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Hierarchical attention in discriminating objects
at different levels of specificity
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An implicit assumption of studies in the attentional literature has been that global and local levels
of attention are involved in object recognition. To investigate this assumption, a divided attention task
was used in which hierarchical figures were presented to prime the subsequent discrimination of target
objects at different levels of category identity (basic and subordinate). Target objects were identified
among distractor objects that varied in their degree of visual similarity to the targets. Hierarchical
figures were also presented at different sizes and as individual global and local elements in order to
investigate whether attention-priming effects on object discrimination were due to grouping/parsing
operations or spatial extent. The results showed that local processing primed subordinate object dis-
criminations when the objects were visually similar. Global processing primed basic object discrimina-
tions, regardless of the similarity of the distractors, and subordinate object discriminations when the
objects were visually dissimilar. It was proposed that global and local processing aids the selection of
perceptual attributes of objects that are diagnostic for recognition and that selection is based on two

mechanisms: spatial extent and grouping/parsing operations.

Since Navon’s (1977) seminal article, there have been
numerous research papers on the topic of global and local
attention. In the bulk of this research, artificial stimuli
consisting of large digits or letters made up of smaller
digits or letters (hierarchical figures) have been used. An
underlying assumption is that effects of global and local
attention observed with hierarchical figures reflect global
and local attentional allocation during object and scene
recognition in the real world. It is true that objects and
scenes can be conceptualized as having levels of struc-
ture that are ordered hierarchically, where global levels
encompass local structural components. A forest scene
can be broken down into separate trees, bushes, and other
forest flora and fauna. However, the hierarchical figures
traditionally employed for research into global and local
attention have been artificial stimuli that have no place
outside the laboratory (Navon, 2003). How can we know
that observations based on artificially constructed stimuli
reflect how our visual and attentional systems operate with
more realistic objects and scenes? The aim of this study
was to investigate whether and how global and local levels
of attention influence the discrimination of objects.

A number of models have been proposed to account for
the effects of global and local processing. These can be
divided into two broad categories. One set of models con-
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siders the spatial extent of attention, in which attention is
focused on a region of space that can vary in size (Lamb &
Robertson, 1988; Lamb & Yund, 2000; Robertson, 1996;
Robertson, Egly, Lamb, & Kerth, 1993). The size of the
attended region would be relatively larger for global pro-
cessing than for local processing. Other models are based
on principles of perceptual organization where visual
information is divided into global and local processing
streams by grouping local elements for global identifica-
tions or by parsing local elements for local identifications
(Han & Humphreys, 2002; Han, Humphreys, & Chen,
1999a, 1999b; Kimchi, 1998, 2000). In both models, a
distinction can be made between attending to the coarse
structure of an object’s visual properties at the global level
and attending to fine details at the local level.

This notion of coarse and fine-detailed visual informa-
tion is also relevant to object categorization (Archambault,
Gosselin, & Schyns, 2000; Morrison & Schyns, 2001;
Oliva & Schyns, 1997; Schyns & Oliva, 1999). Objects
can be categorized at various levels of specificity. At the
most general level (superordinate), the object dog could
be called an animal; at an intermediate level (basic), it
could be called a dog; and at a specific level (subordi-
nate), it could be called a beagle. 1t is at the basic level that
objects are most likely to be identified and named most
quickly (Joliceeur, Gluck, & Kosslyn, 1984; Murphy &
Brownell, 1985; Murphy & Lassaline, 1997; Rosch, Mer-
vis, Gray, Johnson, & Boyes-Braem, 1976). One of the
reasons that subordinate categorizations may take longer
is that the perceptual information required to categorize
objects at this level is less discriminable than the informa-
tion required for basic-level categorizations (Biederman,
Subramaniam, Bar, Kalocsai, & Fiser, 1999; Biederman,
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Subramaniam, Kalocsai, & Bar, 1999; Jolicceur et al.,
1984). In general, subordinate categorizations likely re-
quire processing of the fine visual details of an object’s
structure, whereas coarse-scale information may be suf-
ficient for basic-level categorizations. Global and local
processes could allocate attentional resources to facilitate
the selection of fine- or coarse-scale perceptual cues diag-
nostic for the recognition or categorization of an object.

However, it is also important to consider the effects of
visual similarity in visual tasks (Duncan & Humphreys,
1989). It has been shown that the degree of visual similar-
ity or dissimilarity between objects belonging to the same
category can affect performance on categorization tasks.
For example, responses to atypical category members are
quicker at the subordinate level than at the basic level
(Jolicceur et al., 1984; Murphy & Brownell, 1985; Mur-
phy & Lassaline, 1997). Of course, atypical exemplars
(e.g., ostrich, penguin) are generally more visually distinct
from other within-category exemplars. Lloyd-Jones and
Humphreys (1997a, 1997b) demonstrated that structurally
similar objects (fruits and vegetables) were more difficult
to name at the basic level and more difficult to categorize
at the superordinate level than were structurally dissimilar
objects (clothing and furniture). Their results suggested
that visual similarity is not just a factor in subordinate
category judgments, but also a factor in basic-level and
superordinate-level category judgments. Accordingly,
discriminations between visually dissimilar objects could
rely on coarse-scale perceptual information, and dis-
criminations between visually similar objects could rely
on fine-scale perceptual information, independently from
the category level of the object. Consequently, global and
local processes in object recognition may be more respon-
sive to degrees of visual similarity between objects than to
category membership.

This research involved two experiments. The purpose
of the experiments was to provide empirical evidence
demonstrating that global and local processing is used in
the recognition of realistic objects. More specifically, the
aim was to determine whether global processing influ-
enced the selection of coarse-grained information from
the input image and local processing influenced the selec-
tion of fine-grained information. Given that the percep-
tual demands on the visual system may vary, depending
on the nature of a recognition task (Morrison & Schyns,
2001; Schyns, 1998), the investigation focused on whether
global and local processing influenced the categoriza-
tion of objects at basic and subordinate levels or whether
global and local processing influenced the categorization
of objects that were visually similar or dissimilar.

Second, we wanted to determine whether the use of
global and local processes in discriminating realistic ob-
jects was related to the distribution of attention across
a region of space (attentional window hypothesis) or to
parsing/grouping processes (parsing hypothesis) occur-
ring during recognition. Investigations examining global
and local processing of hierarchical figures support the
involvement of both of these mechanisms (Kim, Ivry,
& Robertson, 1999; Lamb & Robertson, 1988; Lamb &

Yund, 2000; Robertson, 1996; Robertson et al., 1993).
Theoretically, either or both of these mechanisms could
be involved in the processing of global and local features
of a pictorial image. Researchers investigating the auto-
matic activation of semantic information associated with
the global form of objects have speculated that attentional
resources are distributed across a region in space (Boucart
& Humphreys, 1992; Murray & Jones, 2002). Edelman
and Intrator (2003) also have postulated that access to dif-
ferent levels of object representations is mediated by the
spatial extent of attention. Alternatively, global and local
processing may play a role in the parsing of images into a
hierarchy of modular parts (Biederman, 1987; Duncan &
Humphreys, 1989; Marr, 1982). Global processing could
capture visual information relevant for generating input
representations that match to large-scale components of
an object’s structure. Similarly, local processing could
capture visual information relevant for generating input
representations that match to small-scale components of
an object’s structure (Han et al., 1999a).

In order to investigate the role of global and local pro-
cessing in object recognition, this research made use of
a well-known effect in the attention literature: the level
repetition effect. Using hierarchical stimuli to manipulate
global and local levels of processing, the level repetition
procedure involves comparing the performance on a sec-
ond stimulus presentation when the attention levels for the
first and the second stimulus presentations are the same
versus when they are different. It has been found that the
efficiency of detecting targets increased when the level of
attention was repeated across consecutive stimulus presenta-
tions. The level repetition effect has been shown to be long-
lasting (Robertson, 1996; Ward, 1982) and robust to changes
in target form and target location (Filoteo, Friedrich, &
Stricker, 2001; Hiibner, 2000; Lamb & Yund, 1996; Ward,
1982). In the present experiments, a priming paradigm was
chosen, similar to that used in studies of level repetition
effects. A global and local divided attention task preceded
and primed a subsequent target discrimination task in which
participants indicated the presence of a target or a distrac-
tor object at either a basic level or a subordinate level of
categorization. The degree of visual similarity between the
targets and the distractors in the object discrimination task
was manipulated.

EXPERIMENT 1

The main purpose of Experiment 1 was to establish
whether the allocation of attentional resources at global
and local levels would occur in an object discrimination
task and, if so, the circumstances under which they would
be deployed. We have argued that coarse-scale and fine-
scale perceptual cues are diagnostic for different recog-
nition tasks. Granting that the allocation of attentional
resources assists the processing of perceptual cues pres-
ent in a stimulus input, it is possible that variations in the
distribution of attentional resources will support the pro-
cessing of different kinds of perceptual cues. For example,
if attention is allocated to the global features of a stimulus,
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this should benefit the selection of coarse-scale perceptual
cues, and if attention is allocated to local features, this
should benefit the selection of fine-scale perceptual cues.
It was expected that if the priming effects of global and
local attention were sensitive to the category level of tar-
get objects, global decisions should prime basic decisions,
and local decisions should prime subordinate decisions,
independently of the degree of visual similarity between
the target objects and the distractor objects. Alternatively,
attention priming could complement or conflict with the
perceptual requirements of the task, in which case it was
expected that global decisions should prime object dis-
criminations between visually dissimilar items and local
decisions should prime object discriminations between
visually similar items, independently of category level.
In order to establish whether possible priming effects
of global and local attention on object discrimination are
due to either the spatial extent of attention or grouping/
parsing processes, Experiment 1 included three different-
sized hierarchical stimuli (large, medium, and small; see
Figure 1A). The sizes of the large and small hierarchical
figures were adjusted so that the local level of the large
hierarchical figure subtended the same visual angle as
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the global level of the small hierarchical figure. If global/
local priming effects on object discrimination were due to
the allocation of attentional resources based on the size
of the attentional window, there should be no differences
in the effects of priming between the local level of the
large figure and the global level of the small figure, be-
cause the size of the attentional window is the same for
both levels. However, if global/local priming effects were
due to grouping or parsing images into their global and
local constituents, a different pattern of priming would be
expected from the local level of the large figure and the
global level of the small figure, because priming effects
would be related to level-specific processes, not spatial
extent.

Method

Participants. Sixty-one undergraduate students from Dalhousie
University participated in the experiment to fulfill a course require-
ment. All had normal or corrected-to-normal vision and provided
written, informed consent.

Stimuli. The hierarchical stimuli for the divided attention task
were 2s and 5s made up of 8s, or 8s made up of small 2s and 5s (see
Figure 1A). There were three sizes of hierarchical stimuli. The large
hierarchical stimuli were 8.7 cm tall X 6.2 cm wide at the global
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Figure 1. Examples of the stimuli used in the divided attention task and the object discrimi-
nation task in Experiment 1. (A) Hierarchical stimuli for the divided attention task. The ap-
proximate visual angles subtended at the global (G) and local (L) levels for each hierarchical
figure are listed. (B) Examples of the stimuli used in the object discrimination task in Experi-
ments 1 and 2. For each subordinate- and basic-level task, the targets and the distractors were
either visually similar or visually dissimilar (see Appendix C for a list of objects). Note—The
global small stimulus subtends the same visual angle as the local large stimulus.
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level and 1.7 cm tall X 1.4 cm wide at the local level, subtending
visual angles of approximately 8.7° and 1.7° at the global and local
levels, respectively. The medium hierarchical stimuli were 5.2 cm
tall X 3.7 cm wide at the global level and 0.9 mm tall X 0.74 mm
wide at the local level, subtending visual angles of approximately
5.2° and 0.9°. The small hierarchical stimuli were 1.7 cm tall X
1.4 cm wide at the global level and 0.3 mm tall X 0.25 mm wide
at the local level, subtending visual angles of approximately 1.7°
and 0.3°.

In the object discrimination task, there were 176 black-and-white
line drawings that consisted of 22 drawings each of finches, other
types of birds, beagles, other types of dogs, mammals, and fish and
44 drawings of a variety of manmade objects (see Figure 1B and
Appendix A). From each of the animal categories, 6 drawings were
used in practice trials, and 12 manmade object drawings were also
used in practice trials. The line drawings were taken from the Snod-
grass and Vanderwart (1980) set, modified from children’s coloring
books, or created from photographic images, using Adobe Photoshop/
[lustrator. All the objects subtended an approximate visual angle of
5.2°. The stimuli from both tasks were presented on a white back-
ground, using custom-programmed software (Maclnnes, 2000) on a
Macintosh G3 computer.

Procedure. The participants first saw a fixation cross presented
for 500 msec, followed by a global/local figure to which they re-
sponded with a keypress to identify the presence of a 2 or a 5. This
was followed by an intertrial interval of 1,000 msec, a second fixa-
tion cross (500 msec), and an object to which they responded with
one keypress if the object was a target and another if the object was
a distractor. For both the divided attention task and the target dis-
crimination task, the stimuli remained on the screen until the par-
ticipant made a response or 3 sec had passed. Half the participants
responded to the divided attention task with their left hand and the
object discrimination task with their right hand, and vice versa for
the remaining participants. The divided attention task always pre-
ceded the object discrimination task, making a trial couplet. There
was a block of trials for each of the object discrimination tasks.
These were further divided into 3 blocks of trials, 1 for each of the
three sizes of the hierarchical stimuli. Thus, there was a total of 12
blocks of test trials, each consisting of 32 trial couplets. It was de-
cided to block the three sets of different-sized hierarchical figures
because uncertainty about the size of the hierarchical stimulus might
introduce an undesired variable. For example, Lamb and Robertson
(1988) demonstrated that when participants were uncertain about
the location of hierarchical figures, this eliminated local precedence.
Random presentation of hierarchical figures varying in size would
also introduce location uncertainty, since the figures would occupy
variable regions of space.

Each test block was preceded by practice trials consisting of 12
trial couplets. In each block, the order of couplets was randomized.
Half of the couplets in a block had global level targets, and half
had local level targets. Half of the global level targets required a 2
response, and half a 5 response, as did the local-level targets. The
divided attention task was the same in each block, but the object
discrimination task differed. Instructions preceding each block indi-
cated which set of images were targets and which set were distrac-
tors. As is depicted in Figure 1B, for visually similar subordinate
categorizations, the targets were finches, and the distractors were
other types of bird. For visually dissimilar subordinate decisions,
the targets were beagles, and the distractors were manmade objects.
For visually similar basic categorizations, the targets were dogs, and
the distractors were mammals, and for visually dissimilar basic cat-
egorizations, the targets were fish, and the distractors were manmade
objects. The participants were shown pictures of beagles and finches
to familiarize them with these target objects before proceeding with
the experimental trials. These pictures were the same as those that
had appeared in the practice trials. The presentation order of the four
object discrimination tasks was randomized. For each object dis-

crimination task, blocks of three different-sized hierarchical stimuli
were presented in a Latin square order.

Results

Multifactorial repeated measures ANOVAs were per-
formed on the reaction times (RTs) and percentages cor-
rect for the target discrimination task, with factors of at-
tention level (global or local), category level (subordinate
or basic), distractor type (similar or dissimilar), and size
(large, medium, or small). For inclusion in the analysis,
accuracy levels had to be above 50% in all of the cells
in the factorial design. On the basis of this criterion, the
data from 14 participants were excluded. Only couplets in
which responses to both tasks were correct were analyzed.
There was a robust effect of distractor type; object dis-
criminations were significantly faster and more accurate
when the distractors were dissimilar [F(1,46) = 91.53,
p < .0001] than when the distractors were similar. This
pattern of results occurred in all the subsequent analyses
for Experiment 1 and will be omitted in the ensuing Re-
sults section. In all the reported results, outliers in the RT
data were excluded on the basis of the method advocated
by Van Selst and Jolicceur (1994) for evaluating outliers
in designs with a small number of observations per cell.
Analyses of RTs and percentages correct for the divided
attention task are reported in Appendix B, since perfor-
mance on this part of the trial couplets was not the focus
of this study.

Reaction times. There was evidence that the degree
of visual similarity between targets and distractors in-
fluenced performance on basic and subordinate object
discriminations, on the basis of a two-way interaction
between the factors of distractor type and category level
[F(1,46) = 4.365, p = .04]. Basic object discriminations
(M = 688 msec) were faster than subordinate object
discriminations (M = 733 msec) [#(1,281) = 4.13, p <
.0001] when the distractors were visually similar. How-
ever, there was no reliable difference between category
levels when the distractors were dissimilar (# < 1). There
was also a two-way interaction between distractor type
and size [F(2,92) = 4.45, p = .02]. In the context of visu-
ally similar distractors, object discriminations made after
responses to the medium-sized hierarchical figures (M =
728 msec) were slower than object discriminations made
after the large- and small-sized hierarchical figures (large,
697 msec; small, 707 msec). When the distractors were
visually dissimilar, there was little difference in target
discrimination times in terms of the size of the preceding
hierarchical figures (large, 600 msec; medium, 586 msec;
small, 594 msec).

Most important, there were a number of effects associated
with global and local priming. First, the effects of global
and local priming differed depending on the category level
[F(1,46) = 8.02, p = .01] of the object discriminations.
Second, the effects of global and local priming differed
depending on the degree of visual similarity between the
targets and the distractors [F(1,46) = 3.96, p = .05]. The
influence of global and local priming on object discrimina-
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tions is best understood by examining the combined effects
of category level, distractor type, and attention level, since
all three factors interacted [F(1,46) = 15.16, p = .001].
Figure 2A shows that subordinate object discriminations
made in the context of visually similar distractors were
faster when preceded by local decisions (M = 720 msec)
than when preceded by global decisions (M = 750 msec)
[#(1,140) = 2.75, p = .05]. In contrast, basic-level object
discriminations made in the context of visually similar
distractors were faster when preceded by global decisions
(M = 689 msec) than when preceded by local decisions
(M = 702 msec) [#(1,140) = 2.29, p = .01]. Similarly,
subordinate object discriminations made in the context of
visually dissimilar distractors were faster when preceded
by global decisions (M = 579 msec) than when preceded
by local decisions (M = 604 msec) [#(1,140) = 2.69,p =
.008]. There was no reliable difference produced by global
(M = 590 msec) and local (M = 605 msec) priming on
basic-level object discriminations made in the context of
visually dissimilar distractors [#(1,140) = 1.59, p = .11].
Finally, there were no reliable effects of size associated
with global and local priming.

Percentages correct. More correct responses were
made for object discriminations when the distractors
were dissimilar (95%) than for object discriminations
made when the distractors were similar (91%) [F(1,46) =
36.08, p = .01]. Again, this pattern of accuracy was found

for all the subsequent analyses and will not be reported
in the ensuing sections. There was a two-way interaction
between the factors of size and category level [F(2,94) =
4.99, p = .01]. Performance was worse on subordinate
object discriminations (92%; basic, 94%) after priming
by small hierarchical figures and worse on basic object
discriminations (92%; subordinate, 94%) after priming
by medium hierarchical figures. There were no other
significant effects. These measures failed to support any
speed—accuracy trade-offs.

Object discriminations after priming by global
(small) and local (large) hierarchical figures. To in-
vestigate the effects of global and local priming when the
primes in these two conditions were the same physical
size, a 2 X 2 X 2 repeated measures ANOVA was per-
formed on object discriminations, with factors of attention
level (global small or local large), category level (subordi-
nate or basic), and distractor type (similar or dissimilar).
In support of the parsing hypothesis, there was a signifi-
cant three-way interaction between the factors of atten-
tion level, category level, and distractor type [F(1,46) =
4.745, p = .03]. Figure 2B shows a similar pattern of
priming in response to global and local decisions, even
though the primes subtend the same visual angles. Analy-
sis of simple effects showed that after priming by global
decisions, basic object discriminations were faster than
subordinate object discriminations [#(1,93) = 2.53, p =
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Figure 2. (A) Mean reaction times to the object discrimination task after priming by
a global/local divided attention task collapsed across all sizes of the hierarchical primes.
(B) Mean reaction times to the object discrimination task after priming of attention with ei-
ther the global level of the small hierarchical figure or the local level of the large hierarchical
figure. Both attention primes subtended the same visual angle. The numbers in parentheses
are the percentages correct for each condition, and the bars denote within-subjects confi-
dence intervals (Loftus & Masson, 1994).
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.02]. However, there was no reliable difference between
subordinate and basic discriminations after priming by
local decisions (¢ < 1).

Analysis of the accuracy data demonstrated a main
effect of category level [F(1,46) = 3.91, p = .05], with
more correct responses to basic object discriminations
(94%) than to subordinate object discriminations (92%).
The effects of global (small) and local (large) priming
also differed depending on the category level of the target
[F(1,46) = 4.94, p = .03], with more correct responses
made to basic object discriminations preceded by global
decisions (95%) than to those preceded by local decisions
(92%) and little difference in subordinate object discrimi-
nations after priming by either global or local decisions
(91% and 92%, respectively). This interaction provides
further support for the parsing hypothesis and failed to
support any speed—accuracy trade-offs.

Discussion

The evidence reported supports the notion that global
and local attention selectively modulated the subsequent
object discriminations, similar to evidence found with
spatial scale (Archambault et al., 2000; Schyns & Oliva,
1999). Priming by local-level decisions facilitated subor-
dinate object discriminations, and priming by global deci-
sions facilitated basic object discriminations. Priming by
global decisions also facilitated subordinate object dis-
criminations when the distractors were visually dissimilar.
Shifts between global and local levels of attention may
act to facilitate the selection of coarse- or fine-grained
information from the stimulus. It is possible that when the
visual system is primed to process coarse-grained aspects
of visual stimuli, this benefits discriminations between
visually dissimilar objects and reduces the efficiency of
discriminations between visually similar objects. In con-
trast, when the visual system is primed to process fine
details of visual stimuli, this benefits discriminations be-
tween visually similar objects and reduces the efficiency
of discriminations between visually dissimilar objects.

The second question addressed in this experiment was
whether priming by hierarchical figures was mediated by
a parsing mechanism or by the size of the attentional win-
dow. Evidence was found that supported the role of a parsing
mechanism. A comparison was made between the priming
effects of two stimuli that subtended the same visual angle
but belonged to different levels of a hierarchical figure—
namely, the local level of the large hierarchical stimulus ver-
sus the global level of the small hierarchical stimulus. The
results showed that there was a difference in the priming
effects of these two stimuli. In particular, basic-level object
discriminations made in the context of visually similar dis-
tractors were faster when preceded by the global level of the
small hierarchical stimulus, in comparison with subordinate
object discriminations, which were faster when preceded by
the local level of the large stimulus. In contrast, there was
no reliable difference between subordinate and basic object
discriminations when preceded by the local level of the large
hierarchical stimulus. If the priming effects of global and
local attention on the object recognition task were due only

to the size of the attentional window, there should have been
no difference between the effects of these two attentional
primes, since they were the same size.

A strong prediction of the parsing hypothesis would be
that the size of the hierarchical figures would not influ-
ence global- and local-priming effects on target discrimi-
nation. Indeed, the size of the hierarchical stimuli did not
influence the effects of global- and local-level priming
on object discrimination. However, the overall size of the
hierarchical figures did influence the speed at which the
participants responded to target objects. Object discrimi-
nations made in the context of visually similar distractors
were slower when preceded by a medium-sized hierar-
chical figure than when they were preceded by small- or
large-sized hierarchical figures, regardless of whether the
prime was at the local or the global level. That is, a prime
that was the same size as the target object slowed target
discrimination in the context of visually similar distrac-
tors. This would suggest that some element of attention
priming was related to the size of the attentional window.
This finding is not unprecedented. Other researchers have
also found evidence supporting the involvement of both
parsing and spatial extent mechanisms in the processing
of global and local figures (Lamb & Yund, 2000; Rob-
ertson et al., 1993). The interesting question here is how
these two mechanisms contributed to the performance of
the object discrimination task.

Research conducted by Kim et al. (1999) may shed
light on this question. Kim et al. were interested in find-
ing out whether parsing objects into their global and local
forms was based on the absolute size of the stimulus or
was relative to the physical attributes of the stimulus. They
presented participants with different-sized hierarchical
stimuli. The global level of the small hierarchical stimu-
lus was the same size as the local level of the large hier-
archical stimulus. They examined level repetition effects
and size repetition effects and found that level repetition
effects were influenced by the overall size of the hierar-
chical forms. Their results suggested that level repetition
effects were not independent of the absolute size of the
hierarchical forms. Kim et al. argued that their data could
be explained by a dual-frequency filtering mechanism that
first selects the absolute frequency range in a stimulus
and then selects the relative frequencies within the range
(see also Robertson & Ivry, 2000). Either of these filter-
ing operations could influence object discriminations on
subsequent trials.

The different pattern of priming found for the large-,
medium-, and small-sized primes in this experiment might
be explained by one mechanism that adjusts the atten-
tional window to the overall sizes of the hierarchical forms
and objects and a second mechanism that parses object
features into global and local forms relative to the size
of the attentional window. The fact that people are able
to recognize objects in many different formats, such as
black-and-white or colored photographs and illustrations,
line drawings, cartoons, and variously degraded images,
supports the notion that numerous properties of a visual
stimulus are diagnostic for its identity. The hierarchical
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primes may bias the visual system to process one set of
perceptual cues, instead of another set of perceptual cues.
In effect, changing the sizes of the hierarchical figures
modulates attentional processes and biases the visual sys-
tem in favor of different perceptual cues.

There were also effects that did not involve attention
priming. Object discriminations made in the context of
visually similar distractors were slower than object dis-
criminations made in the context of visually dissimilar
distractors, demonstrating that it is easier to distinguish
between objects that are visually dissimilar than between
objects that are visually dissimilar. A difference was also
found between subordinate object discriminations and
basic object discriminations made in the context of visu-
ally similar versus visually dissimilar distractors. When
the distractors were visually similar to the targets, basic
object discriminations were faster than subordinate object
discriminations. However, when the distractors were visu-
ally dissimilar to the targets, no reliable difference was
found between subordinate and basic object discrimina-
tions. This result suggests that differences in performance
between subordinate and basic object discriminations do
depend on the degree of visual similarity between the
target and the distractor objects in a visual task. That is,
visual similarity between members belonging to the same
category or between members belonging to different cat-
egories can influence the performance of category judg-
ments (Jolicceur et al., 1984; Lloyd-Jones & Humphreys,
1997a, 1997b; Murphy & Brownell, 1985; Rosch et al.,
1976; Snodgrass & McCullough, 1986).

Given that visual similarity is a factor that strongly af-
fects categorization, one could argue that the factor of cat-
egory level is redundant. However, when images of com-
mon objects are used, it is difficult to know how much
prior knowledge, as compared with more input-driven
processes, will influence performance. It is entirely pos-
sible that with more realistic objects, prior knowledge
could affect whether global or local levels of processing
are instigated. There is evidence that conceptual knowl-
edge of objects impacts perceptual processes. In a series
of studies, Boucart and her colleagues (Boucart & Hum-
phreys, 1992; Boucart, Humphreys, & Lorenceau, 1995;
Humphreys & Boucart, 1997; see also Murray & Jones,
2002) found that semantic information affected judg-
ments about the physical properties of objects, such as
their global shape (oval or round), surface texture, motion,
color, and the orientation of embedded lines. If conceptual
knowledge can influence perceptual processes, we wanted
to allow for the possibility that the allocation of attentional
resources at either the global or the local level could be
mediated by prior knowledge of the semantic properties
of the target objects. For example, when discriminating a
particular breed of dog, such as a beagle, previous semantic
knowledge suggests that breeds of dogs are highly visu-
ally similar, and processing fine visual details (local level
of attention) is more likely to produce accurate detections.
On the basis of semantic knowledge, a level of attention
may be selected prior to the task, and the effects of prim-
ing attention with the global/local task could facilitate or
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interfere with this prior selection. Therefore, local priming
could have facilitated the detection of subordinate objects
(finches and beagles), regardless of the visual similarity of
the distractor objects. But the evidence from this experi-
ment suggests that the effects of global and local priming
were related more to the degree of visual similarity between
target objects and distractors than to the category level at
which the objects were labeled.

In conclusion, the results of this experiment indicate
that global and local processing modulated the usage of
perceptual information in the object discrimination task.
When visually similar objects were discriminated between
at a subordinate level of categorization, perceptual in-
formation supported by local processing was more im-
portant than perceptual information supported by global
processing. Conversely, when visually dissimilar objects
were discriminated between and basic-level decisions
were made, perceptual information supported by global
processing was more important than perceptual informa-
tion supported by local processing. Experiment 1 also
provided evidence that predominantly supported the pars-
ing mechanism. Global and local primes subtending the
same visual angles produced different effects in the object
discrimination task. However, effects of size were also ob-
served on the object discrimination task, so there is some
support for both mechanisms. In Experiment 2, we further
explored the role of the size of the attentional window on
object discrimination.

EXPERIMENT 2

In Experiment 1, it was argued that the pattern of at-
tention priming on the object target discrimination task
was mainly due to parsing operations. However, there was
some evidence that the spatial extent of attention influ-
enced the discrimination of objects, since the overall size
of the hierarchical primes differentially affected object
discriminations when the objects were visually similar.
The purpose of Experiment 2 was to test whether resiz-
ing the attentional window without a parsing component
would influence performance on object discriminations.

The main evidence for the parsing mechanism in Ex-
periment 1 was the fact that priming by the local level of
the large hierarchical figure differed from priming by the
global level of the small hierarchical figure, even though
both of them subtended the same visual angle. However,
the large and small hierarchical figures subtended differ-
ent visual angles as a whole. Effectively, the overall distri-
bution of attention would differ for each of these figures.
Thus, the different patterns of priming observed for large
and small hierarchical figures could have reflected a dif-
ference in the distribution of attention based on the overall
size of the hierarchical figures.

In Experiment 2, the target discrimination task was
the same as that used in Experiment 1, but the attention-
priming task was modified. The global and local levels
of the hierarchical figures were separated into individual
(nonhierarchical) digits (see Figure 3). For example, the
large hierarchical prime was separated into individual dig-
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Figure 3. The digits used in the attention-priming task for Ex-
periment 2. Stimuli were constructed by separating out the global
and the local levels of the hierarchical figures in Experiment 1 at
each of the three sizes (A, large; B, medium; and C, small). The
digits subtended the same visual angles as the global (big digir)
and local (little digit) elements of the hierarchical figures.

its subtending visual angles of 8.7° for the global level and
1.7° for the local level. The task of the participant in the
attention-priming condition was to indicate whether the
digit was a 2 or a 5. In effect, the digits act in a similar
fashion to the rectangular cues used by Robertson et al.
(1993) and Lamb and Yund (2000) in their investigations
into the effects of cuing the region of space covered by
global or local targets.

There would be support for the attentional window hy-
pothesis if similar priming effects on the target discrimi-
nation task were observed when the target was primed by
separate digits subtending the same visual angles as the
global and local levels of the hierarchical figures. On the
other hand, there would be support for the parsing hypoth-
esis if there were no reliable effects on the target discrimi-
nation task when the target was primed by separate digits
or the patterns of priming differed markedly from those
observed in Experiment 2. In addition, there should be no
reliable difference in the priming effects for digits sub-
tending the same visual angle.

Method

Participants. Sixty-four undergraduate students from Dalhousie
University participated in the experiment to fulfil a course require-
ment. All had normal or corrected-to-normal vision and provided
written, informed consent.

Stimuli. The stimuli for the attention task were the digits 2 and 5.
The stimuli were constructed by separating out the global and local
levels of the hierarchical figures in Experiment 1, producing three
different-sized digit pairs, as depicted in Figure 3. The digit pairs
corresponded in size to the global and local components of the
hierarchical figures presented in Experiment 1 (see Figure 1A for
examples). The digit pairs taken from the large hierarchical figure
subtended visual angles of approximately 8.7° and 1.7°. The digit
pairs taken from the medium hierarchical figure subtended visual
angles of approximately 5.2° and 0.9°, and the digit pairs taken from
the small hierarchical figure subtended visual angles of approxi-
mately 1.7° and 0.3°. The same 176 black-and-white line drawings
as those in Experiment 1 were used in the target discrimination task
(see Figure 1B and Appendix A). All the objects subtended approxi-
mate visual angles of 5.2°. The stimuli from both tasks were pre-
sented on a white background, using custom-programmed software
(Maclnnes, 2000) on a Macintosh G3 computer.

Procedure. The procedure was the same as that described in Ex-
periment 1, except that in the attention-priming task, single digits
were presented on the computer screen, to which the participants
responded with either a 2 or a 5 keypress. The digit pairs correspond-
ing in size to the global and local levels of the hierarchical figures
were presented in three separate blocks for each of the digit pair
sizes (large, medium, and small).

Results

Multifactorial repeated measures ANOVAs were per-
formed on the RTs and percentages correct for the target
discrimination task. The factors were spatial extent (global
element or local element), size of digit pairs (large, me-
dium, or small), distractor type (visually similar or visu-
ally dissimilar) and category level (subordinate or basic).
Data were included in the RT analysis only if two consecu-
tive responses in a couplet were correct. Seventeen partic-
ipants were excluded, since they achieved less than 50%
correct in one or more of the cells in the factorial design.
As in Experiment 1, target object discriminations were
significantly faster and more accurate when the distrac-
tors were dissimilar [F(1,47) = 197.44, p < .0001] than
when the distractors were similar. This pattern of results
occurred in all the subsequent analyses for Experiment 2
and will be omitted in the ensuing Results sections. The
analysis of RTs and percentages correct for the divided
attention task is reported in Appendix C.

Reaction times. There was evidence that the degree
of visual similarity between targets and distractors in-
fluenced performance on basic and subordinate object
discriminations, on the basis of a two-way interaction
between the factors of distractor type and category level
[F(1,47) = 8.52, p = .01]. Basic object discriminations
(M = 680 msec) were faster than subordinate object
discriminations (M = 705 msec) [#(1,287) = 3.03, p =
.003] when the distractors were visually similar. In the
case of visually dissimilar distractors, the opposite pattern
was observed; subordinate object discriminations (M =
561 msec) were faster than basic object discriminations
(M = 578 msec) [#(1,287) = 3.20, p = .001].

In support of the attentional window hypothesis, prim-
ing by global and local nonhierarchical elements was in-
fluenced by the category level of the targets [F(1,47) =
4.87, p = .03]. Subordinate object discriminations were
faster when preceded by local nonhierarchical elements
(M = 628 msec) than when preceded by global nonhier-
archical elements (M = 638 msec) [#(1,287) = 1.93,p =
.05], whereas there was no reliable difference in basic
object discriminations after global nonhierarchical (M =
627 msec) and local nonhierarchical (M = 631 msec)
priming (¢ = 1). From Figure 4A, it appears that this ef-
fect was due mainly to differences in object discrimination
times when the distractors were visually similar.

Furthermore, unlike in the data from Experiment 1, at-
tention priming was influenced by the overall size of the
digit pairs [F(2,94) = 3.33, p = .04]. Object discrimina-
tions made after small digit pairs were faster when preceded
by the local nonhierarchical elements (M = 627 msec) than
when preceded by global nonhierarchical elements (M =
644 msec) [#(1,91) = 2.14, p = .03]. There were no reli-
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Figure 4. (A) Mean reaction times to the object discrimination task after priming by variously sized

digits. The data are collapsed across three digit pairs (large, medium, and small; see Figure 3). The “global
element” and “local element” labels refer to the origins of the attention primes. Global element primes
were the digits 2 and 5 that subtended the same visual angles as the global levels of the hierarchical primes
in Experiment 2. Local element primes were the digits that subtended the same visual angles as the local
levels of the hierarchical primes in Experiment 2. (B) Mean reaction times to the object discrimination task
after priming by the digits 2 and 5, which subtended the same visual angle and were constructed from the
global element of the small hierarchical figure (global small) and the local element of the large hierarchical
figure (local large) used in Experiment 2. The numbers in parentheses are the percentages correct for each

condition, and the bars denote within-subjects confidence intervals (Loftus & Masson, 1994).

able differences in object discrimination times after me-
dium or large digit pairs (¢t < 1). The influence of size on
attention priming was further mediated by the degree of
visual similarity between the targets and the distractors
[F(2,94) =7.99,p = .001]. As is evident in Figure 5, object
discriminations made in the context of visually similar dis-
tractors were faster when preceded by global nonhierarchi-
cal elements (M = 673 msec) than when preceded by local
nonhierarchical elements from the large digit pair (M =
699 msec) [#(1,95) = 2.67, p = .01]. On the other hand,
object discriminations preceded by local nonhierarchical
elements (M = 687 msec) were faster than object discrimi-
nations preceded by global nonhierarchical elements (M =
715 msec) [#(1,95) = 2.51, p = .01] from the small digit
pair. Effectively, when the overall size of the attentional
window was large, object discriminations were faster when
primed by the bigger of the two digits. But when the overall
size of the attentional window was small, object discrimi-
nations were faster when primed by the smaller of the two
digits. There was no significant difference between object
discriminations made in the context of visually dissimilar
distractors preceded by global and local nonhierarchical
elements at any of the three digit pair sizes.

Percentages correct. More correct responses were
made for object discriminations when the distractors were
dissimilar (96%) than for object discriminations when
the distractors were similar (92%) [F(1,47) = 29.5, p <
.0001]. Accuracy was also influenced by attention priming
[F(1,47) = 3.94, p = .05], with more correct responses
being made for object discriminations preceded by global
nonhierarchical elements (94%) than for object discrimi-
nations preceded by local nonhierarchical elements (93%).
There were no other significant effects. These measures
failed to support any speed—accuracy trade-offs.

Object discriminations after priming by the global
element (small digit pair) and the local element (large
digit pair). To test the attentional window hypothesis, the
effects of priming by the global element from the small
digit pair (Figure 3C) and the local element from the large
digit pair (Figure 3A) were compared, since these two
primes were of the same physical size. If the attentional
window hypothesis is supported, there should be differ-
ences in the effects of these two primes on the object dis-
crimination responses. RTs to targets differed depending
on the degree of visual similarity between the targets and
the distractors [F(1,47) = 212.27, p < .0001]. No other
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Figure 5. Mean reaction times to basic and subordinate object discriminations made in the
context of visually similar or visually dissimilar distractors after priming by single digits that
varied in size. The attention primes were the digits 2 and 5, constructed by separating out the
global and local elements of the large, medium, and small hierarchical figures used in Experi-
ment 2. The numbers in parentheses are the percentages correct for each condition, and the
bars denote within-subjects confidence intervals (Loftus & Masson, 1994).

effects were significant. From Figure 4B, it can be seen
that attention priming by separate digits subtending the
same visual angle produced similar priming effects on the
object discrimination tasks.

In the accuracy of object discriminations, there was a
main effect of spatial extent [F(1,47) = 5.75, p = .02], with
more correct responses to object discriminations made after
priming by the global nonhierarchical element of the small
digit pair (95%) than after priming by the local nonhierar-
chical element of the large digit pair (93%). These measures
failed to support any speed—accuracy trade-offs.

Discussion

In Experiment 2, we investigated whether the size of
the attentional window, in the absence of any hierarchy to
the primes, would influence object discriminations. Sub-
ordinate object discriminations were faster when preceded
by local element decisions than when preceded by global
element decisions for small- and medium-sized primes.
In contrast, basic object discriminations were faster when
preceded by global element decisions than when preceded
by local element decisions for large- and medium-sized
primes. However, there were a number of differences in
the effects of attention priming between Experiments 1
and 2, suggesting that the attentional window hypothesis
could not account for all the priming effects observed
using hierarchical figures in Experiment 1.

In particular, different priming effects were observed
in Experiment 1 for stimuli that subtended the same vi-
sual angle but belonged to different levels of a hierarchi-
cal figure (global vs. local). In Experiment 2, priming

effects of the global and local elements subtending the
same size, but without any hierarchy, did not produce any
reliable differences in target discrimination times. Also,
priming by single digits did not produce effects on ob-
ject discriminations when the distractors were visually
dissimilar. In contrast, subordinate decisions made in the
context of visually dissimilar distractors were faster when
primed by the global level of hierarchical figures. Finally,
in Experiment 1, the size of the hierarchical primes did
not influence global and local priming effects. However,
when these global and local elements were presented as
single digits, there were marked differences in the priming
effects of these nonhierarchical elements, depending on
whether they belonged to the large digit pair or the small
digit pair. In the large digit pair, object discriminations
made in the context of visually similar distractors were
faster when preceded by global elements than when pre-
ceded by local elements. The opposite pattern was found
for object discriminations primed by the small digit pair;
object discriminations preceded by local elements were
faster than those preceded by global elements.
Interestingly, object discriminations made in the con-
text of visually similar distractors were faster when pre-
ceded by digits subtending either the smallest or the larg-
est visual angles, relative to the visual angle subtended by
the objects. Subordinate and basic object discriminations
preceded by the global nonhierarchical element of the
large digit group (8.7°) were faster than object discrimina-
tions preceded by the local nonhierarchical element (1.7°)
[¢(1,47) = 2.85, p = .006]. In contrast, subordinate and
basic object discriminations preceded by the local non-
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hierarchical element of the small digit group (0.9°) were
faster than object discriminations preceded by the global
nonhierarchical element (1.7°) [#(1,47) = 2.39, p = .02].
These results would suggest that large increases or de-
creases in the size of the attentional window benefited
more demanding object discriminations.

Fiser, Subramaniam, and Biederman (2001) investi-
gated the effects of size variation on object discrimination
and found that the visual system was sensitive to these
variations and could “tune into” particular size ranges.
They used a rapid serial visual presentation (RSVP) task
in which 40 gray-level object images were presented.
The participants’ task was to indicate with a keypress the
presence of a target object in the sequence. Two types of
sequences were used: a homogenous sequence, in which
all the images were the same size, and a heferogeneous
sequence, in which one of the images (half of the time
a target) was a different size from all the other images.
They found that an advantage in correct identifications
for large targets, in comparison with small targets, in a
single sequential presentation task was eliminated in the
homogeneous RSVP task. They proposed that the size of
the images preceding and following the target influenced
recognition. Their results and the results of this experi-
ment indicate that attention to particular regions in space
influences visual processing.

Fiser et al. (2001) also found that large targets embed-
ded in a sequence of small images were detected more
accurately than small targets embedded in a sequence
of large targets. They speculated that this asymmetry
in performance was due to adaptation mechanisms that
show faster adaptation to abrupt increases than to abrupt
decreases, similar to that found in light intensity adap-
tation in sensory cells. A similar finding was observed
in the present experiment when object discriminations
were primed with separate digits. Object discriminations
were faster when preceded by small local elements than
when preceded by small global elements. However, ob-
ject discriminations were also faster when preceded by
large global elements than when preceded by large local
elements, arguing against an adaptation mechanism that
results in asymmetrical performances. In Experiment 2,
object discriminations benefited from both a large in-
crease and a large decrease in size between the prime and
the object.

The difference in results between Fiser et al.’s (2001)
study and this experiment may be due to the use of dif-
ferent dependent measures. Fiser et al. used accuracy as a
measure for their effects, and this experiment focused on
RTs. There were also significant methodological differ-
ences. The sizes of the stimuli preceding the target in the
RSVP task did not vary, whereas the sizes of the stimuli
preceding the targets in the object discrimination task in
this experiment switched randomly between two sizes.

In conclusion, Experiment 2 demonstrated that resizing
the attentional window influenced object discriminations.
In general, subordinate object discriminations were faster
when preceded by local elements than when preceded by
global elements, and basic object discriminations were
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faster when preceded by global elements than when pre-
ceded by local elements. In addition, object discrimina-
tions benefited when the attentional window was at the
largest or smallest size, relative to the target objects. How-
ever, the attentional window hypothesis could not account
entirely for the priming effects of hierarchical figures on
object discriminations.

GENERAL DISCUSSION

The objective of the present experiments was to inves-
tigate whether global and local processing played a role
in a more realistic object recognition task. Evidence was
found that supported a role for global and local processing
in the recognition of real-world objects. Local-level prim-
ing facilitated subordinate object discriminations made
in the context of visually similar distractors. The effects
of global priming were less consistent but, most often,
associated with basic object discriminations or object dis-
criminations made in the context of visually dissimilar
distractors. This suggests that shifts between global and
local levels of attention facilitate the selection of coarse-
or fine-grained information from the stimulus. When vi-
sually similar objects are categorized, the attentional bias
is toward fine-grained information selected at the local
level; conversely, when visually dissimilar objects are
categorized, the attentional bias is toward coarse-grained
information selected at the global level.

According to Han et al. (1999a), the perceptual attri-
butes of objects are separated into global and local pro-
cessing streams that operate in parallel and compete with
each other to produce a response output. Subordinate
object discriminations made in the context of visually
similar objects were faster when preceded by local deci-
sions. This condition is most comparable to strict defi-
nitions of subordinate categorization. The target objects
and distractor objects belonged to the same basic-level
category and shared many features in common. It would
require processing the finer details of the object’s shape
to discriminate between these visually similar objects. In
these circumstances, the perceptual attributes related to
fine details of the object’s shape that are represented in
local stream were more likely to win the competition than
were coarse-grained perceptual attributes represented in
the global stream.

In contrast, global and local priming effects on basic
object discriminations were more variable. Perhaps, for
basic-level categorizations, there are more avenues avail-
able for correct identification. Archambault et al. (2000)
speculated that the reason basic-level categorizations
were more robust to changes in the size of the stimuli was
because perceptual cues conveyed by either low or high
spatial frequencies were equally diagnostic for basic-level
identifications. A recent study by Collin and McMullen
(2005) showed that, indeed, subordinate-level identifi-
cations rely on high spatial frequencies much more than
basic-level identifications do. The differences in priming
effects for basic-level object discriminations could reflect
the flexibility of basic-level categorization processes in
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the usage of perceptual cues. For example, detailed infor-
mation, such as the shape of a dog’s paws or the shape of
deer’s hooves, could allow one to distinguish between a
dog and a deer equally as well as would gross differences
in body shape. The same could be said for subordinate
object discriminations when they are made in the context
of visually dissimilar distractors. Discriminating a beagle
from a gun could be done equally well with detailed infor-
mation, such as the shape of the nose, or from coarse-scale
information, such as body shape. It is also possible that the
strategy used by the participants in the visually dissimilar
conditions was to discriminate the target object from the
distractors on the basis of an animate versus inanimate
distinction (i.e., superordinate-level decisions). If this is
the case, the results suggest that superordinate-level deci-
sions also favor global processing, but only when the target
objects themselves are highly visually similar. When the
target objects present more variability (fish vs. manmade
objects), there was no difference in the priming effects of
global and local decisions.

In this study, we also investigated whether global and
local priming effects on object discrimination were medi-
ated by two possible mechanisms—one based on the spa-
tial extent of attention and the second on grouping/parsing
processes. In support of the parsing hypothesis, different
priming effects were observed for stimuli that subtended
the same visual angle but occupied different levels in a
hierarchical figure. In contrast, when the hierarchical fig-
ures were replaced by separate digits that subtended the
same visual angles, no reliable differences were found in
their priming effects on the object discrimination task.
This would suggest that the priming effects of the global
and local decisions were not related to the spatial extent of
attention but to grouping and parsing processes acting on
the hierarchical levels of the object representations.

However, the attentional window hypothesis could not
be completely discounted, since there was evidence show-
ing that the spatial extent of attention can influence visual
processing. In Experiment 2, we found that when objects
that were visually similar were discriminated between, a
smaller attentional window favored perceptual attributes
represented in the local processing stream, and a larger
attentional window favored perceptual attributes repre-
sented in the global stream. Furthermore, in Experiment 1,
it was found that the overall size of the hierarchical figures
had an impact on object discriminations, regardless of the
hierarchical level of the attention prime.

The results of the present experiments suggest that both
parsing and spatial extent have a role to play in object
recognition. These two processes could serve different
functions in object recognition. Modulations in the size of
the attentional window may increase the efficiency with
which perceptual attributes are selected for further pro-
cessing. Parsing processes preserve the hierarchical infor-
mation contained in a visual stimulus and could facilitate
the access of structural descriptions stored in memory.
Han et al. (1999a) and Edelman and Intrator (2003) have
proposed that the discrimination of parts or features of ob-
jects could occur with respect to hierarchical levels of the

representation. For example, /egs may be represented as
parts relative to the body, and paws may be represented
as parts relative to the legs. The spatial extent of attention
may be adjusted by top-down processes to accommodate
the processing of perceptual attributes necessary for the
formation of an object representation at a level in the hi-
erarchy that is appropriate for the object recognition task.
Parsing processes may be used to further separate these
perceptual attributes into parallel global and local process-
ing streams. Information in these two processing streams
could then compete to produce a response. For example,
if the task is to discriminate an image of a dog, the atten-
tional window may be set to cover the region of the image
in which the shape of the dog appears. Parsing processes
then separate the perceptual attributes of the shape into
global and local processing streams. If the object recogni-
tion task requires discriminating the dog from other dogs,
the perceptual attributes relating the fine details of the
object’s shape, which are represented in local stream, will
likely win the competition. If the object recognition task
requires discriminating the dog from manmade objects,
perceptual attributes relating coarse shape information,
which are represented in the global stream, will likely win
the competition.

Implications for Theories of Object Recognition

Viewpoint-independent theories of object recognition
hold that representations of objects are stored in memory
as structural descriptions consisting of three-dimensional
volumetric components and their configurations (Bie-
derman, 1987, 1995; Marr, 1982). A major advantage of
viewpoint-independent theories of object recognition pro-
posed by Marr and Biederman is their ability to explicitly
code for the parts of objects. The importance of object
parts has been demonstrated by a number of researchers
(Biederman & Cooper, 1991; Hoffman & Richards, 1984;
Hoffman & Singh, 1997; Tversky & Hemenway, 1984). It
has been argued that part decomposition is an important
factor in object categorization (Edelman & Intrator, 2003;
Hummel, 2000; Tarr & Biilthoft, 1995; Tarr & Kriegman,
2001). For example, the discrimination of head and legs
may help to identify an object as an animal, as opposed
to a vehicle.

Marr (1982) proposed that object representations are
hierarchical and modular in their organization. At the top
ofthe hierarchy, there is a representation of the gross prop-
erties of an object, such as its orientation and size. This
representation can be further decomposed on the basis of
component axes into additional representations, each con-
taining unique shape information that varies in its level of
structural detail about an object. Progression through the
hierarchy of modular representations of an object leads
to access to more specific information about an object’s
shape. The further the progression through the hierarchy,
the more distinctive objects become from each other.

Global and local processing may play a role in decom-
posing objects into their constituent parts or by modu-
lating the selection of coarse- or fine-scale visual infor-
mation at the input stage of object recognition. Global
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processing captures coarse-scale visual information (or
large-scale parts) relevant for generating input representa-
tions that match to modular components of the structural
description at the upper levels of the hierarchy. Similarly,
local processing captures fine-scale visual information
(or small-scale parts) relevant for generating input rep-
resentations that match components at the lower levels of
the hierarchy.

It is difficult to conceive of a role for global and local
processing in line with view-dependent theories of object
recognition. View-dependent theories of object recogni-
tion propose that a number of viewpoint-specific repre-
sentations are held in memory. Object recognition is based
on computing the similarity between the input representa-
tion and the stored view-based representations (Biilthoff
& Edelman, 1992; Edelman & Duvdevani-Bar, 1997; Tarr
& Biilthoff, 1995; Tarr & Pinker, 1989, 1990; for a review,
see Vecera, 1998). The main thrust of view-dependent
theories is to account for the recognition of objects when
seen from unfamiliar vantage points without recourse to
explicitly representing spatially distinct parts. Effectively,
these theories make no distinction between coarse- and
fine-scale information as it relates to the visual structure
of objects.

Recently, however, Edelman and Intrator (2003) have
proposed a computational model (the chorus of fragments
model) that is viewpoint dependent and incorporates the
notion of a hierarchy of structure. They proposed that dif-
ferent hierarchical levels of representation could be con-
trolled via attentional processes that can steer attention
to specific locations in an image and control the spatial
resolution of the window of attention at that location.
In effect, at the global level, the spatial extent and low
resolution of the window of attention would allow for the
discrimination of coarse details of an object. At the local
level, the spatial extent and high resolution of the window
of attention would allow for the discrimination of the fine
details of an object.

In conclusion, evidence was found to support a role
for global and local processing in the recognition of real-
world objects. Global priming was beneficial for basic-
level target discriminations and for discriminations of
visually dissimilar objects. Local priming was beneficial
for subordinate-level target discriminations when objects
were visually similar. It was proposed that global and local
processing aids the selection of perceptual attributes such
as coarse-scale or fine-scale features of the object that are
diagnostic for recognition. Furthermore, the selection of
perceptual attributes for discriminating between objects
was found to be based on two mechanisms: spatial extent
and grouping/parsing operations.
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NOTE

1. A separate analysis was performed on object discriminations made
in the context of visually similar distractors and those made in the con-
text of visually dissimilar distractors. There were no significant priming
effects on object discriminations made in the context of visually dis-
similar distractors.
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APPENDIX A
List of Target and Distractor Objects Used in the Conditions in Experiments 1 and 2
Table A1
Test Conditions in Experiments 1 and 2
Subordinate Basic Subordinate Basic
Similar Similar Dissimilar Dissimilar
Targets
16 finches 16 dogs: 16 beagles 16 fish:
afghan angelfish
airedale catfish
Bedlington terrier dogfish
bloodhound dolphin fish
Boston terrier fighting fish
bull mastiff halibut
bull terrier hammerhead
chihuahua jack
collie lookdown
doberman mackerel
greyhound ray
husky sailfish
pointer salmon
pug sturgeon
retriever tarpon
saluki tuna
Distractors
bluejay bear ashtray basket
Canada goose  camel barn bed
falcon cat bike boot
flamingo cow blouse cannon
hummingbird  deer bottle car
kingfisher donkey desk church
mockingbird elephant gun coat
parrot goat hat dress
pelican gorilla helicopter dresser
pigeon horse helmet guitar
puffin lion iron kettle
seagull monkey oven kite
swallow mouse piano motorcycle
swan pig roller skates  plane
titmouse rabbit telephone pot
woodpecker sheep truck water can
Table A2
Practice Conditions in Experiments 1 and 2
Subordinate Basic Subordinate Basic
Similar Similar Dissimilar Dissimilar
Targets
6 finches 6 dogs: 6 beagles 6 fish:
bulldog flounder
cocker johndory
German shepherd paddlefish
Pekinese shark
sheepdog walleye
basset hound bluegill
Distractors
cockatoo kangaroo baby carriage  couch
duck raccoon chair house
egret rhinoceros hammer key
meadow lark  squirrel lamp sailboat
stork zebra record player  train
thrasher beaver jet fighter coffee pot
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APPENDIX B
Analysis of the Attention-Priming Task With Hierarchical Stimuli in Experiment 1

Reaction Times

The speed of detecting targets at global and local levels depended on the size of the hierarchical figures, as
was evident from an interaction between size (large, medium, or small) and attention level (global or local)
[F(2,92) = 3.11, p = .05]. For large hierarchical figures, local-level targets (M = 611 msec) were identified
more quickly than global-level targets (M = 617 msec). For medium hierarchical figures, there was little differ-
ence between the identification times for global and local targets. For the small hierarchical figures, global-level
targets (M = 616 msec) were identified more quickly than local-level targets (M = 638 msec) [#(1,187) = 2.48,
p = .02]. There were no other significant interactions or main effects.

Percentages Correct

There were more correct responses made to global and local levels of the hierarchical figures when they were
preceded by object discriminations made in the context of visually dissimilar distractors (95%) than when pre-
ceded by object discriminations made in the context of visually dissimilar distractors (91%) [F(1,46) = 38.92,
p < .0001]. There was evidence that the degree of visual similarity between targets and distractors influenced
performance on global and local decisions, as was shown by an interaction between distractor type and attention
level [F(1,46) = 6.86, p = .01]. Performance on the global/local divided attention task was also influenced by
the size of the hierarchical figures and the category level of the target objects [F(2,92) = 6.657, p = .002]. In
general, the responses to global- and local-level targets appeared to be influenced by the difficulty of the task.

APPENDIX C
Analysis of the Attention-Priming Task With Separate Digits in Experiment 2

Reaction Times

The speed of responding to the digits depended on the size group to which the digits belonged [F(2,94) =
4.78, p = .01]. For the small digit group, global elements (M = 560 msec) were identified more quickly than
local elements (M = 578 msec) [#(1,191) = 3.87, p = .0003]. For the large and medium digit groups, there
were no reliable differences between the identification times for global and local elements (¢ < 1). There were
no other significant interactions.

Percentages Correct

More correct responses were made when digit responses were preceded by object discriminations in the con-
text of visually dissimilar distractors (95%) than in the context of visually similar distractors (91%) [F(1,47) =
26.47, p < .00001]. Performance on the attention-priming task was sensitive to the category level of the preced-
ing target object and the degree of visual similarity between the targets and the distractors [F(1,47) = 5.03,p =
.03]. The percentage of correct responses also depended on the category level of the preceding target object
[F(1,47) = 4.36, p = .04]. There were more correct responses to local element decisions when they were pre-
ceded by basic object discriminations (95%) than when preceded by subordinate object discriminations (93%)
[#(1,287) = 2.71, p = .01]. Global element decisions were unaffected by preceding target decision (¢ < 1). Ac-
cording to the attentional window hypothesis, there should be more correct responses after subordinate object
discriminations, since the size of the attentional window should be closer to the local than to the global digit. It
could be that the pattern of correct responses has more to do with the level of difficulty experienced in preceding
object discrimination trials. The fact that the degree of visual similarity between the targets and the distractors
in the object discrimination task had a consistent effect on the number of correct responses to digits supports
this argument.

(Manuscript received August 17, 2004;
revision accepted for publication August 26, 2005.)
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