of
independent features, whereas the RH stores objects as
concrete exemplars, thereby preserving the special configu-
ration of the features of an object. Consequently, the rep-
resentations of the LH are more useful for classifications
at the basic level, whereas the representations of the RH
are better suited for classifications at the subordinate level.

The second approach assumes that the pattern of hemi-
spheric asymmetries directly results from processing differ-
ences of the hemispheres for global and local properties of
a stimulus. Evidence suggests that, at least for living things,
classification at the basic level relies on the global object
forms, whereas differentiating objects at the subordinate
level is achieved by also taking the local details of a stimu-
lus into account (e.g. Archambault et al., 2000; Collin &
McMullen, 2005; Large & McMullen, 2006). As the RH
has a processing advantage for global aspects of a stimulus
and the LH for local details (e.g. Hübner & Volberg, 2005),
it follows that the RH should classify objects more effi-
ciently at the basic level than the LH. In contrast, the
LH should have an advantage for classification at the sub-
ordinate level.3

Obviously, the predicted pattern of hemispheric asym-
metries of this feature account is exactly opposite to that
of the representation account. As there is empirical evi-
dence for both accounts the question was: How can this
difference be explained? By considering the methodological
details we noticed that different experimental paradigms
are commonly used in the two fields. Not only do the stim-
uli differ but also the task. Whereas an identification task is
usually required in object recognition experiments, a verifi-
cation task is mostly used in object categorization experi-
ments. Accordingly, our hypothesis was that the direction
of the observed VF-effects depends on the task required
from the subjects. To test whether this is indeed the case,
we contrasted the two tasks in the present study, while
keeping the stimuli nearly identical.

In our first experiment, a word–picture verification task
was applied, whereas an identification task was used in
Experiment 2. Our results confirm that the direction of
the VF-effects indeed depends on the specific task. In
Experiment 1, with the verification task, there was a
RVF/LH advantage for classifying the presented objects
at the basic level, and a LVF/RH advantage for classifying
the same objects at the subordinate level. In Experiment 2,
however, with the identification task, the opposite relation
was found. Because the stimulus type was identical in both
experiments, the specific categorization task must have
determined the direction of the observed VF-effects.

Although the interaction between VF and level of cate-
gorization was significant in both experiments, the simple
VF-effects, computed separately for the basic and subordi-
nate level, were significant in the identification task (Exper-
iment 2), but only marginally significant in the verification
task (Experiment 1). Presumably, our specific stimulus set
was responsible for this latter result. It should have been
very obvious for the subjects that the category membership
of our stimuli was clearly defined by the global form and
the local patterns. Under these conditions, a subset of sub-
jects might have used global and local information also in
the verification task. It is even conceivable that this hap-
pened only in a small proportion of the trials. This could,
however, have increased the variance and thereby weak-
ened the statistical power. Nevertheless, the observed VF-
effects pointed clearly in the expected direction and were
of comparable size in both experiments. Moreover, the
direct comparison of the results of the two experiments
confirmed that the VF-effects clearly differed between the
two tasks and this finding was also reliable for each level
of categorization separately. Thus, the direction of the
observed hemispheric asymmetries clearly differed between
the specific categorization tasks.

The identification task and the verification task do not
only differ with respect to the required judgment type,
but also with respect to the number of response alterna-
tives. The verification task always has two response alter-
natives, which is not necessarily the case for the
identification task. As the performance decreased with
the number of response alternatives, a difference in hemi-

3 It should be noted that both the representation account and the feature
account are more or less related to other functional hemispheric
asymmetries that have been discussed in the literature. For instance, the
representation account is similar to the distinction between the represen-
tation of categorical and metric spatial information in the two hemispheres
(e.g. Kosslyn et al., 1989). It is assumed that the LH forms categorical
spatial representations and the RH coordinate representations. The
feature account, on the other hand, is related to processing asymmetries
for different spatial frequency scales. It has been proposed that the LH
shows a processing advantage for high spatial frequencies whereas the RH
has an advantage for the processing of low spatial frequencies (e.g.
Sergent, 1982).
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spheric asymmetries might be attributed to the difference in
performance between the tasks. To assess whether this is
indeed the case, we varied the number of response alterna-
tives in the identification task. Some subjects had two
response alternatives, as the subjects in the verification
task, whereas others had four response alternatives.
Although reducing the number of response alternatives
reduced the response times and error rates, the pattern of
VF-effects remained unaffected by the number of response
alternatives. Although the responses were still faster in the
verification task than in the identification task with two
response alternatives, it is unlikely that this difference was
responsible for the reversal of the VF-effects. Rather, our
experimental evidence suggests that the difference in the
direction of the VF-effects was the consequence of specific
categorization strategies applied by the subjects in the two
experiments. It seems that each task encouraged the sub-
jects to use specific representations and processes to accom-
plish the required categorizations. Thus, it seems that both
the feature and the representation account are correct.
Depending on the task, the one or the other approach
can account for the corresponding VF-effects.

The question of why the subjects based their perfor-
mance on different representations and processes and
how these components are related to the cerebral hemi-
spheres remain an objective of future research. However,
some clues about these relations can already be
extracted from the available literature on categorization.
It has been shown that multiple systems are involved in
object categorization, and that different categorization
tasks involve different systems (e.g. Ashby & Ell, 2001;
Ashby & Maddox, 2005; Ashby & O’Brien, 2005; Koe-
nig et al., 2005). Further, it has been demonstrated that
different categorization strategies can be applied to the
same categories, that these strategies can differ between
subjects in the same experiment, and that even one
and the same subject can use different strategies within
one experiment (Koenig et al., 2005; Smith, Patalano,
& Jonides, 1998). Therefore, it is conceivable that
word–picture verification tasks encourage or even require
different representations and processes than identification
tasks, which is then indicated by corresponding differ-
ences in the VF-effects.

One helpful differentiation in this regard is that between
rule-based and similarity-based categorization (Koenig
et al., 2005; Smith et al., 1998). In the first case, stimuli
are categorized by exact and verbalizable rules (e.g. if it
is a dog and if it is striped then press the right button). That
is, subjects selectively attend to isolated features and decide
whether these features are present or absent, and the results
of these individual tests are then combined to select a
response. In the second case, it is assumed that stimuli
are represented in an integrated way and are matched
against corresponding memory representations (prototypes
and/or exemplars). In this case a decision is not made for
each individual feature but for the stimulus as a whole
(Koenig et al., 2005; Smith et al., 1998).

We suppose that in an identification task subjects base
their categorizations on rules concerning the global and
local stimulus features. That is, they separately judge the
global form and the local textures, and then combine the
results to test whether the features indeed comply with
the rule. Consequently, VF-effects appear in correspon-
dence with the relevant feature which has to be analyzed
to solve the categorization task. In contrast, in the word–
picture verification task, the subjects presumably encode
the stimuli as a whole and match the result to prototypes
in the LH or to exemplars in the RH, depending on the cat-
egorization level. Consequently, the VF-effects correspond
to the kind of representation with which the stimulus was
matched.

There are some reasons to believe that these different
strategies were in fact applied in our experiments. First,
rule-based categorization is a stage-like process, where fea-
tures have to be identified individually, perhaps one after
the other, and the results are then combined for deriving
a decision. In contrast, similarity-based categorization is
a parallel process, where similarity of the object with
respect to different features is computed simultaneously
(e.g. Smith et al., 1998). Consequently, rule-based categori-
zation generally takes longer than similarity-based catego-
rization (e.g. Allen & Brooks, 1991; Smith & Kemler,
1984). This difference is also evident in our data: Response
times and error rates were increased in the identification
task compared to the verification task. Moreover, this per-
formance difference was more pronounced for subordinate-
level classifications. This might as well be attributed to a
serial feature identification strategy in the identification
task (c.f. Smith et al., 1998). The subjects first decided
whether the stimulus is a cat or a dog and then whether
the animal is striped or dotted. The results of the two deci-
sions were then combined to derive an overall decision.
Altogether, such a processing would take a relatively long
time especially for categorizations at the subordinate level
(c.f. Smith et al., 1998).

Second, Rouder and Ratcliff (2006) observed a relation
between memory load and categorization strategy. They
showed that the higher the degree of confusability the more
a rule-based categorization strategy is used, because it
requires less long-term memory capacity. In our identifica-
tion task subjects always had to actively remember what
the name of the stimulus was and which button corre-
sponded to the correct response. In this case, it might have
been more helpful to learn and use precise rules, how stim-
ulus features and their combinations are mapped to the
responses. Tasks like word–picture verification, on the
other hand, per se do not require much long-term memory
capacity, because the relevant category name is always pre-
sented together with the to be categorized stimulus. Addi-
tionally, a kind of semantic priming supports the decision
process.

Third, multiple strategies of categorization that can be
used by a subject even within a single experiment, can also
explain the surprising result that, although in the verifica-
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tion task VF-effects generally pointed in the direction pre-
dicted by the representation account, in certain subtypes of
this task there was also a VF-effect in accordance with the
feature account. When the task was to detect a mismatch
between the label and the stimulus at the subordinate level,
a VF-effect in the direction as predicted by the feature
account emerged, i.e. there was a LVF/RH advantage
when the mismatch appeared at the global level, and a
RVF/LH advantage when it appeared at the local level.
In our proposed framework this suggests that in the
word–picture verification task subjects always started by
matching integrated representations. However, when they
detected a certain amount of mismatch, then they switched
to a more visually guided feature analysis to verify whether
there was really a relevant mismatch and, if so, at which
level it occurred (see Krueger, 1978, for a similar idea in
perceptual matching tasks). That is, decisions about a mis-
match are also based on decisions about the presence or
absence of isolated global or local features.

Thus, our experiments show that there are multiple ways
of representing and processing objects in the brain and that
the hemispheres differ in this regard. However, one might
ask: Why did the hemispheres evolve such biases in repre-
sentations and processing strategies? Whereas traditional
views of hemispheric differences emphasized that each
hemisphere might fulfill different complex functions (e.g.
dominance of the LH for verbal material and of the RH
for visual material), modern approaches suggest that both
hemispheres collaborate to produce one complex function
(e.g. object recognition) but that each hemisphere contrib-
utes to this goal in a different way (c.f. Gazzaniga, Ivry, &
Mangun, 2002). As our experiments show, categorization
and object recognition are not unitary functions and might
sometimes even require contradictory operations. There-
fore, it seems to be an evolutionary advantage to have dif-
ferent brain modules which can collaborate in a flexible
and adaptive way to map the same visual input to different
categories depending on the required task (c.f. Laeng et al.,
2003; Marsolek & Burgund, 1997).

One could argue that the conclusions that can be drawn
from our study are limited by the fact that only animals
were used as superordinate category. We used animals,
because there is a considerable amount of evidence that
global and local features are involved in categorizing these
kinds of stimuli, whereas this is less clear for other catego-
ries. For our study, which focused on hemispheric asymme-
tries in object categorization, it was quite important to
know which features are relevant for categorization in
order to make clear predictions about the direction of
hemispheric asymmetries according to the feature hypoth-
esis. The aim of our study was to show that the specific task
demands have an influence on categorization strategies and
corresponding VF-effects and this could clearly be demon-
strated. It is important to note, that our results also indi-
cate that there are no VF-effects for categorization per se,
but that they reflect the combination of underlying lateral-
ized processes and representations. Thus, the effects

become evident only under certain conditions. For
instance, the feature account predicts that the direction of
VF-effects depends on the object features that are relevant
for the specific categorization. Therefore, the specific later-
alization should be different when objects can clearly be
differentiated by their local features, as has been supposed
for some kinds of man-made tools. In this case, one would
expect an advantage of RVF/LH-stimuli (e.g. Lag et al.,
2006; Laws & Neve, 1999; Perani et al., 1995).

Another limiting fact might be that, although we tried to
design our stimuli so that they appeared quite ‘natural’,
there was a difference between our basic level categories
and our subordinate-level categories. The basic categories
(dog, cat, etc.) were probably familiar to the subjects,
whereas the subordinate categories (striped dog, dotted
cat, etc.) were more artificial and had to be learned. We
think, however, that this difference was not crucial for
the purpose of our study. We wanted to investigate whether
the task affects the direction of hemispheric asymmetries.
As in both experiments basic-level categories were familiar
and subordinate categories had to be learned, familiarity
could not have produced the opposite results, because the
direction of VF-effects changed for both levels. Moreover,
we reproduced the same pattern of VF-effects as Laeng and
colleagues (2003) who used a stimulus set which contained
only pictures of familiar objects and a large number of
objects and which were presented only a few times. As they
found similar results as in our Experiment 1 we conclude
that familiarity and number of stimuli did not play a cru-
cial role for our findings.

Altogether, our experiments suggest that the specific
classification task subjects have to accomplish determines
the direction of observed VF-effects. The different tasks
probably encouraged the subjects to use different strategies
of categorization which involved specific processes and rep-
resentations. An unconstrained identification of pictures of
animals seems to favor the manifestation of hemispheric
asymmetries based on the diagnostic features of an object,
whereas matching of a label to a corresponding picture
favors the manifestation of asymmetries which are pre-
dicted by an account that assumes different modes of stor-
ing objects in the two hemispheres. Thus, our results can be
interpreted in the sense that there are no general hemi-
spheric differences for the categorization at different levels
of abstraction, but that the hemispheric differences reflect
basic processing and representation asymmetries which
are involved in the categorization at different levels. There-
fore, when investigating processes of categorization, it
should be taken into account which task and what kinds
of stimuli are used.
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