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Imagining and naming rotated natural objects

JANICE E. MURRAY
University ofOtago, Dunedin, New Zealand

The present experiment examined whether subjects can form and store imagined objects in vari
ous orientations. Subjects in a training phase named line drawings of natural objects shown at six
orientations, named objects shown upright, or imagined upright objects at six orientations. Time to
imagine an upright object at another orientation increased the farther the designated orientation was
from the upright, with faster image formation times at 180°than at 120°. Similar systematic patterns
of effects of orientation on identification time were found for rotated objects. During the test phase,
all subjects named the previously experienced objects as well as new objects, at six orientations. The
orientation effect for old objects seen previously in a variety of orientations was much reduced rel
ative to the orientation effect for new objects. In contrast, substantial effects of orientation on nam
ing time were observed for old objects for subjects who had previously seen the objects upright only
or upright but imagined at different orientations. The results suggest that the attenuation of initially
large effects of orientation with practice cannot be due to imagining and fonning representations of
objects at a number of orientations.

The time to name rotated line drawings of objects is
highly dependent on the orientation of the object (e.g.,
Jolicoeur, 1985; Maki, 1986;McMullen & Jolicoeur, 1992;
Murray, 1995). For orientations between 0° and 120° of
clockwise or counterclockwise rotation there is a linear
increase in naming time the farther an object is rotated
from the upright. This pattern of effects suggests that
successful recognition requires a transformation of the
input representation ofa rotated object to the upright for
comparison with orientation-dependent representations
stored in memory. One candidate process for accom
plishing this transformation is mental rotation, the ana
logue process assumed to underlie the orientation effect
found for judgments of left-right reflection (Jolicoeur,
1985, 1988). Inverted objects represent a deviation from
the linear pattern described above; naming times for 180°
objects are faster than would be predicted by linear ex
trapolation from other orientations. This results in an M
shaped naming function and suggests the involvement of
other orientation-dependent recognition processes for
objects at 180°.

The dependence ofnaming time on orientation is most
pronounced when the objects are viewed for the first time.
As subjects become more familiar with a set of objects
through repeated naming, the magnitude ofthe orientation
effect diminishes significantly (e.g., Jolicoeur, 1985;Maki,
1986; McMullen & Jolicoeur, 1992; Murray, Jolicoeur,
McMullen, & Ingleton, 1993). This practice or familiarity
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effect is restricted to the objects in the experienced set
and does not transfer to new objects (e.g., Jolicoeur, 1985),
suggesting that something specific is learned about the
objects that enables the viewer to minimize the effects of
orientation in subsequent identifications.

One interesting feature of this practice effect which
further suggests a highly flexible pattern-recognition
system has been reported by Jolicoeur and Milliken
(1989). They found that a reduced orientation effect on
naming of rotated objects could be obtained for objects
originally viewed upright. However, whether or not the
practice effect is evidenced depends on the context in
which the upright objects are viewed and encoded ini
tially. Consider two different initial encoding contexts
for upright objects. In one, all objects are named over
blocks of trials in the context ofupright objects only. In
the second, the upright objects are named in the context
of other objects that are rotated. When the upright ob
jects are finally named at nonupright orientations, a re
duced orientation effect is observed for the second con
text only. For the first encoding context, a robust
orientation effect is obtained which does not differ from
that shown for rotated objects named for the first time.

Jolicoeur and Milliken (1989) considered these results
in terms of two possible accounts of the practice effect
in general. One account suggests that although orienta
tion-specific representations are used at the outset, sub
jects learn with practice which orientation-invariant
attributes can serve as the basis for recognition ofthe spe
cific items in the experienced set. Iforientation-invariant
representations do develop with familiarity with a set of
objects, the results ofJolicoeur and Milliken suggest that
in the case of upright objects this development occurs
only in certain encoding contexts. A second account of
practice effects is one in which the reduced orientation
effect is the result of rotation to multiple representations
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of each familiar object. In this view, specific representa
tions are encoded for each object at each orientation as it
is experienced, and these orientation-specific representa
tions can subsequently be used to identify the same ob
jects. If an object has been seen at a number of orienta
tions, that object at any new orientation will require less
rotation to the nearest representation in memory for a suc
cessful match (see Tarr & Pinker, 1989). This view would
account for the finding that upright objects seen in an up
right context do not show a reduced orientation when they
are presented later for identification at nonupright orien
tations. How would such a view account for the finding of
a reduced orientation effect when upright objects are
viewed in the context of rotated objects? Jolicoeur and
Milliken have suggested that subjects may adopt a strat
egy of rotating images of upright objects to a number of
orientations and then storing representations of these ro
tated images in anticipation ofseeing the objects at other
orientations in later trials. It is reasonable to consider that
subjects could adopt such a strategy given that the num
ber of possible nonupright orientations was small (five)
and that the orientation ofthe rotated objects and some of
the upright objects changed from block to block.

The adequacy of this explanation rests on the assump
tion that subjects can indeed form and store imagined
representations, and that they later make use of them in
identification trials to reduce the effects of orientation.
Several studies have shown that subjects can mentally
rotate an image ofan upright stimulus to a required ori
entation when given advance information about both the
stimulus and the orientation, and that they can then use
this rotated image to make a required reflection dis
crimination when immediately presented with the test
stimulus (Bethell-Fox & Shepard, 1988; Cooper, 1975;
Cooper & Shepard, 1973). However, nothing is known
about whether these rotated images can be stored as long
term memory representations for later use in identifica
tion of the rotated stimuli. The main aim of this study was
to assess this possibility. Over repeated blocks of train
ing trials, subjects were asked to prepare rotated images
ofupright drawings ofobjects. During a later test phase,
the same drawings were presented for naming at the ori
entations at which they had been imagined. If imagined
multiple representations are formed during training and
are subsequently used to identify the rotated objects,
there should be a reduced effect of orientation on iden
tification time for previously imagined objects relative
to objects named for the first time.

MEmOD

Subjects
Seventy-two students (43 females) of the University of Otago par

ticipated as subjects. All subjects had normal or corrected-to-normal
vision and were native speakers of English. No subject had any previ
ous experience with the stimuli. Testing occurred in a single session of
approximately 50 min.

Stimuli and Apparatus
The stimuli consisted of96 line drawings ofnatural objects and an

imals with a distinct top and bottom. The drawings were selected from

Snodgrass and Vanderwart (1980) and were assigned randomly to two
sets, A and B. Stored images ofthe drawings were created by scanning
each drawing using a Hewlett-Packard Scanjet Plus. Each scanned
drawing was then edited to produce uniform images for 0°,60°, 120°,
180°, 240°, and 300° of clockwise rotation. The drawings were pre
sented on a Zenith 1492 VGA color monitor as black line drawings on
a light gray background. The drawings subtended an average 3° of vi
sual angle (range, 2.29°~.57°). Drawings of an additional six items
were used during practice. Stimulus presentation and collection of re
sponses was controlled by an NEe Powermate 386 computer with Micro
Experimental Laboratory software (Schneider, 1988). Naming latency
was detected by a voice-activated relay connected to a microphone.

Procedure
The experiment had two phases: training and test. In the training

phase, 48 drawings were each presented once during a block of trials.
This 48-trial block was presented five times to each subject. In the test
phase, each subject received one block of 96 trials. Half the drawings
in the test phase were those seen in the training phase (old objects); the
remaining half were drawings not seen previously in the experiment
(new objects). For half the subjects, Set A and Set B drawings served
as old and new objects, respectively. For the other half, this assignment
was reversed.

The subjects were divided into three groups-rotated, upright, and
imagined-each of which received different training. The subjects in
the rotated group named drawings shown at each of the six possible
orientations from 0° to 300°. There were equal numbers of drawings at
each orientation, and each drawing was shown at only one orientation
throughout the five blocks. Across subjects each drawing was pre
sented equally often at each of the six orientations to control for any
item-specific effects on orientation. Subjects in the upright group
named drawings shown at 0° only. For both the rotated and upright
groups, a trial proceeded as follows. At the beginning of the trial, a
small fixation cross was displayed in the center of the screen. Follow
ing a keypress by the subject, the screen was blanked for a 1.5-sec
interval, during which time the stimulus was written to the screen. Im
mediately following this interval, the screen was turned on at the top
ofthe refresh cycle to reveal the drawing to the subject. The display re
mained in view until the subject responded. The subjects were in
structed to name the drawing as quickly and accurately as possible.
Naming latency was measured from the onset of the display screen to
the onset of the subject's verbal response. Responses were detected by
the voice-activated relay and recorded by the computer to the nearest
millisecond. The trial concluded with the experimenter coding the re
sponse as correct, incorrect, or spoiled.

For the imagined group, a keypress following the fixation cross re
sulted in the display of a drawing of an upright object. The subjects
were instructed to form an image of the object, and, when ready, to
press the space bar in order to proceed. The drawing was then replaced
with an orientation cue, which took the form of a black arrow pre
sented in the center of the screen. This arrow indicated the orientation
at which the previous drawing was to be imagined. The subject's in
structions were to imagine the object at the designated orientation,
with the arrow pointing to the top of the required rotated image. The
subject was further instructed to press the space bar again when an
image of the drawing at the required orientation was fully formed. It
was stressed to the subjects that it was important that they form a clear
rotated image ofeach drawing, because they would be tested on the im
ages later. The orientation cue remained in view until the subject re
sponded. The time to form the rotated image was measured from the
onset ofthe orientation cue to the subject's keypress. There were equal
numbers of objects imagined at each of the six possible orientations,
and each drawing/orientation combination was matched to one in the
rotated condition.

All subjects were treated identically in the test phase. The subjects
received a sixth and final block of trials in which they were instructed
to name rotated drawings as quickly and accurately as possible. Both
old and new objects were presented in equal numbers at the six orien
tations, 0°-300°. For the rotated and imagined groups, the old drawings
were named at the orientation at which they had been named and imag
ined respectively in training. In the upright group, the old drawings
were named at the same orientations, which were obviously different
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from those experienced in training. Both naming latency and accuracy
were recorded as in the training phase.

Each subject was familiarized with the procedures and the use ofthe
voice-activated relay in six practice trials. In addition, the subjects in
the imagined group were initially given six trials demonstrating what
rotated images should look like following presentation of the upright
drawing and orientation cue.
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Figure 1. Mean naming time for old (open circles) and new (filled
circles) objects at each orientation in the test phase for each group.
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liken, 1989). The significant effect of orientation on
naming time [F(5,114) = 5.92,MSe = 12,480,p<.001],
which had a strong linear component [F(1,23) = 41.25,
MSe = 8,337, p < .001], did not differ across old and
new drawings (F < 1), nor was there any difference in the
slopes of the linear effect for the two types of drawings
(F < 1). Finally, old drawings were named faster than
new drawings (872 vs. 1,118 msec) [F(1,23) = 367.94,
MSe = 11,856, p < .001]. The corresponding percent error
rates for the six orientations were 2.0%,5.8%,3.5%,2.1%,
7.0%, and 2.5% for old drawings, and for new, 4.6%,
10.7%,9.8%,13.5%,8.8%, and 13.3%.

The question ofprimary interest was whether subjects
would show a reduced orientation effect for rotated
drawings that previously had been presented upright but
imagined at the orientations at which the drawings were
later named. As is evident in Figure 1, the magnitude of
the orientation effect did not differ for old and new draw
ings in the imagined group (F < 1). Similarly, the slopes
of the linear component of the orientation effect did not

Throughout this article, to analyze the linear increase
in response time (RT) over orientation, the contrast
weights of - 6, -1, 4, 4, - 1 were applied to the results
for 0°,60°, 120°,240°, and 300°, respectively, unless other
wise indicated. The data from 180° were not included in
the analyses ofthe linear effect oforientation on naming
time, since the specific prediction of Linearity is for 0° to
120° and then linearity from 240° to 300°.

Naming latencies less than 300 msec or greater than
3,000 msec, and image formation latencies less than
300 msec or greater than 8,000 msec, were considered
outliers. This resulted in a loss ofless than 1% ofthe data.
The percentage of outliers did not vary systematically
with orientation. The mean RT for correct responses was
calculated for each orientation within each training
block, and for each orientation for both old and new
drawings in the test phase.

The RT data from the test phase for each group, shown
in Figure 1, were considered in three separate repeated
measures analyses ofvariance (ANOVAs) in which item
type and orientation were factors. (Note that the results
for 0° and 360° represent the same data and are presented
to help judge the symmetry around 180°. The data for 0°
were considered only once in any analysis.) Correspond
ing analyses of error rates were also carried out. In all
cases, none of the analyses suggested any speed-accuracy
tradeoffs. The error rates for each group are reported
below following each associated RT analysis.

The results for the rotated group were analyzed first.
The overall effect oforientation was significant [F(5,115)
= 4.31, MSe = 10,676,p < .001] and had a strong linear
component across departure from the upright [F(1,23) =
20.99, MSe = 9,553, p < .001]. The time to name old
drawings (887 msec) was shorter than the time to name
new drawings (1,165 msec) [F(l,23) = 163.02, MSe =
33,965, p < .00 I]. Most importantly, the magnitude of
the orientation effect was larger for new drawings than
for old drawings, as tested by both the item type X ori
entation interaction [F(5,115) = 2.46, MSe = 14,459,
p < .036] and the item type X orientationlinear interaction
[F(1,23) = 5.71,MSe = 15,026,p<.025]. This expected
result confirms the previous findings of a reduced ori
entation effect that is specific to the drawings experi
enced during training (Jolicoeur, 1985; Jolicoeur, 1988;
Jolicoeur & Milliken, 1989). The corresponding percent
error rates for the six orientations were 3.5%, 1.0%,3.5%,
3.0%, 1.5%, and 2.7% for old drawings, and for new,
7.5%,5.9%,6.2%,8.6%,4.6%, and 5.9%.

The results for the upright group also conform to ex
pectancies based on previous findings (Jolicoeur & Mil-

RESULTS
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Figure 2. Mean image formation time in each block at each orien
tation for the imagined group in the training phase.
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The accumulating evidence (Jolicoeur & Milliken, 1989; Murray
et aI., 1993) seems to favor the view that, in general, reduced orienta
tion effects are the result of the use of orientation-invariant informa
tion. Through repeated experience with the objects in the experimen
tal set, individuals learn to isolate orientation-invariant parts or
attributes which reliably permit discrimination among the objects for
relatively orientation-free identification. However, the earlier work
was unable to rule out entirely the multiple-representations explana
tion of the practice effect for natural objects previously viewed upright
in the context ofrotated objects (Jolicoeur & Milliken, 1989) or for ro
tated objects in general (Murray et al., 1993), if forming multiple
imagined representations presented a viable identification strategy.
The present study demonstrates that this is not a likely strategy and ar
gues against an account based on multiple orientation-specific repre
sentations formed following the imagining of rotated objects.

In the present study, subjects in the imagined condition did not name
the upright objects when they imagined them at nonupright orienta
tions. This is in contrast to the rotated condition, in which subjects
named the objects in the training phase. This raises the possibility that
the observed lack ofan attenuation of the orientation effect in the sub
sequent identification task for the imagined group was due to the ab
sence ofa naming response in the earlier imagining task. It is possible
that the naming response itself is a necessary part ofthe representation
that is formed following experience with the objects, and that without
this naming response, formation of the appropriate representations
that result in the attenuation of the orientation effect does not occur.

a f:[J 120 180 240 300 3f:[J

Orientation (degrees)

DISCUSSION

differ (F < 1). The overall effect of orientation was sig
nificant [F(5,115) = 13.33, MS e = 12,622, P < .001],
and this effect had a strong linear component [F( 1,23) =
106.52, MSe = 6,312, p < .001]. As in the other groups,
old drawings were named faster than new drawings (1,072
vs. 1,157 msec) [F(l,23) = 14.53, MSe = 35,288, P <
.001]. The corresponding percent error rates for the six
orientations were 8.9%, 7.3%, 9.4%, 8.6%, 7.0%, and
7.4% for old drawings, and for new, 9.0%, 8.9%, 10.0%,
8.8%, 8.5%, and 9.3%.

An analysis comparing the upright and imagined groups
showed that the orientation effect did not vary as a func
tion ofgroup or item type (F < 1).The two groups did dif
fer in the size of the advantage seen for old over new
drawings [F(l,46) = 39.97, MSe = 23,572, P < .001].
For the upright group, this advantage was 246 msec,
whereas for the imagined group, the advantage was only
85 msec.

The time to form an image in the training phase for
the imagined group is shown in Figure 2. Image forma
tion time was analyzed in a repeated measures ANOVA
with block and orientation as factors. In this analysis, the
data for 180° were included in the assessment of the lin
ear component of the orientation effect, since there was
no a priori reason for their exclusion. Additional post
hoc analyses considering only the data between 0° and
±120° yielded identical results to those reported below.

The analysis with contrast weights of -3, -1,1,3,
1, -1 applied to the means for the six orientations
revealed a significant effect of orientation [F(5,115) =

26.56, MSe = 734,138,p < .001], which had a strong lin
ear component[F(l,23) = 28.12, MSe = 1,007,481,p <
.001]. As is evident, there was a significant deviation
from linearity [F(4,92) = 25.97, MSe = 665,802, p <
.001], most clearly evidenced at 180°. Overall perfor
mance improved over blocks [F(4,92) = 28.44, MSe =
1,670,502, p < .001], and the orientation effect also
changed across blocks [F(20,460) = 3.71, MSe =
165,054,p < .001]. The magnitude ofthe linear effect of
orientation was reduced with practice [F(4,92) = 3.18,
MSe = 156,214, P < .017]. But even in the final block,
the orientation effect was robust [F(5,1l5) = 10.54,
MSe = 125,434, p < .001], with a strong linear compo
nent [F(l,23) = 12.12, MSe = 166,882, p < .002], and
displayed the characteristic M-shaped function often
found for identification of drawings named for the first
time.

There are two main findings. First, rotating images of upright ob
jects to nonupright orientations does not result in the formation of
long-term representations that can be used for orientation-invariant
identification of the same objects when they are finally presented ro
tated. When objects were named at orientations at which they previ
ously had been imagined, no effects of the prior experience were
found; equivalent and robust effects of orientation on naming time
were found for both previously imagined and new objects. Second, the
function relating image formation time to orientation is M-shaped and
resembles that obtained for naming of rotated objects.
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Two sets of data bear on this issue. In one study, subjects made left
right judgments ofrotated drawings of objects over repeated blocks of
trials (Jolicoeur, 1985), whereas in another, top-bottom discrimina
tions were performed (McMullen & Jolicoeur, 1992). In neither study
were subjects additionally asked to name the objects presented repeat
edly in the context of the discrimination tasks. However, in a final, sur
prise block of trials, subjects were asked to name the objects experi
enced in the earlier discrimination tasks, and the magnitude of the
effect of orientation on naming was significantly reduced. These data
indicate that producing a naming response during early experience of
the objects is not a prerequisite for observing an attenuated orientation
effect when the objects are subsequently named.

It appears that the processes giving rise to the attenuation ofthe ori
entation effect on naming are enacted in identification, left-right dis
crimination, and top-bottom discrimination tasks. One process may be
the identification of orientation-invariant information. The develop
ment of sensitivity to orientation-invariant information with practice,
however, does not occur as a default strategy, insofar as it only occurs
for upright objects when they are encoded in the context of rotated ob
jects (Jolicoeur & Milliken, 1989). The present results suggest further
that the processes involved in the formation of images at nonupright
orientations is also not sufficient to activate a strategy of associating
different parts or attributes with particular objects.

The time to imagine an object rotated to a particular orientation was
proportional to the difference between the upright object and the ori
entation of the required image. This suggests that subjects did mentally
rotate the upright object to form an image, as has been found in other
studies using the image preparation procedure (e.g., Bethell-Fox &
Shepard, 1988; Cooper & Shepard, 1973). However, a notable feature
of the image formation function was its "M" shape, with RTs at 1800

being much faster than would be expected on the basis ofRTs for other
orientations. This represents a deviation from the mental rotation func
tions observed for left-right decisions, but it is very similar to the
function typically observed for naming rotated objects.

What might account for the faster RTs at 1800 for naming and image
formation tasks? An answer, perhaps, lies in consideration of how an
inverted image might be brought to the upright or vice versa. One pos
sibility is that subjects may rotate the objects through the depth plane,
where rotation occurs about the horizontal axis (this could also be
considered a reflection about the horizontal axis). Bressan and Vicario
(1984) have reported a preference on the part of subjects for rotation
in the depth plane rather than rotation in the image plane for 1800 stim
uli. Preliminary work in my laboratory has indicated that depth plane
rotation is over 200 msec faster than image plane rotation. This sug
gests that in naming tasks, and in the image formation task of the pre
sent study, subjects are engaging in rotation through the depth plane
and not the image plane. This possibility ofrotation through the depth

plane for identification of inverted objects appears worthy of further
study.
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