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View Canonicality A ects Naming But Not
Name Veri cation Of Common Objects
Je rey C. Liter & Heinrich H. Bultho

Abstract. Previous studies suggest that there are \canonical" viewpoints from which objects

are identi ed most readily. Object naming has been the primary objective measure used to assess
view canonicality, but this task has not proven adequate in distinguishing the many explanations
of this phenomenon that have been o ered. We examine object naming (Experiment 1a) and
name veri cation (Experiments 1b and 2) to better understand the origin and nature of canonical
view e ects in recognition. In the name veri cation experiments, observers read an object name
and then viewed an image of an object and decided as quickly as possible whether the image
matched the name. The stimuli were images of 3D computer models of seven common objects.
Each object was rendered from one canonical viewpoint (determined in a separate experiment by
Blanz, Tarr, Bultho , & Vetter, 1996) and two noncanonical viewpoints. Observers named the
objects faster in canonical views, but performance was not a ected by viewpoint in either name
veri cation experiment, even on the rst presentation of each view. We interpret these results
in terms of a view-based similarity model. Naming is slow for noncanonical views because they
are similar to stored views of more than one object, leading to response competition. The name
veri cation task reduces the space of relevant views in long-term memory that must be compared
to an input view, which for the views studied here minimized the likelihood of confusions and
eliminated di erences in response times for di erent views.

1 Introduction

views of objects be recognized more quickly or
processed more eciently than other views?
Explanations of canonical view e ects
di er according to the way in which objects
are believed to be represented in long-term
visual memory. For this reason, a better
understanding of when and why canonical
view e ects occur is important to gain insight
into our visual representation of objects. We
will consider two classes of models describing the visual representation of objects, 1)
those in which each object is represented by
multiple viewpoint-speci c descriptions (Biederman, 1987; Bultho & Edelman, 1992;
Bultho , Edelman, & Tarr, 1995; Tarr, 1995;
Perrett, Smith, Potter, Mistlin, Head, Milner,
& Jeeves, 1984; Ullman, 1989), and 2) those
in which each object is represented by a single
three-dimensional, object-centered structural
description (Lowe, 1987; Marr, 1982; Marr &

Although it might not be apparent in our everyday subjective experience, the viewpoint
from which an object is seen can sometimes
in uence how easily it is recognized. Palmer,
Rosch, and Chase (1981) studied this phenomenon extensively in a series of experiments
in which they measured among other things
the subjective goodness of di erent views of
objects and the time needed to name objects
seen from di erent viewpoints. Views that
were rated as subjectively good views were
named more quickly than views rated not as
good. Palmer et al. (1981) termed these good
views \canonical" views. It is perhaps not entirely surprising that di erent observers have
similar criteria for determining what constitutes a good or a bad view of an object, but
that the perceptual processing of these views
is di erent is intriguing. Why should some
1

ard & Cooper, 1982, Tarr, 1995, or by alignment, Ullman, 1989, 1996). It is reasonable to
expect that canonical views would correspond
to those views that do not need to be transformed or need to be transformed less to be
recognized.
Theorists who have developed models of
long-term visual memory based on objectcentered structural descriptions have argued
that canonical view e ects occur because an
object's structural description cannot be generated as easily from all views of the object.
According to these models, objects are recognized by constructing a three-dimensional
structural description of a viewed object and
then matching the description to descriptions
stored in memory (Lowe, 1985, 1987; Marr &
Nishihara, 1978; Marr, 1982). Of primary importance in these models is that the descriptions are orientation free. This is because the
descriptions are based on a reference frame
that is internal to the object. In Marr's model,
for example, the parts of an object are coded
relative to its main axis of elongation. Because the stored models are orientation free,
the ease with which a description derived from
an image can be matched to a stored description should not depend on the viewpoint from
which the object was seen.
How then can one account for canonical
view e ects in these models? Consider what
would happen if the \backbone" of the description, for example, the object's main axis
of elongation, were dicult or impossible to
recover when the object was seen from certain
viewpoints. This would disrupt construction
of a structural description, making recognition of the object in these views dicult or
impossible. For these structural-description
models, then, the canonicality of a given view
should be a function of the ease with which
a three-dimensional structural description can
be generated from the view and not the familiarity of the view.
The results of several empirical studies
of object recognition are consistent with this
axis-foreshortening interpretation of canonical
view e ects. Lawson (1994) found that ob-

Nishihara, 1978).
An important property of multiple-view
models of long-term visual memory is that
only a relatively small number of views need
be stored for any given object.1 Storing all
views of an object would be impossible, as
there are uncountable 3D viewpoints from
which any object could be seen. Di erences
in speed or accuracy of recognition of di erent
views of an object might then result for one
of several reasons. It is possible, for example,
that di erent stored views are weighted di erently, such that especially important views, or
views that are encountered often, are weighted
most heavily. Repeated processing of the
same or similar views of an object view could
lead to more ecient processing of that view,
perhaps because a greater number of neurons are recruited to support recognition of
that view (e.g., Perrett, Oram, & Wachsmuth,
1996). Explanations of view canonicality in
terms of familiarity or frequency of exposure
are consistent with Palmer et al.'s (1981) nding that the visibility of an object's front surface accounted for over 50% of the variance
in the goodness ratings their observers gave
to di erent views of the object. This nding
supports familiarity-based explanations in as
much as the front surface of an object is likely
to be the surface interacted with (and thus
experienced) most.
Di erences in the speed or accuracy
of recognition of di erent views of an object could also arise because some views are
not represented and can be recognized only
through the use of a time consuming or error prone transformation mechanism. For
example, theorists have proposed that views
that are not represented might be recognized
by interpolating among views that are represented (e.g., Poggio & Edelman, 1990) or by
transforming either the input view, the stored
views, or both (e.g., by mental rotation, ShepWe will use the term \view" to refer to both the
image of an object and its internal description. However, we are not suggesting that internal descriptions
are image-like templates or \pictures in the head."
Tarr (1995) presents a nice discussion of why viewbased descriptions are not templates.
1
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servers took longer to name objects if they
were shown from a viewpoint in which the
main axis of the object was foreshortened
(i.e., parallel to the line of sight). Newell
and Findlay (1996) found a similar diculty
with foreshortened views in a name veri cation task in which the name of the object was
displayed together with an image of the object. Humphrey and Jolicoeur (1993) found
that the time needed to name foreshortened
views of objects could be lessened if pictorial
depth cues were added to the display. This
suggests that at least some of the diculty associated with identifying objects seen in foreshortened views is that the depth perceived in
these views is incorrect.
One could interpret these results as evidence for non canonical view e ects in recognition rather than canonical view e ects. Nevertheless, the degree of axis foreshortening is
unlikely to be the only determiner of view
canonicality. Palmer et al. (1981) found a
monotonic increase in naming times for a wide
range of views, not just a di erence for nearly
or fully foreshortened views. To be sure that
any view e ects that might be observed in the
present study are not simply due do diculties in recognizing foreshortened views, we will
avoid such views.
One weakness of much of the previous
research on view canonicality is the limited
use of objective measures. Researchers have
used subjective measures such as goodness
ratings (Palmer et al., 1981) and exploration
times (Perrett & Harries, 1988; Harries, Perrett, & Lavender, 1991; Perrett, Harries, &
Looker, 1992), but the primary objective measure has been object naming. This stands
in stark contrast to research on other viewpoint e ects in object recognition, for example, how a change of viewpoint between study
and test episodes a ects recognition performance. Researchers studying the e ects of
change of viewpoint have used many di erent objective tasks, including object naming
(Biederman & Gerhardstein, 1993), old-new
recognition (Edelman & Bultho , 1992; Liter,
1996), and picture-picture comparison (Bar-

tram, 1976; Ellis & Allport, 1986).2 The complexity of the data that has emerged from this
body of research suggests that it would be unwise to assume that because canonical view
e ects occur in object naming they will occur
in the same way for other tasks.
In the present study we examined canonical view e ects in a wider range of tasks
by studying object naming and name veri cation with the same set of stimuli. In
the name veri cation task, observers read an
object name then decided whether a subsequently presented object matched the name.
The objects and views used in the present
study were based on a study by Blanz, Vetter, Bultho , and Tarr (1995) in which observers actively rotated 3D computer models
of objects using a \Spaceball," a mouse-like
input device with three rather than two degrees of freedom. In one of their experiments,
observers selected views of the objects that
they believed would be best for displaying the
objects in a brochure. In another experiment,
observers rst generated a mental image of an
object then produced that view by rotating
the computer model. The views selected in
the brochure task were used in the present
study as the canonical views. Noncanonical views were chosen by rotating the objects
about the vertical axis and viewing them from
higher elevations. Accidental views in which
the main axis of the object was appreciably
foreshortened were avoided.

1.1 Experiment 1a

The primary purpose of this experiment was
to establish that the canonical views derived
from the Spaceball experiments of Blanz et al.
(1995) were in fact canonical in terms of naming response times. Observers named each of
seven objects in three views. The same observers participated in this experiment and in
Experiment 1b, in which a name veri cation
procedure was used.
Surprisingly, with the exception of studies examining foreshortened views, little attention has been given
to the goodness of the views used in tasks examining
the e ects of change of view.
2
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View 1

View 2

View 3

Figure 1: The images used in all three experiments. View 1 corresponds to the \canonical" view found by Blanz
et al. (1995). Views 2 and 3 depict each object from less canonical viewpoints.

1.1.1 Method
Observers. Seven student volunteers

material was set to zero so that the images
did not contain distinctive highlights.
Each object was oriented so that in the
\zero" view it faced the camera and its main
axis of elongation pointed toward the camera.
The teapot's spout pointed toward the camera in this view. The \canonical" view (View
1) of each object was determined in an experiment reported by Blanz et al. (1995) in
which observers rotated the computer models in real time using a \Spaceball" and selected the view they thought would be best
for displaying the object in a brochure. View
1, which was slightly di erent for each object, was roughly a \three-quarter" view seen
from approximately 15 degrees of elevation
and with the main axis of the object rotated
approximately 45 about the vertical axis.
View 3 depicted the object from a higher elevation and more from the back. The viewing
direction used to generate View 2 was exactly
half way between the viewing directions used
to generate Views 1 and 3 on a virtual viewing sphere surrounding the object. The complete set of images used in these experiments
is shown in Figure 1.
Apparatus. The experiment was conducted using an SGI Indigo 2 workstation
equipped with a 24 bit High Impact graphics card and a 35.2 cm wide (1280 pixels) by
28.2 cm high (1024 pixels) display scope. The
background of the display scope was white.

from Eberhard-Karls University in Tubingen,
Germany participated in the experiment for a
payment of 10 DM. All were native German
speakers and reported having normal or corrected to normal visual acuity.
Stimuli. The stimuli were 21 images
generated from three-dimensional computer
models3 of seven familiar objects (airplane,
bicycle, car, chair, piano, shoe, & teapot).4
Three 512 by 512 pixel images of each object
model were generated using custom SGI Inventor software that simulated a virtual camera located 50 cm from the object. The objects were scaled to t within a sphere of radius 7 cm. The direction of view was di erent
for each image, as shown in Figure 1. The
surfaces of the objects were colored with various shades of gray. The objects were illuminated by an omnidirectional ambient light
source and a directional light source located
45 degrees above and to the right of the camera. The rendering model used Gouraud shading. The specular component of the surface
3
The computer models were created by Viewpoint
Datalabs. Many of the objects are available free on
the World Wide Web (http://www.avalon.com). The
others can be purchased from Viewpoint.
4
The corresponding German names, which the subjects read before the experiment began, and which
were displayed in the name veri cation experiments,
were Flugzeug, Fahrrad, Auto, Stuhl, Klavier, Schuh,
and Teekanne.
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The display scope was viewed in a darkened
room from a distance of approximately 100
cm, but the position of the observer's head
was not xed. The images ranged in size from
8.2 cm to 11.0 cm in diameter, so that the
visual angle subtended by the images varied
from 4.8 to 6.3. The images were viewed
binocularly, but without stereo. Naming responses were recorded by the computer to a
digital sound le using a small microphone
clipped to the observer's lapel. The sampling
rate of the digital recording was 8000 samples
per second at 8 bits, which yielded a 1 ms
margin of error in the determination of the
naming response time.
Procedure. The observers participated
individually in 10-minute sessions. Each observer read printed instructions explaining
that the task was to name a series of pictures
of objects as quickly and as accurately as possible by saying the name of the object aloud
into a microphone. The observer then completed three practice trials to ensure that the
instructions had been understood. Following
this, the observer read a list of the names of
the objects (in German, see footnote 4) that
would be seen. This was intended to reduce
variability in naming times due to word nding diculties. Each image was visible for 3 s.
Presentation of the image on the display scope
initiated a digital signal processing routine on
the computer that recorded the observer's verbal response. The recording continued for the
duration of the image. There was a 3-4 s interval following the image before the next trial
began.
Design. The independent variables were
the viewpoint from which the object was seen
(View 1, View 2, or View 3) and the block
in which each view was seen (Block 1, Block
2, or Block 3). The experiment was divided
into three blocks of seven trials. Each object
appeared once in each block, each time in a
di erent view. Di erent objects were seen in
di erent views within each block. To balance
practice and repetition e ects, the three views
of each object were seen in di erent blocks by
di erent observers.

750
700
650
600
550

View 1

View 2

View 3

Response Time (ms)

Figure 2: Mean naming response times for each view
in Experiment 1a. Error bars indicate standard errors
computed across observers.
750
700
650
600
550

Block 1

Block 2

Block 3

Figure 3: Mean naming response times for each block
in Experiment 1a. Error bars indicate standard errors
computed across observers.

1.2 Results and discussion

The accuracy of each response was determined
by listening to the digital sound le that was
recorded during the trial. Across all seven observers there were no naming errors. The response time for each trial was measured by
locating the beginning of the response in the
digital sound le with a thresholding routine.5
Mean response times for each view collapsed
over the three blocks and seven objects are
presented in Figure 2. A one-way analysis of
variance (ANOVA) with View as the independent variable revealed that the time to name
the di erent views was signi cantly di erent
5
Response times were also measured by visually
examining the waveforms present in the sound les.
Analyses of the data collected in this way were not
qualitatively di erent from those performed on the
data collected by the thresholding method.

5

[F (2,12) = 6.900, M Se = 2543.67, p < .05].
A post-hoc analysis (Tukey's Honestly Signi cant Di erence [HSD], dT = 72:0 ms) revealed
that naming times for View 1 were signi cantly faster than naming times for Views 2
and 3 (p < .05), but naming times for View 2
were not di erent from naming times for View
3 (p > .05).
Mean response times for each block collapsed over the three views and seven objects are presented in Figure 3. A one-way
ANOVA with Block as the independent variable did not reveal a signi cant di erence
[F (2,12) = 3.105, M Se = 4361.34, p > .05].
However, all seven observers named the objects faster in Block 1 than in Block 3 (p <
.01). These results replicate the ndings of
Palmer et al. (1981) showing that subjectively
preferred views are named more quickly than
nonpreferred views, even when the main axis
of the object is not appreciably foreshortened
in the nonpreferred views. The additional
nding that naming responses became faster
after the rst presentation (although the objects were seen in di erent views in subsequent
presentations) was not reported by Palmer et
al., but this nding is consistent with ndings of other researchers indicating priming
e ects in object naming (e.g., Bartram, 1974;
Biederman & Gerhardstein, 1993). Although
it is not possible to determine whether the
priming e ects were verbally or visually mediated in the present experiment, the ndings
of Biederman and his colleagues (Biederman
& Cooper, 1991a, 1991b, 1992; Biederman &
Gerhardstein, 1993) suggest that at least some
of the priming was visually mediated. It is
also important to point out that the results of
this experiment serve to validate the Spaceball
technique developed by Blanz et al. (1995) for
assessing preferred views.

ject naming. In the following experiment, the
same observers who participated in Experiment 1a performed a name veri cation task.
On each trial the observer read the name of
an object then saw a picture of an object and
decided as quickly as possible whether the picture matched the name.

2.1 Method

The observers, stimuli, and apparatus were
the same as in Experiment 1a. All observers
completed Experiment 1a before beginning
Experiment 1b. The observers responded by
pressing the control key on the computer's
keyboard. The names of the objects (see footnote 4) were displayed in black, Times Roman
font. The height of each word was .72 degrees
of visual angle, and the width varied, depending on the word, from 2.2 to 4.2.
Procedure. Each observer participated
individually in a 20-minute session. The observers read printed instructions explaining
that their task was to decide as quickly as possible whether a picture of an object matched
the name that was presented before the picture. They were informed that the names and
pictures would be the same as those seen in
the object-naming experiment they had just
completed. On each trial one of the seven
object names was displayed for 2-3 s in the
middle of the display scope. The name was
replaced by one of the three pictures of that
object or by one of the pictures of a di erent object. The observer's task was to press
the control key on the computer keyboard as
quickly as possible if the picture matched the
name or to do nothing if the picture did not
match the name (a go/no-go task). The picture remained visible for 3 s or until a response
was made, whichever was shorter. If the observer responded, the next trial began after
a 1 s delay. If the observer did not respond
within 3 s, a mismatch response was recorded
and the next trial began after an additional
1 s delay.
Design. The three independent variables were the viewpoint from which the object was seen (View 1, View 2, or View

2 Experiment 1b

With the knowledge that naming times vary
for the di erent views studied in Experiment
1a, we are now in a position to assess whether
performance will be di erent for these views
in an objective task that does not involve ob6

Response Time (ms)

3), whether the picture matched the name
(Match or Mismatch), and Block (Block 1|
Block 6). Each block contained 42 match and
42 mismatch trials. For match trials, each
of the seven names appeared with each of its
three matching pictures twice (7  3  2 trials). For mismatch trials, each name appeared
one time with one of the pictures of each
mismatch object (7  6 trials). The viewpoints seen on mismatch trials were balanced
so that each viewpoint was paired twice with
each name, and each viewpoint of each object
appeared twice. Over the entire experiment,
each mismatch combination of name and picture appeared twice. These counterbalancing
measures insured that each name was seen
equally often in match and mismatch conditions and that each picture of each object was
seen equally often in match and mismatch
conditions. The order of the trials in each
block was randomized di erently for each observer. Before beginning the experiment, each
observer completed 24 practice trials with the
same three practice objects that had been seen
in Experiment 1a. The name of each practice
object appeared eight times, four times paired
with its matching picture, and two times with
each of the other mismatch pictures. The order of the 24 practice trials was randomized,
but was the same for each observer.
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Figure 4: Mean naming response times for each view
in Experiment 1b. Error bars indicate standard errors
computed across observers.
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Block
Figure 5: Mean naming response times for each block
in Experiment 1b. Error bars indicate standard errors
computed across observers.

ANOVA, which revealed no signi cant differences for View [F (2,12) = 2.658, M Se =
840.01, p > .05], Block [F (5,30) = 1.403,
M Se = 2119.87, p > .05], or the interaction
between View and Block [F (10,60) = 1.676,
M Se = 1379.16, p > .05]. Although the analysis presented above showed no signi cant effect of View or Block and no interaction between View and Block, it is possible that there
was an e ect of viewpoint very early in the
experiment, and that this e ect disappeared
after the rst exposure to each picture. We
conducted two additional analyses to test this
possibility. In the rst analysis, we evaluated
veri cation times for the rst presentation of
each view of each object. This analysis included only those trials in which a rst presentation occurred on a match trial (recall that

2.2 Results and Discussion

Given the results of Experiment 1a, two
questions of interest in this experiment were
whether view canonicality would a ect name
veri cation time and whether name veri cation time would be in uenced by repeated
viewing of the same objects. Figure 4 shows
the mean response times for each view collapsed over objects and blocks. Figure 5
shows the mean response times for each block
collapsed over objects and views. Unlike in
Experiment 1a, there were no systematic effects of viewpoint on response times, and observers did not respond more quickly following
repeated exposure to the objects.
These observations were con rmed in
a two-way View by Block within-subjects
7

subjects did not respond on mismatch trials,
so we have response time data only for match
trials). Excluding mismatch trials had the
e ect of reducing the number of trials used
to compute the mean response time per view
for each observer, but there was a sucient
number of responses to conduct the analysis.
A one-way ANOVA with View as the independent variable revealed no signi cant differences [F (2,12) = 1.336, M Se = 3013.12, p
> .05]. The means ( standard error) were
454.2 (43.7) ms, 474.2 (54.6) ms, and 502.0
(46.1) ms for View 1, View 2, and View 3,
respectively.
In the second rst-presentation analysis,
we evaluated veri cation times for the rst
match presentation of each view of each object. Thus, some responses included in this
analysis were for pictures that had previously
been seen in a mismatch trial. A one-way
ANOVA again revealed no signi cant di erences over View [F (2,12) < 1, M Se = 1784.46,
p > .05]. Mean response times ( standard
error) were 505.8 (26.2) ms, 503.5 (34.3) ms,
and 511.2 (37.3) ms for View 1, View 2, and
View 3, respectively. There were few errors
throughout the experiment. Summed over all
seven observers and all blocks there were ten
incorrect \match" responses for View 1, nine
for View 2, and ve for View 3. There was
only one incorrect \mismatch" response for
each view. The results of the present experiment contrast strongly with those of Experiment 1a. There was no evidence that view
canonicality a ected response times or accuracy in the name veri cation task. This was
true even the rst time each view was tested.
Furthermore, there was no clear priming e ect
as there had been in Experiment 1a. Response
times did not decrease in later blocks of the
experiment.
One potential limitation with the present
experiment, however, is that the observers' experience with the objects in Experiment 1a
could have a ected their performance. Having seen the objects in the naming task (one
time in each view) could have been sucient
to eliminate any e ects of view canonical-

ity. Before we discuss the implications of this
experiment, we will present a second nameveri cation experiment, nearly identical to the
present experiment, using a new group of observers who were unfamiliar with the particular object models used in the experiment. To
examine whether view canonicality a ects the
time needed to decide that a picture does not
match a name, we used a two-response procedure in Experiment 2. Observers pressed one
key to respond that the object matched the
name and another key to respond that it did
not match.

3 Experiment 2
3.1 Method

The stimuli, apparatus, and design were the
same as in Experiment 1b.
Observers. Ten student volunteers from
Eberhard-Karls University in Tubingen, Germany participated in the experiment for a
payment of 10 DM. All were native speakers of
German and reported having normal or corrected to normal visual acuity. None of the
observers had participated in Experiment 1.
Procedure. The procedure was almost
identical to that in Experiment 1b except that
observers pressed one control key on the computer keyboard with their dominant hand to
respond that the picture matched the name,
and they pressed the other control key with
their nondominant hand to respond that the
picture did not match the name. Response
feedback was provided in the form of a tone
for incorrect responses. Although this tworesponse procedure increased response times
overall, it allowed us to examine whether view
canonicality a ects the time needed to determine that a picture does not match a given
name. The only other di erence between this
experiment and Experiment 1b was that the
name was always displayed for 2 s rather than
2-3 s.

3.2 Results and Discussion

Mean correct response times for each view collapsed over all six blocks and seven objects
are shown in Figure 6. Although responses
8

were di erent across blocks [F (5,45) = 2.949,
M Se = 7717.08, p < .05].
Tukey's HSD
indicated that responses were signi cantly
faster in block 6 than in block 1 (dT = 47:8
ms), but no other di erences were signi cant.
The main e ect of View was not signi cant
[F (2,18) = 1.420, M Se = 931.08, p > .05],
nor were any of the interactions among the
variables.
To examine whether there were e ects of
view canonicality early in the experiment, we
carried out two analyses similar to those conducted in Experiment 1b. In the rst analysis, we examined response times for the rst
presentation of each picture. These trials were
divided according to whether they were match
or mismatch trials. A two-way Match by View
ANOVA revealed only a marginally signi cant
advantage for match trials [F (1,9) = 4.534,
M Se = 4690.38, p < .07]. The main e ect of
View [F (2,18) < 1, M Se = 5540.36, p > .05]
and the interaction between Match and View
[F (2,18) = 1.062, M Se = 8003.93, p > .05]
were not signi cant.
We conducted a second rst-presentation
analysis by examining response times for the
rst presentation of each picture in a match
trial and the rst presentation of each picture
in a mismatch trial. A two-way Match by
View ANOVA revealed that match trials were
responded to more quickly than mismatch trials [F (1,9) = 6.255, M Se = 6229.44, p < .05],
but neither the main e ect of View nor the
interaction between Match and View was signi cant [both F < 1]. Although there were
slightly more errors in this experiment than
in Experiment 1b, they did not vary systematically with view. Over the entire experiment
there were 8, 19, and 9 incorrect \match" responses and 19, 18, and 18 incorrect \mismatch" responses for Views 1, 2, and 3, respectively.
Response times were slower overall compared to Experiment 1b. The mean response
time for correct trials in Experiment 1b was
524.8 ms, whereas mean response times in Experiment 2 were 568.2 ms for match trials
and 632.3 ms for mismatch trials. The most

Response Time (ms)

were consistently faster for trials in which the
picture matched the name, there was no systematic e ect of view for either match or mismatch trials. Figure 7 shows the mean response times for each block collapsed over the
three views and seven objects. There were
small decreases in response times as the experiment progressed, both for match and mismatch trials.
These observations were con rmed in a
three-way Match by View by Block withinsubjects ANOVA. The ANOVA revealed that
match trials were responded to more quickly
than mismatch trials [F (1,9) = 24.134, M Se
= 15347.06, p < .01] and that response times
700
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Figure 6: Mean response times for each view in Experiment 2. Dark bars indicate trials in which the name
and the picture matched. Light bars indicate trials in
which the name and the picture did not match. Error
bars are standard errors computed across observers.
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Figure 7: Mean response times for each block in Experiment 2. Dark bars indicate trials in which the name
and the picture matched. Light bars indicate trials in
which the name and the picture did not match. Error
bars are standard errors computed across observers.
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4 General Discussion

likely explanation for this di erence is the
two-response procedure used in Experiment
2. The decrease in response times in later
blocks is consistent with this explanation, and
is likely due to the observers learning which
hand to respond with on match and mismatch
trials. Response times in the last block|550.8
ms for match trials and 617.1 ms for mismatch trials|were more similar to, but still
somewhat longer than, those found in Experiment 1b. The di erence in response times between match and mismatch trials might lead
one to argue that visual or decision processes
are somehow di erent for determining that a
picture does not match a previously presented
name. However, the most likely explanation
for the di erence in response times on match
and mismatch trials is that the observers were
simply quicker to respond with their dominant
hands. To fully examine this issue it would be
necessary to run an equal number of observers
responding with their nondominant hands on
match trials. However, we did not use the
two-response procedure in the present experiment to examine di erences in decision processes for match and mismatch trials. Rather,
the purpose was to determine whether view
canonicality would a ect response times on
negative trials. This was clearly not the case.
If there is a di erent decision process being
carried out on negative trials, the eciency of
the process does not appear to be a ected by
view canonicality.

The purpose of this study was to examine
view canonicality using two di erent objective tasks, object naming and name veri cation. As in previous studies, there were clear
di erences in the time needed to name different views of the objects. In Experiment
1a, observers named objects seen in preferred
views more quickly than objects seen in nonpreferred views. No di erences were found
between preferred and nonpreferred views in
Experiments 1b and 2 in which observers performed a name veri cation task. To examine the implications of these results, we will
consider how they must be explained by each
of the models of long-term visual memory
that was presented in the introduction. We
will then present an alternative explanation of
canonicality e ects based on view similarity.

4.1 Object-centered structural
descriptions

Theorists proposing that an object's longterm visual representation consists of a single 3D object-centered structural description
have argued that di erences in the recognizability of di erent views of an object are due
to di erences in the ability to derive a structural description from those views (e.g., Marr,
1982). The results of the naming task presented here could be interpreted in this way,
but the failure to nd an e ect of view in the
name veri cation task poses a problem. If we
accept the hypothesis that view e ects arise
in object naming because structural descriptions are dicult to derive from some views,
then the lack of an e ect of view in name veri cation must mean that it is not necessary
to derive a complete structural description to
perform the name veri cation task.
Marr (1982) touched on this issue in his
discussion of how an object might be recognized from viewpoints in which a full description of the object can not be recovered. He
speculated that in some cases it might be possible to recognize the object by constructing a
partial description based on the axes that are
visible from that view. Alternatively, recogni-

As discussed above, Newell and Findlay
(1996) also used a name veri cation procedure
to study object identi cation. Unlike in the
present study, they found signi cant di erences in veri cation times for di erent views
of objects. These di erences, however, were
related mostly to the degree of axis foreshortening. Veri cation times were roughly constant for views that were not appreciably foreshortened and were signi cantly longer only
for views in which the object's main axis of
elongation was rotated no more than 30 from
the line of sight. Similar results were obtained
by Lawson (1994) in an object naming task.
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tion might be achieved by recognizing a particular part or only a few of the parts of an
object. For example, an animal might be recognized in a frontal view, in which its main
axis of elongation is completely foreshortened,
by recognizing its face.
With regard to the present study, it could
be that a complete recovery of structure is
needed to name an object, which could be slow
for some views, but a complete recovery is not
needed to perform the name veri cation task.
In particular, it might be necessary to recover
only a few salient parts or features, rather
than a complete description, to perform the
name veri cation task. Recognition achieved
in this way might be much less sensitive to
viewpoint, as long as the necessary parts or
features are visible in the image.
Recognizing an object in this way, however, would seem to be a substantial departure
from the way in which recognition is believed
to be achieved according to these theories. It
is not even clear that the data needed to recognize partial descriptions of objects would
be readily available from the object models
stored in long-term visual memory. Allowing
for recognition in this way might necessitate
substantial changes to these theories.
It is important to consider that the need
or opportunity to recognize objects using partial descriptions might be quite common. It
often occurs that some of an object's parts are
occluded from view either by the object itself
or by other nearby objects. In these situations it would be necessary to recognize the
object using an incomplete description or to
complete the object by inferring what is occluded. Furthermore, the opportunity to recognize objects as in the name veri cation experiments presented here might be quite common. Consider, for example, a search task
in which an observer must locate a particular object in a cluttered environment. This
task, arguably a common visual task, is much
more like a veri cation task than a naming
task. Consider also the e ect that scene context might have on object recognition. Scene
context might set up expectations, not unlike

the expectations set up in the name veri cation task, that minimize the need for a complete recovery of structure prior to recognition. These considerations draw into question
the need to fully recover an object's 3D structure, especially given the high cost of recovering object-centered 3D structure from a 2D
image.

4.2 Viewpoint-dependent descriptions

In many models of long-term visual memory that represent objects with viewpointdependent descriptions (whether 2D or 3D),
it is argued that di erences in the speed of
recognition of di erent views of an object arise
because an error prone or time consuming
transformation mechanism must be used to
recognize views for which no description is explicitly represented. For example, these views
might be recognized by interpolating among
views that are represented (e.g., Poggio &
Edelman, 1990) or by transforming either the
input view, the stored views, or both (e.g.,
by mental rotation, Shepard & Cooper, 1982,
Tarr, 1995, or by alignment, Ullman, 1989,
1996).
For reasons similar to those given above
in the discussion of object-centered models,
the results of the present study are not in
accord with the predictions of these viewdependent models. If transformation mechanisms were responsible for the di erences
in naming speed observed in Experiment 1a,
then we must conclude that these mechanisms
were not used to perform the name veri cation task in Experiments 1b and 2. This again
begs the question of why such mechanisms
would ever be used. Some researchers have
argued that transformation mechanisms are
not normally used to recognize objects, but
that they might be used to con rm recognition decisions or to make decisions about object properties that depend on an external reference frame, for example, handedness judgments (Corballis, Zbrodo , Shetzer, & Butler,
1978; Corballis, 1988). It is not at all clear,
however, why object naming would require
con rmatory processing and name veri cation
11

would not. Furthermore, there appears to be
no reason why naming would involve external
reference frames and name veri cation not. In
fact, it is object naming that is generally considered to be the task not requiring such additional processing.
Perrett et al. (1996) present an alternative view-based model of long-term visual
memory that does not rely on view transformation mechanisms. According to their
model, di erences in the speed of recognition
of di erent views of an object arise because
di erent views are represented with di erent
weights. In particular, they argued that different numbers of neurons are recruited to
encode di erent views of an object depending on the observer's experience with those
views. Views that are experienced often are
represented by a greater number of neurons
than views experienced less often. The result is that evidence regarding the identity of
a viewed object will accumulate more slowly
for views that are either weakly represented
or not at all explicitly represented in comparison to views that are more strongly represented. At rst sight, the results of the present
study seem to be at odds with this theory.
The di erences in naming speed observed in
Experiment 1a would suggest that View 1 is
more strongly represented than Views 2 and
3. Why then does this not a ect the speed of
recognition in Experiments 1b and 2? One
explanation might be that less evidence is
needed to perform the veri cation task than
the naming task. Perrett et al. showed that
at low thresholds the time needed to accumulate sucient evidence is more similar for
strongly and weakly represented views. Although these claims are only speculative, the
possibilities are intriguing and should be considered in future research.

of di erences observed in the present study
without having to alter the basic mechanism
by which recognition is achieved. In this section we provide a sketch of one such model,
which bases recognition on the similarity between an input view and relevant views stored
in memory.
Assume that, as in the multiple-view theories discussed above, an object's long-term
visual representation consists of a collection
of more or less viewpoint-speci c descriptions.
Figure 8 depicts multiple-view representations
of two familiar objects, a camel and a gira e.
To recognize an object seen in a particular
view, the internal description of that view
is compared to descriptions of views stored
in memory, and the object is recognized as
a member of the object class to which the
best matching, or most similar, description
belongs. We will assume that there are a
sucient number of descriptions of each object stored so that it is possible, in principal,
to recognize familiar objects from nearly any
viewpoint.
Consider what might happen if a view
such as the frontal view of the camel depicted
in Figure 8 had to be identi ed. In the absence of contextual cues or prior hypotheses
about what object might be seen, it would be
necessary to compare the description of this
view with a large number of stored descriptions. The description of this frontal view is
likely to be suciently similar to stored descriptions of more than one object. In the example depicted in Figure 8, the frontal view
of the camel is seen to be similar to the frontal
view of the gira e as well. Similarity to views
of more than one object class could lead to
response competition, which could slow identi cation of the object in this view. A similar
e ect could occur for the view of the back of
the camel shown in Figure 8.
On the contrary, the pro le or threequarter views of the camel are not likely to be
confused with views of other objects. These
views contain distinctive features, for example, the hump on the camel's back, that minimize the possibility that they will be con-

4.3 View similarity

The need to resort to some alternate mode of
recognition to explain di erences in view effects in di erent tasks is, at best, unsatisfactory. What is needed is a model of the recognition process that can account for the kinds
12
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Figure 8: Multiple-view representations of two objects. Notice that some views could be confused, which might
lead to response competition in a bottom-up task such as object naming. There are other views, however, that
are suciently distinct so as not to be confused.

fused with views of another object, even if
they must be compared to a large number of
views of other objects. Recognizing an object
in such a view would be faster relative to recognizing the object in a view that is similar
to views of more than one object, because the
likelihood of response competition is reduced.
Why then does view similarity not affect performance in the name veri cation
task? One simple explanation is that providing an explicit hypothesis regarding the object's identity reduces the space of views to
which the input view must be compared. This
need not, in itself, reduce the time needed to
make a recognition decision.6 All that is necessary is that it reduce the likelihood that the
input view is confused with views of other ob-

jects. In the present study it is unlikely that
any of the tested views would have been easily
confused as views of other objects in the set.
According to the view similarity model presented here, this would have eliminated differences in veri cation times for the di erent views. Notice that in the naming task,
one cannot consider only the other objects in
the set when assessing the likelihood of confusions. Confusions could arise in naming from
any number of objects that the observer has
previously experienced.
The arguments presented above suggest
that view canonicality is not simply a function
of the task, but is instead related to the space
of objects and views that must be considered
to perform a particular task. This suggests
that view e ects might be found in a veri cation task that included highly similar objects,
for example, the camel and the gira e shown
in Figure 8. Deciding whether the frontal view
of the camel was a gira e might be slow and
sometimes incorrect, but making the same de-

6
We are not suggesting that views are compared
in a serial fashion so that the number of views that
must be compared a ects the time needed to make
a recognition decision. View \comparisons" could be
made in parallel in a neural network so that little or
no additional cost is incurred by simply increasing the
number of views that must be compared.
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cision for the pro le or three-quarter view of
the camel might be fast and accurate. This is
a topic for further research that should begin
with a careful determination of inter-object
similarity.
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