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Abstract—Participants named objects presented in the left or rigl8quire, 1992; Marsolek, Schacter, & Nicholas, 1996; Marso
visual field during a test phase, after viewing centrally present&tjuire, Kosslyn, & Lulenski, 1994), pseudoword forms (Burgund

same-exemplar objects, different-exemplar objects, and words
name objects during an initial encoding phase. In two experimg
repetition priming was exemplar-abstract yet visual when test ob
were presented directly to the left cerebral hemisphere, but exem
specific when test objects were presented directly to the right cer
hemisphere, contrary to predictions from single-system theorig
object recognition. In two other experiments, stimulus degrada
during encoding and task demands during test modulated these T
in predicted ways. The results support the theory that dissoc
neural subsystems operate in parallel (not in sequence) to und
visual object recognition: An abstract-category subsystem ope
more effectively than a specific-exemplar subsystem in the left
sphere, and a specific-exemplar subsystem operates more effe
than an abstract-category subsystem in the right hemisphere.

What would you name each of the two objects in Figure 1? N
people would name them both “piano,” even though they obviously
different exemplars of pianos. This is a simple, but interesting, o

vation_because it indicate_s that the two shapes are re(_:ognized a%ti@ﬁact—category recognition (Marsolek, 1995). This strategy is
same in one sense, but different in another. If so, the visual syste@dt for storing the information that is common to dissimilar ing

confronted with contradictory recognition problems: How can it

ognize that those objects belong to the same (abstract) catego
also to different (specific) categories? Contemporary theories of 0|
recognition ignore the opposing natures of these abilities and pos
a single, undifferentiated system accounts for the visual-structural
cessing underlying object recognition. However, computational

soning and functional hemispheric asymmetries suggest thal ¢y

human brain may solve the dilemma by implementing dissociable
systems to underlie abstract and specific recognition (Marsole
Burgund, 1997). This article reports experiments directly suppo
the dissociable-subsystems theory.

The two relevant abilities may be defined as follows. Abstr
category recognition refers to the ability of the visual system to |
to map different input shapes, even fairly dissimilar ones, to the s
output representation. In contrast, specific-exemplar recognition r

to the ability to learn to map different input shapes, even fairly similafasoning concerns how visual forms in general may be abstractl

ones, to different output representations.

Why hypothesize that dissociable subsystems underlie abs
category and specific-exemplar object recognition? Recent evid
indicates that at least relatively independent subsystems un
abstract and specific recognition of word forms (Marsolek, Kossly
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ek,
&
tN&rsolek, 1997), and letterlike forms (Marsolek, 1995).akstract-
entategory subsystethat operates effectively in the left cerebral hemi-
esgthere (LH) stores such forms in an exemplar-abstract manner,
plahereas apecific-exemplar subsystehat operates effectively in the
ehiight cerebral hemisphere (RH) stores such forms in an exemplar-
sspkcific manner. For example, letter-case-abstract repetition priming
tigie., equivalent same- and different-case word priming) is observed
cquliten test items are presented directly to the LH, whereas letter{case-
abfgecific repetition priming (i.e., greater same- than different-case word
ediéming) is observed when test items are presented directly to the RH.
afRr®sumably, these subsystems operate within the occipital-temporal
nerigual stream that underlies shape processing but not spatial-lo¢ation
Ctivelgction-guidance processing of visual forms (e.g., Buckner et al.,
1995; Goodale & Milner, 1992; Ungerleider & Mishkin, 1982).
The computational reasoning for why dissociable subsyst
underlie word-form, pseudoword-form, and letterlike-form recod
@™ also applies to object-form recognition. A features-based pro
#§ strategy (features of an input form are represented indepeng
S#-the subsystem’s internal representations) should be usefu

ems
ni-
Cess-
ently
| for
effi-
uts
lly is
den-

Ethat are categorized together, because such information typica
y_fcp}ﬁd in a subset of the features in one input form (e.g., nonacc
bJﬁi‘?tproperties of the edges of an input image with high tolerance in
t thalr activations; Lowe, 1985). In contrast, a whole-based processing
Réfategy (features of an input form are not represented independently
I'&A-the subsystem’s internal representations) should be useful for spe-
s fe-exemplar recognition (Marsolek et al., 1996). This strategy is
SHficient for storing the information that distinguishes similar exem-
k_p‘Fars in one abstract category as well as exemplars from other|cate-
li§Bries, because such information typically is found in information
close to the undifferentiated whole of one input form. By this reason-
a“?l‘fl‘g, useful strategies for abstract-category and specific-exemplar
=&HEognition are contradictory and should be performed by diffgrent
2B systems more efficiently than by a unified system (for evidence
BfRB neural network modeling, see Marsolek & Burgund, 1997). This
and
specifically categorized, hence it applies to object recognition. Yet, to
l'égle, no reported evidence directly dissociates abstract and specific
€BBfect recognition subsystems. Indeed, for evidence inconsistent with
leglieh 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
Ug@st implicit in many object recognition theories that different exem-
afplars in the same abstract category of objects can activate the|same
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mental representation, but only at postvisual stages of processing (e.g.,

Copyrigh© 1999 American Psychological Society 111



PSYCHOLOGICAL SCIENCE

Abstract and Specific Object Recognition

Edelman, 1998; Hummel & Biederman, 1992). For example, afte
ferential visual recognition takes place for the objects in Figure 1,
may be treated similarly in phonological or conceptual subsyst
The mapping then would be at least partially nonvisual. Howeve
different input shapes (even dissimilar ones) very commonly leg
accessing the same name and common semantic information in p
sual subsystems, then a part of the visual system may become
tive to any interactive feedback from these postvisual subsyst

Such feedback may lead a visual subsystem to learn to categad

those input shapes together and activate the same output. This
of the theory was tested in the following experiments. Note that &
cific-exemplar subsystem also should be influenced by feedback
postvisual subsystems. However, in this case, if two input shapes
two exemplars in the same abstract category) are associated wi

tinctive postvisual information, then feedback should lead a vis

subsystem to learn to differentiate the two and produce diffe
outputs.

Another important characteristic of the present theory is th
does not necessarily posit that only an abstract-category subs
operates in the LH and only a specific-exemplar subsystem operg
the RH. Both may operate in each hemisphere, with the abstrac
system more effective than the specific subsystem in the LH, an
specific subsystem more effective than the abstract subsystem

RH. Indeed, the following experiments produced results that suppast the priming characteristic of information storage in a speg

this possibility. Either way, the important claim is that these sub
tems operate (in parallel) at least relatively independently, contra
single-system theories of object recognition.

EXPERIMENT 1

These theories were tested using a repetition priming parag
First, objects and words that name objects were presented in th

tral visual field, so that high-quality information was projected dire

ly to both hemispheres equally quickly. Participants processed
item without naming it. Then, objects were presented very briefl
the left or right visual field, ensuring that subsystems in one h
sphere received higher quality visual input and received that i
before subsystems in the other hemisphere. The important effeg
that subsystems in one hemisphere were given advantages in wi
any race that may exist between LH and RH subsystems to

motor responséesParticipants named these test objects, which W

either unprimed or primed through previous viewing of the same

exemplar, a different exemplar with the same name as the test g
or the word form associated with the name of the test object|(
Fig. 1).

According to the dissociable-subsystems theory, repetition primi

should differ qualitatively depending on the hemisphere of direct
presentation. When objects are presented directly to the LH, s
exemplar- and different-exemplar-primed objects should be n3
equally accurately, and both should be named more accurately
word-primed objects. However, when objects are presented direc
the RH, same-exemplar-primed objects should be named more

rately than different-exemplar-primed objects, which in turn shou

1. Note that a change in location between central-visual-field prime|p
sentations and lateralized test presentations ensured that any observed
would not be due to low-level retinotopic representations operating pri

Different
Exemplar
Primed

Same
Exemplar
Primed

Word

Primed Unprimed

Initial
Exposure
Stimulus:

piano

(d)

Test Object:

dis-
Fig. 1. Four types of priming examined in all experiments. Each

(g . .S o
object was presented in one of four priming conditions: (a) s3

=

ator (d) no priming (baseline).

ystem

tasoinbe named more accurately than word-primed objects. Such r
Subald indicate that the priming that is characteristic of informa
d dbsrage in an abstract-category subsystem (exemplar-abstrag
nvibaal) is observed when that subsystem is advantaged at test, \

sysemplar subsystem (exemplar-specific) is observed when
rstbsystem is advantaged at test. In contrast, according to singl
tem theories, repetition priming should not differ qualitatively depe
ing on the hemisphere of direct test presentation.

igm_Method
P CeMParticipants
¢t In each experiment, 48 female and 48 male undergraduate sty
€3fhihe University of Minnesota or the University of Arizona volt
Y #8ered for course credit or cash payment. All participants were 1
eMinded, as assessed through the Edinburgh Handedness Iny
n?@'idfleld 1971), and had normal or corrected-to-normal vision. N
tn}r?‘i%gupated in more than one experiment.

juide . .
ere Materials and design

The stimuli were 64 line drawings of objects, two exemplars
bfé%‘fh of 32 abstract categories, as well as printed words of the 1
gééhe 32 categories. Stimuli were presented in black against a ¢
uous gray background on an AppleColor High Resolution RGB
play set to maximum luminance and contrast, with a Polaroid C
r placed over it to reduce glare. Objects subtended 4.0° of v
amﬂégle at their widest (horizontal or vertical), and words were prese
rﬁ@@ 36-point bold Helvetica font. A chin rest was used to position
tﬂgnants’ eyes approximately 86 cm from the display. For each pa
“)iﬂgnt, eight exemplar objects represented each of the eight
acQnditions formed by orthogonally combining the two with
Wrticipants independent variables: type of priming (same-exen
priming, different-exemplar priming, word priming, and no primin
and hemisphere of direct test presentation (left and right). The
gxemplars in each abstract category always were presented dire
,rmﬁgjent hemispheres for one participant. Counterbalancing ens
orifat each exemplar object (including left-right reflections) represe

= =
M=h

higher level object recognition processes.
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each condition an equal number of times across participants.
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Procedure
Each experimental session consisted of an initial encoding p

during which prime presentations occurred, and a subsequent| (an

presumably unrelated) test phase. During the encoding phas
objects and eight printed words (from 24 different abstract catega

were presented, intermixed in pseudorandom order. They appeare

the center of the display for 3 s each. A third of the participants ju
how much they liked or disliked each item, a third free-associate
the first word that came to mind that did not name each item, g
third judged whether a greater number of black pixels appeare
each stimulus’s left or right half. Filler items appeared at the begin
and end of the encoding phase to attenuate primacy and re
effects.

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

Same-Exemplar Primed
Different-Exemplar Primed
Word Primed

Unprimed

1
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Fig. 2. Mean rates of naming accuracy as a function of type of p
ing and hemisphere of direct test presentation in Experiment 1.

Results

nase . . . .
all experiments, neither gender of participant nor encoding

red into any significant effects in preliminary analyses; thus, t
ri¥: lables were not included in the following analyses. Two-
repeated measures analyses of variance were conducted for

(e

D

. ee><(§)eriment, with type of priming (same-exemplar priming, differe
emplar priming, word priming, and no priming) and hemispher
glra(lect test presentation (left and right) as within-participants fac
% arate analyses were conducted with particip&ijsad object
m%%tegory E,) as the random variable.
A CFigure 2 displays the results for naming accuracy in Experime
‘?\Wo& important, the interaction between type of priming and hg
nthere of direct test presentation was significaj{g, 285) = 3.06p

sSa ,MSE= 161.7;F,(3, 285) = 3.38p < .05,MSE= 146.4. When

;g@ects (80.5%) and different-exemplar-primed objects (78.0%)

named with differing accuracl, (1, 285) = 1.82p > .15;F,(1,
s .) =2.01p>.15; however, different_—exemplgr-primed objects w
08 ed more accurately than word-primed objects (69.6%d), 285)
= ei.S,p < .001;F,(1, 285) = 23.5p < .001. In contrast, when te
objects were presented directly to the RH, same-exemplar-pr,

=Y

>

5t

primed objects (72.9%],,(1, 285) = 30.6p < .001;F,(1, 285) = 33.8,
p <.001; yet different-exemplar-primed objects were named only
ginally more accurately than word-primed objects (69.52}, 285)
=3.40,p < .07;F,(1, 285) = 3.76p < .06. In addition, the main effeq
of type of priming was significang (3, 285) = 29.5p < .001,MSE
=300.0;F,(3, 285) = 28.5p < .001,MSE= 310.0; but the main effeg
of test hemisphere was nét,(1, 95) = 1.04p > .30, MSE= 187.3;
F,(1, 95) = 1.55p > .20,MSE= 126.0.

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

t

Discussion

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

bars indicate standard errors of the mean.
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plars with the same name, as predicted for a specific-exen
subsystem. Thus, an abstract-category subsystem operates more
exemplar subsystem operates more effectively than
abstract-category subsystem in the RH.

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

Third, the results also strongly suggest that abstract-category

lowing LH test presentations, exemplar-abstract visual priming
exhibited, in a pattern that involved no greater performance with s
exemplar-primed objects than with different-exemplar-primed obje
Thus, processing in a specific-exemplar subsystem apparently w
a necessary first step before processing in an abstract-categor
system. If it had been, behavioral evidence of this first step (exem
specific priming) should have been observed in addition to abs
priming. Analogous reasoning disconfirms the possibility that foll
ing RH test presentations, processing in an abstract-category s\
tem was a necessary first step before processing in a specific-exe
subsystem. These are important findings because some object
nition theories (e.g., Edelman, 1998; Hummel & Biederman, 1¢
Uliman, 1996) are amenable to specific and abstract processe

information supporting priming did distinguish between object exery

tively than a specific-exemplar subsystem in the LH, and a spedqi

specific-exemplar subsystems operate in parallel, not in sequence.

N Same-Exemplar Primed

Different-Exemplar Primed
Word Primed
Unprimed

Ak

h

(o]
o

(0]
(6)]

I

~N
&)

Accuracy (%)
~
o

(o))
&)

(o)}
o

Left Right
Hemisphere

only if they are performed in sequence. The theory here, stem
from the analogous pattern of results in nonobject experiments
Marsolek et al., 1992), is that abstract-category and specific-exer
subsystems operate in parallel, albeit with differing relative effic
cies across the two hemispheres. The next two experiments exa|
whether these differing relative efficiencies could be influenceg
stimulus quality and task demands, in predictable ways.

EXPERIMENT 2

A well-established finding in the hemispheric-asymmetry literaf
is that degrading visual inputs (presenting them quickly, introdu
masks or noise to stimuli, blurring inputs, etc.) typically impairs g
cessing in the LH to a greater degree than processing in the R
reviews, see Christman, 1989; Sergent & Hellige, 1986). Thus,
abstract-category subsystem operates effectively in the LH, th
may be affected by degradation to a greater degree than a sp
exemplar subsystem. The features-based processing strategy
abstract-category subsystem likely makes it less able to utilize
power of distributed representations to effectively categorize dist
inputs (see Marsolek & Burgund, 1997). Experiment 2 was condy
to test this idea, by examining whether brief presentations of sti

subsystem’s contribution to subsequent expressions of priming.

Method

This experiment was conducted in the same manner as Expe
1, with the exception that objects and words were presented fo

during initial encoding would selectively affect an abstract-category

Mg
€Fig. 3. Mean rates of naming accuracy as a function of type of p
Nling and hemisphere of direct test presentation in Experiment 2.
ebars indicate standard errors of the mean.

mined

by Results

Figure 3 displays the results for naming accuracy in Experime
Unlike in Experiment 1, the interaction between type of priming
hemisphere of direct test presentation was not signifiggnt 1,
F, < 1. The only significant effect in the accuracy analysis was

UfRain effect of type of primingF (3, 285) = 34.6p < .001,MSE =

C1295 6;F,(3, 285) = 32.8p < .001,MSE= 311.5.

ro- Similarly, an analysis of response times for correctly named
i §i§lects (range of condition means: 943-1,043 ms) revealed no
f 86tion between type of priming and test hemispHe(8, 285) = 1.67,
] .H» 15; F,(3, 285) = 1.88p > .10. As was the case for accura
e¢digponse times showed a main effect of type of prinfin@, 285) =
of @0 p < .01, MSE= 21,387;F,(3, 285) = 6.39p < .001,MSE =

> #88826. As in Experiment 1, analysis of response times also rev
reehain effect of test hemisphere (LH: 979 ms vs. RH: 1,009k1(d),
CE%} =10.5p<.01,MSE= 17,609;F,(1, 95) = 4.07p < .05,MSE=
mpili 035.

Discussion

These results support the hypothesis that an abstract-categor|
system is selectively affected by visual degradation during in
inagitioding. Unlike in Experiment 1, the pattern of priming that is ¢
90€eristic of an abstract-category subsystem was not observed

im-
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CY,
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ms, instead of 3 s, during initial encoding.
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when LH subsystems were advantaged at test.
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This finding may help to explain a curious result from a previd
object priming study. Biederman and Cooper (1991) reported a
significant interaction between type of priming (same-exemplar
different-exemplar) and test hemisphere in an experiment much
Experiment 1. They found exemplar-specific priming in both LH and
test presentations, as was found in Experiment 2 but not in Experi
1. The reason may be that they presented objects very briefly durin
tial encoding, as was done in Experiment 2 but not in Experiment 1

EXPERIMENT 3

The initial-encoding procedure in Experiment 2 appare

decreased an abstract-category subsystem’s contribution to prim

Another manipulation that should have a similar effect is modify

the demands of the test task so that the outputs from an abstractt

gory subsystem would not be useful. Experiment 3 examined whe
requiring participants to sketch each test object as it appeared, b
naming it, would result in little opportunity for an abstract-categ
subsystem to contribute to priming effects in the naming task. Pres
ably, a specific-exemplar subsystem, but not an abstract-category
system, would be useful for processing objects in order to copy th

Method

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

Results

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

Discussion

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

It is important to note that in both Experiments 2 and 3, exem
specific priming was observed following LH test presentations. Ap|
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Fig. 4. Mean rates of naming accuracy as a function of type of p
ing and hemisphere of direct test presentation in Experiment 3.

‘bars indicate standard errors of the mean.
nt

IO(gxemplar object priming typically does not produce asymmetric d
3 Byation in neuroimaging studies (e.g., Buckner et al., 1998). Diffe
relative efficiencies of subsystems may produce detectable asy
c),t_ries when (a) both subsystems contribute and (b) exemplar-ab
and exemplar-specific priming can be teased apart.

EXPERIMENT 4

y sup-he experiments reported thus far support the dissociable-subsy
dpgory by demonstrating a significant interaction between type of p
nig and test hemisphere (Experiment 1) and by demonstrating two

sjgpificant interactions (Experiments 2 and 3) that were predicted f
the theory but relied on accepting the null for that interaction. Tk
hiExperiment 4 was conducted to replicate the important interaction
p&ew experiment that, like Experiment 1, should not disadvantage €

ently, a specific-exemplar subsystem operates in the LH, b

evidenced only when the stimuli or task demands create situatign§RRaking it aloud. This change from Experiment 1 should affect
which an abstract-category subsystem in the LH cannot contrjbB@Stvisual processing—how the name is reported—after visual su
substantially to priming. If so, these results illuminate a critical as| e
of the relevant architecture: These subsystems may not be strongly lat-
eralized with only one subsystem in each hemisphere; rather, eac'Method
subsystem may operate with different relative efficiencies in the|two
hemispheres. Moreover, specific-exemplar subsystems may operatdhis experiment was conducted in the same manner as Exper
equally effectively across hemispheres; specific priming was largelinwith the exception that participants wrote the name of each
both LH and RH presentations. This could help to explain why sanoedject, without speaking it, during the test phase.

VOL. 10, NO. 2, MARCH 1999

i Sibsystem. Participants wrote the name of each test object inste

fns make their normal contributions to object recognition at test.
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Results and Discussion

Figure 5 displays the results for naming accuracy in Experime
Most important, the main results from Experiment 1 were replicg
The interaction between type of priming and test hemisphere
significant,F,(3, 285) = 3.11p < .05,MSE= 209.0;F (3, 285) = 3.61,
p < .05,MSE= 179.8. When test objects were presented directly tq
LH, same-exemplar-primed objects (78.9%) and different-exem
primed objects (76.4%) were named with equivalent accurg¢y,
285) = 1.41p > .20;F,(1, 285) = 1.63p > .20; yet different-exem
plar-primed objects were named marginally more accurately
word-primed objects (72.8%f, (1, 285) = 3.05p < .09;F(1, 285) =
3.55,p < .07. However, when test objects were presented direct
the RH, same-exemplar-primed objects (81.6%) were named
accurately than different-exemplar-primed objects (70.4%6)., 285)
= 28.8,p < .001;F,(1, 285) = 33.5p < .001; yet different-exemplar
primed objects were not named more accurately than word-pr
objects (69.8%)F, < 1, F, < 1. Finally, the main effect of type @
priming was significantf,(3, 285) = 20.2p < .001,MSE = 300.0;
F,(3, 285) = 25.3p < .001,MSE= 239.0; the main effect of test hem
sphere was not significant by participarkg(1, 95) = 2.03p > .15,
but was significant by item$;,(1, 95) = 4.11p < .05,MSE= 144.2.

GENERAL DISCUSSION

The results support the theory that dissociable neural subsys
operating in parallel, underlie abstract-category and specific-exen
object recognition. In particular, an abstract-category subsystem
ates more effectively than a specific-exemplar subsystem in the
Exemplar-abstract visual priming, without accompanying exemy
specific priming, was observed when LH visual subsystems
advantaged at test. In contrast, a specific-exemplar subsystem o
more effectively than an abstract-category subsystem in the
Exemplar-specific priming, without accompanying exemplar-abst
priming, was observed when RH visual subsystems were advant
Furthermore, this pattern of results was modified in predicted

were specific during test.

Apparently, an abstract-category subsystem learns to map
fairly dissimilar input shapes to the same output representation v
interactive feedback indicates that the inputs are associated witl
same name and conceptual information. However, a specific-e>
plar subsystem learns to map even fairly similar input shapes to|
ferent outputs when postvisual feedback distinguishes the inpu
may be important to note that the abstract-specific distinct
although similar to the basic-level/subordinate-level distinction
categorization research, does not completely correspond to it
important criterion for a basic-level object category is that its mg
bers are highly similar in shape (Rosch, Mervis, Gray, Johnsor
Boyes-Braem, 1976), unlike the claim for abstract-category cla
(e.g., pianos). Also, subordinate-level categories generalize a
exemplars, unlike specific-exemplar representations (Marsg
1995). Furthermore, abstract and specific subsystems normally
ate in parallel to provide input to postvisual subsystems. Thus,
ther is privileged in terms of entry into semantic memory, and nei
stores entry-level (Biederman, 1987; Jolicceur, Gluck, & Koss
1984) categories per se.

The present theory posits dual subsystems, rather than a cont

when stimuli were degraded during encoding and when task demagdsmplar grand pianos; Knapp & Anderson, 1984; Marsolek & B
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"'I‘fl'g. 5. Mean rates of haming accuracy as a function of type of p
ing and hemisphere of direct test presentation in Experiment 4.
eFE)ars indicate standard errors of the mean.

H.
raghilities. Neural-network modeling studies indicate that general
agpdcific categorizations can be performed within a single, undiffe
&@ed model when the exemplars in one category are similar (e.g

gund, 1997; McClelland & Rumelhart, 1985). However, abstract-c
eIy and specific-exemplar representations are stored more effec
h@rseparate subnetworks than in unified models when the abstra
N ries include both dissimilar and similar exemplars (e.g., mul
(fland and upright pianos; Marsolek & Burgund, 1997). Also, featy
difased and whole-based processing are evident in these abstraq
Sgdry and specific-exemplar subnetworks, respectively, suggesting
Ofhe contradictory natures of these processing strategies are resp

A997)2
m_

5¢ 2. Interestingly, semantic activation of only direct associates to a
crtends to be observed in LH word presentations, whereas broader semant
|¢vation tends to be observed in RH word presentations (e.g., Chiarello, 1
)FAIthough this hemispheric distinction concerns postvisual processing, it
nseem to contradict the present abstract-specific visual hemispheric distin
hHowever, a features-based process that restricts activation to one suk

semantic features may be useful for limiting semantic activation to a parti
yImeaning in the LH, whereas a less restrictive whole-based process may |

ful for broadly activating various meanings in the RH. If so, the semantic
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or a set of subsystems ranging from abstract to specific recogmitrelevant subsystems.
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