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Orientation invariance in visual object priming
depends on prime-target asynchrony
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Two experiments are reported in which orientation effects on visual object recognition latency were
examined. In Experiment 1, we assessed picture-naming performance as a function of image-plane
stimulus orientation and found increasing response times with increased misorientation of the stimu-
lus. In Experiment 2, we examined the repetition priming effect on the identification of upright targets
as a function of prime orientation. With time delays of 100, 200, or 500 msec between the onset of the
prime and that of the target (i.e., stimulus onset asynchrony [SOA]), the magnitude of the priming effect
decreased with increasing misorientation of the prime. These results contrast with the orientation-
invariant priming effectsreported in some previous repetition priming studies. These investigationsall
used relativelylong prime-target SOAs. Confirming the crucial role of the latter variable, Experiment 2
shows that the magnitude of the repetition priming effect is invariant across prime orientations with
an SOA of 1,000 msec. The possible implications of the present observations with respect to the issue
of orientation invariance versus dependency of the visual object recognition process are discussed.

Experimental evidence from several studies has shown
that the time taken to identify visually presented objects
is often dependent on the image-plane orientation of the
stimulus (e.g., Jolicceur, 1985; Lawson, 1999; Leek,
1998b; Maki, 1986; McMullen & Farah, 1991; Murray,
Jolicceur, McMullen, & Ingleton, 1993; Rock, 1974;
Schwartz, 1981; Tarr & Pinker, 1989). For example, nam-
ing latencies for line drawings of familiar mono-oriented
objects have been shown to increase as a function of the
angular distance between the orientation of the stimulus
and its familiar upright image-plane orientation (e.g.,
Jolicceur, 1985; McMullen & Farah, 1991; Rock, 1974).
Similar effects have also been found in recognition mem-
ory and pattern-matching tasks, using novel or recently
memorized abstract shapes (Edelman & Biilthoff, 1992;
Jolicceur & Landau, 1984; Kubovy & Podgorny, 1981;
Leek, 1998a; Rock, Schreiber, & Ro, 1994; Rock, Wheeler,
& Tudor, 1989; Tarr, 1995; Tarr & Pinker, 1989).

These orientation effects have been used to constrain
hypotheses about the cognitive mechanisms that support
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object constancy during visual object recognition. It has
been widely assumed that orientation-dependent effects
for image-plane-rotated objects are inconsistent with
theories that propose that recognition is mediated pri-
marily by orientation-invariant mechanisms (e.g., Bie-
derman, 1987; Marr & Nishihara, 1978). Instead, these
effects have frequently been taken as evidence that visual
recognition is mediated by orientation-dependent pro-
cesses. For example, one hypothesisis that the time costs
associated with the identification of misoriented objects
reflects the operation of a spatial normalization process
involved in matching perceptual representations of mis-
oriented stimuli to orientation-specific shape representa-
tions held in long-term memory (e.g., Jolicceur, 1985;
Robertson, Palmer, & Gomez, 1987; Tarr, 1995; Tarr &
Biilthoff, 1998; Tarr & Pinker, 1989).

However, the theoretical implications of the patterns
of response times (RTs) associated with misoriented ob-
ject recognition still remain the subject of considerable
debate (Biederman & Gerhardstein, 1993; Corballis,
1988; Gauthier & Tarr, 1997; Hamm & McMullen, 1998;
Lawson, 1999; Leek, 1998a; Perrett, 1996; Perrett, Oram,
& Ashbridge, 1998; Schyns, 1998; Tarr & Pinker, 1990;
Wagemans, Van Gool, & Lamote, 1996). One important
element of this debate is the fact that the time taken to
recognize misoriented objects does not always vary with
stimulus orientation. Indeed, the specific RT functions
that are observed during the identification of misoriented
objects depend on a variety of factors, including the level
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of identification/categorization required by the task
(e.g., Hamm & McMullen, 1998; Schyns, 1998) and the
characteristics of the stimulus set employed (Biederman
& Gerhardstein, 1993; Cohen & Kubovy, 1993; Corbal-
lis & Nagourney, 1978; Farah, Rochlin, & Klein, 1994;
Lawson & Jolicceur, 1998; Leek, 1998b; McMullen &
Farah, 1991; Murray, 1998; Takano, 1989; Tarr, Biilthoff,
Zabinski, & Blanz, 1997; Tarr & Pinker, 1990; Wiser,
1981). Orientation effects have also been shown to atten-
uate with repeated exposure to the same stimuli, sug-
gesting that nontypical orientations for a particular ob-
jectcan be learned from experience and used to produce
orientation-invariant performances (Joliceeur, 1985; Mc-
Mullen & Jolicceur, 1992; Murray, 1995b; Murray et al.,
1993). There is also evidence from cognitive neuropsy-
chology indicatingthat brain-damaged patients who are im-
paired at performing visuospatial transformations, such
as mental rotation, are nevertheless able to recognize
misoriented objects (Farah & Hammond, 1988; Turnbull,
Laws, & McCarthy, 1995). The findings above suggest
that the kinds of mechanisms recruited in object recog-
nition may depend on several different stimulus and task
parameters. It is therefore of considerable theoretical in-
terest to determine the exact conditions that lead to ob-
servations favoring the involvement of either orientation-
invariant or orientation-dependent mechanisms in the
object recognition process.

The present paper is concerned with reports of an ap-
parent dissociation between orientation-dependent and
orientation-invariant effects in picture-naming and some
repetition priming studies. In particular, although robust
orientation-dependent effects have been repeatedly found
for certain types of objects in picture naming (e.g.,
Joliceeur, 1985), there have been several reports showing
an apparent orientation invariance with the same kinds of
stimuli in repetition priming (Biederman & Cooper,
1991; Biederman & Gerhardstein, 1993; Ellis, Allport,
Humphreys, & Collis, 1989; McAuliffe & Knowlton,
2000; McKone & Grenfell, 1999; Murray, 1995a; Stan-
kiewicz, Hummel, & Cooper, 1998, Experiment 3).

For example, McAuliffe and KnowlIton (2000) re-
cently reported a robust orientation effect in a task in
which subjects named misoriented black-and-white line
drawings of familiar objects. However, no orientation ef-
fect was observed for repetition priming between rotated
and upright prime—target pairs. Specifically, the effect of
a misoriented related or unrelated priming stimulus on
target identification thresholds (measured in terms of the
minimum stimulus onset asynchrony [SOA] between im-
ages in rapid serial visual presentation [RSVP] streams
at which targets could be reliably identified) was inde-
pendent of prime orientation. Just as much facilitation
from stimulus repetition occurred with upright as with
misoriented primes. Interestingly, apparent orientation
invariance has been reported not only in the context of
positive priming effects. Murray (1995a) also reported
that the magnitude of negative semantic-priming effects
between line drawings of ignored probes and target ob-

jects was equivalent for same and differently oriented
prime—target pairs.

The observation of orientationinvariance in visual ob-
ject priming, but not in other tasks such as naming, may
provide valuable constraints on hypotheses about the na-
ture of object constancy. In particular, it suggests that
orientation-invariant processes may play an important
role in shape recognition and that at least some kinds of
orientation-invariant shape information are available
during stimulus identification. However, there are also
several reports of orientation-dependent (for orientation
in depth or in the image plane) priming effects in visual
recognition tasks (Bartram, 1974; Cooper, Schacter,
Ballesteros, & Moore, 1992; Marshall & Walker, 1987,
McKone & Grenfell, 1999; Roberts & Bruce, 1989; Sea-
mon et al., 1997; Srinivas, 1993; Stankiewicz et al.,
1998, Experiment 1; Verfaillie, 1993). These findings,
in contrast to those of apparent orientation-invariant
priming effects, support models that assume that visual
recognitionis mediated primarily by orientation-dependent
processes (e.g., Tarr, 1995; Tarr & Pinker, 1989).

What factors underlie the observation of apparent
orientation-invariant priming in some studies, but not in
others? One potentially relevant factor is the prime—target
intervals that have been employed in different studies.
The role of this factor in orientation priming has received
surprisingly little attentionin the literature. However, there
are some grounds for believing that it may play an impor-
tant role in determining the effects of stimulus orientation
that are observed in repetition priming studies. Indeed,
the extent to which an apparent orientation-invariant
priming effect can be taken as evidence for the use of an
orientation-invariant mechanism during processing of a
rotated prime depends, at least in part, on the assumption
that the prime could not have been spatially normalized
to a familiar orientation prior to target onset: If there is
sufficient time for the completion of prime normaliza-
tion prior to target onset, the observation of orientation-
invariant priming effects will be ambiguous with respect
to the orientation invariance versus orientation depen-
dency of the identification mechanisms involved.

Thus, a critical factor in assessing the potential contribu-
tion of SOA in orientation priming is the rate at which a
misoriented stimulus could be spatially transformed to a
familiar orientation, using an orientation-dependent nor-
malization process—that is, the speed at which a mis-
oriented object could be aligned to an upright canonical
orientation (Humphreys & Quinlan, 1988). In fact, previ-
ous studies have shown that there is considerable variability
in the apparent normalizationrates that subjects may apply,
depending on the tasks and stimuli involved. Some pre-
vious estimates have suggested normalization rates in
the region of 1.61-3.06 msec/deg for same/different and
mirror image judgments on rotated novel objects (Shep-
ard & Metzler, 1988; Tarr & Pinker, 1990). These esti-
mates suggest that subjects might require only between
290-550 msec to normalize a 180° image-plane-rotated
priming stimulus to an upright canonical orientation, as-



suming a linear transformation. However, there are other
factors that complicate such estimates when they are ap-
plied to typical priming studies. For example, prior
demonstrations of apparent orientation invariance in vi-
sual object priming have come from studies employing
as stimuli line drawings of familiar objects and/or faces,
rather than novel shapes (Biederman & Cooper, 1991;
Biederman & Gerhardstein, 1993; Ellis et al., 1989;
McAuliffe & Knowlton, 2000; McKone & Grenfell,
1999; Murray, 1995a; Roberts & Bruce, 1989; Srinivas,
1993). This is a relevant factor because normalization
rates for line drawings of familiar objects tend to be even
faster than those for novel shapes. Indeed, the seminal
study of Jolicceur (1985) reported normalization rates on
the order of 0.71 msec/deg (Experiment 1, Block 1) for
naming image-plane—rotated line drawings of familiar
objects (equivalent to a time cost of 129 msec to rotate
an object over 180°). Other studies have also indicated
faster normalization rates for familiar objects over novel
shapes: 1.25 msec/deg (Leek, 1998b) and 1.66 msec/deg
(Murray et al., 1993; Experiment 1, Block 1; but see also
Tarr & Pinker, 1990, and Biederman & Gerhardstein,
1993, for orientation-invariant performances with novel
shapes).! Thus, these findings suggest that subjects may
be able to spatially normalize a 90° image-plane-rotated
familiar object in less than 150 msec.

These observations raise the possibility that prior re-
ports of orientation invariance in object priming might
derive not from the operation of orientation-invariant
recognition mechanisms but, rather, from the completion
of prime normalization to the upright prior to target
onset. This possibility is supported by the fact that pre-
vious priming studies reporting orientation-invariant ef-
fects have tended to use relatively long prime—target
SOAs. For example, the results reported by Biederman
and Cooper (1991), Biederman and Gerhardstein (1993),
and Stankiewicz et al. (1998, Experiment 3) were based
on studies employing long-term priming paradigms in
which depth-rotated prime and target stimuli were pre-
sented in different blocks of trials some 5—7 min apart.
Other studies employing short-term priming paradigms
(where primes and targets are presented in the same tri-
als or blocks of trials) have also tended to use relatively
long SOAs. In the series of experiments reported by
McKone and Grenfell (1999), image-plane-rotated primes
and targets were separated by an interval greater than
2,500 msec. In Murray (1995a), the interval between the
presentation of the displays containing image-plane—
rotated probes and the targets exceeded 1,200 msec. Thus,
in none of the previously reported demonstrations of
orientation-invariant priming can we rule out the pos-
sibility that the misoriented priming stimuli were spa-
tially normalized to their upright canonical orientation
prior to the presentation of the target stimulus. This pos-
sibility undermines claims that such results demonstrate
orientation-invariant priming.

The aim of the present study was to examine the role of
prime—target SOA in the context of repetition priming with
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image-plane-rotated line drawings of familiar objects.
In particular, we tested the prediction that orientation-
dependent priming effects would be observed when the
prime—target SOA was sufficiently short that it pre-
cluded the completion of any spatial normalization of the
prime prior to target onset. In Experiment 1, we replicated
the basic image-plane orientation effect for line drawings
of familiar common objects in an object-naming task.
This verified that our stimulus set, which served after-
ward in the priming study of Experiment 2, showed the
usual orientation effect. In Experiment 2, the magnitude
of the repetition priming effect produced by misoriented
primes on naming latency for upright targets was exam-
ined across variations of the prime—target SOA. It was
hypothesized that the magnitude of priming effects that
would be observed for misoriented objects would vary as
a function of prime—target SOA. In particular, orientation-
dependent priming would be observed where the prime—
target SOA was insufficient for complete spatial nor-
malization of the prime prior to target onset. In contrast,
orientation-invariant priming would be observed where
the prime—target SOA was long enough to allow nor-
malization of the prime across tested stimulus orienta-
tions prior to target onset.

EXPERIMENT 1

Experiment 1 involved a picture-naming task in which
target items were presented either upright or rotated by
90° or 180° in the image plane. The aim of this experi-
ment was to establish that the standard orientation de-
pendency of picture-naming performance could be repli-
cated with our stimulus set.

Method

Subjects. Eight subjects, between 19 and 26 years of age, took
part in the experiment. All were right-handed and had normal or
corrected-to-normal visual acuity.

Stimuli and Materials. The stimuli were 208 line drawings of
familiar objects taken from the Snodgrass and Vanderwart (1980)
set. All of the items were enlarged to the same degree relative to the
size of the original Snodgrass and Vanderwart pictures, and their
largest horizontal or vertical extent was 12 cm. These stimuli were
displayed upright (i.e., in the same orientation as the original Snod-
grass and Vanderwart drawings), rotated 90° to the left or the right,
or rotated by 180°. A fixation point made of a filled circle 4 mm in
diameter served as fixation point. The experiment was controlled
by the PsychLab software (Bub & Gum, 1998), and naming re-
sponses were registered by a voice key connected to the computer
that measured response latencies to the nearest millisecond. All the
stimuli were shown in black on a white background.

Procedure. Each trial began with the exposure of the fixation
point at the center of the display screen for a duration of 750 msec.
The offset of the fixation point was followed by a blank 250-msec in-
terstimulus interval (ISI) and then by the target stimulus, which was
displayed at the center of the computer monitor. The target remained
on screen until the subject produced an oral response triggering the
voice key. The experimenter then entered the subject’s response via
the computer keyboard and afterward triggered the next trial.

Each subject was tested in a single block of 208 trials, within
which no object appeared more than once. The subjects were in-
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structed to name the target presented on each trial as rapidly as pos-
sible while avoiding errors. Target orientations were distributed ran-
domly but in equal numbers across stimuli that were upright, ro-
tated 90° to the left or the right, or rotated by 180°. The orientation
in which a particular object appeared was varied between subjects
so that, across all the subjects taking part in the study, each object
was seen twice at each of the possible target orientations.

Observations with targets rotated 90° to the left or the right were
averaged for data analyses. After having conducted Experiment 1,
it was realized that the stimulus set comprised several objects that
are often seen in varied orientations in our daily environments (i.e.,
polyoriented objects). Since the visual identification of such stim-
uli is known to be insensitive to manipulations of their image-plane
orientation (Leek, 1998b), the observations that were obtained with
these targets were removed from the data set submitted to statistical
analysis. These analyses were therefore conducted on the remain-
ing 129 mono-oriented objects, which have a single predominant
orientation relative to gravitational coordinates in the environment. 2
These objects are known to require mental rotation for their visual
identification when they are misoriented relative to the upright
(Leek, 1998b).

Results

A total of 43 trials across the entire experiment (2.6%
of all the trials) were rejected owing to a failure of the
voice key to register the first utterance of a subject. The
correlation between correct RTs and error rates was +.99
(p <.05), therefore showing no speed—accuracy tradeoff.

Figure 1 displays the mean correct RTs as a function
of target orientation (upright, rotated 90°, or rotated
180°). An analysis of variance (ANOVA) applied to these
data showed a significant effect of orientation upon RTs
[F(2,14)=21.9,p < .001]. A linear regression of correct
RTs as a function of the degree to which the target was
rotated up to 180° from the upright indicated an overall
slope of 0.49 msec/deg (2 =.79). It may be noted in Fig-
ure 1 that the magnitude of the target orientation effect
was greater between upright stimuli and those rotated by
90° than between 90° and 180°, a finding that is often re-
ported in the literature (e.g., Jolicceur, 1985). An
ANOVA applied to the error rates (overall average of
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4.9%) showed no significant effect of target orientation
[F(2,14) < 1].

Discussion

The results of Experiment 1 replicated those of previous
studies examining the effect of the orientation of a target
picture in the image plane on the time required to name
it. Thus, picture-naming times increased as the orienta-
tion of the target departed from the upright. The normal-
ization function, however, was nonlinear, consistent with
several previousreports of orientation effects (see Lawson,
1999; Lawson & Jolicceur, 1999). We will discuss this
function further in the General Discussion section.

EXPERIMENT 2

As was noted in the introduction, in contrast to the ro-
bust effects of stimulus orientation observed in Experi-
ment 1 and in other studies of picture naming, there are
numerous reports of apparent orientation-invariant ef-
fects in the repetition priming paradigm. These effects
have been taken as evidence for the use of orientation-
invariant mechanisms in shape perception. However, in
most of these priming studies, the time intervals used be-
tween the onset of the prime and that of the target (i.e.,
SOA) were relatively long. These long SOAs may have
allowed subjects sufficient time to spatially normalize
the priming stimulus before target onset, resulting in
equal facilitation from repeated primes, relative to base-
line, across all prime orientations.

In the present experiment, repetition priming was
studied using variable prime—target SOAs. Primes of
varied orientations preceded upright target stimuli rep-
resenting either the same or an unrelated object, and sub-
jects had to identify the target by name. Primes were dis-
played for a duration of 50 msec, and the prime—target
SOA was varied between 100, 200, 500, and 1,000 msec.
Prime—target SOA was manipulated between groups of

upright

90° 180°

Target orientation

Figure 1. Correct response times as a function of target orientation in Ex-
periment 1. Vertical bars indicate standard errors.



subjects, given the need to avoid the repeated presenta-
tion of the same misoriented object to any subject and
the limited number of stimuli available. The probability
that the subjects would be able to complete spatial nor-
malization of the priming stimuli prior to target onset
should increase as a function of prime—target SOA. At
shorter SOAs, this probability would be quite small, and
the magnitude of any priming effect that might be ob-
served should diminish as a function of the angular dis-
parity between the orientation of the prime and its fa-
miliar upright orientation. With longer SOAs, however,
it was expected that the priming effect would eventually
become orientation invariant when the interval was suf-
ficiently long to allow a complete normalization of the
prime.

Method

Subjects. Forty-eight subjects, between 19 and 34 years of age
(mean of 21.5 years) took part in the experiment. All but two were
right-handed, and all had normal or corrected visual acuity. None
of them had participated in Experiment 1. The subjects were di-
vided into four groups of 12. The subject groups differed according
to the time interval separating the onset of the prime and that of the
target (see below).

Stimuli and Materials. The stimuli were 126 of the mono-
oriented objects of Experiment 1. The materials were identical to
those of Experiment 1.

Procedure. Each trial began with the exposure of the fixation
point at the center of the display screen for a duration of 750 msec.
The offset of the fixation point was followed by a blank 250-msec
ISI and then by the prime, which was presented at the center of the
screen for a duration of 50 msec. After a blank ISI of a duration that
varied between groups of subjects, the target was displayed at the
center of the computer monitor. The time interval between the onset
of the prime and that of the target (SOA) thus varied across subject
groups. The SOAs examined were 100, 200, 500, and 1,000 msec.
The presentation of the target was accompanied by a simultaneous
33-msec 131-Hz square-wave tone. The function of this tone was to
signal to the subjects that they now had to name the stimulus on the
screen. This served to avoid possible ambiguities as to when the tar-
get was presented when the preceding prime was the same, upright
stimulus. The target remained on screen until the subject produced
an oral response triggering the voice key. The experimenter then
entered the subject’s response via the computer keyboard and, af-
terward, triggered the next trial.

Each subject was tested in a single block of 126 trials, within
which no target appeared more than once. The subjects were in-
structed to name the target as rapidly as possible while avoiding er-
rors. Targets were always oriented to the upright. Prime orientations
were distributed equally and in a random order across stimuli that
were upright, rotated 90° from the upright (left or right, in equal
frequencies), or rotated by 180°. For each prime orientation, 50% of
the primes were the same object as the target (i.e., repeated primes),
whereas the other 50% were unrelated objects (i.e., unrelated primes).
The orientation of the priming stimuli, as well as the relatedness of
each prime with the subsequent target, was varied across subjects
so that, across each subject group, each of the possible targets was
tested once with each of the possible prime orientations in the re-
peated and the unrelated priming conditions. The observations ob-
tained with primes rotated 90° to the left or the right were averaged
for data analyses.

Results
Across the entire experiment, 149 trials (2.5% of all
the trials) were rejected owing to a failure of the voice
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key to register the first utterance of a subject. The corre-
lation between correct RTs and error rates was +.15
(n.s.), therefore showing no speed—accuracy tradeoff.
For the purpose of the statistical analyses applied to cor-
rect RTs, individual observations from a subject that
were more than three standard deviations away from the
condition mean for that subject were rejected (2.4% of
the relevant trials). Mean correct RTs and error rates for
each condition are reported in Table 1. Figure 2 displays
priming effects (i.e., RT reductions observed with re-
peated primes relative to unrelated primes) as a function
of prime orientation (upright, rotated 90°, or rotated
180°) for each SOA. Data analyses were performed sep-
arately for each subject group, which varied according
to the SOA separating the prime and the target.

SOA of 100 msec. The analysis of correct RT's in the
100-msec SOA group showed a main effect of priming
[F(1,11)=27.6, p < .001], reflecting shorter RTs when
the target was preceded by the same object (i.e., repeated
primes) than by an unrelated prime. The main effect of
prime orientation was not significant [F(2,22) = 1.0,
n.s.]. However, the interaction of priming and prime ori-
entation was significant [F(2,22) = 4.8, p < .025], thus
showing a significant variation in the magnitude of prim-
ing as a function of prime orientation. This can easily be
seen in Figure 2, with a substantial reduction of priming
from upright primes to primes rotated by 90°, and a fur-
ther, but weaker, reduction between 90° and 180°. Sim-
ple effects analyses of the priming X prime orientation
interaction showed that the priming effect was signifi-
cant at each orientation (all ps < .005). The analysis of
error rates showed only a marginally significant effect of
prime orientation [F(2,22) = 2.8, p < .08], suggesting a
greater error rate with 90° primes than with other orien-
tations (see Table 1).

SOA of 200 msec. The pattern of RTs as a function of
priming condition with an SOA of 200 msec is highly
similar to that observed in the 100-msec SOA group
(Figure 2). The main effect of priming was significant
[F(1,11)=46.5,p < .001], showing shorter RTs with re-
peated primes than with unrelated primes. The main ef-
fect of prime orientation was also significant [F(2,22) =
7.4, p < .005], but the main effects were qualified by a

Table 1
Correct Response Times (RTs, in Milliseconds) and Error
Rates (%E) in Each Condition of Experiment 2

SOA
100 msec 200 msec 500 msec 1,000 msec
RT %E RT %E RT %E RT %E

Prime Orientation

Repeated Primes

Upright 698 2.0 672 8.1 668 29 644 3.7

90° 726 3.6 787 37 688 1.6 692 3.7

180° 756 3.2 763 44 736 2.0 689 59
Unrelated Primes

Upright 860 2.4 867 3.6 890 3.2 835 5.7

90° 818 54 898 24 854 3.8 913 7.5

180° 842 24 861 55 842 3.6 918 5.7
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Figure 2. Priming effect of repeated primes on correct response times as a function
of prime orientation and stimulus onset asynchrony. Vertical bars indicate standard

errors.

significant interaction of priming and prime orientation
[F(2,22) = 3.3, p < .05]. This interaction indicates a sig-
nificant reduction in the magnitude of priming as the
orientation of the prime increasingly departs from the
upright (see Figure 2). Simple effects analyses of prim-
ing showed significant effects at each prime orientation
(all ps < .01).

The analysis of error rates failed to show any clearly
significant effect [priming, F(1,11) = 3.3, p < .1; prime
orientation, F(2,22) = 2.8, p < .08; priming X orienta-
tion, F(2,22) = 2.8, p < .08]. Simple effects of the prim-
ing X orientationinteraction showed a trend for a greater
error rate with repeated primes than with unrelated up-
right primes [F(1,11) =4.5, p < .06]. The effect of prim-
ing was clearly not significant with prime orientations
of 90° [F(1,11) = 1.4, n.s.] or 180° [F(1,11) < 1].

SOA of 500 msec. The analysis of correct RTs re-
vealed a main effect of priming [F(1,11) = 66.6, p <
.001] and a significant priming X prime orientation
interaction [F(2,22) = 3.7, p < .05]. The main effect of
prime orientation was not significant [F(1,11)< 1]. Sim-
ilarly to the shorter SOAs, the priming function for the
500-msec SOA clearly shows a regular reduction in the
magnitude of priming as the orientation of the prime in-
creasingly departed from the upright (Figure 2). Simple
effects analyses showed that the RTs were shorter with
repeated primes than with unrelated primes at all prime
orientations [upright, F(1,11) = 36.4, p < .001; 90°,
F(1,11)=23.2,p<.001; 180° F(1,11)=22.4,p <.001].
No significant effect emerged from the analysis of error
rates [priming, F(1,11)=2.9, n.s.; orientation, F'(2,22) <
1; priming X orientation, F(2,22) < 1].

SOA 0f 1,000 msec. The ANOVA applied on the cor-
rect RTs observed with an SOA of 1,000 msec showed
only a significant main effect of priming [F(1,11) =44.4,
p < .001], indicating shorter RTs with repeated primes
than with unrelated primes. The main effect of prime ori-

entation was not significant [F(2,22) = 1.4, n.s.]. Most
important, the interaction of priming and orientation was
clearly not significant [F(2,22) < 1], thereby showing a
magnitude of priming that was invariant across prime
orientations (Figure 2). This observation departs from
the reduction in priming observed with shorter SOAs
when prime orientation increasingly departed from the
upright. The analysis of error rates showed no signifi-
cant effect [priming, F(1,11) = 2.1, n.s.; orientation,
F(2,22) < 1; priming X orientation, F(2,22) < 1].

Discussion

The results of Experiment 2 indicate that the degree of
facilitation produced by repeated primes on target iden-
tification times is jointly affected by the orientation of
the prime and the prime—target SOA. Specifically, with
SOAs of 100, 200, or 500 msec, the more the prime was
rotated relative to the upright, the smaller the magnitude
of the priming effect. In contrast, the magnitude of prim-
ing was invariant with respect to prime orientation with
the longer SOA of 1,000 msec.

The orientation dependency of priming with SOAs of
100, 200, or 500 msec is in opposition to the results of
several previous studies that have suggested that primes
can be identified on the basis of an orientation-invariant
procedure. The suggested implication of these previous
findings was that the identification of misoriented ob-
jects was possible without the need for spatial normal-
ization. In turn, this implied that the orientation depen-
dency typically found in picture naming was possibly an
artifact of the demands of that particular task. In con-
trast, the present findings argue that the orientation de-
pendency of visual objectrecognitionis true not only for
the overt identification of target pictures, but also for the
identification of primes that have no systematic relation
with the subsequent target (i.e., 50% of unrelated
primes). The identification of misoriented primes, there-



fore, does not escape the need for spatial normalization
to the upright.

According to the analysis of previous repetition prim-
ing studies provided in the introduction, the inconsistent
reports of the effects of prime orientation in previous
studies can be explained by the differences in the
prime—target SOAs used. In particular, the potential ef-
fect of prime orientation on the magnitude of observed
priming effects is determined by the likelihood that sub-
jects will be able to align a misoriented prime to its fa-
miliar orientation prior to target onset. In turn, we have
hypothesized that this depends, in part, on the time in-
terval separating prime and target onset. This claim is
supported by the orientation invariance of the priming
effect observed with an SOA of 1,000 msec.

GENERAL DISCUSSION

We have examined the role of prime-target SOA in
determining orientation-invariant priming in visual ob-
ject recognition. Previous demonstrations of apparent
orientation-invariantpriming have been taken as evidence
for the use of orientation-invariant mechanisms in shape
identification (e.g., Biederman & Cooper, 1991; Bieder-
man & Gerhardstein, 1993; McAuliffe & Knowlton, 2000).
However, we have challenged this conclusion on the
grounds that orientation-invariant priming can be ac-
counted for without assuming the existence of orientation-
invariant recognition mechanisms. In particular, none of
the previous studies reporting orientation-invariant
priming employed timing parameters that could rule out
the possibility that misoriented primes had undergone
spatial normalization prior to target onset. In this case,
one would expect orientation-invariant priming to be ob-
served even though the recognition mechanisms under-
lying stimulus identification in the task are orientation
dependent.

This possibility was examined and supported in the
present study. Thus, priming was orientation dependent
at short SOAs (100, 200, or 500 msec) between the prime
and the target but orientation invariant at a longer SOA
(1,000 msec). These observations demonstrate that, like
picture naming, repetition priming of misoriented object
pictures requires spatial normalization. However, re-
sponse functions consistent with orientation-invariant
priming may occur if the time interval separating the
prime and the target is sufficiently long that subjects
have enough time to complete normalization of the prime
prior to target onset.

The present findings place a new constraint on interpre-
tations of orientation-invariant priming effects that have
previously been reported in the literature and demon-
strate that such effects do not necessarily imply the in-
volvement of orientation-invariant mechanisms in visual
object identification (e.g., Biederman & Cooper, 1991;
Biederman & Gerhardstein, 1993). Indeed, our observa-
tion of orientation-dependent priming in Experiment 2,
at a short prime—target SOA, is also consistent with re-
sults from some other experimental paradigms reporting
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orientation-dependent effects with RSVP (e.g., Ellis &
Allport, 1986; Lawson & Humphreys, 1996; Lawson &
Jolicceur, 1998, 1999). For example, Ellis and Allport re-
ported an advantage for same- over different-orientation
picture matching at relatively short (100-500 msec)
stimulus intervals. This advantage had disappeared at
stimulusintervals of 2,000 msec—as we might expect, if
picture equivalence in their study was at least partly de-
pendent on spatial normalization mechanisms operating
within the first 500 msec or so of stimulus processing.

The Functional Basis of Orientation Dependency
in Visual Object Priming

The results reported in this paper raise some interest-
ing issues about the functional basis of orientation-
dependenteffects in visual object priming. On the spatial-
normalization—based account of orientation-dependent
recognition discussed so far, we assume that the magni-
tude of the priming effect decreases as a function of
prime orientation because the probability of successful
prime identification decreases with an increase in the
misorientation of the prime relative to the upright, as
well as with a decrease in the time available to complete
normalization of the prime prior to target onset.

However, it is also possible to account for these
orientation-dependent priming effects in another way,
withoutinvoking a spatial normalization mechanism. We
might assume, along with image-based multiple-views
accounts of object shape representation, (Koenderink &
van Doorn, 1979; Tarr, 1995; Tarr & Biilthoff, 1998; Tarr
& Pinker, 1989; Ullman, 1989) that recognition is
achieved by matching a misoriented stimulus to the clos-
est of several stored representations of the same object at
different orientations, rather than by aligning the objectto
a single canonical representation. We might also assume
that the speed at which different orientation-specific rep-
resentations of the same object become active (e.g., reach
some threshold level) is, at least partially, determined by
the frequency at which the object has previously been
seen at each orientation (e.g., the representations of more
frequently seen views of objects may have higher resting
levels or lower thresholds). Thus, upright views are seen
more frequently than misoriented views and are likely to
become active more quickly than nonupright views. In
addition, some nonupright views of objects may be seen
more frequently than others (e.g., fallen trees may be
more frequently horizontal than, say, oblique). On this
view, orientation effects in visual recognition do not de-
rive from the realignment of shape representations to a
canonical orientation but, rather, solely from variationin
the rates at which different orientation-specific shape
templates become active during stimulus identification.
Similar models that have been proposed to explain lexi-
cal frequency effects in word recognition (see, e.g.,
Monsell, 1991, for a review) and within the domain of
object recognition have close parallels with some recent
attempts to account for orientation effects in terms of the
tuning functions of neuronal population vectors (Perrett,
1996; Perrett et al., 1998).
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This non-rotation-based account of orientation de-
pendency in object identification also predicts that the
probability of observing orientation-invariant priming
effects should increase with longer prime—target SOAs.
This is because, as SOA increases, differences in the
rates at which particular orientation-specific templates
become active (or reach threshold or criterion level) dur-
ing the processing of the priming stimulus are more
likely to be overcome prior to target onset.

Finally, it is worth noting that such accounts also pro-
vide a possible explanation for why orientation effects
often show nonlinear functions (as in Experiment 1; see
also Lawson, 1999; Lawson & Jolicceur, 1999)—that is,
why the time taken to identify misoriented objects does not
always increase at a constant rate. This nonlinearity is
difficult to account for on a purely rotation-based normal-
ization model. Rather, such nonlinear functions might
derive from heterogeneity in the frequency at which par-
ticular views of specific objects are encountered in the
image plane (either in the natural environment or in par-
ticular experimental settings). As was noted above, view
frequency may be reflected in the sensitivity (i.e., resting
levels or thresholds) of the representations that encode
those views: Representations that encode more frequent
views become active faster than representations that en-
code less frequent views. If objects are seen at varying
frequencies across orientations in the image plane, there
is no reason to predict that orientation effects (and the
activation of orientation-specific representations) should
conform to a linear function.

Conclusion

The present investigation showed that the magnitude
of the repetition priming effect for upright targets is a
joint function of the orientation of the prime and of the
time interval separating the onset of the prime and the tar-
get. Specifically, priming was reduced by misorientation
of the prime with relatively short prime—target SOAs (100,
200, or 500 msec). However, the magnitude of priming
was orientation invariant with an SOA of 1,000 msec. It
is concluded that the repetition priming paradigm does
not escape the need for the spatial normalization of mis-
oriented stimuli (or some other orientation-sensitive pro-
cess) that is demonstrated in other experimental para-
digms designed to study visual object recognition.
Previous instances of orientation-invariant priming that
are reported in the literature may be accounted for by the
large time interval separating the presentation of the
prime and that of the target and, thus, cannot necessarily
be taken as support for the existence of orientation-
invariant processes in visual object identification.
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NOTES

1. Even faster rates have been reported in some studies for the iden-
tification of alphanumeric characters (e.g., 0.08 msec/deg; Jolicceur &
Landau, 1984).

2. Separate analyses that were conducted on the complete data set
provided an outcome identical to that with mono-oriented objects only.
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