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Viewpoint-invariant and
viewpoint-dependent object recognition
in dissociable neural subsystems
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Participants viewed objects in the central visual field and then named either same or different depth-
orientation views of these objects presented briefly in the left or the right visual field. The different-
orientation views contained either the same or a different set of parts and relations. Viewpoint-dependent
priming was observed when test views were presented directly to the right hemisphere (RH), but not
when test views were presented directly to the left hemisphere (LH). Moreover, this pattern of results
did not depend on whether the same or a different set of parts and relations could be recovered from
the different-orientation views. Results support the theory that a specific subsystem operates more ef-
fectively than an abstract subsystem in the RH and stores objects in a manner that produces viewpoint-
dependent effects, whereas an abstract subsystem operates more effectively than a specific subsystem
in the LH and does not store objects in a viewpoint-dependent manner.

The ability to recognize the same object from many
different viewpoints is remarkable, given that differing
viewpoints can produce quite dissimilar input images.
The explanation for this ability is the subject of much
controversy in the object recognition literature (e.g., Bie-
derman & Gerhardstein, 1995; Tarr & Biilthoff, 1995).
One group of theorists proposes that object recognition
relies on a viewpoint-invariant process that uses indepen-
dent representations of invariant parts or features of an
object (e.g., Biederman, 1987; Biederman & Gerhard-
stein, 1993; Hummel & Biederman, 1992; Hummel &
Stankiewicz, 1996; Koenderink, 1987; Marr, 1982;
Wagemans, Gool, & Lamote, 1996). According to most
viewpoint-invariant theories, once a particular object has
been stored, recognition of that object from any view (in-
cluding novel views) should be unaffected by the view-
point, provided that the necessary features can be recov-
ered from that view. Another group of theorists proposes
that object recognition relies on a viewpoint-dependent
process involving view-specific images or undifferenti-
ated representations of whole shapes (e.g., Biilthoff &
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Edelman, 1992; Edelman, 1998; Edelman & Biilthoff,
1992; Humphrey & Khan, 1992; Poggio & Edelman,
1990; Tarr, 1995; Ullman, 1989, 1996). According to this
perspective, once a particular object has been stored,
recognition of that object from novel views should be im-
paired, relative to recognition of previously stored views.
Unfortunately, the current set of behavioral findings does
not unequivocally settle the debate between these two the-
oretical approaches. In this article, we examine a potential
resolution to the controversy. In particular, we investigate
whether dissociable neural subsystems underlie object
recognition in ways that are differentially prone to the pro-
duction of viewpoint effects.

Support for both viewpoint-invariant and viewpoint-
dependent object recognition has been obtained in previ-
ous studies of object priming. Viewpoint-invariant recog-
nition is evidenced when test objects are processed
equally well after having been viewed previously in either
the same or a different orientation in depth during initial
encoding. Viewpoint-dependent recognition is evidenced
by greater same-orientation than different-orientation
priming. Invariant priming has been observed when the
same parts and relations could be recovered from the
different-orientation views, but not when different parts
and relations could be recovered (Biederman & Gerhard-
stein, 1993; Srinivas, 1995, Experiment 2). In contrast,
viewpoint-dependent priming has been observed in other
studies, regardless of whether the same or different parts
could be recovered from the different-orientation views
(Hayward & Tarr, 1997; Lawson & Humphreys, 1998;
Srinivas, 1995, Experiment 3; Tarr, Biilthoff, Zabinski,
& Blanz, 1997).

A potential explanation for the empirical discrepancy
is that dissociable neural subsystems underlie object recog-
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nition and perform qualitatively different processes that
are differentially affected by viewpoint manipulations.
Recent evidence indicates that relatively independent sub-
systems, operating in parallel, underlie abstract and spe-
cific object recognition (Marsolek, 1999). After viewing
line drawings of objects and words that name other ob-
jectsin the central visual field, participants named later-
ally presented objects that were the same exemplars as
those previously viewed, different exemplars with the
same names as previously viewed objects, objects corre-
sponding to the previously viewed words, and unprimed
objects. When test objects were presented directly to the
left cerebral hemisphere (LH), same- and different-
exemplar primed objects were named with equal accuracy,
and both were named more accurately than word-primed
objects. In contrast, when test objects were presented
directly to the right cerebral hemisphere (RH), same-
exemplar-primed objects were named more accurately
than both different-exemplar-primed objects and word-
primed objects (and accuracy in the latter two conditions
did not differ). Several important conclusions can be
drawn from this study. First, an abstract-category sub-
system stores object categories and operates more effec-
tively than a specific-exemplar subsystem in the LH,
whereas a specific-exemplar subsystem stores object ex-
emplars and operates more effectively than an abstract-
category subsystem in the RH. Second, even an abstract-
category subsystem relies on visual—rather than
postvisual—information for object recognition (as is ev-
idenced by the finding that same- and different-exemplar-
primed objects were recognized more effectively than
word-primed objects). Finally, evidence for abstract prim-
ing coupled with no evidence for specific priming when
objects were presented directly to the LH, and vice versa
when objects were presented directly to the RH, indicates
that abstract-category and specific-exemplar subsystems
operate in parallel, rather than in sequence.!

These subsystems appear to rely on contradictory pro-
cessing strategies to accomplish their respective goals (for
further explication and evidence from neural network
models, see Marsolek & Burgund, 1997). A features-
based processing strategy, in which only the features that
are relatively invariant across different exemplars within
the same abstract category are activated in the long-term
memory representations, should be useful (although ad-
mittedly not necessary) for recognizing abstract cate-
gories (Marsolek, 1995). This is because the information
that is common to even highly dissimilar inputs belong-
ing to the same abstract category (e.g., consider a grand
piano and an upright piano) typically is found in only a
subset of the features of any one input form (e.g., the fea-
tures defining the keyboard, two front legs, etc.). The
“features” stored by an abstract subsystem may be very
abstract structural primitives reflecting relatively invari-
ant information across exemplars within a category and
exhibiting a high degree of tolerance in how they are acti-
vated by perceptual inputs (e.g., perhaps not unlike the
“complex features” that activate single cells in the inferior

VIEWPOINT AND OBJECT RECOGNITION 481

temporal cortex [K. Tanaka, 1993] or generalizable cylin-
ders of the sort described by Marr, 1982). Such features
would allow parts to vary in some parameters, such as
curved versus linear edges, but not to vary much in other
parameters, such as rough aspect ratio. Features-based pro-
cessing may take the form of sparse (or relatively local)
coding (for the benefits of such coding, see Churchland &
Sejnowski, 1992) in the internal processing of an abstract
subsystem. In this sort of sparse coding, different ele-
ments of a representation would be differentially sensitive
to different features of an input object. This would help a
subsystem to learn representations that are activated by
relatively invariant information across exemplars within a
category, are not activated or inhibited by information that
varies across exemplars, and are inhibited by information
not found in exemplars in that category (benefiting cate-
gory recognition, but not exemplar recognition).

In contrast, a whole-based processing strategy, in
which features of an exemplar are stored all of a piece
and not independently of one another at any stage of pro-
cessing, should be useful (although admittedly not nec-
essary) for recognizing specific exemplars (Marsolek,
Schacter, & Nicholas, 1996). This is because the infor-
mation that distinguishes even highly similar exemplars
in one abstract category (e.g., consider two similar grand
pianos) from each other, as well as from all other exem-
plars, typically is found in information close to the un-
differentiated whole of one input form. Whole-based
processing may take the form of distributed (or popula-
tion) coding (for the benefits of such coding, see Ballard,
1986; Hinton, McClelland, & Rumelhart, 1986) in the in-
ternal processing of a specific subsystem. In this sort of
distributed coding, the entire pattern of activation across
a large number of different elements of a representation
(each sensitive in different ways to, perhaps, all of an ob-
ject) would represent an input object. This would help a
subsystem to learn representations of entire stored ex-
emplars in such a manner that individual features are not
represented independently of one another (benefiting ex-
emplar recognition, but not category recognition). Im-
portantly, sparse coding and distributed coding are con-
tradictory in nature, in that they cannot both be used
simultaneously in the same representations, which sug-
gests areason why at least relatively independent abstract
and specific subsystems may have developed (Marsolek
& Burgund, 1997).

Indeed, results from a recent visual-priming study in-
dicate that abstract and specific subsystems rely on these
different processing strategies (Marsolek et al., 1996). In
that study, letter case-specific priming (greater same-case-
primed than different-case-primed performance) in RH
test presentations was observed only when the visual
contexts presented above the target items were the same
between initial encoding and subsequent test. Lettercase-
specific priming was not observed, even in RH test pre-
sentations, when the visual contexts for the target items
differed between encoding and test. Conversely, lettercase-
abstract priming (equivalent same-case-primed and



482 BURGUND AND MARSOLEK

different-case-primed performance) in LH test presenta-
tions was not affected by visual context. Lettercase-
abstract priming was observed in LH test presentations
regardless of whether the visual contexts for test items
differed between encoding and test. Taken together, these
findings indicate that a specific-exemplar subsystem rep-
resents entire, undifferentiated configurations of inputs
(i.e., target words and context words are integrated in the
same whole representation, and hence, priming of targets
requires repetition of their primed contexts), rather than
subwhole elements of the input independently of each
other. In contrast, an abstract-category subsystem does
represent subwhole elements of an input independently
of each other (i.e., target words are represented indepen-
dently of their visual contexts, and hence, priming of tar-
gets can occur in a manner that is not influenced by their
contexts). Thus, a specific subsystem may rely on a rel-
atively whole-based processing strategy, whereas an ab-
stract subsystem may rely on a relatively features-based
processing strategy.?

We suggest that, with the development of abstract and
specific subsystems, two mechanisms may emerge for
underlying viewpoint effects in object priming. In par-
ticular, an abstract subsystem that uses a features-based
processing strategy should store features that are com-
mon to different views of the same exemplar, as well as
common to different exemplars in the same abstract cat-
egory. Hence, the priming from such representations
should not be viewpoint dependent. In contrast, a specific
subsystem that uses a whole-based processing strategy
should store whole shapes at each stage of processing and
should include at least one stage in which the represen-
tations are specific to the distinctive novel view of a par-
ticular object as it appears during an initial encoding trial.
Hence, the priming from such representations should be
viewpoint dependent. We tested these hypotheses in the
following experiment.

First, the participants initially encoded a series of ob-
jects, each from a particular viewpoint. Then, during a
subsequent test phase, they named objects presented di-
rectly to the LH or directly to the RH. Test objects were
presented in either the same or different orientation in
depth, as compared with initial encoding, and viewpoint-
dependent priming was measured as significantly greater
accuracy in naming objects presented in the same orien-
tation, rather than in a different orientation. According to
the dissociable subsystems theory, different results should
be observed, depending on the hemisphere of direct test
presentations and, hence, which subsystem is given an
advantage during test. If an abstract subsystem operates
more effectively than a specific subsystem in the LH, no
viewpoint-dependent priming should be observed when
test objects are presented directly to the LH. If a specific
subsystem operates more effectively than an abstract sub-
system in the RH, viewpoint-dependent priming should
be observed when test objects are presented directly to the
RH. Alternatively, single-system viewpoint-dependent

theories would predict viewpoint-dependent priming in
both LH and RH test presentations.

Another question addressed in this experiment was
whether priming would be sensitive to the parts that could
be recovered from the different-orientation views. One
hypothesis is that viewpoint-dependent priming should
be observed only when different parts and relations can be
recovered (owing to differential occlusion of parts) from
the prime and the test views in the different-orientation
condition (Biederman & Gerhardstein, 1993, 1995). To
examine this question, we included a parts-occlusion
variable. Half of the participants were presented with
different-orientation prime views in which different parts
could be recovered, as compared with their test views, and
the other half were presented with different-orientation
prime views in which the same parts and relations could
be recovered, as compared with their test views. If, as was
proposed by Biederman and Gerhardstein (1993, 1995),
different discernible parts and relations must be recov-
ered in order to observe viewpoint-dependent priming,
viewpoint-dependent priming should be observed in the
different-part condition, but not in the same-part condition.

METHOD

Participants

Sixty-four male and 64 female undergraduate students at the
University of Minnesota volunteered to participate for payment or
for course credit. All were restricted to be fairly strongly right-
handed, as assessed through the Edinburgh Handedness Inventory
(mean laterality quotient = .88; range = .50-1.0; Oldfield, 1971)
and had normal or corrected-to-normal vision.

Design

A2 X 2 X2 X 2mixed factorial design was used. Prime orien-
tation (same orientation as the test view vs. different orientation
than with the test view) and hemisphere of direct test presentations
(LH vs. RH) were within-subjects independent variables. Parts and
relations recoverable from the different-orientation prime and test
views (same parts vs. different parts) and type of test task (sketch-
ing and then naming vs. naming) were between-subjects indepen-
dent variables. Figure 1 depicts examples of the priming condi-
tions.3

Materials

Images from 24 objects were selected from the Verfaillie and
Boutsen (1995) corpus of depth-rotated images of familiar objects.
For each object, three views were selected: an arbitrary 0° orientation
(this view was always presented as the test view), a view differently
oriented from the test view by 45° such that the same set of parts and
relations could be recovered (same-part, different-orientation encod-
ing view), and a view differently oriented from the test view by 45°
such that a different set of parts (at least one part difference per object)
and relations could be recovered (different-part, different-orient ation
encoding view). A part was defined as a volumetric primitive that
could be recognized from the two-dimensional viewpoint-invariant
properties in the image (a geon; Biederman, 1987; Hummel & Bie-
derman, 1992). The mean raw number of different parts between
the test and different-part encoding views was 12, but note that this
number was large, owing to the fact that some objects had multiple
homogeneous or hierarchical parts that were affected in common
ways by the viewpoint change (e.g., the keys on the telephone; see
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Figure 1. Examples of the types of priming examined in this experiment. Each test view of an ob-
ject was primed in one of three ways: (1) same orientation, (2) same parts, different orientation, and

(3) different parts, different orientation.

Figure 1). Presumably, the raw number of different parts across
views should have different effects on priming, depending on the
total number of parts evident in both views (e.g., a 1-part difference
for a 100-part object should have less of an effect on priming than
does a 1-part difference for a 3-part object). Thus, for each object,
we calculated a difference proportion (the number of different parts
between the test and the different-part encoding views divided by
the total number of parts evident across both views) to quantify how
much the test view differed from its corresponding different-part,
different-orientation encoding view. The mean proportion for the
different-part views used in this experiment was .66. We used the dif-

ference proportions to counterbalance a measure of perceived differ-
ence between test and different-part encoding views across condi-
tions and participants.

The 24 test views were divided into four lists of six objects each.
The lists were equated so that they did not differ significantly from
each other in terms of their difference proportion (relevant for their
different-part encoding views) or in terms of the goodness of the
test views, as measured and reported by Verfaillie and Boutsen
(1995). This goodness measure is essentially a rating of how canon-
ical (Palmer, Rosch, & Chase, 1981) viewers perceive a particular
view to be for a given object. Four within-subjects encoding test con-
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Figure 2. Mean accuracy rates displayed as a function of prime
orientation and hemisphere of direct test presentation (A). Also,
the same data displayed separately for the group with same-
parts recoverable different-orientation primes (B, left) and for
the group with different-parts recoverable different-orientation
primes (B, right). Error bars indicate standard errors of the
mean.

ditions were created by crossing prime orientation (same orientation
vs. different orientation) with hemisphere of direct test presentation
(RH vs. LH). For counterbalancing purposes, each list was rotated
through those four conditions, as well as through the combinations
of between-subjects variables. Counterbalancing ensured that each
test view (including left/right reflections of each view, which were
held constant for an object for each participant) represented each
experimental condition equally often across participants.

Objects were presented in 256-level gray scale against a white
background and subtended 6.4° of widest (horizontal or vertical)
visual angle. During the encoding phase, objects appeared in the
center of the monitor. During the test phase, objects were presented
in the left or the right visual field so that the center of each object
was 7.4° from the center of the monitor and the inner edge of an ob-
ject never appeared closer than 4.2° from the center. A chinrest was
employed to keep participants’ eyes approximately 79 cm from the
monitor. Stimuli were presented on an AppleVision 1710AV Dis-
play connected to a Power Macintosh 7600-132 computer. Stimu-
lus presentation and response time measurement were controlled

through the use of the PsyScope software package (J. Cohen,
MacWhinney, Flatt, & Provost, 1993) and the PsyScope button box
with a connected Optimus Pro 50 MX boom microphone.

Procedure

During the initial encoding phase, the participants were pre-
sented with one of the encoding views from each of the 24 objects
(plus five filler images, three at the beginning and two at the end,
to attenuate primacy and recency effects). Half of the objects were
presented in the same orientation as they would be at test, and half
were presented in a different orientation. For half of the partici-
pants, the different-orientation encoding view contained the same
set of parts as those that could be recovered from the test view, and
for the other half of the participants, the different-orientation en-
coding view contained at least one discernible difference in parts,
as compared with the test view.

Each trial began with the presentation of a warning signal in the
form of a fixation point, which appeared at the center of the display
for 500 msec. Then, a recording of the name of the object was pre-
sented, in order to ensure that the participant would recognize the
object correctly during its initial presentation and, potentially, to
help standardize the names produced for multiname objects during
the subsequent test phase. A second fixation point followed the au-
ditory recording for 500 msec. The participants were instructed to
focus on this fixation point. Immediately after the point disap-
peared, an object image was presented centrally for 3 sec, and after
the object disappeared, the participants pressed a number key from
1 to 5 on the computer keyboard to indicate how much they liked or
disliked that object. For these judgments, the participants were
asked to consider the meanings associated with the object, as op-
posed to how they sounded, what they looked like, and so forth. We
used this encoding task because both conceptual and structural in-
formation about the object may be used to make these decisions.
However, on the basis of a similar study in which the conceptual
and/or structural nature of the encoding task did not affect the ob-
ject priming observed (Marsolek, 1999), we did not suspect that the
type of encoding task used would be very important for the present
results. Trials were presented in orders that were random, but with
the constraints that no more than three objects appeared consecu-
tively that would be presented in the right or left visual field or in
the same or a different orientation at test.

During the subsequent test phase, the participants were presented
with the test views for each of the 24 objects. Half of the objects
were presented directly to the RH (in the left visual field), and half
were presented directly to the LH (in the right visual field). A test
trial began with the presentation of the fixation point at the center
of the display for 500 msec. The participants were encouraged to
focus their attention on the fixation point when it appeared and not
to anticipate on which side of the fixation point the next object
would appear. Immediately after the fixation point disappeared, an
object appeared in the left or the right visual field for 14 msec. A
blank screen followed and remained until the participant spoke the
name of the object into the microphone connected to the button box.
Half of the participants were instructed to speak aloud the name of
the object as quickly and accurately as possible. The other half of
the participants were instructed to sketch the object (as it appeared
on the display) before naming it as accurately as possible. The
sketch-then-name task was included in order to examine whether
drawing an object in the particular viewpoint in which it appeared
on the display would especially encourage viewpoint-dependent
processing. When they were ready, the participants pressed the
space bar to begin the next trial. Seven additional trials appeared at
the beginning of the test phase for practice and warm-up. The trials
were presented in orders that were random, but with the constraints



that no more than three objects appeared consecutively in the right
or left visual field or in the same or a different orientation, as com-
pared with initial encoding.

RESULTS

A response was scored as correct when the participant
named the object, using either a correct basic or a correct
subordinate level term. For example, responses of “shoe,”
“tennis shoe,” and “sneaker” were scored as correct re-
sponses for the sneaker, and responses of “airplane” and
“jet” were scored as correct for the jet. Gender of partic-
ipant, left/right reflection of the object, and test task did
not enter into any significant effects in preliminary analy-
ses; thus, these variables were excluded from the fol-
lowing analyses. Percentage of correct identifications of
objects was analyzed in a three-way repeated measures
analysis of variance (ANOVA). One ANOVA was per-
formed with participants as the random variable (denoted
F)), and another was performed with items as the ran-
dom variable (denoted F, ). Prime orientation (same ori-
entation vs. different orientation) and hemisphere of di-
rect test presentation (LH vs. RH) were within-subjects
independent variables. Parts recoverable from different-
orientation views (same parts vs. different parts) was a
between-subjects variable.

Figure 2 illustrates the results from this experiment.
The most important result was a significant interaction
between prime orientation (same orientation vs. different
orientation) and hemisphere of direct test presentation
[LH vs. RH; see Figure 2A; F;(1,126) = 4.09, MS, =
412.2, p < .05; F,(1,94) =5.15, MS_ = 247.6, p < .05].
In particular, when objects were presented directly to the
LH, same-orientation-primed objects (70%) and different-
orientation-primed objects (67%) were not named with
significantly different accuracy [F;(1,252) = 1.46, p > .22;
F,(1,188) =2.21, p > .13] for the simple effects contrasts.
In contrast, when test objects were presented directly to the
RH, same-orientation primed-objects (71%) were named
more accurately than different-orientation-primed ob-
jects [60%; F1(1,252) = 19.6, MS, = 395.6, p < .0001;
F,(1,188) =22.3, MS. =260.4, p < .0001] for the simple
effects contrasts.

It is important to note that the two-way interaction
between prime orientation and parts recoverable from
different-orientation encoding views did not approach
significance [F(1,126) =1.10, p > .29; F,(1,94) = 1.17,
p > .28]; nor did the three-way interaction between those
variables and hemisphere of direct test presentation (see
Figure 2B; F| < 1, F, < 1). However, to directly test
whether viewpoint-dependent priming would not be ob-
served in direct LH test presentations but would be ob-
served in direct RH test presentations for both same- and
different-parts-recoverable conditions, we conducted the
following simple effect contrasts. In the same-parts con-
dition, when objects were presented directly to the LH,
same-orientation-primed objects (69%) and different-
orientation-primed objects (67%) were not named with
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significantly different accuracy (F; < 1, F, < 1), but
when objects were presented directly to the RH, same-
orientation primed objects (70%) were named more ac-
curately than different-orientation primed objects [63%:;
F(1,378) = 4.87, MS, = 401.1, p < .05; F,(1,282) =
5.61, MS, = 256.1, p < .05]. Similarly, in the different-
parts condition, when objects were presented directly to the
LH, same-orientation-primed objects (70%) and different-
orientation-primed objects (66%) were not named with
significantly different accuracy [F(1,378) = 1.41, MS, =
401.1, p > .23; F,(1,282) = 1.63, MS, =256.1, p > .20],
but when objects were presented directly to the RH, same-
orientation-primed objects (71%) were named more ac-
curately than different-orientation-primed objects [58%:;
F,(1,378) = 13.31, MS. =401.1, p < .0005; F,(1,282) =
15.36, MS, = 256.1, p < .0005].

The only other significant effect was the main effect
of prime orientation [F(1,126) = 15.4, MS.=379.0,p <
.001; F,(1,94) = 16.1, MS, = 273.1, p < .001; all other
ps > .08]. Generally, same-orientation-primed objects
(70%) were named more accurately than different-
orientation-primed objects (63%).

Finally, for direct RH presentations only, a measure of
viewpoint-dependent priming was computed by subtract-
ing the naming accuracy for the different-orientation-
primed views from the naming accuracy for the same-
orientation-primed views for each test item. We then
examined whether viewpoint-dependent priming covaried
with the goodness of the test views (Verfaillie & Boutsen,
1995) in either the same- or the different-parts conditions
(see Lawson & Humphreys, 1996, 1998, and Srinivas,
1993, 1995, for possible relations between canonicality
and viewpoint-dependent priming) or with the difference
proportions in the different-parts conditions (as would
be predicted by Biederman & Gerhardstein, 1993, 1995).
Since the distribution range for prime scores were very dif-
ferent from the ranges for goodness of views and differ-
ence scores, we normalized these distributions so that each
had equivalent means and standard deviations before per-
forming the correlation analyses. None of the Pearson r
correlations between viewpoint-dependent priming and
goodness of the test view or between viewpoint-dependent
priming and difference proportion for that object was
significant (all ps > .38).

Note that analyses of response times for correct re-
sponses were prohibited in this experiment by two factors.
The times were highly variable and lengthy in the group
of participants who sketched objects before naming them,
and a large number of cells in the design were empty in the
group of participants who simply named objects.

DISCUSSION

Viewpoint-dependent priming was observed when test
objects were presented directly to the RH, but not when
test objects were presented directly to the LH. Thus, con-
trary to single-system theories of object recognition, a
specific subsystem operates more effectively than an ab-
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stract subsystem in the RH and stores objects in a manner
that can produce viewpoint-dependent priming, whereas
an abstract subsystem operates more effectively than a
specific subsystem in the LH and stores objects in a man-
ner that does not produce viewpoint-dependent priming.

In addition, neither the viewpoint-dependent priming
observed in direct RH presentations nor the lack of
viewpoint-dependent priming observed in direct LH pre-
sentations depended on whether the same or different parts
and relations could be recovered from the different-
orientation encoding and test views. Thus, contrary to an-
other theory (Biederman & Gerhardstein, 1993, 1995),
viewpoint-dependent priming may not be determined by
whether the same or different parts and relations are re-
coverable across encoding and test views. The fact that the
parts manipulation did not affect the lack of viewpoint-
dependent priming in LH test presentations may seem at
first to contradict our hypothesis that an abstract sub-
system relies on a features-based processing strategy to
store object categories. However, it is important to note
that the parts manipulated in the present experiment were
defined as geons (Biederman, 1987; Hummel & Bieder-
man, 1992), in order to directly test predictions from Bie-
derman and Gerhardstein (1993, 1995). As was men-
tioned in the introduction, it is likely that the features
putatively stored in an abstract subsystem are more ab-
stract than geons; thus, they may not have been system-
atically manipulated across our same- and different-parts
conditions. Alternatively, the results may indicate that all
the features for one abstract category are activated (and
hence contribute to priming) when the viewer recognizes
the abstract category of a features-occluded object (owing
to a kind of vector completion or mental “filling in” pro-
cess). If so, it would be difficult to observe a significant
difference between same- and different-parts priming in
such a subsystem in this kind of experiment. Finally, it
should be noted that we did observe a trend (albeit, non-
significant) for greater viewpoint-dependent priming in
the different-parts condition than in the same-parts con-
dition (see Figure 2B). However, this trend was observed
in both direct LH and direct RH test presentations and thus,
apparently, in both abstract and specific subsystems.

We conclude thatitis likely that a resolution to the de-
bate over viewpoint dependency in object recognition re-
quires consideration of dissociable neural subsystems.
Both viewpoint-invariant and viewpoint-dependent ef-
fects may be observed, depending on which recognition
subsystem is given an advantage at test. In the present
experiment, presentations of test objects directly to one
hemisphere or the other influenced which subsystem was
more likely to win the race to guide post visual process-
ing. However, with more typical central-visual-field test
presentations, other factors may be critical in determining
the relative contributions of abstract and specific sub-
systems.

One such factor is novelty. Initial memory for an un-
familiar object (a novel exemplar belonging to an unfa-
miliar category) entails representing at least some new

(preexperimentally unfamiliar) visual information. Novel
information typically is found in the holistic structures
of visual objects, because, at some level, even highly un-
familiar objects can be decomposed into familiar fea-
tures (e.g., volumes, line segments, pixels). Supporting
this idea, we have found that a specific subsystem stores
such novel information more effectively than does an ab-
stract subsystem (Burgund & Marsolek, 1999a; Marsolek
et al., 1996). Conversely, priming for a familiar object
does not necessitate the storage of a new representation
but, rather, can be supported by priming of a (now well-
learned) preexisting representation. Therefore, using un-
familiar stimuli may create situations in which a specific
subsystem contributes to processing to a greater degree
than does an abstract subsystem and/or is more likely to
win any race that ensues between the two subsystems to
guide postvisual processing. In line with this reasoning,
viewpoint-dependent performance typically is observed
when unfamiliar objects are used as stimuli (e.g., Biilthoff
& Edelman, 1992; Edelman & Biilthoff, 1992; Hayward
& Tarr, 1997; Srinivas, 1995, Experiment 3; Tarr, 1995;
Tarr et al., 1997). Indeed, even when familiar objects are
used, performance may vary, depending on the extent of
the novelty of the input shape. For example, when non-
canonical views of familiar objects are tested, viewpoint-
dependent performance is often observed (e.g., Lawson
& Humphreys, 1996, 1998; Srinivas, 1993, 1995).4 Sim-
ilarly, less familiar objects (e.g., pliers or a corkscrew)
may have a greater likelihood of producing viewpoint-
dependent effects than do more familiar objects (e.g., a
chair or a book; Bartram, 1976, Experiment 2). Finally,
studies that intermix stimuli with varying degrees of fa-
miliarity (e.g., Lawson & Humphreys, 1996, 1998; Srini-
vas, 1993, 1995) may observe viewpoint-dependent per-
formance in the means across all of the objects tested
(including the highly familiar ones), because the inclu-
sion of the less familiar objects may create a situation or
a mental set in which a specific subsystem dominates
processing generally.>

Several other factors also may be important for deter-
mining the relative contributions of abstract and specific
subsystems. Previous research has demonstrated that the
use of visually degraded inputs creates a situation in which
a specific subsystem dominates processing; specific
priming is less detrimentally affected than abstract prim-
ing when the initial-encoding stimuli are presented in a
relatively degraded manner (Marsolek, 1999; Marsolek
& Hudson, 1999). The distributed-coding, whole-based
processing purported for a specific subsystem should
give that subsystem the well-known benefit of distributed
representations that they are useful for processing dis-
torted or noisy versions of previously learned input pat-
terns (see, e.g., Hinton et al., 1986), as long as the dis-
tortions are not so large as to change the best-matching
exemplar (Marsolek & Burgund, 1997). This finding may
help to explain why viewpoint-dependent performance
is often observed in experiments in which stimuli are
masked or otherwise degraded (as is typical in same/dif-



ferent matching paradigms; e.g., Hayward, 1998; Srinivas,
1995), whereas viewpoint-invariant performance is more
likely to be observed when stimuli are not masked or oth-
erwise degraded (e.g., Bartram, 1976, Experiment 2).6
In addition, task demands per se may influence the rela-
tive contributions of these subsystems; abstract and spe-
cific priming can be independently manipulated through
changes in the test tasks used (Marsolek, 1999; cf. Bur-
gund & Marsolek, 1997). Several such factors may in-
fluence processing within a single experiment, and thus,
careful consideration of the demands that a particular
method places on the underlying processing mechanisms
may be essential for predicting which subsystems will con-
tribute to performance and, hence, whether viewpoint-
invariant or viewpoint-dependent processing will be ob-
served.

Finally, it is important to note that when both abstract
and specific subsystems contribute nearly equally to pro-
cessing, the net result will be measured as viewpoint-
dependent performance. Viewpoint-invariant perfor-
mance should be found only when an abstract subsystem
dominates processing. This may explain why reports of
viewpoint-dependent effects are more prevalent in the
literature than reports of viewpoint-invariant effects.’

The present theory also leads to predictions about
recognition of objects rotated in the picture plane. A spe-
cific subsystem using a whole-based processing strategy
to store objects should exhibit viewpoint dependence for
objects rotated in the plane, as well as for those rotated in
depth, because, in both cases, (viewer-centered) whole-
based representations are affected by the manipulation.
This prediction for a specific subsystem is in line with
those made by many viewpoint-dependent theorists
(Biilthoff & Edelman, 1992; Edelman, 1998; Edelman &
Biilthoff, 1992; Humphrey & Khan, 1992; Poggio & Edel-
man, 1990; Tarr, 1995; Ullman, 1989, 1996). However,
the predictions for an abstract subsystem are not as clear.
To the extent that rotations in the plane disturb the rela-
tions between features or the positions of features in
viewer-centered space (e.g., fop of may become next to or
bottom of) to a greater degree than do rotations in depth,
there may be a greater likelihood of observing viewpoint-
dependent priming effects for planar-rotated objects than
for depth-rotated objects (for analogous reasoning, see
Hummel & Biederman, 1992). Indeed, recent evidence
from our laboratory supports this contention (Burgund &
Marsolek, 1999b); when test objects are presented directly
to the LH, priming is sensitive to planar-reorientations.
Thus, object representations in an abstract subsystem may
include spatial relations between stored features.

In conclusion, two relatively independent subsystems
appear to underlie object recognition. A specific subsys-
tem operates more effectively than an abstract subsys-
tem in the RH and supports viewpoint-dependent prim-
ing. An abstract subsystem operates more effectively
than a specific subsystem in the LH and does not support
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viewpoint-dependent priming. Such a conclusion sug-
gests not only a possible resolution to the viewpoint de-
pendency debate, but also a fundamental property of the
underlying neural architecture of vision and memory.
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NOTES

1. We should note that other theories have posited multiple represen-
tations for shape recognition (Ellis & Allport, 1986; Ellis, Allport,
Humphreys, & Collis, 1989; Farah, 1990, 1992; Hummel & Stankiewicz,
1996, 1998; Humphreys & Riddoch, 1984; Joliceeur, 1990; Logothetis
& Sheinberg, 1996; Poggio & Hurlbert, 1994; Tarr, 1995; Warrington
& Taylor, 1978). The present theory may be distinguished from the oth-
ers by positing that different types of representations have developed
for underlying abstract and specific recognition per se, that abstract and
specific subsystems operate with different relative efficiencies in LH and
RH, respectively, and that viewpoint-invariant and viewpoint-dependent
object recognition do not correspond to the goals of the subsystems but,
rather, may be natural consequences of the differing processing strate-
gies utilized by them.

2. We theorize that these results from word-processing studies are ap-
plicable to object recognition theories for the following reasons. From
an evolutionary perspective, it is unlikely that humans developed sub-
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systems specialized for processing words (and not objects), given the
relatively short time that word recognition has taken place in our
species. Rather, it is more likely that word recognition is learned and
performed by the same subsystems as those that evolved to subserve
object recognition. Moreover, evidence from patients with associative
agnosias is consistent with this hypothesis. In an analysis of a large
number of cases of associative agnosia, Farah (1990, 1991) found that
the observed (and the unobserved) combinations of word, object, and
face recognition deficits exhibited by individual patients indicated that
two subsystems (and not, e.g., three) are susceptible to damage leading
to agnosia, one involved in word and object recognition and the other
involved in object and face recognition.

3. Note that, owing to a limitation in the number of images of objects
that met our strict criteria for inclusion in this study, we did not include
an unprimed condition. Note also, however, that it is likely that this does
not raise problems for our purposes. The goal of this experiment was to
measure the presence or absence of viewpoint-dependent priming (mea-
sured as a difference between performances in the same-orientation
primed-condition and the different-orientation-primed condition),
which did not require measuring performance in an unprimed condi-
tion. We did not directly test whether (more invariant) priming occurs
in the different-orientation-primed condition, in part because previous
studies already have demonstrated that it does occur generally when
different-orientation-prime d conditions are compared against an un-
primed condition (e.g., Biederman & Gerhardstein, 1993; Srinivas,
1993, 1995).

4. Reports of patients with RH parietal lesions who are severely im-
paired at processing noncanonical views of familiar objects but who
process canonical views with relative ease (Humphreys & Riddoch,
1984; Warrington & Taylor, 1978) lends further support to this idea (but
see also Humphrey & Joliceeur, 1993).

5. It is important to note that this hypothesis should not be under-
stood as contradicting findings that greater stimulus familiarity pro-
duces greater ability to recognize specific exemplars and/or greater
whole-based processing of the stimuli (often referred to as expertise ef-
fects; e.g., Gauthier & Tarr, 1997; J. W. Tanaka & Sengco, 1997). In
cases demonstrating expertise effects, participants distinguish highly
similar exemplars (evidently, through whole-based processing) and are
able to do so only after sufficient training (or, possibly, sufficient evo-
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lutionary development; e.g., with faces). We hypothesize that sufficient
training in a specific subsystem is necessary to support these effects;
otherwise, the distributed representations in such a subsystem would
(incorrectly) treat such similar exemplars as slightly noisy versions of
the same exemplar. Our hypothesis in the text is that, after one or two
exposures of one novel exemplar from an unfamiliar category, a spe-
cific subsystem should store the shape information more effectively
than does an abstract subsystem (likely owing to the kind of short-lived
representation that can support priming for novel information, rather
than to the kind of well-established shape representation that supports
expertise effects).

6. Biederman and Gerhardstein (1993) observed viewpoint-invariant
performance for unfamiliar objects, using a masked matching para-
digm. This at first may seem to counter the present theory. However, as
was pointed out by Hayward and Tarr (1997), the different viewpoints
used in Biederman and Gerhardstein’s (1993) experiment were essen-
tially mirror reversals of each other. Since, typically, mirror reversal
transformations have little consequence for object recognition perfor-
mance (Biederman & Cooper, 1991; Cooper, Schacter, Ballesteros, &
Moore, 1992), viewpoint-dependent performance should not be ex-
pected.

7. In this analysis, we did not attempt to address studies demonstrat-
ing viewpoint-dependent explicit memory, for several reasons. First, ex-
plicit memory for both familiar and unfamiliar objects typically is found
to be viewpoint dependent (e.g., Edelman & Biilthoff, 1992; Humphrey
& Khan, 1992; Rock & DiVita, 1987; Srinivas, 1995); we know of no
cases of viewpoint-invariant explicit memory. Thus, viewpoint effects
in explicit memory are not subject to the same controversy as those
found with other (more implicit) memory measures. In addition, it is
likely that explicit memory for objects involves interactions of visual-
form subsystems with the hippocampus and related areas (see, e.g., N. J.
Cohen & Eichenbaum, 1993; McClelland, McNaughton, & O’Reilly,
1995; Squire, 1992), and these interactions may produce different ef-
fects from those observed with “pure” priming measures supported by
visual-form subsystems alone (see Marsolek et al., 1996).
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