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Can visual similarity between shapesfacilitate orientation priming? We report five experiments that
explored this possibility using novel two-dimensional shapes that formed homogeneous stimulus
classes. Following training on individual shapesin a canonical view, we tested the recognition of
these shapesin several picture-plane orientations. Experiments 1 and 2 used an identification task to
replicate the classic finding obtained with the mirror-judgment task (Cooper & Shepard, 1973) — that
prior orientation cueing doesnot reducethe magnitude of orientation dependencein processingrotated
shapes. Experiment 3, however, indicatesthat blocking trials by orientation is one condition in which
orientation priming may be obtained. Experiment 4 builds on this result, suggesting that awareness
of the blocking manipulation is not required to obtain orientation priming. Experiment 5 exploresthe
mechanisms underlying this finding, offering evidence that orientation priming is a consequence of
representations that encode both shape and orientation. Such results may be considered as an exten-
sion to the “image-based” approach to object recognition, demonstrating that generalization across

exemplars may occur within recognition mechanismsthat are viewpoint dependent.

The study of the perceptual reference frames used in object
perception owes much to the pioneering work of R. N. Shep-
ard and his colleagues (for areview, see Shepard & Cooper,
1982). In so-called “mental rotation” tasks, Shepard had
subjects judge whether two differently oriented objects were
identical or mirror-reversed versions (Shepard & Metzler,
1971) or whether a single misoriented shape was a standard
or mirror-reversed version (Cooper & Shepard, 1973). Such
studies have repeatedly found that perceivers seem to use
viewer-centered processes to make these judgments. Appar-
ently, at least in some tasks, visual object representationsin-
clude some information about the specific viewpointsor ori-
entations of objects. This point was reinforced by the find-
ing that some viewpointsof familiar objects are more recog-
nizable than others (Palmer, Rosch, & Chase, 1981). Since
that time, a host of theories have attempted to extend the
viewer-centered framework to a variety of other tasks and
conditions — for ease of referral, these may be grouped un-
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der the term “image-based” theories (Bulthoff & Edelman,
1992; Biilthoff, Edelman, & Tarr, 1995; Edelman & Wein-
shall, 1991; Poggio & Edelman, 1990; Tarr, 1995). Such
theories posit that orientation, as well as many other proper-
ties present in the original image, are encoded in shape rep-
resentations. With regard to orientation, these theories pre-
dict that recognition performance, as measured by response
time and/or accuracy, will be dependent on the difference in
orientation between the input shape and a stored representa
tion. As an dternative to image-based theories, severd re-
searchers have proposed that shape representations do not
by default encode information about orientation (Biederman,
1987; Cooper & Schacter, 1992; Corballis, 1988; Marr &
Nishihara, 1978). The magjority of such theories propose that
object representationsare “ structural-descriptions,” and that,
for many tasks, shapes are represented in an abstract formin
which much of theimage information has been discarded. In
contrast to image-based theories, structura-description the-
oriestypically predict that recognition performance, as mea-
sured by response time and/or accuracy, will not be depen-
dent on the difference in orientation between theinput shape
and a stored representation of the object (aslong as the same
structural description is recovered, see Biederman & Ger-
hardstein, 1993).

Regardless of on€'s theoretical position on thistopic, one
unequivoca fact isthat empirical studies have yielded both
orientation-dependent and orientation-invariant patterns of
performance, depending on the type of stimuli, the homo-
geneity of the targets, the task, etc. (see Tarr & Blilthoff,
1995). Therefore, any comprehensivetheory of object recog-
nition should be able to account for and predict both types
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of effects (Jolicoeur, 1990). For instance, proponents of
the image-based approach have suggested that orientation-
invariant patterns may result from familiarity with an ob-
ject in multiple orientations (Jolicoeur, 1985; Tarr & Pinker,
1989). In contrast, proponents of the structural -description
approach have suggested that orientation-dependent patterns
may result from perturbance of top-bottom relations (Hum-
mel & Biederman, 1992) or viewpoint-dependent feature
searches (Biederman & Gerhardstein, 1995). In light of
the considerabl e creativity researchers have exhibited in ac-
counting for results that are inconsistent with their theo-
ries (Biederman & Gerhardstein, 1995; Tarr & Bulthoff,
1995), perhaps a more effective approach would be to take
a phenomenon that has been used as evidence for one class
of theories and ask whether it is obtainable in the context of
effects predicted by the other class of theories.

In this paper we take such an approach, specificaly in-
vestigating the possibility of orientati on-specific priming that
may occur with orientation-dependent recognition. Orien-
tation priming occurs when the recognition of a given ob-
ject a an unfamiliar (or less familiar) viewpoint is facil-
itated by prior information about the object’s orientation.
This orientation information may be as abstract as an ar-
row (Cooper & Shepard, 1973) or as specific as a different
object presented at the same orientation as the target (Ko-
riat & Norman, 1985, 1988). Orientation-dependent recog-
nition generally describes performance that is impaired at
unfamiliar viewpoints relative to familiar ones. Orientation
priming and orientati on-dependent recognition are typically
held to beincompatiblein that thelatter assumes orientation-
specific object representations, but evidence for the former
suggests that orientation and shape information are encoded
separately.  Thus, orientation priming is often cited as ev-
idence for orientation-invariant object recognition mecha-
nisms (Murray, Jolicoeur, McMullen, & Ingleton, 1993).

Lending support to the orientation-invariant approach,
some studies have found that diminished effects of orien-
tation due to practice with one or more rotated objects can
transfer to other objects not seen previoudly at practiced ori-
entations (Jolicoeur & Milliken, 1989; Murray et d., 1993).
One difficulty in interpreting such resultsis that there are no
speci fic mani pul ationsin these studiesto indi cate whether the
representati ons medi ating orientation priming are orientation
invariant or orientation dependent. Rather it is simply as-
sumed that orientati on-specific image-based representations
could not support such performance (e.g., Biederman & Ger-
hardstein, 1993, 1995; Jolicoeur & Milliken, 1989; Mur-
ray et a., 1993). However, recent extensions to the image-
based approach may accommodate orientati on-specific gen-
eralization between shapes (Beymer & Poggio, 1996; Edel-
man, 1995b; Lando & Edelman, 1995; Librande, 1992;
Moses, Ullman, & Edelman, 1996), although behaviora evi-
dencefor thistype of generalization has not yet been offered.
Thus, the explanatory power of the image-based approach
would benefit from ademonstration of orientation primingin

the context of orientation-dependent recognition.

One possible mechanism for orientation priming involves
the rotation of an abstract frame of reference. For instance,
given prior information about the orientation of an incoming
stimulus, an abstract reference frame may bereoriented tothe
expected orientation of theinput. Shape representationsfrom
memory could then be projected into this reference frame
and thereby be pre-aligned with the input shape, alowing a
comparison independent of theinput orientation. In an early
investigation of this possibility, Cooper and Shepard (1973)
found that subjects were apparently unable to rotate abstract
frames. Specifically, there was almost no change in the pat-
tern of viewpoint dependency obtained in amirror-judgment
task when subjectswere provided with either acue for orien-
tation or identity. In contrast, given 2,000 ms of preparation
time as well as both orientation and identity cues, subjects
were able to judge whether a shape was a normal or mirror-
reversed version in constant time. Such results led Cooper
and Shepard to conclude that the visua representations used
in mental rotationwere specific to both orientation and shape
and, as such, the two propertieswere not dissociable. A sec-
ond implication of theseresultsisthat an abstract or “empty”
reference frame may not be reoriented in making perceptual
judgments.

Subsequent work on the dissociability of orientation and
shape has raised questions about the generality of Cooper
and Shepard’'s (1973) results. Orientation priming has been
demonstrated in severa studies using a mirror-judgment
task similar to that used by Cooper and Shepard (Hinton &
Parsons, 1981; Koriat & Norman, 1985, 1988; Robertson,
Pamer, & Gomez, 1987). For example, Hinton and Par-
sons (1981) found that if subjects were explicitly told to ro-
tate their egocentric frame of reference and informed about
how to do so, they were able to prepare for a mirror judg-
ment of a rotated letter. The cavesat on this result was that
all of the stimuli needed to share a common spatial relation-
ship in their normal version (e.g., the characters F, R, G and
L all “face right”). Given prior orientation information and
this consistency across stimuli, subjects apparently can pre-
parefor thefront of any of theselettersto facein the appropri-
ate direction (e.g., the horizonta bars of the F facing down-
wards). Thisinterpretation may also help explain why other
studiesusing a phanumeric characters have obtai ned orienta-
tionpriming (Koriat & Norman, 1985, 1988; Robertsonet al .,
1987) — particularly, when priming was between sequentially
presented stimuli. A second problem with generalizing from
Cooper and Shepard’s (1973) and other results obtained with
themirror-judgment task i sthat thistask may not be mediated
by the same mechanisms/representations as object recogni-
tion tasks (Corballis, 1988; Jolicoeur, 1990; Tarr & Pinker,
1989). However, consistent with recent findings of orienta-
tion priming in the mirror-judgment task, Jolicoeur (1990)
obtained evidence for orientation priming in the recognition
of letters — one of the few orientation priming studies that
used a recognition task.
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There are severa problemswith using a phanumeric char-
acters as stimuli (as did most studies using the mirror-
judgment task, Cooper & Shepard, 1973; Hinton & Par-
sons, 1981; Robertson et a., 1987): 1) They congtitute an
overlearned class of stimuli which may not produce reliable
orientation effects, especialy in recognition tasks (Tarr &
Pinker, 1989); 2) Different orientations have different lev-
els of familiarity; and, 3) It has been proposed that hu-
mans may possess a speciaized brain mechanism for their
perception (Farah, 1990). One study that avoided some of
these problems was run by Humphreys and Quinlan (1988).
They investigated whether orientation cues could facilitate
therecognition of simple nonsense shapes and obtained some
evidence for orientation priming. The extreme simplicity
of the stimuli, squares and triangles, however, led to rela
tively small effects of orientation regardless of any orien-
tation cueing — therefore, it is difficult to draw any strong
conclusionsregarding the conditionsunder which orientation
priming may be obtained.

Recent studies have begun to examine the possibility of
orientation primingwith morecomplex stimuli. For instance,
McMullen, Hamm, and Jolicoeur (1995) conducted a study
with common objects. To maximize thelikelihood of orien-
tation priming they used a single presentation for each object
so as to reduce the effect of practice (which has been found
to lead to an overal reduction of orientation effects; Joli-
coeur, 1985). They found no evidence for orientation prim-
ing — cueing the top or the top-bottom axis of objects did not
reduce the effects of misorientation. However, an important
difference between this study and al of the mirror-judgment
studies showing orientation priming isthat the latter used re-
peated presentations of the same stimulusitems. Given that
repetition of stimuli may be crucial, using novel shapes may
be preferable in that such stimuli, in contrast to common ob-
jects, have been repeatedly found to produce reliable orien-
tation effects even with considerabl e practice (Tarr & Pinker,
1989, 1990). Consistent with thisinterpretation, the goa of
the present study was to investigate the possibility of ori-
entation priming in a shape recognition task using moder-
ately complex novel stimuli. Provided that both orientation-
dependent recognition and orientation priming are obtained,
wewish to expl ore the mechanisms that may |ead to such ori-
entation priming, specifically comparing: 1) The rotation of
abstract frames of reference; with, 2) Generalization between
image-based orientation-specific representations (Beymer &
Poggio, 1996; Edelman, 1995b; Lando & Edelman, 1995; Li-
brande, 1992; Moses et d., 1996). Evidence for the latter
would offer an important extension of the image-based ap-
proach in that orientation priming has typically been taken
as evidence against image-based representations (Biederman
& Gerhardstein, 1995; Jolicoeur & Milliken, 1989; Murray
eta., 1993).

Experiment 1

Experiment 1 buildson Cooper and Shepard’'s (1973) clas-
sic finding that prior orientation information, in the absence
of shape information, does not reduce the orientation ef-
fect for a mirror judgment on letters. Here we investigated
whether this holds true for the recognition of moderately
complex novel shapes.

Method

Subjects. Seventeen Yae undergraduates participated in
return for course credit. None of the subjects had seen the
stimuli prior to the experiment.

Materials. The stimuli, consisting of four target shapes
and three distractor shapes (Figure 1), were adapted fromthe
novel “tv-antenna’ shapes used by Tarr and Pinker (1989;
1990). All of the shapes shared similar features in differ-
ent spatid relations, thereby precluding the use of local diag-
nostic features for recognition. All of the shapes also shared
aclearly marked vertical axis and a “foot” which helped to
define a canonical orientation (the orientation shown in Fig-
urel). Theinitia identification of these novel shapesin un-
familiar orientations has been found to yield reliable perfor-
mance costs related to the degree of misorientation (Tarr &
Pinker, 1989, 1990).

For the learning phase, the stimuli were printed individ-
ually on 4x6” sheets of paper and for the testing phase the
stimuli were presented black on whiteona 13" color monitor
connected to an Apple Macintosh LC475 persona computer.
Subjects viewed the objects binocularly from a distance of
approximately 60 cm from the screen and used a chin rest to
keep this distance constant and prevent head rotations. This
resulted in images (which were not presented in stereo) that
subtended aregion of approximately 9.9° x 9.9° of visual an-
ge

Design and Procedure. The experiment began with a
learning phase inwhich the subjects|earned the names of the
four target shapes. This was accomplished by having sub-
jects physicaly trace each target shape five times and repeat
the associated name a oud, then having subjects draw named
shapes from memory. Subjects were given feedback about
drawing errors and they continued to draw the named shapes
until they could accurately draw each shape threetimeswith-
out error. This learning phase lasted approximately 15 to
30 minutes.

Following learning the names of the targets, subjects pro-
ceeded to the computer-controlled testing phase. In this
phase, each subject was given 40 practicetrials (10 trials per
target shape) in which one of the four target shapes was ran-
domly displayedin the canonical orientation until the subject
responded by pressing one of four keyslabeled with the tar-
get names. Feedback for incorrect responses was provided
in the form of abeep. Following this practice, subjects were
informed that they would now have to identify each shape,
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Figurel. The set of novel objects used in Experiments 1 to 5in
their canonical orientation. Nonsense names were associated with
the four target shapes.

disregarding any changein orientation, as quickly and as ac-
curately as possible, as either one of the named target shapes
or an unnamed distractor shape (in which case they were to
press akey associated with a“ none-of-the-above” response).
Subjectswere also told that on each tria acue, either a star-
like figure or an arrow, would be shown prior to the shape.
The star figure was an uninformative cue that provided no
information about the orientation of the subsequent shape,
whilethe arrow was an informative cue that provided perfect
information about the orientation of the subsegquent shape.

Consistent with these instructions, the test trials were of
two types: Orientation-Cued trials, in which targets were
preceded by an arrow indicating their orientation, and Non-
Cued trials, in which targets were preceded by a star pattern
withlinescorrespondingto all of the orientationsof thearrow
cues. Each tria began with a fixation cross centered on the
screen for 250 ms. Thiswas followed by the cue centered on
the screen for 2,000 ms. The long cue duration was chosen
to maximize the likelihood that subjects would use the cue.
There was then a 250 ms blank, followed by atarget or dis-
tractor shape that remained centered on the screen until the
subject responded. The shapes, both targets and distractors,
appeared at any of 12 orientations in the picture plane (30°
increments from the canonica orientation: 0°, 30°, 60°, ...,
330°). For both Orientation-Cued and Non-Cued trials, each
of the 4 targets was presented 6 times at all 12 orientations
and each of the 3 distractors appeared twice at al 12 orien-
tations. Thisyielded 720 trials (360 for each tria type) that
included 80% targets and 20% distractors. Trials were pre-
sented in adifferent random order for each subject and short
breaks were given approximately every 60 trias.
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Figure 2. Experiment 1. Mean response times as a function of

orientation for correct responses, in the Cued and the Uncued con-
ditions, for thefirst half of the trials (dashed lines), and for all tri-
als (solid lines). In all graphs, except when specifically stated, er-
ror bars represent the normalized within-subject standard error, ap-
propriate for testing repeated measures factors such as differences
acrossorientations.

Results

Only correct target trials with response times between
300 ms and 7,500 ms were included in the analyses. This
resulted in approximately 5% of the trials being excluded
for each condition. Although less relevant to the issues ad-
dressed in this experiment, mean error rates were positively
correlated with mean response times (r = .41). Based on the
assumption that subjects would rotate the shortest direction
to the upright, that is, response times are symmetric around
180° (see Cooper & Shepard, 1973), the data were collapsed
across the shortest distance from the canonical orientation,
averaging +150° with -150°, +120° with -120°, and so on.

We report an analysis of thefirst 50% of thetrials because
orientation priming was more likely to be detectable when
the orientation effect wasthelargest. Ananaysisof 100% of
thetrias, however, produced a similar pattern of results and
reliability (see Figure 2). For each cueing condition, mean
response times were regressed against degree of rotation to
determine the slope of the function relating response time
to orientation, indicating the putative rate of normalization.
For Orientation-Cued trials, the dlope was 349°/swith an in-
tercept of 2,020 ms; the r? for this regression was .84. For
Non-Cued trials, the slope was 276°/s with an intercept of
2,048 ms; r? was .93. Even after averaging over 72 repeti-
tions for each shape, the novel shapes still produced orien-
tation effects of alarger magnitude than typically found for
familiar objects (McMullen et a., 1995).

An ANOVA was performed on the response times with
Orientation (shortest distance to upright, 0-180°) and Condi-
tion (Orientation-Cuedvs. Non-Cued) as within-subject fac-
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tors. A linear contrast was aso computed for the factor of
Orientation. These analyses revealed a main effect of Orien-
tation, F(6,96) = 12.6, p < .001, no main effect of Condition
F(1,96) = 2.75, n.s,, and no interaction. The linear contrast
for Orientationwasreliable, F(1,16) = 47.8, p < .001, withno
interaction with Condition. After computing the linear con-
trast, there was no reliable residual variance associated with
orientation.

Discussion

The results of Experiment 1 suggest that prior orientation
cueing on a trial-by-trial basis does not reduce the orien-
tation effect associated with the recognition of novel two-
dimensional shapes rotated in the picture-plane. This find-
ing is consistent with and extends the findings of Cooper
and Shepard (1973) who obtained a similar pattern using a
mirror-judgment task with familiar letters, aswell as the re-
sults from McMullen et a. (1995) with common objects.
The similarity of our results with those of Cooper and Shep-
ard (1973) lends some support to the idea that similar rep-
resentations of shape underlie both mirror and identifica-
tion judgments (Tarr & Pinker, 1989; Tarr, 1995). Of note
is the fact that failures to obtain orientation priming have
been interpreted as evidence that shape and orientation in-
formation cannot be represented independently (Humphreys
& Quinlan, 1988) and that abstract reference frames cannot
be rotated (Cooper & Shepard, 1973). This conclusion ap-
pears to be inconsistent with the “rotation-for-handedness’
hypothesis (so named by Tarr & Pinker, 1989). According
to this moddl (Biederman & Gerhardstein, 1993; Corbalis,
1988; Hinton & Parsons, 1981), the identification of misori-
ented shapes is typically accomplished through orientation-
free shape representations. When observers must discrimi-
nate between normal and mirror-reversed versionsof ashape,
however, misoriented inputs must be normalized to an ego-
centric reference framewhereleft and right are defined. If the
rotati on-for-handedness hypothesis were correct, one might
expect that subjectsin Experiment 1, given correct orienta-
tion cues, could have used orientation-invariant recognition
mechanisms to overcome any secondary effects of orienta
tion (as suggested by Corballis, 1988). Obviously, this was
not the case.

Despite the present results, however, we should be rela
tively cautious in generalizing from our findings. In partic-
ular, alarge body of research has explored the conditionsun-
der which orientation cueing could potentialy diminish the
costs for processing rotated shapes. For example, the use of
astimulusset in which al characters point only “rightward”
or “leftward” is one such manipulation. That is, provided
that subjects are instructed on how to use orientation cues
for agiven stimulus set, orientation priming can be obtained
(Hinton & Parsons, 1981). Another example is provided by
Robertson et a. (1987) who found evidence that normaliza-
tion of a misoriented shape configuration could reduce the
need to normalize a subsequent shape configuration, but only

as long as the second shape configuration appeared in the
same orientation and reflection as thefirst configuration. Al-
though both studiesused mirror judgments, it is possiblethat
such conditions generalize to recognition judgments.

Experiment 2

One conjecture regarding Experiment 1 isthat the high de-
gree of similarity between the shapes may have reduced any
advantage for Orientation-Cued trials as compared to Non-
Cuedtrids. Inparticular, it may bethat for Orientation-Cued
trial sthe orientation specified by the preceding highly similar
rotated shape (which was named) provided a stronger orien-
tation prime than the rel atively abstract arrow cue (on which
no judgment was made). Because therewas an equal proba
bility of any of thetwel ve orientationspreceding agiventrial,
on average, orientation cueing fromaprevioustrial wouldre-
sultinno diminutionof orientation effects. Experiment 2was
designed to test this possibility by examining whether orien-
tation cueing producesgreater facilitationif givenintheform
of a similarly-shaped target in the same orientation, in par-
ticular, when both the cue shape and the target shape have to
beidentified. Such facilitationwould offer evidence that ori-
entation priming may occur automatically, without subjects
being instructed explicitly to use orientationinformation. As
in Experiment 1 we used a design in which subjects identi-
fied shapes presented in arandom order. This procedure has
often been used to measure orientation eff ectsin shape recog-
nition (Jolicoeur, 1985; Tarr & Pinker, 1989). However, the
results of such studies are typicaly compiled by averaging
response times across all trials of agiven orientation, that is,
without any regard for the preceding or subsequent trials. In
the present experiment, we consider sequentia tria effects,
dividingthetrials according to the characteristics of the pre-
ceding trial (see Koriat & Norman, 1988, for similar proce-
dureinamirror-judgment experiment). More specificaly, in
Experiment 2 atarget can be preceded by the same object in
the same view (the “SoSv” condition), a different object in
the same view (the “DoSv” condition), the same object in a
different view (the “SoDv” condition) or a different object
in a different view (the “DoDv” condition). Logically, the
strongest orientation priming effect is predicted for the SoSv
condition. Of particular interest, however, is whether orien-
tation priming isobtained for the DoSv condition. A dimuni-
tionof orientati on effectsinthisconditionwouldindicatethat
orientation cues may be effective even when the two named
shapes are only similar, not identical, but do share the same
orientation.

Method

Subjects. Twenty Ya e undergraduates participated in the
experiment in return for course credit. None of the subjects
had seen the stimuli prior to the experiment.

Materials. The stimuli and presentation methods were
identical to those used in Experiment 1.
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Design and Procedure. The learning phase and 40 prac-
tice trials were identical to those used in Experiment 1. Al-
though the task in the testing phase was a so identical to Ex-
periment 1, the orientationsused and the number of trialsdif-
fered. Here the 4 target shapes appeared 6 times at each of
the following 7 orientations, 0°, 30°, 90°, 150°, 180°, 240°,
and 300°; the 3 distractor shapes appeared once a each of
twelve orientations, 0° to 330° (82% targets and 18% dis-
tractors). Of thesetrials, 58 were paired systematically in or-
der to increase the frequency of trials preceded by a different
object in the same orientation (the DoSv condition). These
pairs were randomized with the remaining trias to produce
204tridsinadifferent pseudo-random order for each subject.
On average, the proportions of trias in the different condi-
tionswere: SoSv, 1.50%; SoDv, 14.0%; DoDv, 62.5%; and
DoSv, 22.0%. Thetiming for each trial was identica to that
used in Experiment 1 with the exception that no orientation
cue was shown.

Results

The data for one subject was excluded on the basis of ex-
tremely poor accuracy (45%). For the remaining 19 sub-
jects, only correct target trials with response times between
300 ms and 7,500 ms were included in theanalyses. Thisre-
sulted in approximately 5% of the trials being excluded. As
in Experiment 1, mean error rates were positively correl ated
with mean response times (r = .85). Results were again an-
alyzed in terms of the shortest distance to the canonica ori-
entation (although here there was no need to average orienta
tionsacross 180° in that the 7 orientationswere distributed so
as to sample a given distance from the canonica orientation
only once).

Since subjects performed fewer trialsin Experiment 2 as
compared to Experiment 1 (204 vs. 720), response times for
all 204 trialswere analyzed. Mean response times, collapsed
across al tria types, were regressed against the degree of ro-
tation. The slope of this function was 286°/s with an inter-
cept of 1,728 ms; r? was .78. Similar regressions were also
performed for each trial type (see Figure 3). For DoDv tri-
ds, the slope was 233°/s with an intercept of 1,891 ms; r?
was .82. For DoSv trias, the slope was 180°/s with an inter-
cept of 1,725 ms; r?> was .78. For SoDv trials, the slope was
256°/swith an intercept of 1,830 ms; r> was .65. Finally, for
SoSv trids, there was essentially no orientation effect. The
dopewas 4,717°/swith an intercept of 1,245 ms; moreover,
there was an extremely poor linear fit for the data, r? being
only .003.

An ANOVA was performed on response times with Ori-
entation (shortest distance to upright, 0-180°) and Condition
(SoDv, SoSv, DoSv, DoDv) as within-subject factors. There
was a main effect of Orientation, F(6,108) = 2.92, p < .01,
and a marginally reliable interaction of Condition with Ori-
entation, F(18, 240) = 1.55, p = .07, reflected in the fact that
SoSv tridsyieded a relatively flat function as compared to
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Figure 3. Experiment 2. Mean response times as a function

of orientation for correct responses by type of trial: Different
object-Different View; Different Object-Same View; Same Object-
Difference View; Same Object-Same View. Error bars are not
shown for clarity.

the other three conditions. A linear contrast was aso com-
puted for DoSv trialsin that the DoSv condition is the most
diagnostic in terms of testing for orientation priming. The
linear contrast for DoSv trials was reliable F(1,18) = 4.58,
p < .05, but left reliable residua variance associated with
Orientation F(5,18) = 2.32, p = .05. Ascan be seen in Fig-
ure 3, there was little difference between the linearity ob-
tained for the DoSv condition and the DoDv and SoDv con-
ditions.

Discussion

Experiment 2 provides further evidence that prior ori-
entation information of an abstract nature does not re-
duce the costs associated with recognizing misoriented two-
dimensional shapes. In particular, the results do not support
the hypothesis that orientation dependence may be reduced
by the prior presentation of a visualy similar shape in the
same orientation as the target shape. On the other hand, the
trials preceded by the same shape in the same orientation did
show a dramatic shift to orientation-invariant performance.
Importantly, this diminished cost for orientation cannot be
accounted for by simple response priming in that the effect
of orientationwas not reliably reduced for trials preceded by
the same target in a different orientation (SoDv trials). Thus,
orientation priming does seem possiblein terms of a specific
shape at a specific orientation. Even given thisresult, the re-
sults of Experiment 2 seem to indicate that salient and pre-
dictive orientation cues independent of a given shape do not
prompt dimini shed effects of orientationon recognition. This
conclusion comes with a caveat however —cueing inthis ex-
periment was random in that subjects were never informed
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that the preceding shape woul d sometimes provide hel pful in-
formation, and, indeed, the mgjority of preceding shapes did
not provide any useful cues. Therefore, al we can conclude
based on Experiment 2 isthat potential cuesto orientationare
insufficient when thereisno overall contingency between the
orientation information and the orientation of the next stim-
ulus.

Experiment 3

The results of Experiments 1 and 2 suggest that 1) Ab-
stract orientation cues (i.e., cues that are not visualy simi-
lar to the targets) are insufficient for producing orientation
priming; 2) Visually similar orientation cues, other than exact
identity cues, are aso insufficient for producing orientation
priming. Thislatter conclusion, however, is based on a cue-
ing condition in which the orientations of the rotated targets
were more often than not inconsi stent with the potentia cue.
Experiment 3 was designed to test the possibility that orien-
tation informationin theform of avisually similar target can
diminish the costs associated with orientation. Specifically,
we consider a context in which the orientation cues are ex-
plicitly and maximally predictive of the subsequent stimulus
orientation.

This manipulation was accomplished by using an identifi-
cation task in which a series of adjacent trials were blocked
to contain a single orientation. If, as Cooper and Shep-
ard (1973) suggest, orientation information without specific
shape information cannot be used to prepare for an incoming
stimulus, then blocking by orientation should not diminish
any effect of orientation. However, if the blocking manipu-
lation turns out to be one condition that produces orientation
priming, the relationship between shape and orientation in-
formation in shape recognition may need to be reconsidered.

Method

Subjects. Thirty Yae undergraduates participated in re-
turnfor course credit. None of the subjects had seen the stim-
uli prior to the experiment.

Materials. The stimuli and presentation methods were
identical to those used in Experiment 1.

Design and Procedure. The learning phase and 40 prac-
tice trials were identical to those used in Experiment 1. Al-
though the task in the testing phase was a so identical to Ex-
periment 1, theinstructionsand thetria distributiondiffered.
First, in addition to the generd instructions regarding the
recognition task, subjects were a so informed that sequences
of triadls would be blocked by orientation, that is, that they
would see severd trialsin aseries at the same orientation but
that the identity of the shape would vary from trid to trial.
Theorder inwhich the bl ocksappeared was random and each
block was preceded by a short break. The testing phase in-
cluded atotal of 180trialsorganizedin 12 blocksof 15trials,

3500 T T T T T T T
I | —B— Diff Object/Same View (Exp 2)
| - -@ - -Diff Object/Same View (Exp 3)
A N
é 3000 I
© L
£ [
= L
® 2500 B
%)
c L
o L
o
8 2000 B
@ L
1500
0° 30° 60° 90° 120° 150° 180°

Shortest Distance to the Upright

Figure4. Meanresponsetimesasafunction of orientation for cor-
rect responsesfor DoSv trials in Experiment 3, compared with sim-
ilar trials in Experiment 2.

each block including only one of 12 orientationsin the pic-
ture plane (0°, 30°, 60°, ..., 330°). Each block included the
4 targets appearing 3 times each and the 3 distractors appear-
ing once each, all inrandom order (80% targetsand 20% dis-
tractors). The timing for each trial was identicd to that used
in Experiment 2.

Results

Only correct target trials with response times between
300 ms and 7,500 ms wereincluded in theanalyses. Thisre-
sulted in 6.7% of the trials being excluded. Mean error rates
werepositively correl ated with mean responsetimes (r = .82).
Only the DoSv trialsare of interest here — al other trialsare
SoSv trials, for which response priming is expected based on
the results of Experiment 2. However, as in Experiment 2,
the SoSv trialsyielded almost no orientation effect: theslope
was 1,256°/s, with an intercept of 1,126 ms; r*> was .38. The
effect of orientation (collapsed across 180°) for DoSv tridsis
presented in Figure 4 and compared to DoSv tria s from Ex-
periment 2. Note the apparent difference in the effect of ori-
entation on identification times. These effects were tested by
regressing response times for DoSv trials against orientation
(shortest distance to upright). The dlope of thisfunctionwas
492°/swith an intercept of 1,708 ms; r?> was .56. By compar-
ison, the dlope for DoSv tridsin Experiment 2 was a much
slower 180°/s. A linear contrast computed for DoSv triasin
Experiment 3 was reliable, F(1,29) = 5.36, p < .05, and left
no reliable residual variance.

Inspection of Figure 4 revedls that the orientation effects
for DoSv trias in Experiments 2 and 3 differ primarily at
larger misorientations, i.e., a 150° and 180°. Thus, any ori-
entation priming in the DoSv condition in a blocked design
appearsto occur at those orientationsfor which identification
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Figure5. Experiment 3. Mean responsetimes asafunction of ori-
entation for correct responsesin DoSv trials, on the 2nd, 3rd, 4th,
5th to 9th and 10th to 15th trials.

was the most dependent upon orientation in the random de-
sign (i.e., where response times were lowest). An ANOVA
on response times with Orientation (shortest distance to up-
right, O to 180°) as a within-subjectsfactor and Experiment
(2 or 3) as abetween-subjectsfactor yielded areliable Orien-
tation x Experiment interaction, F(6,282) = 5.40, p < .001.
Importantly, it is unlikely that the diminished effect of ori-
entation at these larger misorientations could be explained
by the subjects physicdly rotating their heads based on the
expectation of a series of trias at a single orientation: 150°
and 180° are rather extreme head rotations, especially using
achinrest!

To investigate whether blocking per se or the repetition of
targets a the same orientation was responsible for the ob-
served orientation priming, response time data was divided
into bins based on sequential order within a block. Figure5
shows the functions obtained for the 2nd, 3rd, 4th, 5th-9th,
and 10th-15th trials of each block. Inspection of the graph
reveals that the effect of orientation is reduced dramatically
from the 2nd to the 3rd trids, and again from the 3rd to the
4th trials, but does not diminish further during the remain-
der of the block. Interestingly, on the 2nd and 3rd trials,
the 150° and 180° orientations are aready nearly as fast as
smaller misorientations, but that the peak at 120° only dimin-
ishes with further repetition. That is, orientation priming ap-
pearsto be aready occurring in the 2nd and 3rd trials of the
150° and 180° blocks, but only in the 4th trid of the 120°
block. To examine these inferences t-tests were run on all
pairwise comparisons between the data points shown in Fig-
ure 5, looking at individual orientations, we found that the
only reliable differences were thefollowing: at 60°, subjects
were faster in the 5th-Sth trials (aswell as subsequent trias)
as compared to the 3rd trid, t(28) = 3.14, p < .005, and at
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Figure6. Experiment 3. Mean responsetime as afunction of ori-
entation for correct responsesin DoSyv trials for the targets preceded
by another similar target as opposed to a more different one.

120°, subjects were faster in the 4th trial (as well as subse-
quenttrials) ascompared to the2ndtrial t(40) = 2.50, p < .05.
Thispeak a 120° was not predicted — one post-hoc explana
tion is that subjects may make best use of orientationinfor-
mation in those cases that require the greatest normalization.
That is, thelarger the potentia cost of normalizing the stimu-
lus shape, the more rapidly subjects will adopt an alternative
strategy based on orientation priming.

Finally, several subjects indicated at the end of the learn-
ing phase that it became easier to remember the individua
target shapes once they realized that they could group them
in two pairs of similar shapes. All subjects who mentioned
thisstrategy grouped KIPwith KEF and KAL withKOR (see
Figure 1). Thus, it is possible that visual smilarity (as de-
scribed by subjects in this experiment) might influence the
efficacy of agiven shape asan orientation cuefor therecogni-
tion of a subsequent shape. To investigatethisissue, we plot-
ted the DoSv trialsin which the cue shape was visually sim-
ilar to the target and the DoSv trias in which the cue shape
wasvisualy dissimilar. Theresultsof thisanalysisare shown
in Figure 6. Note that there is a clear overall response time
advantage for the DoSv-similar trids. There also appears to
be aclear reduction of orientation effects at larger misorien-
tations, 90° to 180°, for DoSv-similar trials as compared to
DoSv-different trials. An ANOVA with alinear contrast for
Orientation and Similarity (similar/different) as factors re-
veded ardiablelinear main effect, F(1,29) = 11.1, p < .005,
areliable effect of Similarity, F(1,29) = 61.6, p < .001, and,
crucialy, a marginaly reliable Linear x Similarity interac-
tion, F(1,29) = 3.37, p=.07. More specifically, paired t-tests
(@l reliableat p < .05) for all pairwise comparisons for each
of the two functions represented in Figure 6 indicated that
when the objects were different, the responsetimes for small
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mi sorientations (0°-60°) were not reliably different from one
another, the response times for large misorientations (90°-
180°) were also not reliably different from one another, but
that the response times for small misorientations were reli-
ably faster than the response times for large misorientations.
In contrast, when the objectswere similar, all responsetimes,
from both small and large misorientations, were not reliably
different from one another. Crucially, the larger misorienta-
tion (180°) was not found to be reliably different from the
other misorientations. This suggeststhat orientation priming
was greatest for similar objectsat thelargest possiblemisori-
entations. Although thisis an admittedly post hoc compari-
son, such apatternispredictedif: 1) Subjectsrely most heav-
ily on orientation cues in those blocks requiring the largest
normalizations; and, 2) Subjectsare more readily ableto em-
ploy such orientation cues when they come in the form of a
shape that is visualy similar to the target (the most extreme
example being a SoSv trid).

Discussion

The results of Experiment 3 point to at least one condi-
tion under which orientation information without diagnostic
shape information can be used by subjects in order to pre-
pare for an incoming stimulus — the recognition of visualy
similar target shapes repeated at the same orientation. Inter-
estingly, since we know from previous studies and Experi-
ments 1 and 2 that abstract cues areinefficient, it appearsasif
shape and orientation are neither compl etely dissociated nor
completely associated. Subjects are able to use members of
a homogeneous class as orientation cues even though they
arein the process of distinguishing between these shapes—a
task that would seem to highlight the differences among the
shapes. Moreover, it isunlikely that this orientation priming
can be explained simply by subjects being explicitly awvare
of the orientation repetition. First, several studies using a
mirror-judgment included explicitinstructionspreparefor an
incoming stimulus based on orientation information (which
is more than we told subjects here) and still found little evi-
dencefor orientation priming (Cooper & Shepard, 1973; Hin-
ton & Parsons, 1981). Second, orientation repetition was not
completely effective until the fourth trial (which isthe third
tria that could have shown orientation priming, sincetheori-
entation was unpredictable for the first trial of each block).
Thus, despite the fact that subjects were most likely aware
of the consistency of orientation following the first block of
trids, it took some time for them to decide whether it was
worthusing a“ prepared” reference frame—athough they ul-
timately do appear to adopt thisstrategy within some blocks.
In contrast, many of the studiesof orientation priminginmir-
ror judgmentsfound that subjects could not prepare an empty
reference frame (Cooper & Shepard, 1973; Robertson et al.,
1987; Humphreys & Quinlan, 1988). Likewise, Jordan and
Huntsman (1990) used an orientation bl ocking manipulation
that failed to produce orientation priming in word identifice-
tion and lexica decision. However, Jolicoeur (1990) found

that | etter i dentificationin three-letter displayscontaining | et-
ters that were al in the same or similar orientationswas fa
cilitated relative to displays in which the orientations of the
three |etters were disparate. This effect, which may be akin
to the facilitation obtained here, was interpreted as evidence
for the ability to rotate an abstract frame of reference.

One intriguing aternative to the “rotation of an abstract
frame” interpretation is that the repetition of similar shapes
at a consistent orientation led to the sustained activation of
orientation-specific shape representations for the class of all
visually similar shapes (for example, see Edelman, 1995a,
1995b). Such class-general activation would allow subse-
guent identification judgments at the same orientation to be
performed without the use of normalization. Within this
framework, one possible reason for why orientation priming
was not obtained for rotations of 30° to 120° is that shapes
appearing at these orientationswould be close enough to the
upright to activate a canonical shape representation at the
orientation used during initial learning — an “attractor” of
sorts. Notably, given the significant body of results suggest-
ing that abstract frames of reference cannot be rotated, this
“image-based generalization” account has the advantage of
not appealing to dissociable orientation and shape represen-
tations. Moreover, this account is consistent with multiple-
views theories of object recognition that have been based,
in part, on evidence garnered using stimuli similar to those
used here (Tarr & Pinker, 1989, 1990; Tarr, 1995). Because
the multiple-views approach assumes that object representa-
tionsareimage-based (Bulthoff et a., 1995; Tarr & Bulthoff,
1995), the theory a so predictsthat the greatest priming (dis-
regarding SoSv trials) should occur for those trials preceded
by the most similar targets (given acommon orientation) be-
cause the shape representations of the prime and the target
would share the greatest number of features.

Experiment 4

An image-based generalization account of orientation
priming, such as that outlined above, predictsthat no explicit
knowledge of orientation blocking is required in order to ob-
tain facilitation — activation of visually similar shape repre-
sentations being a natural consequence of recognition within
image-based distributed representation models (Weinshall,
Edelman, & Bilthoff, 1990; Edelman & Weinshall, 1991,
Edelman, 1995b, 1995a). Experiment 4 tests this by specifi-
cally asking whether orientation priming occurs in a context
where subjects are unlikely to be aware of orientation block-
ing. A second prediction of an image-based generalization
account isthat the degree of facilitation should be related to

10ne possible explanation for why orientation blocking did
not produce orientation priming in a word identification experi-
ment (Jordan & Huntsman, 1990) isthat word identificationis medi-
ated by many non-visual processes. For example, two orthograph-
ically similar patterns can have widely different semantic interpre-
tations (e.g., “block” and “flock™).
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the number of preceding same-orientation similar-shape tri-
als. This is because activation is posited to “accumulate”
across orientation-specific shape representations with each
subsequent trial (Perrett, Oram, & Wachsmuth, 1996). In Ex-
periment 3 this prediction was difficult to test because the
explicit blocking manipulation may have resulted in strate-
gicfactorsinteracting with automatic factors. To addressthis
concern in our tests of these predictionswe adopted adesign
in which short runs of same-orientation trials are embedded
withinrandom-orientationtrials. Thismanipulation provides
ameasure of orientation priming in acontext whereitisless
likely that subjectswill become aware of therepetition of ori-
entations and, given no strategic priming, a more effective
means for ng the impact of the number of repetitions
on the magnitude of orientation priming.

Subjects. Twenty-four Yaleundergraduates participatedin
return for course credit. None of the subjects had seen the
stimuli prior to the experiment.

Materials. The stimuli and presentation methods were
identical to those used in Experiment 1.

Design and Procedure. The learning phase and 40 prac-
tice trials were identical to those used in Experiment 1. Al-
though the task in the testing phase was a so identical to Ex-
periment 1, the trial distribution differed. The testing phase
included a tota of 240 trias organized into a Block condi-
tion consisting of 12 blocks of 6 trid's, each block including
only target shapesinoneof 6 orientationsinthe pictureplane
(0°, 60°, 120°, 180°, 240°, and 300°) and a Random condi-
tion consisting of 72 distractor trials and 96 target trids, to
which the 6 orientationswere evenly assigned. The Blocked
trials and Random trials were intermixed randomly for each
subject. The same shape never occurred twiceinarow within
a same-orientation block and each block was preceded by a
distractor shape at a different orientation. Blocks were orga-
nized so that the 3rd and 6th trial swere preceded by the most
visually similar target shapes, whilethe 2nd, 4th, and 5th tri-
als were preceded by more visualy dissimilar target shapes
(i.e., thepattern A-B-B’-A’-B-B’ was used for each block, al -
though the actual shapes corresponding to A and B varied).
The order of the blocks and of the filler trials was random-
ized for each subject. The timing for each trial wasidentical
to that used in Experiment 2.

Results

Only correct target trials with response times between
300 ms and 7,500 ms were included in the analyses. This
resulted in the rgection of 13% of the trials. Mean er-
ror rates were more strongly correlated with mean response
times in the Blocked DoSv (r = .95) than in the Random
condition (r = .17). However, no subject reported notic-
ing the blocking manipulation when queried at the end of
the experiment. Figure 7 shows response times as a func-
tion of orientation (collapsed across 180°) for the Blocked
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Figure 7. Experiment 4. Mean response times as a function of

orientation (collapsed across 180°) for Blocked DoSv trials and the
Random orientation trials.

DoSv and the Random trias (which includes the first trial
of each block). An ANOVA on response times with Ori-
entation (shortest distance to upright, 0°, 60°, 120°, 180°)
and Condition (Random, Blocked) as within-subject factors
yielded reliable main effects for Orientation, F(3,69) = 33.9,
p < .001, and Condition, F(1,69) =44.3, p < .001. Most im-
portantly, there was a reliable Orientation x Conditioninter-
action, F(3,69) = 3.90, p < .01.

To understand the impact of orientation repetition on ori-
entation priming, Figure 8 shows response times (collapsed
across 180°) for the first trial of each block (which was re-
ally another random-orientation trial) and the DoSv trialsin
the 2nd, 4th, and 5th position of each block. Note that the
3rd and 6th trials were excluded on the basis of the trid or-
der described above in which the 3rd and the 6th trials of a
block were always preceded by the most visually similar tar-
get shape (known to provide the greatest priming — see Fig-
ure 6). In contrast, the 2nd, 4th, and 5th trials were aways
preceded by a more dissimilar target shape, therefore, these
trials allow the strongest test of orientation priming across
repetition.

In Experiment 3 we observed that the orientation prim-
ing produced by blocking occurred only at larger misorien-
tations. Therefore, given that the same shapes and task was
used in Experiment 4, Figure 8 shows only response times
only for 120° and 180°. In order to test the prediction that
the degree of orientation priming effect isrelated to the num-
ber of same-orientation different-shape repetitions, we per-
formed an ANOVA on responsetimesusing only large Orien-
tations(120° and 180°) and Serial Position (1st, 2nd, 4th, and
5th) aswithin-subject factors. Thisanalysisreveded reliable
main effects of Orientation, F(1,92) = 5.69, p < .05, and Se-
rial Position, F(3,69)=18.1, p < .001, as well as a reliable
Orientationx Positioninteraction, F(3,23)=7.46, p < .001. A
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Figure8. Experiment 4. Mean responsetimesin the Block condi-
tion as a function of orientation for correct responses by seria po-
sition of trial. Trial 1 is always preceded by a distractor shapein a
different orientation, while Trials 2, 4, and 5 are alwayspreceded by
arelatively dissimilar target shapein the same orientation.

linear x linear contrast was aso computed on the same data
pointsto test the hypothesis that the effect of orientation di-
minished with increasing seria position. This “fan effect”
contrast wasreliable, F(1,23) = 19.2, p < .001, and theresid-
ual was not reliable,

Discussion

Results of Experiment 4 provide further support for the
ideathat at larger misorientations orientation priming can be
obtai ned by blockingtrialsby orientation (asfound in Exper-
iment 3). Moreover, here orientation priming through bl ock-
ing was obtained using short runs of trials intermixed with
random trials, thereby reducing the likelihood that subjects
were aware of the blocking manipulation. This finding sug-
geststhat orientation priming may sometimesoccur automat-
ically and, in particular, as aby-product of normal shape pro-
cessing during recognition.

A second result, that orientation primingincreased roughly
linearly with repetition of visually similar shapes, provides
further support for the claim that priming results from the
accumul ation of activation within shape representations. In-
deed, an account of orientation priming in terms of the rota-
tion of areference frame would have to posit faster normal-
ization with each repetition (for arguments against thistype
of model see Tarr & Pinker, 1991). In contrast, image-based
models naturally predict that as evidence accumul ates within
orientation-specific shape representati ons (due to the repeti-
tion of homogeneoustarget shapes), therewill be an increase
in orientation priming for the recognition of visualy similar
shapes at the same orientation (Weinshall et a., 1990; Edel-
man, 19953).

Consistent with thisinterpretation, based on the results of
our experiments in which orientation priming was not ob-
tained (Experiments 1 and 2) and those in which it was ob-
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tained (Experiments 3 and 4), it appears that arecurring fac-
tor in the occurrence of orientation priming isthat the prime
isvisually similar to thetarget. Thisis consistent with many
of the earlier studies of orientation priming (Robertson et al .,
1987; Koriat & Norman, 1988; Humphreys& Quinlan, 1988;
Jolicoeur, 1990). Asillustratedin Figure 9, we proposeanet-
work of units each representing the appearance of an object
in a given orientation and broadly tuned to visua properties
present within the image (Edelman & Weinshall, 1991; Lo-
gothetis & Pauls, 1995). Of course, while, for convenience,
we refer to these as “units,” a network of distributed repre-
sentations preferentialy tuned for specific shapes would ap-
ply just as well. Regardless of the specificity of tuning, the
essential point isthat these unitscontributeto therecognition
of an input shape in amanner proportiona to the strength of
their responseto that input, i.e., based on their visual similar-
ity.

A unit could be activated by different exemplars of a ho-
mogeneous class seen from the preferred viewpoint of the
unit or the same exemplar from severa viewpoints close to
the preferred viewpoint, albeit, less strongly in either case
than the resultant activation from the preferred exemplar in
the preferred viewpoint (Figure 9a; for neurophysiological
evidence consistent with thisaccount see Perrett, Oram, and
Wachsmuth, 1996).% This early stage of activity within the
network might be sufficient for classification; for instance,
recognizing all of the stimuli used up to this point as in-
stances of the“tv-antenna’ class. In order to discriminateone
shapefromitsvisualy similar cohorts(i.e., subordinate-level
recognition), however, the pattern of activity within the net-
work must become narrower so as to increase the signal for
the correct exemplar relative to theincorrect exemplars (Fig-
ure 9b). Such aprocessispresumed to mediate each identifi-
cation in the experiments we have reported to thispoint. No-
tice that athough subordinate-level recognition requires the
representational unit(s) encoding the current target to reach
ahigher level of activation relativeto its cohorts, we do not
assume that the cohort units have zero activation at the mo-
ment when recognitionisachieved. Indeed, it isthisresidual
activation for visually similar members of a class (at an ori-
entation common to that of the target) that we propose may
giveriseto orientation priming.

Experiment 5

Given our results to this point there is at least one alter-
native to the account we have offered: Visua similarity be-
tween the prime and the target may be unnecessary and any
shape recognized at a common orientation in the preceding

2Certainly, such an approach owes a debt to the so-called
“stochastic” modelsin experimental psychology. In particular, such
modelsaccumulatenoisy information over time and show longer re-
sponsetimes to poorer matches. Thus, they reguire more evidence
to reach a given threshold when the signal is small relative to the
noise (see for instance, Green & Swets, 1966; L uce, 1986).
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Figure9. Hypothetical activity in anetwork of image-based units.
a) Early response to a rotated object of a first homogeneous class.
b) Late response leading to subordinate recognition. The elliptical
areasindicate theresidual activation from the early stage of process-
ing which could lead to orientation priming. ¢) Early responseto an
object of a second homogeneousclass.

trial might be sufficient to produce orientation priming. In
other words, it is possible that what is primed is the process
of normalization for agiven orientation. Thisismore or less
equivalent to an explanation based onthenormalization of an
“abstract” reference frame in that it assumes no effect of the
particular shape of the prime or target. Rather, what the two
trials have in common is the initia orientation of the shape
and the normalization operation required in both cases. In
contrast, when the cue remains the same throughout an ex-
periment, as with the arrow used in Cooper and Shepard's
origina study and Experiment 1 in the present study, no nor-
malization isnecessary for its recognition, hence no priming
occurs. While some of the results of Experiment 3 (see Fig-
ure6) appear toindicatethat visual similarity playsanimpor-
tant rolein orientation priming, this conclusion was based on
an admittedly post hoc analysis. Therefore, as a more direct
test, in Experiment 5 we used adesign in which target shapes
from two shape-defined categorieswere aternated so that the
prime was guaranteed to be from a different category than
thetarget. Within the network-activation framework a shape
prime from adifferent perceptual category should lead to the
activation of a different population of image-based units, in
some sense “erasing” the residual activation from the pre-
ceding target (see Figure 9¢). Thus, we predict no orienta-
tion priming for same-orientation different-category trias. In
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Figure 10. Second set of novel shapes, used in Experiment 5, in
their canonical orientation.

contragt, if it is the normalization of an abstract reference
frame that is primed, we should obtain orientation priming
for same-orientation different-category trias.

Method

Subjects. Thirteen Yale undergraduates participated in re-
turnfor course credit. None of the subjects had seen the stim-
uli prior to the experiment.

Materials. The stimuli and presentation methods were
identical to those used in Experiment 1. In addition, a sec-
ond class of homogeneous stimuli was cregted. In contrast to
the shapes used in Experiments 1-4, these shapes were com-
posed primarily of curvesto maximize the visual dissimilar-
ity between thisclass and the origina class. Importantly, the
shapes till contained acommon “foot” groundingthe default
orientation for all members of the class. The four targetsand
thethree distractors of thisnew classare shownin Figure 10.

Design and Procedure. The learning phase, identica to
that used in Experiment 1, was used to teach subjects both
classes of shapes. Following training on both classes, 24
practice trials were run in which targets from both classes
were randomly intermixed. Because of the introduction of
a second class of shapes, there were nine possible response
keys corresponding to the four targets from each class and
the “none-of-the-above’ distractor response. The timing for
each trial was identical to that used in Experiment 2. The
testing phase was somewhat different from that used previ-
oudly in that subjects were informed that sometimes a series
of 15 trials at a single orientation would occur and that they
would be prompted about this fact prior to the block. Each
such series included 12 targets (6 from each class) and 3 dis-
tractors (80% targets and 20% distractors). Thetesting phase
included 24 such blocks at one of 12 orientations (0°-330°,
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every 30°; for atota of 306 blocked trials). These blocks
were randomly intermixed with 360 trialsin which orienta:
tion varied in a pseudo-random fashion — a shape could be
followed by a shape at any orientation except for the identi-
ca orientation. The explicit promptsand the large number of
trial sper block were used in order to maximize thepossibility
of orientation priming. In both the Blocked and the Random
conditions targets of the two classes were constrained to a-
ternate (A-B-A-B...) such that a target was never preceded
by another shape from the same class.

Results

Only correct target trials with response times between
300 msand 7,500 ms were included in theanalyses. Thisre-
sultedin 10.1% of thetrial sbeing excluded. Mean error rates
were positively correlated with mean response times in both
conditions (Blocked: r = .93; Random: r = .89).

An ANOVA on response times with Shape Class and Ori-
entation as within-subject factorsreveaed no reliable differ-
ence between thetwo classes and no interaction with Orienta
tion function, therefore resultswere collapsed across the two
classes in al subsequent analyses. Mean response time as a
function of orientation for the Blocked and Random condi-
tions are presented in Figure 11. A regression of response
time against orientation was performed for each condition.
In the Random condition the slope was 508°/s with an inter-
cept of 1,903 ms; r? was .91. In the Blocked condition the
sope was 318°/s with an intercept of 1,778 ms; r?> was .89.
An ANOVA was performed on response times with Orien-
tation and Condition as within-subject factors revealed only
areliable effect main effect of Orientation, F(6,12) = 14.8,
p < .001. A linear contrast for this factor was reliable,
F(1,12) = 33.0, p < .001, with no interaction with Condition.
The residual was not reliable.

Discussion

The results from Experiment 5 are consistent with the
predictions of the network-activation framework and image-
based generalization. Thisapproach appears compatiblewith
the orientation priming obtained in Experiments 3 and 4 and
the failure to obtain orientation priming in the present ex-
periment. In contrast, the aternative, priming of an abstract
frame of reference, would not predict the obtained pattern of
results. It appesars that orientation can most easily be primed
by a shape from the same homogeneous class as the target
shape. Supportingthishypothesis, Experiment 5 failed to re-
vesal any evidence for orientation priming for a blocking ma-
nipulation when the prime and target shapes were from vi-
sualy dissimilar classes. This failure to obtain orientation
priming occurred despitethefact that subjectswere explicitly
informed about the bl ocking manipul ation and the use of long
runsof 15 trialsper block. By way of comparison, orientation
priming was obtained in Experiment 4 despite the fact that
subjects were unaware of the orientation blocking manipu-
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Figure11. Experiment 5. Mean response times as a function of
orientation for correct responses by condition. Error bars show the
standard error of the mean, appropriate for comparing the two con-
ditions.

lation and the blocks were only 6 trialslong. Overal, these
resultsprovidefurther evidence that orientation priming may
be an automati c consegquence of orientati on-dependent shape
recognition mechanisms.

General Discussion

Failure to obtain orientation priming in the absence of
shape cues has often been taken as evidence that shape and
orientation are not represented independently (Cooper &
Shepard, 1973; Shepard & Cooper, 1982; Kossyn, Pinker,
Smith, & Shwartz, 1981). In other words, the fact that sub-
jects cannot use an orientation cue in order to prepare in ad-
vanceto identify amisoriented stimulushas been cited as ev-
idence that objects are visually represented in a viewpoint-
specific fashion, thereby supporting image-based theories
of object recognition (Bulthoff & Edelman, 1992; Edd-
man & Weinshal, 1991; Poggio & Edelman, 1990; Tarr,
1995). In contrast, evidence for orientation priming has been
cited as evidence that objects are visualy represented in a
viewpoint-invariant fashion (Humphreys & Quinlan, 1988;
Koriat & Norman, 1988; Jolicoeur, 1990), thereby support-
ing structural-description theories (Biederman, 1987; Bie-
derman & Gerhardstein, 1993). In this paper, however, we
propose that image-based theories are compatible with ori-
entation priming, aslong as thispriming is shape dependent.
Thus, much as the magnitude of priming between two im-
ages of the same object may depend onthesimilarity of view-
points, the magnitude of priming between two images of dif-
ferent objects may depend on the similarity of shapes.

Our resultslend support to thisinterpretation, demonstrat-
ing that orientation priming is possible when the primes are
shapes from the same visually homogeneous class as the tar-
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gets. Given the high degree of recognition accuracy of our
subjects in Experiments 3 and 4, it is clear that the prim-
ing occurred even though subjects identified the prime and
the target as two different objects. When the cue was visu-
aly dissimilar, as in Experiment 5, no facilitation was pro-
duced by the prior orientation information. Asreviewed ear-
lier, thispattern of results supportsan image-based approach
to object recognition, and, in particul ar, model sthat represent
objects as broadly tuned viewpoint-sensitive representations
encoding both shape and orientation (Weinshall et a., 1990;
Edelman & Weinshall, 1991; Edelman, 1995g; Perrett et al.,
1996).

Our ability toidentify an object and distinguishit from vi-
sually similar cohorts despite the variation inherent in view-
ing conditionsis often considered to be one of the most im-
pressive achievements of the human visua system (Marr,
1982). Inthisregard, it may seem puzzling that the image-
based approach predicts costs for orientation normalizations
for a given shape and yet generadization between similar
views of different shapes. However, given that image-based
similarity at least in part determines the connections be-
tween different representational units within the visua sys-
tem (Edelman, 1995b), it isnot unreasonabl e to propose that
the representation of Object A at 120° is strongly connected
to the representation of Object B at 120° when A and B are
visually similar. Indeed, inasysteminwhich objectsarerep-
resented in a viewpoint-dependent manner, the same view of
two different objectsof the same classmay very well bemore
similar than two different views of the same object (BUlthoff
et a., 1995).

It could, of course, be argued that such a recognition sys-
tem does not provide sufficient generalization between dif-
ferent depth-rotated views of the same object. However,
generalization between views may indeed be difficult in
that it often happens that abrupt changes in surface geom-
etry can lead to two nearby viewpoints being very differ-
ent in terms of visible image structure. Thus, researchers
haverecently postul ated view-based representationsin which
each geometrically-defined characteristic views form dis-
tinct units within the overall representation (Freeman &
Chakravarty, 1980; Koenderink, 1987). Such models at-
tempt to address the fact that image-based similarity alone
is unlikely to lead to a structured representation across ro-
tations in depth, even though we clearly show shape con-
stancy across such transformations. One possibility is that
mechanisms different from those that compute image-based
similarity are used to create associations between different
views of the same object. Indeed, recent single-cell record-
ing work by Miyashita et al. (Miyashita, 1988; Miyashita,
Date, & Okuno, 1993; Miyashita & Chang, 1988) on thein-
ferotemporal (IT) cortex of monkeys pointsto such a mech-
anism. Testing monkeys in a match-to-sample task with a
large number of novel patterns, Miyashita first found that
individual cells become tuned to a small number of visu-
aly similar objects. Within the image-based generalization
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framework, these cells can be viewed as responding to the
presentation of similar objects because of common imagein-
formation. However, Miyashitaalso found that after sequen-
tially pairing arbitrary pairs of patternsfor alarge number of
trials, some cells would aso become tuned to pairs of dis-
similar visua patterns. Thus, there appears to be a second
associ ative mechanism that crestes connections between vi-
sualy dissimilar input that co-occur in time. Psychophysi-
cal evidence for such amechanism may be found in a recent
study by Lawson, Humphreys, and Watson (1994) who re-
ported that structured sequences of views objects|ead to bet-
ter recognition performance relative to randomly ordered se-
guences of the same objects. Moreover, lesions of entorhina
and perirhina cortex seem to disrupt temporal associations
but leave shape associationsintact (Gasic, 1995). Interms of
theregularitiesof theworld, sensitivity to thetemporal conti-
guity of images is areasonable strategy — images that follow
each other in time are more than likely to be different views
of the same physical object.

In summary, our present findings offer some evidence for
orientation priming in terms of shape similarity. In partic-
ular, we suggest that a single object representation system
may mediate the orientation priming obtained here aswell as
many previous findings of orientation dependence in recog-
nition (Bulthoff & Edelman, 1992; Edelman & Bllthoff,
1992; Humphrey & Khan, 1992; Tarr, Hayward, Gauthier, &
Williams, 1994) and the reduction of orientation effects with
practice (Jolicoeur, 1985; Tarr & Pinker, 1989; Tarr, 1995).
Moreover, given recent neuroscientific (Logothetis & Pauls,
1995; Perrett et al., 1996) and computational (Edelman &
Weinshall, 1991; Edelman, 1995b; Lando & Edelman, 1995;
Moseset a ., 1996) advances, there arereasonsto believethat
an image-based network-activation approach provides great
promise for understanding human visua recognition perfor-
mance.
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