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Abstract—Participants named objects presented in the left or right
visual field during a test phase, after viewing centrally presented
same-exemplar objects, different-exemplar objects, and words that
name objects during an initial encoding phase. In two experiments,
repetition priming was exemplar-abstract yet visual when test objects
were presented directly to the left cerebral hemisphere, but exemplar-
specific when test objects were presented directly to the right cerebral
hemisphere, contrary to predictions from single-system theories of
object recognition. In two other experiments, stimulus degradation
during encoding and task demands during test modulated these results
in predicted ways. The results support the theory that dissociable
neural subsystems operate in parallel (not in sequence) to underlie
visual object recognition: An abstract-category subsystem operates
more effectively than a specific-exemplar subsystem in the left hemi-
sphere, and a specific-exemplar subsystem operates more effectively
than an abstract-category subsystem in the right hemisphere.

What would you name each of the two objects in Figure 1? Most
people would name them both “piano,” even though they obviously are
different exemplars of pianos. This is a simple, but interesting, obser-
vation because it indicates that the two shapes are recognized as the
same in one sense, but different in another. If so, the visual system is
confronted with contradictory recognition problems: How can it rec-
ognize that those objects belong to the same (abstract) category, but
also to different (specific) categories? Contemporary theories of object
recognition ignore the opposing natures of these abilities and posit that
a single, undifferentiated system accounts for the visual-structural pro-
cessing underlying object recognition. However, computational rea-
soning and functional hemispheric asymmetries suggest that the
human brain may solve the dilemma by implementing dissociable sub-
systems to underlie abstract and specific recognition (Marsolek &
Burgund, 1997). This article reports experiments directly supporting
the dissociable-subsystems theory.

The two relevant abilities may be defined as follows. Abstract-
category recognition refers to the ability of the visual system to learn
to map different input shapes, even fairly dissimilar ones, to the same
output representation. In contrast, specific-exemplar recognition refers
to the ability to learn to map different input shapes, even fairly similar
ones, to different output representations.

Why hypothesize that dissociable subsystems underlie abstract-
category and specific-exemplar object recognition? Recent evidence
indicates that at least relatively independent subsystems underlie
abstract and specific recognition of word forms (Marsolek, Kosslyn, &

Squire, 1992; Marsolek, Schacter, & Nicholas, 1996; Marsolek,
Squire, Kosslyn, & Lulenski, 1994), pseudoword forms (Burgund &
Marsolek, 1997), and letterlike forms (Marsolek, 1995). An abstract-
category subsystemthat operates effectively in the left cerebral hemi-
sphere (LH) stores such forms in an exemplar-abstract manner,
whereas a specific-exemplar subsystemthat operates effectively in the
right cerebral hemisphere (RH) stores such forms in an exemplar-
specific manner. For example, letter-case-abstract repetition priming
(i.e., equivalent same- and different-case word priming) is observed
when test items are presented directly to the LH, whereas letter-case-
specific repetition priming (i.e., greater same- than different-case word
priming) is observed when test items are presented directly to the RH.
Presumably, these subsystems operate within the occipital-temporal
visual stream that underlies shape processing but not spatial-location
or action-guidance processing of visual forms (e.g., Buckner et al.,
1995; Goodale & Milner, 1992; Ungerleider & Mishkin, 1982).

The computational reasoning for why dissociable subsystems
underlie word-form, pseudoword-form, and letterlike-form recogni-
tion also applies to object-form recognition. A features-based process-
ing strategy (features of an input form are represented independently
in the subsystem’s internal representations) should be useful for
abstract-category recognition (Marsolek, 1995). This strategy is effi-
cient for storing the information that is common to dissimilar inputs
that are categorized together, because such information typically is
found in a subset of the features in one input form (e.g., nonacciden-
tal properties of the edges of an input image with high tolerance in
their activations; Lowe, 1985). In contrast, a whole-based processing
strategy (features of an input form are not represented independently
in the subsystem’s internal representations) should be useful for spe-
cific-exemplar recognition (Marsolek et al., 1996). This strategy is
efficient for storing the information that distinguishes similar exem-
plars in one abstract category as well as exemplars from other cate-
gories, because such information typically is found in information
close to the undifferentiated whole of one input form. By this reason-
ing, useful strategies for abstract-category and specific-exemplar
recognition are contradictory and should be performed by different
subsystems more efficiently than by a unified system (for evidence
from neural network modeling, see Marsolek & Burgund, 1997). This
reasoning concerns how visual forms in general may be abstractly and
specifically categorized, hence it applies to object recognition. Yet, to
date, no reported evidence directly dissociates abstract and specific
object recognition subsystems. Indeed, for evidence inconsistent with
such a dissociation, see Biederman and Cooper (1991).

A distinctive aspect of the present theory is that an abstract-
category subsystem is a visual subsystem, one that processes only
visual-structure information. This is an important point because it is at
least implicit in many object recognition theories that different exem-
plars in the same abstract category of objects can activate the same
mental representation, but only at postvisual stages of processing (e.g.,
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Edelman, 1998; Hummel & Biederman, 1992). For example, after dif-
ferential visual recognition takes place for the objects in Figure 1, they
may be treated similarly in phonological or conceptual subsystems.
The mapping then would be at least partially nonvisual. However, if
different input shapes (even dissimilar ones) very commonly lead to
accessing the same name and common semantic information in postvi-
sual subsystems, then a part of the visual system may become sensi-
tive to any interactive feedback from these postvisual subsystems.
Such feedback may lead a visual subsystem to learn to categorize
those input shapes together and activate the same output. This aspect
of the theory was tested in the following experiments. Note that a spe-
cific-exemplar subsystem also should be influenced by feedback from
postvisual subsystems. However, in this case, if two input shapes (even
two exemplars in the same abstract category) are associated with dis-
tinctive postvisual information, then feedback should lead a visual
subsystem to learn to differentiate the two and produce different
outputs.

Another important characteristic of the present theory is that it
does not necessarily posit that only an abstract-category subsystem
operates in the LH and only a specific-exemplar subsystem operates in
the RH. Both may operate in each hemisphere, with the abstract sub-
system more effective than the specific subsystem in the LH, and the
specific subsystem more effective than the abstract subsystem in the
RH. Indeed, the following experiments produced results that support
this possibility. Either way, the important claim is that these subsys-
tems operate (in parallel) at least relatively independently, contrary to
single-system theories of object recognition.

EXPERIMENT 1

These theories were tested using a repetition priming paradigm.
First, objects and words that name objects were presented in the cen-
tral visual field, so that high-quality information was projected direct-
ly to both hemispheres equally quickly. Participants processed each
item without naming it. Then, objects were presented very briefly in
the left or right visual field, ensuring that subsystems in one hemi-
sphere received higher quality visual input and received that input
before subsystems in the other hemisphere. The important effect was
that subsystems in one hemisphere were given advantages in winning
any race that may exist between LH and RH subsystems to guide
motor responses.1 Participants named these test objects, which were
either unprimed or primed through previous viewing of the same
exemplar, a different exemplar with the same name as the test object,
or the word form associated with the name of the test object (see
Fig. 1).

According to the dissociable-subsystems theory, repetition priming
should differ qualitatively depending on the hemisphere of direct test
presentation. When objects are presented directly to the LH, same-
exemplar- and different-exemplar-primed objects should be named
equally accurately, and both should be named more accurately than
word-primed objects. However, when objects are presented directly to
the RH, same-exemplar-primed objects should be named more accu-
rately than different-exemplar-primed objects, which in turn should

not be named more accurately than word-primed objects. Such results
would indicate that the priming that is characteristic of information
storage in an abstract-category subsystem (exemplar-abstract, yet
visual) is observed when that subsystem is advantaged at test, where-
as the priming characteristic of information storage in a specific-
exemplar subsystem (exemplar-specific) is observed when that
subsystem is advantaged at test. In contrast, according to single-sys-
tem theories, repetition priming should not differ qualitatively depend-
ing on the hemisphere of direct test presentation.

Method

Participants
In each experiment, 48 female and 48 male undergraduate students

at the University of Minnesota or the University of Arizona volun-
teered for course credit or cash payment. All participants were right-
handed, as assessed through the Edinburgh Handedness Inventory
(Oldfield, 1971), and had normal or corrected-to-normal vision. None
participated in more than one experiment.

Materials and design
The stimuli were 64 line drawings of objects, two exemplars for

each of 32 abstract categories, as well as printed words of the names
of the 32 categories. Stimuli were presented in black against a contin-
uous gray background on an AppleColor High Resolution RGB dis-
play set to maximum luminance and contrast, with a Polaroid CP-50
filter placed over it to reduce glare. Objects subtended 4.0° of visual
angle at their widest (horizontal or vertical), and words were presented
in a 36-point bold Helvetica font. A chin rest was used to position par-
ticipants’ eyes approximately 86 cm from the display. For each partic-
ipant, eight exemplar objects represented each of the eight test
conditions formed by orthogonally combining the two within-
participants independent variables: type of priming (same-exemplar
priming, different-exemplar priming, word priming, and no priming)
and hemisphere of direct test presentation (left and right). The two
exemplars in each abstract category always were presented directly to
different hemispheres for one participant. Counterbalancing ensured
that each exemplar object (including left-right reflections) represented
each condition an equal number of times across participants.
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Fig. 1. Four types of priming examined in all experiments. Each test
object was presented in one of four priming conditions: (a) same-
exemplar priming, (b) different-exemplar priming, (c) word priming,
or (d) no priming (baseline).

1. Note that a change in location between central-visual-field prime pre-
sentations and lateralized test presentations ensured that any observed priming
would not be due to low-level retinotopic representations operating prior to
higher level object recognition processes.
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Procedure
Each experimental session consisted of an initial encoding phase,

during which prime presentations occurred, and a subsequent (and
presumably unrelated) test phase. During the encoding phase, 16
objects and eight printed words (from 24 different abstract categories)
were presented, intermixed in pseudorandom order. They appeared in
the center of the display for 3 s each. A third of the participants judged
how much they liked or disliked each item, a third free-associated to
the first word that came to mind that did not name each item, and a
third judged whether a greater number of black pixels appeared on
each stimulus’s left or right half. Filler items appeared at the beginning
and end of the encoding phase to attenuate primacy and recency
effects.

During the test phase, 64 objects were presented in pseudorandom
order. Half appeared in the left and half appeared in the right visual
field, for 17 ms each. The center of each object appeared 4.3° from
central fixation, with an inner edge never closer than 2.3°. Participants
were required to stare directly at a fixation dot that appeared for 500
ms immediately before the onset of an object, to ensure lateralization.
Participants named each object as quickly and accurately as possible
into a microphone triggering a voice key, using the first common name
to come to mind. Seven additional trials appeared at the beginning of
the test phase for practice and warm-up.

Results

In all experiments, neither gender of participant nor encoding task
entered into any significant effects in preliminary analyses; thus, these
variables were not included in the following analyses. Two-way
repeated measures analyses of variance were conducted for each
experiment, with type of priming (same-exemplar priming, different-
exemplar priming, word priming, and no priming) and hemisphere of
direct test presentation (left and right) as within-participants factors.
Separate analyses were conducted with participants (F1) and object
category (F2) as the random variable.

Figure 2 displays the results for naming accuracy in Experiment 1.
Most important, the interaction between type of priming and hemi-
sphere of direct test presentation was significant,F1(3, 285) = 3.06,p
< .05,MSE= 161.7; F2(3, 285) = 3.38,p < .05,MSE= 146.4. When
test objects were presented directly to the LH, same-exemplar-primed
objects (80.5%) and different-exemplar-primed objects (78.0%) were
not named with differing accuracy,F1(1, 285) = 1.82,p > .15; F2(1,
285) = 2.01,p > .15; however, different-exemplar-primed objects were
named more accurately than word-primed objects (69.5%),F1(1, 285)
= 21.3,p < .001; F2(1, 285) = 23.5,p < .001. In contrast, when test
objects were presented directly to the RH, same-exemplar-primed
objects (83.1%) were named more accurately than different-exemplar-
primed objects (72.9%),F1(1, 285) = 30.6,p < .001; F2(1, 285) = 33.8,
p < .001; yet different-exemplar-primed objects were named only mar-
ginally more accurately than word-primed objects (69.5%),F1(1, 285)
= 3.40,p < .07; F2(1, 285) = 3.76,p < .06. In addition, the main effect
of type of priming was significant,F1(3, 285) = 29.5,p < .001,MSE
= 300.0; F2(3, 285) = 28.5,p < .001,MSE= 310.0; but the main effect
of test hemisphere was not,F1(1, 95) = 1.04,p > .30,MSE= 187.3;
F2(1, 95) = 1.55,p > .20,MSE= 126.0.

A similar analysis of response times for correctly named test
objects (range for condition means: 930–1,038 ms) revealed a main
effect of type of priming,F1(3, 285) = 5.39,p < .01,MSE= 23,926;
F2(3, 285) = 9.72,p < .001,MSE= 22,991. This effect was similar to
the effect for accuracy. The main effect of test hemisphere was mar-
ginally significant by participants,F1(1, 95) = 3.46,p < .07, and sig-
nificant by items (LH: 979 ms vs. RH: 999 ms),F2(1, 95) = 4.71,p <
.05, MSE= 15,994. But the interaction between type of priming and
test hemisphere did not approach significance,F1 < 1,F2 < 1, belying
a trade-off between speed and accuracy with regard to that interaction.

Discussion

Three important conclusions may be drawn. First, contrary to pre-
dominant single-system theories of object recognition, these results
support the theory that an abstract-category subsystem and a specific-
exemplar subsystem operate at least relatively independently. When
LH subsystems were advantaged via right-visual-field test pre-
sentations, exemplar-abstract priming (equivalent same-exemplar-
primed performance and different-exemplar-primed performance, and
both greater than word-primed performance) was observed. The
stored information supporting priming did not distinguish between
object exemplars associated with the same name, as predicted for an
abstract-category subsystem. However, when RH subsystems were
advantaged via left-visual-field test presentations, exemplar-specific
priming (greater same-exemplar-primed performance than different-
exemplar-primed performance, and equivalent different-exemplar-
primed and word-primed performance) was observed. The stored

VOL. 10, NO. 2, MARCH 1999 113

Fig. 2. Mean rates of naming accuracy as a function of type of prim-
ing and hemisphere of direct test presentation in Experiment 1. Error
bars indicate standard errors of the mean.
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information supporting priming did distinguish between object exem-
plars with the same name, as predicted for a specific-exemplar
subsystem. Thus, an abstract-category subsystem operates more effec-
tively than a specific-exemplar subsystem in the LH, and a specific-
exemplar subsystem operates more effectively than an
abstract-category subsystem in the RH.

Second, the results from LH presentations indicate that an abstract-
category subsystem stores visual object information, of the sort that is
shared between different exemplars in the same abstract category but
not found in the printed word associated with that category. If the
priming in this subsystem had been postvisual in nature, there should
have been no difference between the different-exemplar- and word-
primed conditions following LH test presentations, yet there was one.

Third, the results also strongly suggest that abstract-category and
specific-exemplar subsystems operate in parallel, not in sequence. Fol-
lowing LH test presentations, exemplar-abstract visual priming was
exhibited, in a pattern that involved no greater performance with same-
exemplar-primed objects than with different-exemplar-primed objects.
Thus, processing in a specific-exemplar subsystem apparently was not
a necessary first step before processing in an abstract-category sub-
system. If it had been, behavioral evidence of this first step (exemplar-
specific priming) should have been observed in addition to abstract
priming. Analogous reasoning disconfirms the possibility that follow-
ing RH test presentations, processing in an abstract-category subsys-
tem was a necessary first step before processing in a specific-exemplar
subsystem. These are important findings because some object recog-
nition theories (e.g., Edelman, 1998; Hummel & Biederman, 1992;
Ullman, 1996) are amenable to specific and abstract processes, but
only if they are performed in sequence. The theory here, stemming
from the analogous pattern of results in nonobject experiments (e.g.,
Marsolek et al., 1992), is that abstract-category and specific-exemplar
subsystems operate in parallel, albeit with differing relative efficien-
cies across the two hemispheres. The next two experiments examined
whether these differing relative efficiencies could be influenced by
stimulus quality and task demands, in predictable ways.

EXPERIMENT 2

A well-established finding in the hemispheric-asymmetry literature
is that degrading visual inputs (presenting them quickly, introducing
masks or noise to stimuli, blurring inputs, etc.) typically impairs pro-
cessing in the LH to a greater degree than processing in the RH (for
reviews, see Christman, 1989; Sergent & Hellige, 1986). Thus, if an
abstract-category subsystem operates effectively in the LH, then it
may be affected by degradation to a greater degree than a specific-
exemplar subsystem. The features-based processing strategy of an
abstract-category subsystem likely makes it less able to utilize the
power of distributed representations to effectively categorize distorted
inputs (see Marsolek & Burgund, 1997). Experiment 2 was conducted
to test this idea, by examining whether brief presentations of stimuli
during initial encoding would selectively affect an abstract-category
subsystem’s contribution to subsequent expressions of priming.

Method

This experiment was conducted in the same manner as Experiment
1, with the exception that objects and words were presented for 500
ms, instead of 3 s, during initial encoding.

Results

Figure 3 displays the results for naming accuracy in Experiment 2.
Unlike in Experiment 1, the interaction between type of priming and
hemisphere of direct test presentation was not significant,F1 < 1,
F2 < 1. The only significant effect in the accuracy analysis was the
main effect of type of priming,F1(3, 285) = 34.6,p < .001,MSE=
295.6; F2(3, 285) = 32.8,p < .001,MSE= 311.5.

Similarly, an analysis of response times for correctly named test
objects (range of condition means: 943–1,043 ms) revealed no inter-
action between type of priming and test hemisphere,F1(3, 285) = 1.67,
p > .15; F2(3, 285) = 1.88,p > .10. As was the case for accuracy,
response times showed a main effect of type of priming,F1(3, 285) =
4.61, p < .01, MSE = 21,387; F2(3, 285) = 6.39,p < .001,MSE =
26,826. As in Experiment 1, analysis of response times also revealed
a main effect of test hemisphere (LH: 979 ms vs. RH: 1,009 ms),F1(1,
95) = 10.5,p < .01,MSE= 17,609; F2(1, 95) = 4.07,p < .05,MSE=
24,035.

Discussion

These results support the hypothesis that an abstract-category sub-
system is selectively affected by visual degradation during initial
encoding. Unlike in Experiment 1, the pattern of priming that is char-
acteristic of an abstract-category subsystem was not observed, even
when LH subsystems were advantaged at test.
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Fig. 3. Mean rates of naming accuracy as a function of type of prim-
ing and hemisphere of direct test presentation in Experiment 2. Error
bars indicate standard errors of the mean.
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This finding may help to explain a curious result from a previous
object priming study. Biederman and Cooper (1991) reported a non-
significant interaction between type of priming (same-exemplar vs.
different-exemplar) and test hemisphere in an experiment much like
Experiment 1. They found exemplar-specific priming in both LH and RH
test presentations, as was found in Experiment 2 but not in Experiment
1. The reason may be that they presented objects very briefly during ini-
tial encoding, as was done in Experiment 2 but not in Experiment 1.

EXPERIMENT 3

The initial-encoding procedure in Experiment 2 apparently
decreased an abstract-category subsystem’s contribution to priming.
Another manipulation that should have a similar effect is modifying
the demands of the test task so that the outputs from an abstract-cate-
gory subsystem would not be useful. Experiment 3 examined whether
requiring participants to sketch each test object as it appeared, before
naming it, would result in little opportunity for an abstract-category
subsystem to contribute to priming effects in the naming task. Presum-
ably, a specific-exemplar subsystem, but not an abstract-category sub-
system, would be useful for processing objects in order to copy them.

Method

This experiment was conducted in the same manner as Experiment
1, with the exception that participants sketched each test object before
naming it during the test phase. They were asked to draw each object
as closely to how it appeared on the display as possible.

Results

Figure 4 shows the results for naming accuracy in Experiment 3.
Unlike in Experiment 1, but as in Experiment 2, the interaction
between type of priming and test hemisphere was not significant,F1 <
1, F2 < 1, and the only significant effect was the main effect of type of
priming,F1(3, 285) = 25.1,p < .001,MSE= 289.6; F2(3, 285) = 31.7,
p < .001,MSE= 229.3. Lengthy and highly variable sketching perfor-
mance prohibited useful measures of “naming” times.

Discussion

These results support the hypothesis that an abstract-category sub-
system is not utilized when objects must be processed in a highly spe-
cific manner before being named. As in Experiment 2, the pattern of
priming characteristic of an abstract-category subsystem was not
observed, even when LH subsystems were advantaged at test.

It is important to note that in both Experiments 2 and 3, exemplar-
specific priming was observed following LH test presentations. Appar-
ently, a specific-exemplar subsystem operates in the LH, but is
evidenced only when the stimuli or task demands create situations in
which an abstract-category subsystem in the LH cannot contribute
substantially to priming. If so, these results illuminate a critical aspect
of the relevant architecture: These subsystems may not be strongly lat-
eralized with only one subsystem in each hemisphere; rather, each
subsystem may operate with different relative efficiencies in the two
hemispheres. Moreover, specific-exemplar subsystems may operate
equally effectively across hemispheres; specific priming was large in
both LH and RH presentations. This could help to explain why same-

exemplar object priming typically does not produce asymmetric deac-
tivation in neuroimaging studies (e.g., Buckner et al., 1998). Differing
relative efficiencies of subsystems may produce detectable asymme-
tries when (a) both subsystems contribute and (b) exemplar-abstract
and exemplar-specific priming can be teased apart.

EXPERIMENT 4

The experiments reported thus far support the dissociable-subsystems
theory by demonstrating a significant interaction between type of prim-
ing and test hemisphere (Experiment 1) and by demonstrating two non-
significant interactions (Experiments 2 and 3) that were predicted from
the theory but relied on accepting the null for that interaction. Thus,
Experiment 4 was conducted to replicate the important interaction in a
new experiment that, like Experiment 1, should not disadvantage either
subsystem. Participants wrote the name of each test object instead of
speaking it aloud. This change from Experiment 1 should affect only
postvisual processing—how the name is reported—after visual subsys-
tems make their normal contributions to object recognition at test.

Method

This experiment was conducted in the same manner as Experiment
1, with the exception that participants wrote the name of each test
object, without speaking it, during the test phase.
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Fig. 4. Mean rates of naming accuracy as a function of type of prim-
ing and hemisphere of direct test presentation in Experiment 3. Error
bars indicate standard errors of the mean.
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Results and Discussion

Figure 5 displays the results for naming accuracy in Experiment 4.
Most important, the main results from Experiment 1 were replicated.
The interaction between type of priming and test hemisphere was
significant,F1(3, 285) = 3.11,p < .05,MSE= 209.0; F2(3, 285) = 3.61,
p < .05,MSE= 179.8. When test objects were presented directly to the
LH, same-exemplar-primed objects (78.9%) and different-exemplar-
primed objects (76.4%) were named with equivalent accuracy,F1(1,
285) = 1.41,p > .20; F2(1, 285) = 1.63,p > .20; yet different-exem-
plar-primed objects were named marginally more accurately than
word-primed objects (72.8%),F1(1, 285) = 3.05,p < .09; F2(1, 285) =
3.55,p < .07. However, when test objects were presented directly to
the RH, same-exemplar-primed objects (81.6%) were named more
accurately than different-exemplar-primed objects (70.4%),F1(1, 285)
= 28.8,p < .001; F2(1, 285) = 33.5,p < .001; yet different-exemplar-
primed objects were not named more accurately than word-primed
objects (69.8%),F1 < 1, F2 < 1. Finally, the main effect of type of
priming was significant,F1(3, 285) = 20.2,p < .001,MSE= 300.0;
F2(3, 285) = 25.3,p < .001,MSE= 239.0; the main effect of test hemi-
sphere was not significant by participants,F1(1, 95) = 2.03,p > .15,
but was significant by items,F2(1, 95) = 4.11,p < .05,MSE= 144.2.

GENERAL DISCUSSION

The results support the theory that dissociable neural subsystems,
operating in parallel, underlie abstract-category and specific-exemplar
object recognition. In particular, an abstract-category subsystem oper-
ates more effectively than a specific-exemplar subsystem in the LH.
Exemplar-abstract visual priming, without accompanying exemplar-
specific priming, was observed when LH visual subsystems were
advantaged at test. In contrast, a specific-exemplar subsystem operates
more effectively than an abstract-category subsystem in the RH.
Exemplar-specific priming, without accompanying exemplar-abstract
priming, was observed when RH visual subsystems were advantaged.
Furthermore, this pattern of results was modified in predicted ways
when stimuli were degraded during encoding and when task demands
were specific during test.

Apparently, an abstract-category subsystem learns to map even
fairly dissimilar input shapes to the same output representation when
interactive feedback indicates that the inputs are associated with the
same name and conceptual information. However, a specific-exem-
plar subsystem learns to map even fairly similar input shapes to dif-
ferent outputs when postvisual feedback distinguishes the inputs. It
may be important to note that the abstract-specific distinction,
although similar to the basic-level/subordinate-level distinction in
categorization research, does not completely correspond to it. An
important criterion for a basic-level object category is that its mem-
bers are highly similar in shape (Rosch, Mervis, Gray, Johnson, &
Boyes-Braem, 1976), unlike the claim for abstract-category classes
(e.g., pianos). Also, subordinate-level categories generalize across
exemplars, unlike specific-exemplar representations (Marsolek,
1995). Furthermore, abstract and specific subsystems normally oper-
ate in parallel to provide input to postvisual subsystems. Thus, nei-
ther is privileged in terms of entry into semantic memory, and neither
stores entry-level (Biederman, 1987; Jolicœur, Gluck, & Kosslyn,
1984) categories per se.

The present theory posits dual subsystems, rather than a continuum
or a set of subsystems ranging from abstract to specific recognition

abilities. Neural-network modeling studies indicate that general and
specific categorizations can be performed within a single, undifferen-
tiated model when the exemplars in one category are similar (e.g., two
exemplar grand pianos; Knapp & Anderson, 1984; Marsolek & Bur-
gund, 1997; McClelland & Rumelhart, 1985). However, abstract-cate-
gory and specific-exemplar representations are stored more effectively
in separate subnetworks than in unified models when the abstract cat-
egories include both dissimilar and similar exemplars (e.g., multiple
grand and upright pianos; Marsolek & Burgund, 1997). Also, features-
based and whole-based processing are evident in these abstract-cate-
gory and specific-exemplar subnetworks, respectively, suggesting that
the contradictory natures of these processing strategies are responsible
for the development of dual subsystems (Marsolek & Burgund,
1997).2
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Fig. 5. Mean rates of naming accuracy as a function of type of prim-
ing and hemisphere of direct test presentation in Experiment 4. Error
bars indicate standard errors of the mean.

2. Interestingly, semantic activation of only direct associates to a word
tends to be observed in LH word presentations, whereas broader semantic acti-
vation tends to be observed in RH word presentations (e.g., Chiarello, 1991).
Although this hemispheric distinction concerns postvisual processing, it may
seem to contradict the present abstract-specific visual hemispheric distinction.
However, a features-based process that restricts activation to one subset of
semantic features may be useful for limiting semantic activation to a particular
meaning in the LH, whereas a less restrictive whole-based process may be use-
ful for broadly activating various meanings in the RH. If so, the semantic and
visual asymmetries may be similar in terms of the processing strategies of the
relevant subsystems.
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Indeed, this may help to explain combinations of impaired and
intact abilities, in individual patients, to recognize words, objects,
and faces following damage to visual cortex (Farah, 1990, 1991).
Two recognition capacities, not one or three, are susceptible to dam-
age, one used for words and sometimes objects (but not faces) and
the other used for faces and sometimes objects (but not words).
Farah suggested that parts-based processing (useful for words and
sometimes objects) marks the former capacity, whereas holistic pro-
cessing (useful for faces and sometimes objects) marks the latter
capacity, a claim consistent with the present theory (as is the gener-
al claim that analytic versus holistic processing distinguishes LH vs.
RH processes; e.g., Bradshaw & Nettleton, 1981; Corballis, 1989).
The present theory is unique, however, in positing that features-
based and whole-based processes develop in dual subsystems for the
purposes of underlying abstract-category and specific-exemplar
recognition, respectively. The functions of the two subsystems are
best characterized by the abstract-category and specific-exemplar
natures of their recognition abilities; “features-based” and “whole-
based” describe processing strategies used to serve those functions.
Indeed, words can be recognized in an exemplar-specific manner
under certain conditions (e.g., Marsolek et al., 1992, 1996), and
faces can be recognized as belonging to the abstract category of face
in other situations, although these are not typical neuropsychologi-
cal testing conditions.

In addition, the present findings may help to clarify why func-
tional asymmetries have been noted as volatile across studies of
object recognition (for reviews, see Biederman & Cooper, 1991;
Levine & Banich, 1982). If dual subsystems with different properties
are involved, methodological differences across studies may produce
variability in observed asymmetries (e.g., compare Experiments 1
and 4 against Experiments 2 and 3). Furthermore, the present find-
ings may help to settle a debate between opposing approaches to
object recognition. According to one, object recognition relies on
viewpoint-invariant, parts-based processing of inputs (e.g., Bieder-
man & Gerhardstein, 1995; Hummel & Biederman, 1992), and
experimental evidence supports this approach (e.g., Biederman &
Gerhardstein, 1993; Cooper, Biederman, & Hummel, 1992). Accord-
ing to another approach, object recognition relies on viewpoint-
dependent, image-based processing of inputs (e.g., Tarr & Bülthoff,
1995; Ullman, 1996), and experimental evidence also supports this
approach (e.g., Srinivas, 1993; Tarr, 1995). Dual object recognition
subsystems with different properties may help to explain such empir-
ical discrepancies (for recent supporting evidence, see Burgund &
Marsolek, in press).

Finally, this dual-subsystems theory may seem to exacerbate an
unattractive proliferation of perception and memory subsystems (e.g.,
Roediger, Rajaram, & Srinivas, 1990). However, converging evidence
from different methodologies suggests this particular dissociation is
highly warranted. The theory is consistent with neuropsychological
findings, computational evidence, and behavioral dissociations
between abstract and specific word-form, pseudoword-form, letter-
like-form, and now object-form recognition. Accordingly, a funda-
mental aspect of the neural architecture of human vision and memory
may be that abstract and specific subsystems underlie visual-form
recognition.
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