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Viewpoint costs occur during consolidation: 
Evidence from the attentional blink� , ��
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Abstract

Do the viewpoint costs incurred when naming rotated familiar objects arise during initial
identiWcation or during consolidation? To answer this question we employed an attentional
blink (AB) task where two target objects appeared amongst a rapid stream of distractor
objects. Our assumption was that while both targets and distractors undergo initial identiWca-
tion only targets are consolidated in a form that allows overt report. We presented line draw-
ings of objects with a usual upright canonical orientation, and separately manipulated the
orientation of targets and distractors. In two experiments, targets were deWned by colour,
whereas in a third experiment they were deWned by semantic category. Target 1 orientation
inXuenced the AB, with objects rotated by 90° causing a larger second target deWcit than
upright and upside-down objects. However, distractor orientation did not aVect the magnitude
of the second target deWcit, regardless of whether targets were deWned by colour or semantic
category. Taken together, these Wndings suggest that the visual representations involved in the
preliminary recognition of familiar objects are viewpoint-invariant and that viewpoint costs
are incurred when these objects are consolidated for report.
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When asked to name familiar objects, subjects typically demonstrate a systematic
decrease in recognition performance, as measured by reaction time and/or accuracy,
when the stimuli are increasingly misoriented from their most common (e.g., upright)
view (Jolicoeur, 1985). This Wnding has been interpreted as evidence for the existence
of viewpoint-dependent object representations. It is generally believed that these view-
point costs arise during the initial recognition of stimuli, as objects are matched (via
some sort of mental transformation) to a stored representation (e.g., BülthoV & Edel-
man, 1992; Jolicoeur, 1990; Tarr & Pinker, 1989). However, a number of researchers
have also postulated that the representations that support familiar object recognition
are viewpoint-invariant (e.g., Corballis, 1988). Proponents of this view suggest that
object representations are based on stimulus features and how they interrelate, which
remain unchanged as the orientation of an object is manipulated.

We have recently demonstrated orientation-invariant recognition of familiar
objects under conditions of rapid serial visual presentation (RSVP), using a repetition
blindness (RB) paradigm (Harris & Dux, 2005a, 2005b). RB is characterised by sub-
jects’ decreased ability to report both occurrences of a repeated stimulus, relative to
reporting two stimuli with diVerent identities, if they are presented within 500 ms of
one another. A number of theories have been proposed to account for this eVect, the
dominant perspective being that RB reXects a failure to bind a second episodic token
to a repeatedly activated stored representation (type; Chun, 1997; Kanwisher, 1987).
Thus, we reasoned that if recognition of familiar objects is independent of viewpoint,
then RB should be found between identical objects even if they are presented in
diVerent orientations, as both occurrences of the stimulus would activate the same
viewpoint-invariant representation. To test this, we presented streams of three pic-
tures for 100 ms each, with masks at either end of the stream. The subjects’ task was
to report the three objects. The Wrst and third items were either identical or diVerent
objects and diVered in picture-plane orientation by 0°, 30°, 60°, 90° or 180°. RB
occurred across all orientations, suggesting that the representations involved in RB
are invariant with respect to viewpoint changes in the picture plane.

The presence of RB indicates that, at some level, a repeated stimulus is registered as
identical to an earlier stimulus. Thus, our previous results suggest that viewpoint infor-
mation is not coded at this stage of initial perception. In our earlier study, we proposed
that viewpoint costs arise during consolidation, when a stimulus is coded in a form that
can support overt or conscious recognition (Harris & Dux, 2005a). However, this
hypothesis remains to be tested and the precise locus of these eVects is still unknown.

In the present study we examined whether the naming costs associated with recogn-
ising rotated familiar objects have their locus during consolidation, by employing
another RSVP phenomenon – the attentional blink (AB; Raymond, Shapiro, & Arnell,
1992). The AB refers to subjects’ decreased ability to report the second of two
diVerent target items in a RSVP stream if it appears within 500 ms of Target 1. A
number of models have been proposed to account for this eVect (e.g., see
Shapiro, Arnell, & Raymond, 1997, for a review) and, although there are some
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diVerences among these theories, there is now a general consensus that most items in a
RSVP stream are initially recognised, but require additional processing if they are to be
reported. It is this additional, capacity limited, processing that causes the deWcit in
reporting the second target, as stimuli in close temporal proximity to Target 1 must wait
to be consolidated and consequently their initial representations are more susceptible to
decay and interruption from trailing items (Chun & Potter, 1995; Jolicoeur, 1999).

There are two lines of evidence which support the hypothesis that the AB occurs due
to a consolidation bottleneck. Firstly, there is strong evidence from behavioural (Dux &
Coltheart, 2005; Maki, Frigen, & Paulson, 1997; Shapiro et al., 1997) and neuro-imag-
ing (Luck, Vogel, & Shapiro, 1996; Marois, Yi, & Chun, 2004; Vogel, Luck, & Shapiro,
1998) studies that most stimuli in a RSVP stream make contact with high-level repre-
sentations. This suggests that selection in dual-target RSVP tasks occurs after stimuli
have been brieXy identiWed (Potter, 1975). Secondly, many studies have demonstrated
that the magnitude of the AB is positively correlated with Target 1 task diYculty (e.g.,
Grandison, Ghirardelli, & Egeth, 1997; Jolicoeur, 1999; Olson, Chun, & Anderson,
2001; but see McLaughlin, Shore, & Klein, 2001). It has been hypothesised that on diY-

cult Target 1 trials, Target 2 is more likely to be missed because it has to wait for longer
before it enters the bottleneck and undergoes consolidation.

In the present study, we exploited these two characteristics of the AB to test whether
the viewpoint costs associated with recognising rotated familiar objects are incurred
during initial identiWcation or during consolidation. In Experiments 1 and 2, we tested
the hypothesis that the initial identiWcation of familiar objects is viewpoint-invariant,
by manipulating the orientation of the distractors. In Experiment 1, the targets were
deWned by colour (red objects amongst black distractors), whereas in Experiment 2, tar-
gets were deWned by category (animals amongst inanimate objects). As mentioned
above, there is good evidence that distractors activate their long-term representations,
however, because they do not require report, they usually do not undergo consolida-
tion. Therefore, we predict equivalent performance for trials containing upright vs.
rotated distractors. In Experiment 3, we tested whether more attentional resources are
required to consolidate misoriented objects than objects presented in their regular
canonical orientation. To do this we manipulated the orientation of Target 1 while pre-
senting Target 2 and the distractors in their regular upright orientation. If rotated
objects require more resources to be consolidated than upright objects, a larger AB
should be observed when Target 1 is rotated, because Target 2 consolidation will be
delayed in these trials, relative to trials where Target 1 is upright.

1. General method

1.1. Subjects

Twelve diVerent members of the Macquarie University community took part in
each of Experiments 1 and 3. For Experiment 2, 20 members of the University of
Sydney community participated. All the subjects reported normal or corrected-to-
normal visual acuity.
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1.2. Apparatus

Stimuli were presented on a Xat 19 in. monitor with either a 120 Hz (Experiments 1
and 3) or 85 Hz (Experiment 2) vertical refresh rate, controlled by a PC computer.
The experiments were programmed and conducted using DMDX software (Forster
& Forster, 2003).

1.3. Stimuli and design

The stimuli were pictures from the Snodgrass and Vanderwart (1980) corpus, cho-
sen to have a well-deWned upright orientation. In Experiments 1 and 3, 50 objects
were used, 30 of these being target items and the remaining 20 distractors. In Experi-
ment 2, 70 objects were presented, 30 as targets (animals) and the remaining 40 as dis-
tractors (inanimate objects). The stimuli were presented as black line drawings, with
the exception of the target items in Experiments 1 and 3, which appeared in red. Each
trial consisted of 2 targets and 12 distractors, each presented for approximately
100 ms (100.2 ms in Experiments 1 and 3 and 106 ms in Experiment 2) with no inter-
stimulus interval (ISI). Target 1 could appear at serial positions 2–6 in the stream and
Target 2 followed with a variable lag (1–6 items). All the stimuli were presented on a
white background and subtended 12° of visual angle at the viewing distance of 45 cm.
In addition, each trial began with a black Wxation cross (+), for 300 ms, and ended
with a “&” mask. Fig. 1 shows examples of the stimuli and trial composition.

Experiments 1 and 2 had identical 2£ 6 repeated measures designs, and only
diVered in the task required of the subject (“name the red objects” in Experiment 1
and “name the animals” in Experiment 2). The Wrst independent variable was

Fig. 1. Illustrations of the experimental trials in Experiments 1 and 3 (Experiment 2 had an identical
design to Experiment 1). In Experiment 1, half the trials contained upright distractors and the other half
contained rotated distractors; targets were always upright. In Experiment 3, the orientation of Target 1
(T1) was either 0°, 90°, or 180°, while Target 2 (T2) and the distractors were upright. Targets are identiWed
by bold outline here, but appeared as red line drawings in the actual experiment. T1 could appear at serial
position 2–6, with T2 following at variable lags (1–6).
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Distractor Orientation: Distractors were either all upright or all rotated (a random
mix of 30°, 60° and 120° in Experiment 1 and 60°, 90° and 120° in Experiment 2). The
second independent variable was the Lag between the two targets, which had six lev-
els: Lags 1–6. Experiment 3 had a 3£ 6 repeated measures design. The Wrst indepen-
dent variable was Target 1 Orientation, which had three levels: 0°, 90° or 180°. The
second independent variable was Lag. There were 10 trials in each condition, making
a total of 120 trials in Experiments 1 and 2 and 180 trials in Experiment 3.

1.4. Procedure

Subjects initiated each trial by pressing the space bar. At the end of the trial, a
message appeared on the screen prompting subjects to verbally recall the targets (red
objects in Experiments 1 and 3 and animals in Experiment 2). The experiments were
divided into two blocks of equal length, with all the conditions fully randomised
within each block. Before starting the experiment, subjects received 30 practice trials
containing examples of each condition.

2. Results

For Target 2 accuracy, only those trials where Target 1 was reported correctly
(T2|T1) were included in the analysis.

2.1. Experiment 1

In this experiment, subjects were required to name two red upright objects pre-
sented amongst upright or rotated black distractors.

2.1.1. T2|T1 accuracy
Fig. 2 shows the mean percentage T2|T1 accuracy as a function of Distractor Ori-

entation and Lag. The T2|T1 accuracy data were subjected to a 2£ 6 repeated mea-
sures ANOVA.

The only signiWcant result was the main eVect of Lag, F (5,55)D19.38, p < 0.0005. A
contrast comparing performance at early lags (Lags 1 and 2, mean accuracyD63.1%)
with performance at later lags (Lags 3–6, mean accuracyD87.1%), demonstrated a typ-
ical AB pattern, with performance signiWcantly worse at early lags, F(1,55)D90.96,
p < 0.0001. There was no diVerence in AB magnitude between rotated and upright dis-
tractor trials, with neither the main eVect of Distractor Orientation nor the interaction
between Distractor Orientation and Lag approaching signiWcance (F’s< 1). Thus, the
AB was not inXuenced by the orientation of the distractors, suggesting that orientation
is not coded during initial identiWcation of an item.

2.1.2. T1 accuracy
The T1 accuracy data were analysed using the same 2£ 6 repeated measures

ANOVA with Distractor Orientation and Lag as within-subject factors. The main
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eVects of Distractor Orientation, F (1, 11)D 1.4, pD 0.26, and Lag, F (5, 55)D 2.14,
pD 0.8, were not signiWcant, but there was a signiWcant interaction between Dis-
tractor Orientation and Lag, F (5, 55)D 3.41, p < 0.05. This was due to
performance being lower in non-rotated trials compared to rotated ones at Lags

1 and 4, yet superior in the non-rotated condition compared to the rotated condi-
tion at Lag 2. However, none of these diVerences were signiWcant after correcting
for multiple comparisons (t’s < 2.4, p’s > 0.04).

2.2. Experiment 2

It is possible that the absence of an eVect of distractor orientation in Experiment 1
was due to the fact that subjects did not, in fact, process the distractors’ identity. Since
targets were deWned by colour in Experiment 1, the black distractors may have been
Wltered out at a very early perceptual stage, and as a result did not make contact with
object identity representations, leading to an apparent null eVect of orientation. It
should be noted, however, that Maki et al. (1997) found that distractors semantically
primed targets in an AB task where targets were deWned by colour, casting some doubt
on this interpretation. Nonetheless, in Experiment 2, we addressed this concern by ask-
ing subjects to select targets on the basis of semantic category, rather than colour. If
subjects can perform this task successfully, this would conWrm that distractors do
undergo semantic processing. Moreover, the absence of a distractor orientation eVect in
this task would be convincing evidence that orientation is not coded during the initial
processing of object identity. Therefore, in this experiment, subjects were required to
name two black upright animals presented amongst upright or rotated inanimate
objects.

Fig. 2. T2|T1 accuracy as a function of Distractor Orientation and Lag in Experiment 1.
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2.2.1. T2|T1 accuracy
Fig. 3 shows the mean percentage T2|T1 accuracy as a function of Distractor Ori-

entation and Lag. The T2|T1 accuracy data were subjected to a 2£ 6 repeated
measures ANOVA.

As was the case with Experiment 1, there was a main eVect of Lag,
F (5, 95)D 14.496, p < 0.0002. A contrast comparing early to later lags demonstrated
an AB pattern, with accuracy being superior across Lags 4–6 (meanD 81.4%) com-
pared to Lags 1–3 (meanD 67.6%), F (1, 95)D 50.7, p < 0.0002. Importantly, the Dis-
tractor Orientation main eVect was not signiWcant (F < 1), suggesting that rotating
the distractors did not inXuence overall performance. There was, however, a signiW-
cant interaction between Distractor Orientation and Lag, F (5, 95)D 8.164,
p < 0.0002. Pairwise comparisons were carried out at all lags in order to investigate
the source of this interaction. At Lag 1, performance on rotated trials was some-
what better than that on upright trials, although this diVerence was only margin-
ally reliable, t (19)D 2.09, pD 0.051, and does not survive correction for multiple
comparisons. There were no diVerences between the two conditions at Lags 2 and 3
(t’s < 1.30, p’s > 0.21). Thus, the two conditions did not diVer in the range of lags
that is usually associated with the AB. There was a signiWcant diVerence at Lag 4,
with performance on rotated trials being signiWcantly superior to that on non-
rotated trials, t (19)D 6.21, p < 0.001, which might suggest a more rapid recovery
from the AB for the rotated trials than for the non-rotated trials. However, this
pattern was reversed at Lags 5 and 6, where performance was signiWcantly better
for non-rotated trials, compared to rotated ones (t (19)D 2.56, p < 0.02, and
t (19)D 3.45, p < 0.004, for Lags 5 and 6, respectively). This pattern is not consistent
with a more rapid recovery from the AB, but rather suggests that the interaction
arises from the fact that performance on trials with rotated distractors was more

Fig. 3. T2|T1 accuracy as a function of Distractor Orientation and Lag in Experiment 2.
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variable across lags, compared to performance on non-rotated trials. The reason
for this variability in performance, across lag, in the rotated condition compared to
the upright condition is unclear, however the results of Experiment 2 essentially
mirror those of the Wrst experiment, demonstrating that distractor orientation does
not inXuence the AB in any systematic way.

2.2.2. T1 accuracy
The T1 accuracy data were analysed using a 2 £ 6 repeated measures ANOVA.

There was a main eVect of Lag, F (5, 95) D 19.79, p < 0.0002. A contrast comparing
early to late lags conWrmed that accuracy was superior across Lags 4–6
(mean D 83.16%) compared to Lags 1–3 (mean D 77.25%), F (1, 95)D 26.3,
p < 0.0002. Lag also signiWcantly interacted with Distractor Orientation,
F (5, 95) D 7.3, p < 0.0002. This was due to the fact that accuracy was lower on
rotated trials compared to non-rotated trials at Lags 5 and 6 (t’s > 3.5, p’s < 0.003),
but similar to non-rotated trials at Lags 1–4 (t’s < 1.9, p’s > 0.073). Thus, as was
the case with the T2|T1 accuracy data, Distractor Orientation had no systematic
eVect on Target 1 accuracy across the range of lags usually associated with the
AB.

2.3. Experiment 3

This experiment investigated the eVects of Target 1 Orientation on the AB, in
order to examine whether orientation eVects arise when a stimulus is consolidated for
report. Subjects were required to name two red targets, the Wrst of which could be
presented either upright or rotated by 90° or 180°, while the second one always
appeared upright, as did the distractors.

2.3.1. T2|T1 accuracy
Fig. 4 shows the mean percentage T2|T1 accuracy as a function of Target 1 Orien-

tation and Lag. The T2|T1 accuracy data were subjected to a 3£6 repeated measures
ANOVA with Target 1 Orientation and Lag as within-subject factors.

The main eVect of Lag was signiWcant, F (5, 55)D 36.67, p < 0.0005. A contrast
comparing performance at early lags (Lags 1 and 2, mean accuracyD 61.6%) with
performance across later lags (Lags 3–6, mean accuracy D 86.95%) showed the typ-
ical AB pattern, with signiWcantly lower accuracy at early lags, F (1, 11)D 173.2,
p < 0.0002. The main eVect of Target 1 Orientation also approached signiWcance,
F (2, 22)D 3.07, pD 0.066 and there was a signiWcant interaction between Lag and
Target 1 Orientation, F (10, 110)D 4.11, p < 0.0005. Fig. 4 shows that the AB was
larger for trials where Target 1 was rotated by 90°, compared to trials where Target
1 was upright or rotated by 180°. This was conWrmed by follow up comparisons,
which showed that performance was lower when Target 1 was rotated by 90° com-
pared to the average of 0° and 180° trials at Lags 1, F (1, 11)D 13.76, p < 0.004, and
2, F (1, 11)D 15.45, p < 0.003. There was no diVerence at these Lags between trials in
which Target 1 was upright or rotated by 180° (t’s < 1), indicating a similar AB in
these conditions.
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2.3.2. T1 accuracy
The T1 accuracy data were analysed using the same 3 £ 6 repeated measures

ANOVA. The main eVect of Target 1 Orientation was signiWcant, F (2, 22) D 13.2,
p < 0.0005. A contrast analysis revealed greater accuracy for upright trials
(mean D 90.6%) compared to the average performance on trials where Target 1
was rotated by either 90° or 180° (mean D 83.4%), F (1, 11) D 25.7, p < 0.0002. The
main eVect of Lag was also signiWcant, F (5, 55) D 5.17, p < 0.001. Subjects were
more accurate across Lags 4–6 (mean D 88.2%) compared to Lags 1–3
(mean D 83.3%), F (1, 55) D 19.3, p < 0.0002. Finally, there was a signiWcant inter-
action between Target 1 Orientation and Lag, F (10, 110) D 8.811, p < 0.0005. This
was the result of performance being constant across Lags when Target 1 was
upright, but more variable when Target 1 appeared upside-down or rotated by
90°.

3. General discussion

This study investigated whether the viewpoint costs associated with naming
rotated familiar objects arise during initial identiWcation or during a later consolida-
tion stage. Experiment 1 tested whether initial identiWcation of familiar objects is
viewpoint-invariant or viewpoint-dependent. To do this we presented targets in their
canonical view and manipulated distractor orientation. We found a robust AB under
these conditions, but distractor orientation did not aVect the magnitude of the blink
nor did it have a systematic eVect on Target 1 accuracy. We also demonstrated that

Fig. 4. T2|T1 accuracy as a function of Target 1 Orientation and Lag in Experiment 3.
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distractor orientation did not systematically inXuence the AB even when target
objects were deWned semantically, thus presumably forcing subjects to process their
identities. Taken in conjunction with other evidence that distractors in RSVP streams
are identiWed (Dux & Coltheart, 2005; Luck et al., 1996; Maki et al., 1997; Marois
et al., 2004; Shapiro, Driver, Ward, & Sorensen, 1997; Vogel et al., 1998), these Wnd-
ings provide a lower boundary for the locus of viewpoint costs and suggest that the
initial activation of stored object representations is invariant with respect to orienta-
tion in the picture plane.

In Experiment 3, we examined whether or not the orientation of Target 1 inXu-
enced the magnitude of the AB. A larger AB was found when Target 1 was rotated by
90°, compared to when it was presented upright or upside-down, but there was no
diVerence in blink magnitude between 0° and 180° Target 1 trials. These data provide
evidence that objects that are rotated by 90° require more attentional resources to be
consolidated than those that are upright or upside-down.

Why might this be the case? We suggest that when an object is presented in an
unfamiliar orientation, a conXict ensues between the expected familiar orientation
stored in memory and the bottom-up perceptual information pertaining to the
object’s actual orientation. This conXict has to be resolved and a spatial reference
frame established for the object, before it can be consolidated in space and time.
Interestingly, the conXict between top-down and bottom-up information about the
object’s orientation seems to be reduced in the case of objects rotated by 180°, a
result that echoes a number of our previous Wndings. For example, in our RB studies
we found that RB is substantially alleviated, under some conditions, when one stimu-
lus is upright and the other upside-down, suggesting that such stimuli are easier to
individuate (Harris & Dux, 2005a, 2005b). Similarly, Harris, Harris, and Caine (2001)
have demonstrated intact discrimination of upright vs. upside-down stimuli in a
patient who was otherwise unable to interpret or discriminate object orientation. We
have previously argued that this occurs because, when objects are rotated by 180°,
their principal axis is aligned with the upright representation stored in memory, and
this facilitates the interpretation of their orientation.

Based on these and our earlier results (Harris & Dux, 2005a, 2005b), we propose
that two stages of processing are involved in the recognition of familiar objects. In
stage 1, long-term representations are activated by visual input and recognition is
invariant with respect to orientation in the picture plane. These initial representations
are not durable, however, and require additional processing if they are to be available
for report (Chun & Potter, 1995; Duncan, 1980; Neisser, 1967; Treisman & Gelade,
1980). During this subsequent processing stage, the representation is consolidated in
both time and space by determining the object’s orientation relative to the viewer at
that particular moment.

Thus, we propose that in the case of familiar objects misoriented in the picture
plane, viewpoint costs arise after the initial activation of the object’s identity, as
the representations are consolidated in a reportable form. As stated above, an
important part of this consolidation process is placing the object (and its constitu-
ent features) in a spatial frame of reference. Although in this paper we have con-
Wned our investigation to familiar objects, it is interesting to note that similar
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conclusions may be reached from research employing relatively unfamiliar and
visually homogenous classes of objects rotated in the picture plane. This research
has shown that viewpoint-dependent costs in recognition arise when such objects
can only be distinguished by the location of their constituent features along two
dimensions simultaneously (Tarr & Pinker, 1990) – that is, under conditions where
a rather precise spatial analysis of the stimulus is required. In contrast, if the posi-
tion of features along a single dimension uniquely identiWes an object (e.g., as is
the case for objects with an obvious axis of symmetry or bilateral redundancy),
recognition performance tends to be orientation-invariant (McMullen & Farah,
1991; Tarr & Pinker, 1990). Furthermore, this appears to be particularly the case if
the principal axis of the object has a well-deWned polarity conferred by a feature
located at one end of the axis (Leek & Johnston, 2006). Such Wndings seem to sup-
port the notion that orientation-invariant processes may be the “default” and
rapid mechanism by which object constancy is achieved, unless the task poses a
challenging spatial problem of localising the object features in a viewer-centred
reference frame, along multiple axes, and maintaining this information in a
reportable form. Under such conditions, performance costs associated with this
spatial analysis (rather than the identiWcation of the object features themselves, we
would argue) will be apparent.

Our hypothesis that both viewpoint-invariant and viewpoint-dependent processes
are involved in object recognition is in line with recent suggestions that research
should focus on how these two types of representations interact during the process-
ing of an object (Hayward, 2003).
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