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ABSTRACT 

The question of how we recognize shapes when they are 

misoriented with respect to their typical orientation has 

not yet been adequately answered. Two kinds of theories have 

been proposed to address this question: One theory contends 

that initial access to the correct stored representation is 

orientation-dependent and the other theory contends that 

initial access is orientation-independent. Current evidence, 

based on naming latencies, does not distinguish between 

these two theories. In the present experiments, Cooper and 

Shepard's (1973/1982) cuing paradigm was adapted to 

distinguish between the orientation-dependent account and 

the orientation-independent account of shape recognition. A 

new measure of shape recognition involving figure-ground 

decisions was employed because naming responses may be too 

far removed from perceptual processing. The results of three 

experiments supported the orientation-dependent account of 

shape recognition suggesting that the representations of 

shape in memory specify the canonical orientation of the 

shapes they represent. A process of normalization is 

required prior to access to canonical orientation 

representations; however, the evidence suggests that this 

normalization process may not be mental rotation. Other 

conceptions of the normalization process, including the 

establishment of multiple representations, are discussed. 



CHAPTER 1 

INTRODUCTION 
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The ease with which observers recognize shapes in 

everyday life belies the complex nature of the processes 

that underlie this fundamental aspect of experience. Indeed, 

providing an adequate description of the mechanisms by which 

shapes are recognized continues to provide one of the 

greatest challenges to contemporary perceptual psycho+ogy. 

Much of the challenge involved in this endeavor rests on the 

problem of stimulus equivalence. In general, this problem 

involves specifying how appropriate shape representations 

are indexed across the multitude of viewing conditions that 

characterize our encounters with the perceptual world; as, 

for instance, when shapes are presented in different 

locations, in different orientations with respect to their 

typical, upright orientation, or in different orientations 

with respect to their typical front. 

Consider, in particular, the case of shapes misoriented 

with respect to their typical, upright orientation. In the 

remainder of this paper, I will limit the discussion to 

changes in orientation such as these. Following Rock (1973), 

I will refer to the ability to overcome such transformations 

as orientation constancy. The problem of stimulus 

equivalence arises for misoriented shapes because when the 

orientation of a shape is changed from one viewing to the 
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next the projection of that shape to the eye also changes. 

Yet, such changes often are of little consequence to our 

phenomenal experience of the world. Most objects are 

recognized regardless of the orientation in which we view 

them. Hence, the problem for perceptual psychology is to 

specify how the different views of a shape that result from 

changes in orientation access the same representation in 

shape memory. Solutions to this problem have generally 

required providing a theory of shape representation. 

One solution to the problem of orientation constancy 

has been to postulate representations that contain 

orientation-independent distinctive features (e.g., lines, 

curves, and angles) that correspond to particular shapes 

(Selfridge & Neisser, 1960). In this view, each shape has a 

defining set of features that can be extracted and matched 

to stored representations regardless of orientation. 

One well-known problem with this feature-based 

approach, however, is that two different shapes can share 

the same features put together in different ways (Pinker, 

1984). For instance, Figure 1a might be identified as a cup 

while Figure 1b might be identified as a pail even though 

they are composed of exactly the same features. What differs 

between them is how these parts are put together. Placing 

the curved line on the side of the main body makes it a cup, 

while placing the curved line on top of the main body makes 
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a b 

Figure 1. Two different shapes consisting of the same parts. 
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it a pail. If the shape representations stored in memory 

were nothing more than lists of orientation-independent 

features, then it would be impossible to tell these two 

shapes apart. What seems to be missing from these feature

based representations is a specification of how shape parts 

are put together. 

Recently, structural representations have been proposed 

that define not only the features of shapes, but also their 

relative location within the shape. Typically, relative 

location is defined by relational properties such as "in 

front of", "on top of", and so on. Of course, relational 

properties such as these are dependent on a frame of 

reference. If something is in front of me then you have to 

know which way I am facing to understand what "in front of" 

means. To know which way I am facing is to know something 

about my frame of reference. similarly, relational 

properties in representations are also dependent on a frame 

of reference. Visual shape recognition has been described in 

terms of two kinds of structural representations: 1.) 

orientation-dependent or viewer-centered representations, 

and 2.) orientation-independent or object-centered 

representations. The major distinction between orientation

dependent and orientation-independent representations rests 

cn differences in the underlying frame of reference, and 

hence, on the way that relative location is defined. 
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Consider the ways in which a shape rotated around the 

line of sight would be described as an orientation-dependent 

representation and as an orientation-independent 

representation. In an orientation-dependent representation, 

the frame of reference is that of the viewer or the 

environment. Co-ordinate axes are given by the viewer

centered or environment-centered upright, and top/bottom are 

assigned with respect to these axes, so the description of 

parts will vary across rotation. consequently, in an 

orientation-dependent representation, what was once encoded 

as the "top" in viewer-centered coordinates may now be 

encoded as the "bottom" as the shape rotates upside-down. 

In contrast, in object-centered representations the 

frame of reference is based on the shape alone and not the 

viewer or environment, and location is defined relative to 

the shape itself, usually with respect to the shape's 

principal axis of symmetry and/or elongation. As a result, 

the description of top and bottom encoded in an object

centered representation is tied to the shape's axis of 

symmetry and/or elongation. Since symmetry and elongation do 

not change with rotation, neither does the specification of 

top and bottom. 

How might recognition proceed were the structural 

representations stored in memory orientation-dependent? In 

this case, the structural memory representation is a 
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description of the shape from a particular viewpoint. To 

avoid having to store multiple representations of each 

object, the orientation-dependent representation stored in 

memory is thought to specify the typical, or canonical, 

orientation of the object (specified either in retinal or 

environmental coordinates). If we use a person as an 

example, the canonical orientation representation would be 

the one in which the head is specified to be the top-most 

portion of the figure and the feet the bottom-most portion. 

If a person is viewed in an atypical orientation, say, 

standing on his or her head, the description of the current 

input would label the feet as the viewer-centered or 

environment-centered top. (Note that I am using the terms 

head and feet here but I do not assume that these portions 

of the figure have already been identified). If the top most 

portions in the description of the current shape were 

matched against the top most portions specified in the 

memory representation (and likewise, the bottom-most against 

the bottom-most), then the match would not be very good and 

recognition should fail. In orientation-dependent accounts 

of shape representation, this failure to find a match in 

shape memory is thought to serve as the catalyst for a 

process of normalization which transforms the input until a 

matching stored representation is found and recognition 

occurs. Typically, this normalization process has been 
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construed as a mental analogue of physical rotation that has 

been termed "mental rotation" (cf Shepard & Metzler, 1971; 

Cooper & Shepard, 1973/1982; Shepard & Cooper, 1982). 

Therefore, recognition should require more time as the 

orientation of the input deviates further away from the 

canonical orientation. I will call this account of shape 

recognition the "orientation-dependent" view. Note that in 

this view recognition does not occur until normalization has 

come to completion. 

How might recognition proceed were the structural 

representations stored in memory orientation-independent? 

Because the location of shape parts is defined relative to 

the shape itself, the variation in top and bottom that 

arises in orientation-dependent representations is 

transcended. In particular, the part labelled "head" in the 

description of the body would be defined as the "top" 

regardless of orientation. However, although this type of 

structural memory representation is more efficient it 

requires a more complicated matching process. In particular, 

it requires that the principal axis of the structural 

description first be derived, converting the input 

description from one specified in viewer-centered 

coordinates to one specified in object-centered coordinates. 

Once this is computed (and it has been assumed to occur in 

one step), and the top and bottom poles of this axis have 



been identified, a single structural memory representation 

can be accessed regardless of orientation. Note, however, 

that the process by which the top and bottom poles of an 

object-centered axis are identified has not been discussed 

in the literature. I will refer to this account of shape 

recognition as the "orientation-independent" view. 
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Hence, in contrast to the orientation-dependent view of 

recognition which predicts that recognition time will vary 

across orientation, the orientation-independent view 

predicts that recognition time will be equal across 

orientation. It is also important to point out that a view 

that postulates orientation-independent feature-based 

representations also predicts an orientation-independent 

process of recognition. Although a purely feature-based 

approach to shape recognition has largely fallen from favor, 

the notion that recognition can, in some cases, occur on the 

basis of orientation-independent features still persists. 

Indeed, there is mounting evidence for the existence of more 

than one route to shape recognition (Humphreys & Riddoch, 

1984; Peterson, Harvey, & Weidenbacher, 1991; Peterson & 

Gibson, forthcoming). 

In the remainder of this paper, I will be concerned 

primarily with the question of whether the structural 

representations stored in shape memory are orientation

dependent or orientation-independent. Many recent studies 
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have obtained evidence which has been taken to support the 

orientation-dependent view; that is, the representations 

stored in shape memory specify the canonical orientation of 

the shapes they represent and a process of normalization (or 

mental rotation) is required to match misoriented stimulus 

inputs with canonical orientation representations. However, 

the view that mental rotation matches descriptions with 

stored canonical representations cannot explain the evidence 

obtained in previous studies. Hence, the previous research 

does not succeed in distinguishing between orientation

dependent and orientation-independent accounts of shape 

recognition. Hence, the primary purpose of the present paper 

is to put these two theories of shape recognition to test. 



CHAPTER 2 

LITERATURE REVIEW 
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Research into the question of orientation constancy has 

enjoyed a long history in the psychology of perception. 

Indeed, many of the contemporary issues surrounding the 

question of normalization can be traced to a demonstration 

by Mach (1897/1914) illustrating a failure in orientation 

constancy. Mach pointed out that when a square is rotated 

45° around the line of sight, observers tend to see the 

transformed figure as a different shape. In fact, this shape 

is usually called by a different name--a diamond. This 

demonstration was important, not so much because of the 

theory Mach based upon it, but because of the influence this 

demonstration had upon subsequent research. 

One question of primary interest which followed from 

Mach's demonstration concerned the nature of the spatial 

frame of reference within which shapes were described. One 

important distinction concerned the difference between 

retinal and environmental reference frames. Normally, these 

two frames coincide so that what is upright on the retina is 

also upright in the environment. However, in a series of 

elegant experiments, Rock (1973) showed that when the two 

frames were varied independently, shape recognition (as 

measured by tests of recognition memory) generally depended 

upon a cognitive description that was articulated in 
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environmental (as opposed to retinal) coordinates. In 

particular, Rock argued that shapes were described in terms 

of a top and a bottom, where "top" and "bottom" are defined 

relative to an environmental or gravitational frame of 

reference. Consequently, shape identity would vary as a 

function of misorientation in the picture plane because 

different featural components align with the environmentally 

determined top and bottom. Hence, Mach's square loses its 

identity under rotation in the picture plane because 

different featural components of this figure become the top 

and bottom. 

However, Rock also noted that retinal misorientation 

did have a temporary effect on the recognition of complex 

(e.g., faces or words) and unfamiliar shapes that was 

quickly overcome by a process of normalization or 

"correction". In a series of experiments, Rock showed that 

recognition memory tended to decrease as shapes were 

misoriented on the retina (by tilting the observer), even 

though the shapes remained upright in the environment across 

study and test. Rock speculated that the process of 

normalization was similar to the process of mental rotation; 

in that, observers first had to rotate retinal descriptions 

so that the location of parts labeled in the retinal 

description of shape corresponded to the location of parts 

labeled in environmental description (either by imagining 



the rotation of the shape or by imagining the rotation of 

the body). For instance, when an observer is inverted and 

shown an (environmentally) upright face, the retinal 

description of the face defines the part corresponding to 

the chin as the top and the part corresponding to the 

forehead as the bottom. consequently, in order for 

recognition to occur, the description encoded in retinal 

coordinates must be rotated into alignment with 

environmental coordinates such that the part corresponding 

to the chin is defined as the bottom and the part 

corresponding to the forehead is defined as the top. 
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In support of this hypothesis, Rock cited the research 

of Shepard and Metzler (1971) which showed that observers do 

perform mental rotation, at least when the task required 

discriminating whether perspective views of novel 3D objects 

were reflected or normal. However, subsequent research 

suggested that while mental rotation was implicated in 

mirror-normal discrimination, it did not underlie shape 

recognition per see 

Evidence that shape recognition did not require mental 

rotation was first obtained by Cooper and Shepard 

(1973/1982). Cooper and Shepard's task required matching 

alphanumeric characters to pre-existing memory 

representations to determine whether the test stimulus was 

reflected or normal. As such, reaction time (RT) to respond 



24 

"mirror" or "normal" was assumed to be composed of at least 

two components: the time required to access the stored 

memory representation as well as the time required to 

perform the mirror-normal discrimination. RT was assumed to 

include the time to access stored memory representations 

because subjects first had to identify the shape before they 

could judge whether it was mirror or normal. 

Cooper and Shepard attempted to partial out these two 

components of overall performance by providing observers 

with various forms of advance information. For the purposes 

of this discussion, only two of the conditions are relevant. 

In the first condition, no advance information was given to 

the observer. Cooper and Shepard predicted that this 

condition would produce a mental rotation function similar 

to that obtained by Shepard and Metzler (1971). In the 

second condition, identity information was provided by 

showing observers an outline drawing of the upcoming test 

stimulus depicted in its typical orientation. If recognition 

itself requires mental rotation, then there should be a 

marked decrease in the slope of the mental rotation function 

when identity information is given because this advance 

information would eliminate any processing time associated 

with accessing stored memory representations. 

The results of the no information condition showed that 

RT increased with increasing misorientation (up to 180°) as 
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demanded by mental rotation. More importantly, the slope of 

the mental rotation function obtained in the identity 

information condition did not differ from the slope obtained 

in the no information condition. However, there was a 

significant intercept change between the two conditions, 

with decision times being faster overall in the identity 

information condition than in the no information condition. 

Because the identity cue always provided valid information 

about the identity of the upcoming test stimulus, it was 

assumed that the time to recognize the shape could be 

eliminated from RT to decide mirror or normal. The finding 

that RTs in the identity information condition were faster 

overall supports the view that recognition occurred in 

constant time across orientation and that the prior 

presentation of the upright cue eliminated the constant 

processing time associated with recognition. 

That recognition does not require mental rotation also 

accords with the linear nature of the mental rotation 

function for the following reason: The linear relation 

between RT and orientation suggests that observers imagined 

rotating the test stimulus through the shortest distance to 

the upright. That is, stimuli shown disoriented by 60° in a 

clockwise direction were always responded to faster than 

stimuli misoriented by 180°, implying that subjects always 

imagined these shapes rotating counterclockwise, and never 
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clockwise, to the upright. Thus, Cooper and Shepard argued 

that recognition cannot, logically, require mental rotation 

because the shortest distance to the upright could only be 

reliably determined after recognition occurred (see also 

Corballis, 1988). Hence, based on these early studies 

carried out within the mental rotation tradition, it 

appeared as though mental rotation depended upon the prior 

recognition of the stimulus, rather than that recognition 

depended upon mental rotation, as suggested by Rock (1973). 

In other words, it appeared as though recognition time was 

independent of orientation, and hence, that shape 

representations were orientation-independent. 

This view of shape recognition was further supported by 

subsequent investigations in which observers were asked to 

simply name misoriented shapes rather than make a mirror

normal discrimination (Corballis, Zbrodoff, Shetzer, and 

Butler, 1978b; Corballis and Nagourney, 1978a; White, 1982; 

Eley, 1982). For example, Corballis et al (1978b) employed a 

set of letters and numbers that included both normal and 

mirror-reflected characters. They instructed observers to 

simply name the shape regardless of whether it was normal or 

a mirror image. Corballis et al found no effects of 

orientation on the time to name normal characters. But they 

did find, at least in the first block of trials, that 

orientation influenced naming latencies for mirror-reflected 
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characters. However, the effect of orientation on the naming 

of these mirror-reflected characters did not show the 

characteristic mental rotation function: Although RT 

increased from 0 to 120°, RT at 180° was faster than would 

be expected given a linear relation between orientation and 

RT. Moreover, there was no significant effect of orientation 

on naming RT for either stimulus version by the second trial 

block. 

In a second experiment reported by Corballis et al 

(1978b), observers were instructed to press one key when a 

single target character was presented and to press another 

key if anyone of five distractors was presented. Both 

versions of each stimulus were again used. There was no 

effect of orientation on identification time for either 

stimulus version, even on the first trial block. Hence, on 

the basis of these data, Corballis et al (1978b) concluded 

that mental rotation is not required to recognize 

misoriented patterns. 

In another series of experiments conducted by Eley 

(1982), 20 novel letter-like stimuli were constructed and 

assigned a three letter (CVC) nonsense syllable. These 

nonsense syllables were learned in one of two training 

conditions which involved correctly identifying each of the 

20 stimulus patterns either two or five consecutive times. 

It was assumed that this difference in training condition 
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would ultimately reflect the amount of familiarity with the 

stimuli, with the higher training condition producing more 

familiarity. Because the results obtained by Corballis and 

his associates were based on highly learned alphanumeric 

characters, the present set of stimuli and two training 

conditions investigated the effects of familiarity on 

identification times. 

In addition to these two different training conditions, 

observers were also assigned to one of two conditions 

inVOlving the number of stimuli to be identified. In the 

small set size condition, observers were presented with only 

five of the original 20 stimuli. In the large set size 

condition, observers were presented with all 20 stimuli. 

Eley (1982) interpreted the results obtained by Corballis 

and his colleagues as evidence for orientation-independent 

feature-based representations. Hence, Eley hypothesized that 

a process dependent on the extraction of orientation

independent features would become encumbered as the number 

of stimuli to be discriminated increased. Accordingly, Eley 

argued that mental rotation effects would be evidenced as 

feature extraction processes become more encumbered (as in 

the large set size condition) or as the familiarity with the 

stimuli decreases (as in the lower training criterion). 

The results indicated that observers named the patterns 

quicker in the smaller set, but there was no evidence that 
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naming time increased with increasing misorientation from 

the typical orientation. In addition, RTs decreased overall 

across trial blocks, but this variable did not interact with 

orientation. Hence, this evidence corroborated the view that 

the recognition of misoriented shapes did not require mental 

rotation and that shape representations were orientation

independent. 

The first evidence supporting the view that recognition 

requires a process of mental rotation was obtained by 

Jolicoeur (1985). Like Eley (1982), Jolicoeur argued that 

the stimuli used in previous studies on shape recognition 

were highly familiar, simple characters (e.g., numbers and 

letters), and that these aspects of the stimuli may have 

allowed observers to respond on the basis of orientation

independent features. Indeed, Pinker (1984) has argued that 

while simple stimuli such as alphanumeric characters may 

lend themselves to an orientation-invariant process of 

feature analysis (e.g., see Selfridge and Neisser, 1960), 

more complex objects may not be as easily analyzed into a 

similar set of elementary features (e.g., lines and angles). 

As a result, when more complex objects are employed as 

stimuli, it may become more difficult to utilize 

orientation-independent features. As such, Jolicoeur 

presented pictures of natural objects at various 

orientations and measured the time to name these objects. 
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Another crucial innovation in the design of this study 

concerned the order of presentation of the stimuli. In these 

experiments, Jolicoeur presented stimuli in blocks such that 

each stimulus was presented once in a single orientation in 

each trial block. In addition, observers were not exposed to 

the test stimuli at any point before the experimental trials 

began. This design differed from the design of previous 

naming studies (Corballis et aI, 1978b; Corballis & 

Nagourney, 1978a; White, 1982; Eley, 1982) and mental 

rotation studies (Cooper & Shepard, 1973/1982) which 

required observers to practice naming or discriminating each 

of the experimental stimuli at each orientation before they 

participated in the experimental trials. Thus, Jolicoeur's 

(1985) design allowed him to observe any effects of 

familiarity associated with increased exposure to the 

stimulus set. 

The most important aspect of Jolicoeur's findings was 

that he obtained a large effect of orientation on naming 

time, but only during the first block of trials. This effect 

of orientation decreased rapidly by the second block of 

trials. Because each stimulus is presented only once at each 

orientation, the facilitation in naming time observed across 

trial blocks cannot be attributed to the fact that a given 

stimulus has been seen in a particular orientation on 

previous trial blocks. In addition, the effect of practice 
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does not seem to reflect the acquisition of a general 

strategy enabling observers to better recognize stimuli at 

atypical orientations. Jolicoeur also found that practice 

with one set of stimuli presented at various orientations 

does not generalize to a new set of stimuli presented at the 

same orientations (Jolicoeur, 1985, Experiment 3). 

Moreover, Jolicoeur and Milliken (1989) have shown that 

mere exposure to upright (and only upright) test stimuli is 

not sufficient to decrease the effects of orientation when 

those same stimuli are later viewed misoriented. However, 

when observers are pre-exposed to upright stimuli that are 

embedded in a set of different misoriented stimuli, the 

context is sufficient to decrease the effects of orientation 

when the misoriented versions of the upright stimuli are 

later viewed. Hence, the effect of practice observed in 

Jolicoeur's experiments is dependent upon the context in 

which stimuli are embedded rather than upon the amount of 

prior exposure. Such context effects may suggest that 

observers come to anticipate that upright stimuli will later 

be presented at atypical orientations, and consequently, may 

lead observers to develop a strategy in which orientation

independent features are extracted. Such strategies seem to 

apply only to stimuli contained in the experimental set, 

however. 

Nevertheless, Jolicoeur's findings are important 
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because they suggest that an orientation-independent process 

does not operate until observers have sufficient experience 

with the stimuli. Jolicoeur, Snow, and Murray (1987) have 

recently observed that alphanumeric characters also show an 

initial effect of orientation on the first block of trials 

(which is also quickly diminished) suggesting that 

familiarity with the stimuli used in the experiment is more 

important than the complexity of the stimuli or with the 

familiarity of the stimuli in other circumstances. As such, 

it is likely that the orientation-independence observed in 

previous studies was due to the fact that subjects received 

extensive practice with the experimental stimuli at all 

orientations prior to the experimental trials. Hence, the 

orientation-dependence of shape recognition seems to be 

limited to initial exposure. Questions concerning why 

stimulus familiarity affects access to orientation-dependent 

representations have stimulated subsequent research into the 

relation between stimulus properties and orientation

dependence (see below) . 

In the same series of experiments, Jolicoeur (1985) 

also investigated whether the orientation effect observed in 

the initial block of trials was large enough to be 

attributed to an imagined process of mental rotation. In 

this experiment, observers decided whether objects were 

facing to the left or to the right, a task known to invoke 



mental rotation. These results were then compared to the 

results obtained during the initial block of trials in a 

separate naming experiment. 
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Unlike the findings obtained when observers were asked 

to name misoriented stimuli, the orientation effects on 

left-right decisions were found to persist across all six 

trial blocks. The rate implied by this function was 

approximately 424°/sec which is within the range of previous 

mental rotation experiments (360 to 4600/sec). When the 

slopes for the left-right task were compared to those 

obtained for naming, it was found that they did not differ 

reliably. Note that the slopes were equivalent only after 

data from the 180° condition were excluded from the 

analysis. Jolicoeur (like Corballis et aI, 1978b) found that 

naming RT for stimuli misoriented by 180° were shorter than 

expected on the basis of performance at the other 

orientations. Nevertheless, it was concluded that 

recognition was mediated by a process similar to mental 

rotation during the initial viewing of misoriented stimuli. 

Jolicoeur's (1985) main findings have been replicated 

by Maki (1986) who used essentially the same procedure and 

stimuli, and by Jolicoeur (1988) who used a more sensitive 

repeated measures design. Like Jolicoeur (1985), Maki found 

a large effect of orientation on naming time, equivalent to 

left-right discrimination, which rapidly decreased after the 



first block of trials. However, Maki did not replicate 

Jolicoeur's finding that RTs to name shapes misoriented by 

180° were shorter than predicted on the basis of a linear 

function. Rather, her results showed that naming RT 

increased in a linear fashion from 0 to 180°. 
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using a single group of subjects, Jolicoeur (1988) 

found that the effect of orientation on naming RT did not 

differ reliably from the average effect of orientation on 

left-right RT. However, this was found only when the data at 

180° were omitted from the analysis. Again, the magnitude of 

the orientation effect persisted across trial blocks in the 

left-right task, but decreased rapidly (by the second trial 

block) in the naming task. 

On the basis of these results, Jolicoeur concluded that 

visual shape recognition depends upon a process of mental 

rotation, at least initially, and that naming RT reflects, 

in part, the time to access orientation-dependent 

representations. These findings also show that visual shape 

recognition can be dissociated from a process of mental 

rotation in that the magnitude of the orientation effect 

decreases with time in the naming task, but not in the left

right task. Although this dissociation may suggest a 

fundamental difference between mental rotation and 

normalization, it may simply reflect the operation of 

different strategies with repeated exposure to the set of 
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shapes used in the naming task (as opposed to the left-right 

discrimination task). Indeed, subsequent research has 

focused primarily on determining whether some aspects of 

shape are orientation-dependent and some are orientation

independent. 

Of course, the process of mental rotation that 

underlies naming can be dissociated from the process of 

mental rotation that underlies left-right discrimination 

only when naming does not depend upon left-right 

discrimination (or any other aspect of shape that is 

orientation-dependent). When naming does depend upon left

right discrimination, as when the left and right hand, or 

the letters band d must be identified (see Cooper & 

Shepard, 1975; Corballis & McLaren, 1984), naming and left

right discrimination just are the same task and the process 

of mental rotation cannot be dissociated across the two 

tasks. Although such instances of shape recognition may be 

rare outside the laboratory, some aspects of shape may be 

orientation-dependent and other aspects may be orientation

independent. In an attempt to determine the orientation

dependent and orientation-independent aspects of shape, 

Takano (1989) has recently proposed a theory of information 

types. In general, this theory attempts to specify the 

stimulus conditions under which orientation-dependence and 

orientation-independence will be observed in visual shape 
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recognition. 

According to Takano, it is necessary to distinguish 

between four types of information that are important in the 

representation of shape. The first kind of information is 

termed "identity" information. This form of information 

describes the individual elements constituting a form, e.g., 

straight vs. curved. The second type of information is 

termed "absolute orientation" information and refers to the 

orientation of elementary features, e.g., horizontal vs. 

vertical. The third type of information is termed 

"combination" information. Combination information specifies 

how two or more elementary features are combined independent 

of orientation, e.g., attached vs. detached. Finally, 

"relative orientation" information is concerned with 

combinations between two or more elements that is dependent 

on orientation, e.g., on-the-right vs. on-the-left. Hence, 

any relation between two or more elements that changes as a 

function of orientation around the line of sight is 

classified as relative orientation information. This form of 

information includes mirror transformations, but is not 

limited to these transformations. For instance, above vs. 

below is also considered by Takano to represent relative 

orientation information. 

Moreover, each of these four types of information can 

be orthogonally combined to form two binary distinctions. On 
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the one hand, "elementary" information (Le., identity and 

absolute orientation information) can be distinguished from 

"conjunctive" information (Le., combination and relative 

orientation information); and, on the other hand, 

"orientation-free" information (Le., identity and 

combination information) can be distinguished from 

"orientation-bound" information (i.e., absolute orientation 

and relative orientation information). The distinction 

between orientation-bound and orientation-free information 

is critical to the issue of normalization. According to 

Takano, the process of recognition will be orientation

independent if the differences between stimuli can be 

encoded in terms of orientation-free information. 

Conversely, the process of recognition will be orientation

dependent if the differences between stimuli must be encoded 

in terms of orientation-bound information. 

To test this prediction, Takano constructed novel 2D 

shapes from straight and curved line segments. For each 

standard shape that was constructed, three distractors were 

also constructed. stimulus pairs were presented 

simultaneously and observers were instructed to press a key 

when the standard shape was presented. An example of a 

standard drawing and its three associated distractors are 

depicted in Figure 2a-d. The distractors differed from the 

standard drawings on the basis of either identity, 
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combination, or relative orientation information. (Because 

stimuli were presented at various orientations around the 

line of sight, absolute orientation information serves as an 

independent variable in Takano's experiments.) For instance, 

when a straight line segment in the standard was replaced by 

a curved line segment in the distractor, the difference 

between the two stimuli could be stated in terms of identity 

information (compare Figures 2a and b). Likewise, when 

elementary features were attached to different elementary 

features in the distractors, the difference between the 

standard and distractor could be stated in terms of 

combination information (compare Figures 2a and c). Finally, 

when elementary features that were on the right in the 

standard were on the left in the distractor, then relative 

orientation information distinguished the two stimuli 

(compare Figures 2a and d). Notice that in this condition, 

the distractor was a mirror reflection of the standard. 

Takano's results supported his predictions in 

thatmental rotation functions were obtained when the stimuli 

to be compared differed on the basis of relative orientation 

information; however, there was no effect of orientation on 

RT when the stimuli differed on the basis of either identity 
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a b 

c d 

Figure 2. Examples of the novel stimuli used by Takano 

(1989). From "Perception of rotated forms: A theory of 

information types." by Y. Takano, Cognitive Psychology, 21, 

p. 12. Reprinted by permission. 



or combination information. Hence, these results support 

Takano's claim that normalization (or mental rotation) is 

required when stimuli differ on the basis of orientation

bound information, but not required when stimuli differ on 

the basis of orientation-free information. 
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The finding that mental rotation was invoked in the 

relative orientation condition is not surprising given that 

the distractor was a mirror reflection of the standard (and 

thus involves a left-right discrimination). Although 

observers were not explicitly instructed to make a mirror

normal discrimination in Takano's experiment, the task 

actually required (at least in the relative orientation 

condition) was mirror-normal discrimination. As such, 

Takano's findings do not contribute much to our prior 

understanding of the conditions which determine orientation

dependence in visual shape recognition, nor do they explain 

why the orientation-dependence observed in Jolicoeur's 

(1985; 1988; Maki, 1986) experiments was less enduring in 

the naming task than in the left-right discrimination task. 

Recently, Tarr and Pinker (1989; 1990) have also 

investigated the conditions under which orientation

dependence and orientation-independence can be observed in 

visual shape recognition. In one series of experiments, Tarr 

and Pinker (1989) were primarily interested in testing 

whether the orientation-independence observed in previous 
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experiments (Cooper & Shepard, 1973/1982; Corballis, et aI, 

1978b; Corballis & Nagourney, 1978a) could be due to 

multiple orientation-dependent representations that were 

set-up over the course of the experiment. Indeed, unlike 

Jolicoeur's naming experiments, these previous experiments 

exposed observers to stimuli at various orientations several 

times throughout the duration of the experiment (as opposed 

to once in each orientation). 

Like Takano (1989), Tarr and Pinker (1989) constructed 

novel 2D stimuli from vertical and horizontal line segments; 

their stimuli can be seen in Figure 3a-g. Observers were 

given extensive practice identifying three target figures 

and four distractors at a small number of orientations. 

Identification of the target figures involved assigning 

names like "Kif" and "Kor" to these shapes. This practice 

period consisted of 12 practice blocks in which both targets 

and distractors were presented at four orientations. For the 

three target figures, each block of practice trials 

consisted of eight replications at each of four orientations 

for a total of 96 replications over the course of the 12 

practice blocks for any given target and orientation. 

Following the 12 practice blocks, a final block of trials 

was presented in which observers were shown the target 



Figure 3. Examples of the novel stimuli used by Tarr and 

Pinker (1989). From "Mental rotation and orientation

dependence in shape recognition." by M. J. Tarr and S. 

Pinker, Cognitive Psychology, £1, p. 243. Reprinted by 

permission. 
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and distractors at the practice orientations as well as at 

"surprise" orientations. In all trial blocks, observers were 

asked either to name the target or press a footpedal if a 

distractor was presented. Distractors were included to 

increase the number of shapes that had to be identified, 

though only the three target figures were actually named. 

Tarr and Pinker found that the effects of orientation 

on recognition time were equal in magnitude to those found 

in classic mental rotation studies during the first block of 

trials (i.e., eight replications of each target figure at 

each orientation). However, by the twelfth test block this 

effect of orientation had decreased for those target figures 

that were presented at the practice orientations. 

Interestingly, when the target figures were tested at 

different, "surprise" orientations, during the final block 

of trials, latencies to respond suggested that subjects were 

imagining the shapes rotating from the new orientation to 

the closest old orientation. They concluded that an 

orientation-dependent representation came to be stored at 

each of the practice orientations suggesting that each shape 

had multiple orientation-dependent representations. 

Moreover, the same pattern of results was obtained 

regardless of whether observers were required to perform a 

mirror-normal discrimination or an identification task. 

Based on Tarr and pinker's results it appears that 
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performance on mental rotation and naming tasks need not 

diverge over time but can also follow the same pattern over 

time. This finding is curious because naming can be more 

flexible than mirror-normal discrimination in terms of the 

kinds of information that can be utilized in the response. 

For example, shapes may be composed of both orientation

independent and orientation-dependent aspects, and the 

orientation-independent aspects may be sufficient for 

identification. The discrimination of mirror-reflected and 

normal shapes, however, can only be decided on the basis of 

orientation-dependent information. 

Perhaps Tarr and pinker's stimuli could only be 

distinguished in terms of orientation-bound information; 

hence, both naming and mirror-normal discrimination were 

necessarily based on the same type of information. Indeed, 

Tarr and Pinker constructed their stimuli so that they could 

not be distinguished solely on the basis of distinctive 

features (or orientation-free information). Although none of 

their stimuli were mirror reflections of the others (except 

those in the mirror-normal discrimination task), they did 

differ on the basis of relative orientation information. For 

instance, comparison of Figures 3a and g, 3c and e, and 3d 

and f indicates that these pairs of shapes could only be 

distinguished on the basis of whether a vertical line 

segment was above or below a horizontal line segment. Hence, 
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it is possible that Tarr and Pinker obtained a more enduring 

orientation effect in their naming task because the target 

stimuli could only be distinguished from the distractors on 

the basis of orientation-bound information. This 

interpretation, if correct, is interesting because it 

extends Takano's predictions concerning the relation between 

orientation-dependence and relative orientation information 

to non-reflected cases; but, its relevance to the naming of 

natural objects is questionable because natural objects may 

be defined in terms of both orientation-independent and 

orientation-dependent aspects. 

Despite the questionable nature of their stimuli, Tarr 

and Pinker (1990) offer an account of orientation-dependence 

and orientation-independence in a subsequent series of 

experiments which investigated the effects of orientation 

and stimulus type on naming time. Tarr and Pinker 

constructed three sets of novel stimuli: symmetrical, 

skewed-symmetrical, or bilaterally redundant (see Figure 4). 

In each case, the stimuli consisted of a elongated vertical 

line that was attached to a shorter horizontal base. Other 

vertical and horizontal line segments were attached to the 

vertical shaft above the base. In the symmetrical stimulus 

set, the line segments to the left of the vertical shaft 

were mirror reflections of the line segments to the right of 

the vertical shaft (see Figure 4, row A). The stimuli in the 
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A~~~YfT1;h 
B~~~4f$'1i' 

c~~~tcrrlf 

Figure 4. Examples of the novel stimuli used by Tarr and 

Pinker (1990). Row A depicts bilaterally symmetrical 

stimuli; row B depicts skewed symmetrical stimuli; and row C 

depicts the bilaterally redundant stimuli. From "When does 

human object recognition use a viewer-centered reference 

frame?" by M. J. Tarr and S. Pinker, Psychological Science, 

~, p. 254. Reprinted by permission. 
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skewed-symmetrical stimulus set were identical to the 

stimuli in the symmetrical stimulus set except that the 

horizontal line segments were shifted to the right or left 

of the vertical shaft such that the length of the line 

segment to one side of the vertical shaft was not equal to 

the length of the line segment on the other side (see Figure 

4, row B). Finally, in the bilaterally redundant stimulus 

set, different linear and curvilinear line segments were 

attached to the right and left sides of the vertical shaft, 

but each stimulus had a unique combination of features on 

either side of the stimulus (see Figure 4, row C). These 

stimuli were called bilaterally redundant because 

identification of the features on either side of a stimulus 

was sufficient to distinguish it from each of the 

distractors. 

In each of these different stimulus conditions, Tarr 

and Pinker found no effect of orientation on the time to 

identify targets. Hence, these results stand in contrast to 

the results reported in their previous study which showed a 

large effect of orientation on naming time. 

Like Takano (1989), Tarr and Pinker (1990) attempted to 

explain the interaction between stimulus type and 

orientation in terms of differences in the types of 

information that need to be encoded in the representation. 

Unlike Takano, however, Tarr and Pinker account for the 
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interaction between stimulus type and orientation in terms 

of the number of dimensions that must be encoded in the 

representation rather than the kind of information that must 

be encoded. In their view, an n-dimensional axis is used to 

describe the input shape. According to Tarr and Pinker 

(1990), recognition will be orientation-independent to the 

extent that stimulus differences can be described along a 

one-dimensional axis, that is, by an axis which describes 

the shape along a single direction. In contrast, recognition 

will be orientation-dependent to the extent that stimulus 

differences must be described in more than one direction. 

Tarr and Pinker (1990) construe the one-dimensional 

axis, at least within the context of their stimulus set, as 

encoding information along a top-bottom axis that is based 

on the shape; whereas, they construe the two-dimensional 

axis as encoding information along both a top-bottom axis 

and a right-left axis. Whenever two dimensions have to be 

computed simultaneously, the coordinate frame of reference 

can no longer be based on the shape, but rather must be 

based on the top-bottom and left-right directions of the 

viewer. According to Tarr and Pinker (1990), the absolute 

handedness of the horizontal axis is not important, only 

that one side of the shape can be distinguished from the 

other. Hence, when the relative location of component 

features associated with each shape can be distinguished 
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along a single axis (as they are in the symmetrical, skewed 

symmetrical, and bilaterally redundant conditions), the 

process of recognition will be orientation-independent. 

However, when the ordering of parts along the vertical axis 

does not serve to distinguish each stimulus, then the 

relative location of parts along the horizontal axis must be 

taken into account (as they must be for the stimuli depicted 

in Figure 3). Because the location of parts are now 

specified with respect to the viewer, the process of 

recognition will be orientation-dependent. Hence, this 

account of orientation-dependence and orientation

independence differs from the theory of information types 

offered by Takano (1989). 

Recently, McMullin and Farah (1991) have attempted to 

extend Tarr and pinker's (1990) analysis of orientation

dependence to Jolicoeur's naming paradigm. In this 

experiment, Jolicoeur's stimuli depicting natural objects 

were divided into symmetrical and asymmetrical shapes and 

the time to name these objects was measured as a function of 

trial block (where trial block now refers to a single shape 

in a single orientation). Although symmetry and asymmetry 

per se are not considered by Tarr and Pinker to be the 

crucial division between orientation-dependence and 

orientation-independence in novel 2D shapes, these stimulus 

properties may represent one way in which Tarr and pinker's 
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(1990) distinction could be extended to natural objects. 

McMullin and Farah (1991) found that although naming 

time increased as a function of orientation (up to 120°) 

during the first trial block for both symmetrical and 

asymmetrical shapes, different patterns of results were 

observed for these two types of shapes over subsequent trial 

blocks. In particular, the effect of orientation remained 

when asymmetrical shapes were named, but there was no 

observed orientation effect when symmetrical shapes were 

named. In Tarr and pinker's (1990) view, this suggests that 

asymmetrical shapes require multidimensional axes (and thus 

orientation-dependent representations) regardless of whether 

the stimulus set is known or not. However, it is not 

entirely clear, on the basis of Tarr and pinker's theory, 

why a one-dimensional axis would suffice for the symmetrical 

shapes, but not for the asymmetrical shapes. 

In sum, Tarr and Pinker (1990) have proposed a theory 

that purports to explain the conditions under which mental 

rotation is required in visual shape recognition. According 

to this theory, orientation-dependent structural 

representations are required whenever multidimensional 

spatial relations must be encoded. On the other hand, visual 

shape recognition is based on an orientation-independent 

structural representation when the specification of parts 

along a single direction is sufficient to distinguish the 
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set of shapes. Of course, whether or not a single dimension 

will suffice is completely dependent upon the nature of the 

shapes that are included in the stimulus set. A shape that 

can only be distinguished on the basis of orientation

dependent aspects in one set of shapes may be distinguished 

on the basis of orientation-independent aspects in another 

set. Consequently, each shape, assuming sufficient 

complexity (e.g., that it has sides), has both orientation

dependent and orientation-independent aspects that are 

differentially asserted in different contexts. 

This dependency on the nature of the shapes contained 

in the stimulus set may explain why mental rotation is only 

observed during the first exposure to the stimulus set in 

Jolicoeur's (1985) naming paradigm. The diminished effect of 

orientation after the first trial block (i.e., experience 

with all of the to-be-tested shapes) may reflect the fact 

that a one-dimensional axis is determined to adequately 

distinguish the shapes. 

Moreover, McMullin and Farah's finding that orientation 

has an enduring effect on the naming of asymmetrical shapes 

may also be tied to the nature of the stimulus set. The 

asymmetrical shapes may have required a multidimensional 

axis in order to be distinguished from other shapes in the 

set. Consequently, it should be possible, in principle, to 

eliminate the enduring effect of orientation on the time to 



52 

name McMullin and Farah's (1991) asymmetrical shapes simply 

by eliminating the shapes in the set that were confusable. 

In short, orientation-dependence (or conversely, 

orientation-independence), as assessed by naming, may be a 

purely relative notion that can be observed in the 

laboratory only when the stimulus set is unknown or certain 

confusable shapes are included in the stimulus set. 

The fact that the nature of the representations 

underlying naming depends, to some degree, on the nature of 

the stimulus set is important because it raises the 

possibility that the orientation-dependence observed in 

naming experiments is due to a process of verification in 

which observers rotate to the upright because (or just in 

case) some orientation-dependent aspect of shape is relevant 

for correct naming. In other words, the process of mental 

rotation may be required only for correct naming, but not 

for initial access to stored representations. Yet when we 

talk about shape recognition, we are generally talking about 

initial access to stored representations. What is at issue 

is whether those representations are orientation-dependent 

or orientation-independent. The problem with using naming as 

a measure of recognition is that it is unclear whether 

naming actually measures the initial access to stored 

representations. 

The fact that certain aspects of shape are or are not 



53 

confusable and require mental rotation to discriminate is 

important, but does not necessarily show that stimulus 

inputs do or do not require some mental rotation-like 

normalization process in order to be matched to stored 

canonical representations. This is because we do not know 

how much information the orientation-independent aspects may 

provide about the identification of shape when stimuli can 

only be discriminated on the basis of orientation-dependent 

aspects. That is, given that each shape has orientation

independent aspects, it is possible that such aspects access 

stored representations, which leads to the recognition of 

shape independent of orientation, even when orientation

dependent aspects are required for finer discrimination (or 

for verification that such finer discriminations are not 

relevant, as in the first block of trials) . 

This issue is important because the claim that visual 

shape recognition does require mental rotation brings us 

back to the dilemma first raised by the imagery research of 

Cooper and Shepard (1973/1982). Recall that Cooper and 

Shepard argued that the linear nature of the mental rotation 

function suggested that observers rotated the shortest 

distance to the upright, and that reliable determination of 

the shortest distance seemed to require recognition. Hence, 

if mental rotation is required to match stimulus inputs to 

stored canonical representations, then an explanation of how 
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mental rotation is performed without prior identification is 

required. However, if mental rotation is required only for 

"post-access" discriminations, then the dilemma dissolves 

because mental rotation is not required for the initial 

access to stored representations. Rather the initial access 

to stored representations may occur on the basis of the 

orientation-independent aspects of shape. 

Indeed, Corballis (1988) has recently described how 

orientation-independent representations can co-exist with 

mental rotation-like normalization processes. In this view, 

there are two types of representation. One kind of 

representation is an object-centered representation. In this 

representation top and bottom are specified with respect to 

the shape only, not with respect to the viewer or 

environment. The other kind of representation provides some 

specification of the typical orientation of the input shape 

with respect to the viewer or environment. Because it is 

unclear what to call this representation, I will merely 

refer to it as the second representation. Recognition 

involves an interaction between these two forms of 

representation. Information about the shape's top and bottom 

are relayed from the object-centered representation to the 

second representation, and information about the shape's 

typical orientation is relayed back to the object-centered 

representation from the second representation. 
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How does recognition occur in this view? In general, a 

description may be directly matched to the correct object

centered representation regardless of orientation and a 

"crude" form of recognition may result. Recognition is crude 

in the sense that the activation contained in the object

centered representation is too low to ensure confident 

recognition when the input shape is misoriented. Therefore, 

verification of this initial recognition is required. 

Verification involves increasing the activation in the 

object-centered representation. Activation can be increased 

by normalizing, or rotating, the input shape into its 

typical orientation so that a match to the orientation 

specified in the second representation can increase the 

activation of the object-centered representation. Rotation 

can proceed via the shortest route to the upright because 

the top of the shape is known following access to the 

object-centered representation. The increased activation 

that results from imagined rotation of the shape to the 

typical orientation can feedback to the initial object

centered representation. The combined activation is strong 

enough to allow confident naming to occur. 

Hence, there is a standoff in the naming literature. It 

is impossible to decide on the basis of the existing 

evidence whether normalization occurs prior to initial 

access--as the orientation-dependent accounts claims; or, 
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whether normalization occurs after initial access has 

occurred--as Corballis' orientation-independent account 

claims. In the present experiments, I have investigated the 

feasibility of these two conceptualizations of normalization 

using a new task developed in Peterson' s laboratory that 

does not require naming as its measure of access to 

stored representations. 

Recently, Peterson, Harvey, and Weidenbacher (1991) 

have developed a paradigm that measures access to structural 

shape representations within a figure-ground task. In the 

Peterson et al studies, structural representations have been 

shown to contribute both to the maintenance of figure-ground 

organization and to the initial organization of figure and 

ground (Peterson & Gibson, 1991; in progress). 

Figure 5a and b illustrate the ambiguous figure-ground 

stimuli used by Peterson et al (1991). These stimuli were 

biased toward the center-as-figure interpretation by the 

various Gestalt laws of organization such as area, symmetry, 

enclosedness, and so on. However, the surrounds were more 

"denotative" than the centers in that larger proportions of 

subjects agreed on a single interpretation for the surround 

(97%) than the center (16%). When the stimuli were inverted, 

both the center and surround regions had low denotivity 

values (12% and 16%, respectively). 

In one experiment in which observers viewed these 
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ambiguous figure-ground stimuli at various orientations 

between 0 and 180°, Peterson et al found that the ability to 

maintain the surround as figure depended on the orientation 

of the stimulus. Observers were able to maintain the more 

denotative surround for longer durations in the upright 

orientation than in the inverted orientation, and this 

ability decreased incrementally as the stimulus orientation 

varied between upright and inverted. The increased ability 

to hold the surround as figure in the upright orientation 

was interpreted as reflecting the fact that the depicted 

shape in the upright surround matched a representation 

stored in shape memory. In the misoriented conditions, the 

depicted shape in the surround either did not match a stored 

representation or did not activate a stored representation 

adequately, and therefore, had to be normalized in order to 

exert its influence. The greater the misorientation, the 

lower the likelihood that the normalization process would be 

completed in time to influence figure-ground decisions. 

Hence, Peterson et al (1991) concluded that shape 

recognition processes influence figure-ground organization 

only if there is a match between an internal description of 

the stimulus and a stored representation. 
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a b 

c d e 

Figure 5. Figures a and b are the figure-ground stimuli used 

by Peterson et al (1991). Figures c-e are the figure-ground 

stimuli used by Peterson and Gibson (1991). From "The 

initial identificiation of figure-ground relationships: 

contributions from shape recognition processes." by M. A. 

Peterson and B. S. Gibson, Bulletin of the Psychonomic 

Society, 29, p. 200. Reprinted by permission. 
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In addition, Peterson and Gibson (1991; in progress) 

tested the effects of denotivity on initial figure-ground 

organization. In their experiment, Peterson and Gibson 

exposed figure-ground stimuli (see Figure 5c-e) in both 

upright and inverted orientations for six different exposure 

durations and followed these presentations immediately with 

a mask. The stimuli used by Peterson and Gibson differed 

from the stimuli used by Peterson et al (1991) in that 

denotivity was the only variable differentiating the two 

regions on either side of a contour: The region to one side 

was high in denotivity whereas the region to the other side 

was low in denotivity. Peterson and Gibson found that the 

region that was high in denotivity was chosen as figure more 

often when it was upright than when it was inverted. These 

findings extend the effects of structural shape 

representations to initial figure-ground organization. 

These findings reported by Peterson and her colleagues 

are important because they provide evidence, outside the 

context of naming, that a process of normalization is 

required before recognition occurs. However, like the naming 

studies, this evidence is consistent with both the 

orientation-dependent account and Corballis' (1988) 

orientation-independent account of shape recognition. The 

experiments reported by Peterson and her colleagues were not 

designed to answer this question. Consequently, in the 



present experiments, I used the brief exposure paradigm 

developed by Peterson and Gibson (1991) to test the 

orientation-dependent account and the orientation

independent account of shape recognition. 
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CHAPTER 3 

EXPERIMENT 1 

General Methodology and Predictions 
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The twelve figure-ground stimuli used in the first 

experiment are depicted in Figure 6. Peterson, Rose, Gibson, 

and Vezey (in preparation) recorded the most common 

interpretations for each region of the figure-ground stimuli 

at 0°, 90°, and 180°. These proportions are shown in Table 1. 

The most common interpretations given when the stimuli were 

presented at 0° are listed in Table 1. The proportions given 

at 90° and 180° are for interpretations that reflect 

canonically-oriented shapes. 

Each stimulus depicted in Figure 6 had a region that 

was high in denotivity (HD) and a region that was low in 

denotivity (LD) when the stimulus was depicted in its 

upright orientation. However, denotivity was approximately 

equal in the two regions when the stimuli were pictured at 

atypical orientations. This change in denotivity for the HD 

region reflects the fact that the shape depicted by this 

region did not match a canonically-oriented stored 

representation very well. The two halves of each stimulus 

were equal in convexity and area. Hence, the only basis for 

favoring one side of these stimuli as figure would be 

provided by shape recognition inputs if they contributed to 

igure-ground organization. These stimuli were each 



Bell Hydrant Lamp 

Stopsign Windmill Woman 

Coffee Pot Seahorse Snowman 

Toilet Tree Wrench 

Figure 6. The twelve figure-ground stimuli used in the 

present experiments. 
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Table 1 
Pro12ortion of res120nses associated with the most common 
inter12retation for the twelve figure-ground stimuli used in 
EX12eriment 1. The most common inter12retation at 0° is listed 
under Figure. 

orientation 

HD top HD bottom 
0 90 90 180 

Region 

Figure HD LD HD LD HD LD HD LD 

Bell .91 .19 .00 .26 .22 .22 .27 .30 

Coffee .90 .19 .18 .21 .06 .09 .83 .13 

Hydrant .65 .19 .00 .29 .38 .09 .10 .10 

Lamp 1. 00 .22 .13 .21 .34 .25 .47 .10 

Seahorse .96 .09 .08 .13 .09 .34 .13 .33 

Snowman .97 .13 .22 .38 .29 .08 .16 .23 

Stopsign .88 .19 .16 .21 .44 .09 .28 .21 

Toilet 1. 00 .22 .08 .18 .00 .12 .17 .23 

Tree .94 .09 .45 .45 .19 .12 .37 .27 

Windmill .91 .06 .09 .06 .08 .05 .13 .33 

Woman 1. 00 .09 .21 .13 .16 .00 .13 .10 

Wrench .88 .23 .13 .16 .11 .11 .43 .07 

X .92 .16 .14 .22 .20 .13 .29 .20 



presented at six different orientations (0 to 300 in 60 

degree steps). The stimuli were exposed for 86 msec and 

masked and observers decided whether the black or white 

region appeared to be figure. Performance was measured as 

the likelihood that the HD region was chosen as figure. 
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The canonical orientation and orientation-independent 

views were tested by presenting various forms of information 

before each figure-ground decision had to be made. A similar 

paradigm was used by Cooper and Shepard (1973/1982) to 

determine what sort of prior information could eliminate the 

effect of orientation on mirror-normal discrimination. I 

adapted their procedure to determine what sort of prior 

information could eliminate the effect of orientation on 

shape recognition. This paradigm will allow us to 

distinguish between the orientation-dependent account and 

the orientation-independent account of shape recognition. 

In the first experiment, four conditions of prior 

information were employed. The first condition was a 

Baseline condition. In this condition, no prior information 

was presented. It was predicted that, in this condition, 

there would be an effect of orientation; that is, the HD 

region should be chosen more often when the stimulus is 

presented in its typical orientation than when it is 

presented in atypical orientations. This is because the 

process of normalization is required at atypical 



65 

orientations, but is unable to come to completion before a 

figure-ground decision is made. Hence, in this instance, 

shape recognition processes should not contribute to figure

ground decisions at atypical orientations. Because the 

stimuli were equal in area and convexity, there is no other 

reason to prefer one or the other side as figure. Hence, 

both sides should be chosen as figure about equally often. 

Both the canonical orientation and orientation-independent 

accounts predict this style of performance in the Baseline 

condition. 

The second condition was designed to test whether 

normalization occurs after initial access. This condition 

was called the "Upright Cue" condition. In the second 

condition, an outline drawing of a full version of the shape 

depicted by the HD region was presented in its typical 

orientation before the figure-ground stimulus was presented. 

These Upright Cues are depicted in Figure 7. Notice that 

each of the drawings is a symmetrical shape. The Upright 

Cues were presented for 2 sec. Subjects were instructed to 

study a given shape while it was on the screen. After the 

Upright Cue disappeared a circle appeared on the screen for 

1.5 sec. During this time subjects were instructed to keep 

their eyes and their attention focussed on the inside of the 

circle and to continue to imagine the shape that they had 

previously seen--making sure that they made an image of the 
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Figure 7. The six shape cues used in Experiment 1. 
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whole shape. After the circle disappeared there was a 300 

msec interval and then a figure-ground stimulus was 

presented in one of six orientations. On half of the trials, 

the identity of the upright cue matched the figure-ground 

stimulus--i.e., one of the regions of the figure-ground 

stimUlUS contained half of the cue. These were called the 

"compatible" trials. On the other half of the trials, the 

identity of the upright cue did not match the figure-ground 

stimulus--i.e., neither region of the picture contained the 

cue. These were called the "incompatible" trials. The 

incompatible trials were included to discourage subjects 

from using a feature matching strategy. Also, incompatible 

trials are standard in imagery-perception interaction 

experiments. 

The orientation-dependent account and the orientation

independent account predict different patterns of 

performance in the Upright Cue condition. 

According to the orientation-independent view, accurate 

recognition is dependent upon the amount of activation 

present in an orientation-independent representation and 

normalization is a process that increases the amount of 

activation. The upright cue activates the object-centered 

representation strongly because it is presented in its 

typical orientation. This same object-centered 

representation is accessed by a misoriented figure-ground 
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stimulus regardless of orientation. Normalization is not 

required for this initial access. It is predicted that the 

joint activation of the object-centered representation that 

arises from the upright cue and the misoriented figure

ground stimulus could be sufficient to exceed the threshold 

for confident recognition. Under such conditions, 

recognition should occur without normalization. Hence, there 

should be no effect of orientation in the Upright Cue 

condition; in addition, performance may be greater in this 

condition than in the Baseline condition at all orientations 

because the cue may also facilitate the initial access to 

the stored representation. 

On the other hand, if recognition is achieved only 

after the input has been normalized and matched to a 

canonical representation, then the prior presentation of an 

upright cue will not eliminate the need to normalize. The 

upright cue activates the canonical orientation 

representation. but this canonical orientation 

representation is accessed by the misoriented figure-ground 

stimulus only following normalization. It is predicted that 

the upright cue will not eliminate the effect of 

orientation. If activation is effective at all, there should 

be a difference between the Upright Cue condition and the 

Baseline condition at 0° because no normalization is 

required and the pre-existing canonical representation has 
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been primed. 

Given that the upright cues may not eliminate the need 

for normalization, the last two conditions were designed to 

investigate whether other forms of prior shape information 

could eliminate the need for normalization. In the third 

condition, observers were first given an upright cue for 2 

sec, and were instructed to form of an image of the shape 

after it disappeared. Immediately following the upright cue, 

orientation information was presented for 1.5 sec. The 

orientation information \vas an arrow enclosed wi thin a 

circle which pointed in one of six orientations between 0 

and 300 degrees. Observers were instructed to imagine 

rotating the upright cue so that the top of their image was 

aligned with the head of the arrow. Based on Cooper and 

Shepard's (1973/1982) results, it was assumed that a 1.5 sec 

exposure of the orientation cue would provide an adequate 

amount of time to imagine rotating an image to the 

appropriate orientation. After the orientation information 

disappeared there was a 300 msec interval and then a figure

ground stimulus was presented in one of six orientations. 

This condition was called the "Imagined Rotation" condition. 

The fourth condition was similar to the Imagined 

Rotation condition except that the shape cue was depicted 

(for 2 sec) in the same orientation as the upcoming test 

stimulus. Hence, observers in this condition did not have to 
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rotate their images to the upcoming test orientation, but 

merely had to preserve their image in the same orientation 

as it was seen until the figure-ground stimulus was 

presented. The interstimulus interval was the same as the 

Upright Cue and Imagined Rotation conditions (1.5 sec). This 

condition was called the "Same orientation Cue" condition. 

As in the Upright Cue condition, half of the trials in both 

Same orientation Cue condition and the Imagined Rotation 

condition provided compatible shape information and the 

other half provided incompatible shape information. 

orientation information was always valid. 

To ensure that orientation information was utilized by 

observers in the Imagined Rotation condition, the figure

ground task was embedded within a left-right discrimination 

task in the Imagined Rotation condition and the Same 

orientation Cue condition. The left-right task involved 

discriminating whether an asterisk appeared on the left or 

right side of the shape; this was used in place of a mirror

normal judgment because the shape cues were symmetrical. The 

test stimuli used in the left-right task are depicted in 

Figure 8. Subjects were not aware of whether they would be 

required to perform a left-right decision or a figure-ground 

decision until the test figure was exposed. 
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f 9 h . 
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k m n o 

Figure 8. The 15 left-right stimuli used in Experiment 1. 
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Corballis and Cullen (1986) have shown that left-right 

discriminations invoke mental rotation when no prior 

information is provided to observers. Cooper and Shepard 

(1973/1982) showed that providing observers with both shape 

and orientation information before mirror-normal 

discriminations had to be performed eliminated the need for 

mental rotation after exposure of the stimulus relevant for 

the mirror-normal task. This was taken as evidence that 

subjects had utilized the orientation cues and had imagined 

rotating the shape to the cued orientation. Cooper and 

Shepard examined mirror-normal discriminations only, using 

alphanumeric characters. Because left-right discriminations 

are different than mirror-normal discriminations, the RT 

slope may not reduce to 0 with prior information as it did 

in the Cooper and Shepard experiments. If subjects in the 

Imagined Rotation condition are indeed imagining the 

rotation, the RT slope in the Imagined Rotation condition 

should be equivalent to that obtained in the Same 

orientation Cue condition. 

Performance in the figure-ground task in the Imagined 

Rotation condition and the Same orientation Cue condition 

will provide useful information about the nature of 

structural representations. If the orientation-independent 

account of shape recognition is correct, then performance in 

the Imagined Rotation and Same orientation Cue conditions 
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should be equivalent to performance in the Upright Cue 

condition. This is because presentation of the cue in each 

of these conditions should activate stored representations 

in the same way: Cues in both the Upright Cue condition and 

Imagined Rotation condition are presented in their typical 

orientation, and cues presented at atypical orientations in 

the Same orientation Cue condition could be normalized to 

their typical orientation before they disappeared. 

If the orientation-dependent account of shape 

recognition is correct, then normalization is required to 

match inputs to stored canonical orientation 

representations. Normalization might be unnecessary only 

when other orientation-dependent representations are stored 

at atypical orientations. Tarr and Pinker (1989) have 

recently obtained evidence which suggests that new 

representations can be set up at atypical orientations 

within the context of naming. But can new representations 

that influence figure-ground organization be set up at 

atypical orientations as well? If so, the effect of 

orientation on figure-ground performance in the Same 

orientation Cue condition should be eliminated. Furthermore, 

any differences observed between the Imagined Rotation 

condition and the Same orientation Cue condition may provide 

useful information about the role of mental rotation in 

visual shape recognition. 
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Method 

Subjects. A total of 96 subjects from the University of 

Arizona community participated in this experiment. They were 

reimbursed for their time at rate of $lO.OO/hour. Twenty

four subjects were assigned to each of the four conditions 

(Baseline, Upright Cue, Imagined Rotation, and Same 

orientation Cue conditions). All subjects had normal or 

correct-to-normal vision. 

stimuli and Apparatus. All four conditions used the 

same twelve figure-ground stimuli shown in Figure 6. The 

black outlines drawn around each figure-ground stimulus were 

not actually present in the experimental stimuli. Instead, 

all stimuli were presented on a grey background. The 

contrast was adjusted so that the gray background appeared 

to be halfway between black and white, as determined by 

three independent observers. Four versions of each figure

ground stimulus were created at each orientation so that the 

HD region was located on the right in half the versions, on 

the left in the other half, and within each of these 

conditions was black half of the time and white the other 

half of the time. Two sets of six figure-ground stimuli were 

created, one set to be used on compatible trials, the other 

set to be used on incompatible trials. The compatible set 

included the bell, hydrant, lamp, stopsign, windmill, and 

woman figures. The incompatible set included the coffee pot, 
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seahorse, snowman, toilet, tree, and wrench figures. The 

figure-ground stimuli ranged from 4.4° to 5.7° in height and 

from 1.9° to 4.1° in width when viewed from a distance of 90 

cm, the viewing distance used in this experiment. A circular 

red outline, subtending 6.0°, preceded each figure-ground 

stimulus. In the Imagined Rotation condition, a red arrow 

drawn inside this circular field pointed in one of six 

orientations between 0 and 300°. A pattern mask consisting 

of a random array of black lines drawn on a square white 

background followed the presentation of each figure-ground 

stimulus. The pattern mask subtended 5.7° in height and 6.3° 

in width. The shape cues were red outline drawings of the 

full HD region, as shown in Figure 7. The shape cues ranged 

from 4.8° to 5.7° in height and from 2.2° to 4.4° in width. 

six of the stimuli used in the left-right task were filled 

in versions of the shape cues (see Figure 8a-f). The 

remaining nine stimuli used in the left-right task were also 

full symmetrical versions of HD regions taken from Peterson 

et aI's (in preparation) set of figure-ground stimuli (see 

Figure 8g-o). All left-right stimuli appeared as solid red 

shapes. The asterisk was also red and subtended 0.6°. The 

asterisk was located 1.3° to the right or left of the shape. 

stimuli were presented on a Princeton Ultrasync 

monitor. All stimuli were presented on a gray background. 

Responses were recorded by a Compac 386 microcomputer. Head 
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movement was restrained by a chinrest. 

Procedure. Subjects in the Baseline and upright Cue 

conditions began the experiment with an introduction to the 

general principles of figure-ground organization. They were 

shown a center/surround version of the Rubin (1915/1958) 

vase/faces drawing and were told that a region was figure 

only when it appeared to own the contour; that is, the 

figural region was defined as having a definite shape. The 

ground was defined as appearing shapeless and as appearing 

to continue behind the figural region. These criteria were 

derived from accepted descriptions of the components of 

figure-ground organization (Rubin, 1915/1958). After this 

introduction, subjects were shown a half version of the 

Rubin vase/faces stimulus, similar to those shown in Figure 

6, and were told that the same principles of figure-ground 

organization applied to stimuli such as these. Two practice 

trials in which the half Rubin stimulus was presented in its 

typical orientation followed this instruction. At this 

point, the figure-ground stimuli were presented for 86 msec 

and the mask was presented for 200 msec. Following the mask, 

subjects reported whether the black or white region had 

appeared as figure by pressing one of two keys. Subjects in 

the Baseline condition then practiced on eight more trials 

with new stimuli, also similar to those shown in Figure 6, 

presented at both typical and atypical orientations. These 



eight practice stimuli were drawn from the Peterson et al 

(in preparation) set, but were not used on any of the 

experimental trials. 
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Subjects in the Upright Cue condition were told that 

before each figure-ground stimulus was presented, an outline 

drawing of a shape would be presented in its upright 

orientation. Subjects were instructed to study the shape 

while it was on the screen and to continue to imagine its 

shape after it disappeared and until the figure-ground 

stimulus was presented. Subjects were not given any explicit 

information about the relationship between the cues and the 

figure-ground stimuli. They were merely told that the cue 

might or might not help their figure-ground decision. These 

subjects then participated in eight practice trials 

employing the same stimuli used in the Baseline condition, 

except that for subjects in the upright Cue condition, the 

upright shape cue preceded each figure-ground stimulus. On 

half of these practice trials, the upright cue was 

compatible with the figure-ground stimulus and on the other 

half the cues were incompatible. 

After these initial practice trials, subjects in both 

the Baseline and Upright Cue conditions participated in 72 

experimental trials. These trials were divided into six 

blocks of trials in which each of the twelve figure-ground 

stimuli was presented once in each orientation. Each of the 
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six stimuli in the compatible set and the incompatible set 

was presented in one of the six different orientations 

within each block. Each stimulus appeared in every 

orientation across the six trial blocks. stimuli were 

presented randomly within each block of trials. six 

different orders of these six trial blocks were created 

using a Latin-Square Design. Four sequences of the six 

orders were created for a total of 24 orders. Each subject 

viewed a given order. within a sequence, a given HD region 

was presented either on the left or on the right. For half 

of the stimuli in each of the compatible and incompatible 

sets, the HD region was located on the right, and for the 

other half, the HD region was located on the left. within 

any given order, each HD region was presented in black half 

the time and in white the other half of the time across the 

six orientations. In the second sequence, these black and 

white assignments of the HD regions were reversed. The third 

and fourth sequences were the same as the first and second, 

respectively, but the left and right location of each HD 

region was reversed. 

In the Upright Cue condition, each of the six shape 

cues were presented twelve times. Half the time the upright 

cue preceded a compatible figure-ground stimulus and the 

other half the time the upright cue preceded an incompatible 

figure-ground stimulus. Each shape cue appeared twice in 
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each block of trials, once as a compatible cue and once as 

an incompatible cue. For each shape cue, the orientation of 

the compatible and incompatible figure-ground stimuli within 

a given block was always different. 

Three different incompatible figure-ground stimuli were 

paired with each shape cue. On incompatible trials, the bell 

cue, hydrant cue, and lamp cue were paired with figure

ground stimuli depicting a coffee pot, a snowman, and a 

wrench. The stopsign cue, windmill cue, and woman cue were 

paired with figure-ground stimuli depicting a seahorse, a 

toilet, and a tree. Each shape cue preceded its three 

incompatible figure-ground stimuli at two different 

orientations. If a shape cue preceded an incompatible 

figure-ground stimulus at 0°, then it also preceded this 

same stimulus at 180°. If a shape cue preceded an 

incompatible figure-ground stimulus at 60°, then it also 

preceded this same stimulus at 300°. Finally, if a shape cue 

preceded an incompatible figure-ground stimulus at 120°, 

then it also preceded this same stimulus at 240°. This was 

done because performance at 60° and 300° was averaged 

together, as was performance at 120° and 240°. 

Within each sequence of six orders, half of the 

subjects pressed the right shift key to indicate that the 

black region was figure and the left shift key to indicate 

that the white region was figure. These key assignments were 



reversed for the other half of the sUbjects. Subjects were 

instructed to base their figure-ground decision on their 

first impression. 
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The Imagined Rotation and Same orientation Cue 

conditions were divided into two parts. Part 1 of the 

experiment began with an introduction to the left-right 

discrimination task. Subjects were instructed to always base 

their left-right decisions on the upright orientation of the 

shape, and they were instructed to press the right shift key 

when the asterisk was on the right and the left shift key 

when the asterisk was on the left. No subjects reported any 

difficulty with this response mapping. Subjects first 

participated in four practice trials without any form of 

prior information. After this initial practice, they were 

told that shape and orientation information would be 

provided before each left-right decision to help them 

perform the left-right task. Subjects in the Imagined 

Rotation condition were instructed to imagine rotating the 

upright cue all the way to the arrow. subjects in the Same 

orientation Cue condition were instructed to imagine the cue 

in the same orientation in which it had been presented. 

Subjects then participated in 24 trials in which they 

practiced using the shape and orientation information while 

making left-right decisions. These 24 practice trials 

employed six symmetrical shapes taken from figure-ground 
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stimuli in the Peterson et al (in preparation) set. None of 

these stimuli were used in the experimental trials. This 

practice was followed by 108 experimental trials in which 

only left-right decisions were made. The nine stimuli used 

during these trials can be seen in Figure 8g-o. Each 

stimulus was presented in each orientation twice, with the 

asterisk appearing once on the right and once on the left. 

stimuli were divided into six blocks. Each stimulus was 

presented in each block twice, once with the asterisk 

located on the right and once with the asterisk located on 

the left. The two orientations in which each stimulus was 

presented within a single block were always different. 

stimuli were presented randomly within each block. six 

different orders of the six trial blocks were created using 

a Latin-Square Design. Two sequences of these six orders 

were created with the location of the asterisk in the first 

sequence being the opposite of that in the second sequence. 

Subjects were instructed to respond as quickly and as 

accurately as possible. 

After part 1 of the experiment, subjects were given a 5 

min break. Part 2 of the experiment commenced following the 

break. In part 2, subjects were introduced to the general 

principles of figure-ground organization in the same manner 

as subjects in the Baseline and Upright Cue conditions. The 

general procedure was the same in the Imagined Rotation and 
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the Same orientation Cue condition as in the Upright Cue 

condition except that an additional 36 left-right trials 

were embedded within the 72 figure-ground trials. These 36 

left-right trials were included to ensure that subjects 

continued to utilize shape and orientation information 

during the figure-ground trials. Subjects could not predict 

on any given trial whether they would be performing a left

right decision or a figure-ground decision. 

Each shape cue preceded a left-right stimulus version 

of itself at each orientation in addition to preceding one 

compatible and one incompatible figure-ground stimulus at 

each orientation. Within each of the six blocks of trials, a 

shape cue was presented three times: Once preceding a 

compatible figure-ground stimulus, once preceding an 

incompatible figure-ground stimulus, and once preceding a 

left-right stimulus. Each of the three stimuli following a 

particular shape cue within a given block of trials was 

presented at a different orientation. The asterisk was 

located on the right for half of the left-right trials and 

on the left for the other half. Subjects in the Same 

Orientation Cue condition were shown each shape cue in its 

typical orientation for 2 sec before the experimental trials 

began to ensure that the correct assignment of left and 

right could made when the shape was presented in an atypical 

orientation. Subjects pressed the same two keys to report 
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figure-ground organization and left-right decisions. No 

subject reported any difficulty with this response 

arrangement. There were eight figure-ground practice trials 

and three left-right practice trials preceding the 

experimental trials. 

Data Analysis. The primary question of interest in this 

experiment concerns the presence or absence of an 

orientation effect in the Baseline condition and each of the 

three cue conditions. The orientation effect within a given 

condition was evaluated by a one-way analysis of variance 

(ANOVA) with orientation as the sole within-groups factor. 

Performance at 60° and 300° were averaged together, as was 

performance at 120° and 240°. 
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Baseline Condition. The likelihood that the HD region 

was chosen as figure in both the compatible and incompatible 

Baseline conditions is shown in Figure 9 as a function of 

orientation. The likelihood that the HD region was chosen as 

figure was dependent on the orientation at which the figure

ground stimulus was viewed: Observers choose the HD region 

more often when the stimuli were presented in their typical 

orientations than when the stimuli were presented in an 

atypical orientation. This is indicated by a significant 

effect of orientation F (3,69) = 10.30, Q < .0001. Overall, 

subjects were more likely to chose the HD region in the 

incompatible Baseline condition than in the compatible 

Baseline condition, E(1,23) = 6.92, Q < .02, but this 

difference did not interact with orientation, E(3,69) = 

1.00, Q = .40. 

Individual ANOVAs performed on the compatible and 

incompatible Baseline conditions replicated the effect of 

orientation found in the combined analysis (E(3,69) = 6.22, 

Q < .001; and E(3,69) = 5.02, Q < .004, respectively). The 

likelihood of choosing the HD region as figure at 0° was 

greater than the likelihood of choosing the HD region as 

figure at all atypical orientations in both conditions (all 
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Figure 9. The likelihood that the HD region was chosen as 

figure in both the compatible and incompatible Baseline 

conditions as a function of orientation. 
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2'S < .05). There was no difference in performance across 

the atypical orientations in either the compatible or 

incompatible condition (E < 1; and E(2,46) = 1.30, 2 > .20, 

respectively). Although the likelihood of choosing the HD 

region was greater when the figure-ground stimuli were 

presented in their typical orientations, performance 

remained above chance at atypical orientations (all 2'S < 

.01) • 

upright Cue Condition: Compatible shape cues. The 

likelihood that the HD region was chosen as figure in the 

Upright Cue condition is shown in Figure 10 as a function of 

orientation. Performance in the compatible Baseline 

condition is also plotted for comparison. The likelihood 

that the HD region was chosen as figure in the Upright Cue 

condition was dependent on the orientation of the figure

ground stimulus. Like the Baseline condition, the HD region 

was chosen more often in the Upright Cue condition when 

figure-ground stimuli were presented in their typical 

orientations than when they were presented in atypical 

orientations. This is reflected in a main effect of 

orientation in the Upright Cue condition (E(3,69) = 18.39, 2 

< .0001). Moreover, the likelihood of choosing the HD region 

at the typical orientation was greater than the likelihood 

of choosing the HD region at all atypical orientations (all 
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Figure 10. The likelihood that the HD region was chosen as 

figure in the Upright Cue compatible condition relative to 

the Baseline compatible condition as a function of 

orientation. 
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2' < .0001). Performance at various atypical orientations 

did not differ from one another (~ < 1). 
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In order to evaluate whether performance differed 

across the Upright Cue and Baseline conditions, paired 

comparison tests were performed at each orientation. 

Observers were no more likely to choose the HD region in the 

Upright Cue condition than in the Baseline condition when 

figure-ground stimuli were presented in their typical 

orientations (2 = .15), nor at any atypical orientation (2'S 

range from .11 to .60). Relative performance across the two 

conditions at atypical orientations was also compared by 

averaging performance at all three atypical orientations. 

Again, no difference was observed (t(46) = 1.33,2 > .20). 

Upright Cue Condition: Incompatible shape cues. The 

likelihood that the HD region was chosen as figure when the 

upright cues were incompatible with the figure-ground 

stimuli can be seen in Figure 11. Performance in the 

incompatible Baseline condition is also plotted for 

comparison. The likelihood that the HD region was chosen as 

figure in the Upright Cue incompatible condition was similar 

to performance in the Upright Cues compatible condition. 

orientation had a significant effect on performance, ~(3,69) 

= 3.44, 2 =.02. However, the likelihood of choosing the HD 

region when figure-ground stimuli were presented in their 
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Figure 11. The likelihood that the HD region was chosen as 

figure in the Upright Cue incompatible condition relative to 

the Baseline incompatible condition as a function of 

orientation. 
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typical orientations was greater than the likelihood of 

choosing the HD region only at 120 and 1800 (R =.03 and R = 

.02, respectively). There was no difference observed between 

o and 600 (F < 1). As in the Upright Cue compatible 

condition, performance at various atypical orientations did 

not differ (E(2,46 =2.27, R > .1). 

Paired comparisons showed no difference between the 

Upright Cue incompatible condition and the incompatible 

Baseline condition at either the typical orientation (R > 

.60), or the atypical orientations (all R'S > .1). This was 

also confirmed when average performance at atypical 

orientations was compared (~< 1). 

Imagined Rotation Condition: Compatible shape cues. The 

likelihood that the HD region was chosen as figure in the 

Imagined Rotation condition and the compatible Baseline 

condition are shown in Figure 12 as a function of 

orientation. The likelihood that the HD region was chosen as 

figure in the Imagined Rotation condition was dependent on 

orientation. The HD region was again chosen more often when 

figure-ground stimuli were presented in their typical 

orientations than when they were presented in atypical 

orientations. This is shown by a main effect of orientation 

(F(3,69) = 9.47, R < .0001). Moreover, subjects were more 

likely to choose the HD region when presented at the typical 
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Figure 12. The likelihood that the HD region was chosen as 

figure in the Imagined Rotation compatible condition 

relative to the Baseline compatible condition as a func'l.ion 

of orientation. 
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orientation than when presented at all atypical orientations 

(all 2'S < .03). Performance at atypical orientations did 

not differ from one another (E < 1). 

The Imagined Rotation and Baseline conditions did not 

differ statistically when performance at 0° was compared (2 

= .15), or when performance at atypical orientations was 

compared (2'S range from .08 to .26). However, when 

performance at all atypical orientations was averaged before 

comparing the Imagined Rotation and Baseline conditions, the 

difference between the two conditions reached statistical 

significance: Observers were more likely to choose the HD 

region after they imagined rotating an upright cue to the 

desired atypical orientation than they were in the baseline 

condition (t(46) = 2.33,2 =.02). 

Imagined Rotation Condition: Incompatible shape cues. 

The likelihood that the HD region was chosen as figure when 

the shape cues were incompatible with the figure-ground 

stimuli can be seen in Figure 13. The likelihood that the HD 

region was chosen as figure in the Imagined Rotation 

condition no longer varied as a function of orientation (E < 

1). Moreover, performance in the Imagined Rotation condition 

did not differ statistically from performance in the 

Baseline condition at 0° (p = .10), or at atypical 

orientations (p's range from .38 to .55). This was also true 
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Figure 13. The likelihood that the HD region was chosen as 

figure in the Imagined Rotation incompatible condition 

relative to the Baseline incompatible condition as a 

function of orientation. 
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when average performance at atypical orientations was 

compared (t < 1). 
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Same orientation Cue Condition: Compatible shape cues. 

The likelihood that the HD region was chosen as figure in 

the Same orientation Cue condition and the Baseline 

condition are shown in Figure 14 as a function of 

orientation. The likelihood that the HD region was chosen as 

figure continued to be affected by orientation, despite the 

fact that the shape cue was presented in the same 

orientation as the figure-ground stimulus. A main effect of 

orientation (~(3,69) = 3.05, P = .03) again indicated that 

the HD region was chosen more often when figure-ground 

stimuli were presented in their typical orientations than 

when they were presented in atypical orientations. The 

difference between performance at 0 and 180° did not reach 

significance (p = .09), although the difference between 0° 

and 60°, and 0° and 1200 did. Again, performance at atypical 

orientations did not differ from one another (~< 1). 

The Same orientation Cue condition and Baseline 

condition did not differ when figure-ground stimuli were 

presented in their typical orientations (p = .08). However, 

observers did choose the HD region at each atypical 

orientation more often in the Same orientation Cue condition 

than in the Baseline condition (all p'S < .01). 
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Figure 14. The likelihood that the HD region was chosen as 

figure in the Same Orientation Cue compatible condition 

relative to the Baseline compatible condition as a function 

of orientation. 
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Same orientation Cue Condition: Incompatible shape 

cues. The likelihood that the HD region was chosen as figure 

when the shape cues in the Same orientation Cue condition 

were incompatible with the figure-ground stimuli can be seen 

in Figure 15. Like the Imagined Rotation condition, the 

likelihood that the HD region was chosen as figure in the 

Same orientation Cue incompatible condition did not vary as 

a function of orientation (E < 1). 

However, when the figure-ground stimuli were presented 

at 0 and 180°, observers were significantly less likely to 

choose the HD region in the Same orientation Cue condition 

than in the Baseline condition (p = .02, and p = .05, 

respectively). Performance did not differ across the two 

conditions at 60 or 120°, however (p = .10, and p = .27). 

comparison of the Upright Cue, Imagined Rotation, and 

Same orientation Cue Conditions: Compatible shape cues. 

Figure 16 shows that the likelihood of choosing the HD 

region at atypical orientations varied as a function of the 

nature of the information that preceded the figure-ground 

stimulus. Paired comparisons were performed between each 

condition at each atypical orientation. Average performance 

across atypical orientations was also compared. Subjects 

were more likely to choose the HD region as figure at 

atypical orientations in the Same orientation Cue condition 
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than they were in the Upright Cue condition both when 

performance at each orientation was compared (all ~'s < 

.02), and when performance was averaged across all atypical 

orientations (t(46) = 3.76, ~ < .0606). Moreover, subjects 

were more likely to choose the HD region as figure at 

atypical orientations in the Same orientation Cue condition 

than in the Imagined Rotation condition when performance was 

averaged across all atypical orientations (t(46) = 2.77, ~ < 

.009); however, individual paired comparisons indicated that 

these two conditions did not differ at 1800 (~= .31). In 

addition, there were no differences in the likelihood that 

the HD region was chosen as figure between the Upright Cue 

and Imagined Rotation conditions when performance at each 

atypical orientation was compared or when performance was 

averaged across all atypical orientations (all ~'s > .20). 

Finally, there were no differences observed between the 

three cue conditions when performance at 00 was compared 

(all 2'S > .60). 

Comparison of the Upright Cue, Imagined Rotation, and 

Same orientation Cue Conditions: Incompatible shape cues. 

There were no differences observed among the three cue 

conditions when the shape cues were incompatible with the 

figure-ground stimulus (~'s range from .08 to .56). 

Left-Right Discrimination 

Mean correct RTs for the first half of the experiment 
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(left-right discrimination trials only) and for the second 

half of the experiment (left-right discrimination plus 

figure-ground trials) can be seen in Figure 17 at each of 

the six orientations. Note that performance at 360° is the 

same as performance at 0° and is plotted for illustration 

only. For purposes of analysis, performance at 60 and 300° 

were averaged together, as was performance at 120 and 240°. 

These means are listed in Table 2 as a function of 

orientation. Trials in which an error occurred were replaced 

by the cell mean for that subject. 

A three-way ANOVA was performed with Half (first vs. 

second), and orientation as within-groups factors, and with 

Condition (Imagined Rotation vs. Same orientation Cue) as a 

between-groups factor. There were significant main effects 

of Half (E(1,46) = 33.96, 2 < .0001) and orientation 

(E(3,138) = 51.96,2 < .0001). There was also a significant 

interaction between Half and orientation (E(3,138) = 6.66, 2 

< .0004), and there was a marginal three-way interaction 

between Half, Orientation, and Condition (E(3,138) = 2.44, 2 

= .07). 

Subsequent ANOVAs were performed to evaluate these 

significant effects. ANOVAs were performed on the first and 

second halves separately with Orientation and Condition as 

within- and between-groups factors, respectively. In each 
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Figure 17. Mean correct RTs to decide left or right in the 

first half and the second half of the experiment in the both 

the Imagined Rotati)n and Same orientation Cue conditions as 

a function of orientation. 



Table 2 
Mean correct RTs for each half of the experiment as a 
function of orientation for both the Imagined Rotation 
condition and for the Same orientation Cue condition. 

orientation 

Half o 60 120 180 

Imagined Rotation Condition 

First 549 613 721 870 

Second 687 683 877 1059 

Same orientation Cue Condition 

First 585 590 678 814 

Second 707 785 877 1118 

102 
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half of the experiment, an increasing amount of time was 

required to decide whether the asterisk was on the left or 

the right as the shape was rotated further from its typical 

upright. This is reflected in a main effect of orientation 

(both 2'S < .0001). In some cases, performance was not as 

severely affected by small deviations from the typical 

orientation; for example, during the first half in the Same 

orientation Cue condition or during the second half in the 

Imagined Rotation condition RTs to stimuli misoriented from 

the typical orientation by 60° were approximately the same 

as RTs to stimuli presented in the typical orientation. 

These cases are consistent with Hock and Trombley's (1978) 

findings that representations can become "widely tuned" at 

the typical orientation. 

Neither the main effect of Condition, nor any 

interaction involving Condition approached significance in 

either half of the experiment (all 2's > .22) indicating 

that performance on the left-right decision task was 

similarlY affected by orientation in both the Imagined 

Rotation condition and the Same orientation Cue condition. 

This finding serves as one criterion for showing that 

subjects in the Imagined Rotation condition did imagine 
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rotating shapes to the cued orientation.' 

In addition, ANOVAs were performed on the Imagined 

Rotation and Same orientation Cue conditions separately with 

Half and orientation as within-group factors. In the 

Imagined Rotation condition, there was a significant main 

effect of Half (E(1,23) = 8.41, R < .009) and Orientation 

(E(3,69) = 24.37, R < .0001). In the Same Orientation Cue 

condition, there was also a significant main effect of Half 

(E(1,23) = 35.13, R < .0001) and Orientation (E(3,69) = 

28.90, R < .0001). In addition, there was a significant 

interaction between Half and Orientation in the Same 

orientation Cue condition (E(3,69) = 7.93, R = .0001) 

indicating that left-right decisions were affected more by 

orientation in the second half than in the first half. 

Error Rates. The percentage of errors made on the 1eft-

right decision task in each condition are listed in Table 3. 

, Another criterion for assessing whether subjects in 
the Imagined Rotation condition imagined the rotation of the 
shape cue to the cued orientation is to compare performance 
in this condition with performance in a Baseline condition. 
Accordingly, an additional 12 subjects participated in the 
left-right task only and were given no prior information 
before each left-right decision. A significant interaction 
between condition and orientation, E(6,171) = 4.62, R < 
.005, indicated that RT to decide left or right increased 
more sharply in the Baseline condition than in the Imagined 
Rotation condition. The estimated rate of imagined rotation 
in the Imagined Rotation condition was 561°jsec; whereas, 
the estimated rate of imagined rotation in the Baseline 
condition was 361°jsec. This serves as further evidence that 
subjects in the Imagined Rotation condition did imagine the 
rotation of the shape cue to the cued orientation. 
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Overall error rates were low in both the Imagined R'otation 

and Same Orientation Cue conditions (M = 2.84% and M = 

2.38%, respectively). A three-way ANOVA was performed with 

Half (first vs. second), and orientation as within-groups 

factors, and Condition (Imagined Rotation vs. Same 

Orientation Cue) as a between-groups factor. There was a 

significant main effect of Orientation (E(3,138) = 10.54, R 

< .0001). This main effect of orientation showed that error 

rates increased with orientation. There was also a 

significant interaction between Half and Condition (E(1,46) 

= 4.65, R < .05). Significantly more errors were committed 

in the second half of the experiment than in the first half 

in the Imagined Rotation condition (M =3.49 and M = 1.68, 

respectively). There was no difference between the first and 

second halves of the experiment in the Same Orientation Cue 

condition (R > .60). There is no indication of a speed

accuracy tradeoff. 
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Table 3 
Percentage of errors made in each half of the experiment at 
each orientation for the Imagined Rotation condition and for 
the Same orientation Cue condition. 

orientation 

Half o 60 120 180 

Imagined Rotation Condition 

First 0.93 0.47 1. 63 3.71 

Second 3.48 2.08 4.16 6.26 

Same orientation Cue Condition 

First 1.16 0.70 2.78 5.34 

Second 0.70 0.69 2.78 4.87 
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DISCUSSION 
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As predicted, performance in both compatible and 

incompatible Baseline conditions showed an effect of 

orientation with HD regions being chosen as figure more 

often when figure-ground pictures were presented in their 

typical orientations than in atypical orientations. This 

pattern of results replicates previous findings obtained by 

Peterson and Gibson (1991) concerning the initial 

organization of figure and ground when shapes were presented 

at 0 and 180°, and extends their results to more 

intermediate orientations. Peterson et al (1991) also 

obtained an effect of orientation when they measured the 

maintenance of figure-ground organization over the course of 

30 sec trials at orientations intermediate between 0 and 

180°; hence, the present results extend their findings to 

initial figure-ground organization as well. 

The previous results of Peterson and her colleagues 

(Peterson et aI, 1991; Peterson & Gibson, 1991; forthcoming; 

in progress) suggest that shape recognition processes 

contribute to initial figure-ground organization when input 

shapes can access the best-fitting stored representations 

before the completion of figure-ground computations. Like 

these previous studies, the effect of orientation in the 

present experiment suggests that input shapes accessed their 
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corresponding representations best when they were presented 

in their typical orientations, presumably because the 

corresponding memory representations specify the typical 

orientation of these shapes. Because input shapes matched 

stored representations when they were presented in their 

typical orientations, shape recognition processes 

contributed to initial figure-ground organization. When 

shapes were presented at atypical orientations, however, the 

input either did not match its corresponding representation, 

or it did match, but failed to raise activation in that 

representation above the threshold necessary for confident 

recognition. In either case, the lack of correspondence 

between the input and stored representation presumably 

served as a catalyst for a process of normalization. This 

process of normalization was not able to reach completion 

before figure-ground computations were completed; 

consequently, shape recognition did not exert a determining 

influence on initial figure-ground organization. 2 

2 It should be noted, however, that the HD region was 
chosen as figure above chance even at atypical orientations. 
Because the two regions on either side of the figure-ground 
contour were equated for area and convexity, there should be 
no preference to see either region as figure unless shape 
recognition processes contribute to initial figure-ground 
organization. The preference for the HD region over the LD 
region even at atypical orientations may suggest that the 
normalization process is able to reach completion on a small 
percentage of the trials. Another possibility is that the HD 
regions matched, albeit poorly, other stored representations 
more often than the LD regions. This was not predicted on 
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The primary issue in this experiment concerned the 

question of whether normalization occurs prior to initial 

access to the correct stored representation or whether 

normalization occurs after initial access. This question was 

addressed by testing whether or not the orientation effect 

persisted following the presentation of an upright cue in 

the Upright Cue condition. The orientation-independent 

account of shape recognition predicted that the prior 

activation of shape representations by the upright cues 

would eliminate the effect of orientation; whereas, the 

orientation-dependent account of shape recognition predicted 

that the effect of orientation should remain in the Upright 

Cue condition. 

Contrary to the predictions of the orientation-

independent account, the results obtained when the upright 

shape cues were compatible with the figure-ground stimuli 

supported the orientation-dependent account: An effect of 

orientation was found in the Upright Cue condition. Like the 

Baseline condition, HD regions were chosen more often as 

the basis of the relative denotivity values established for 
these stimuli (see Table 1), however. Finally, although the 
two regions were equated for stimulus variables such as area 
and convexity, it is possible that convexity was not 
measured appropriately and actually favored the HD region. 
Resolution of this issue is not crucial to the main purpose 
of determining the nature of shape representations, and 
hence, will not be pursued further in this paper. 
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figure when the shapes were presented in their typical 

orientations than in atypical orientations. Moreover, 

performance at atypical orientations in the Upright Cue 

condition was equal to performance at atypical orientations 

in the Baseline condition. This suggests that normalization 

was required even following the presentation of the upright 

cue. Hence, the representations stored in memory are 

orientation-dependent. 

This conclusion cannot be stated unequivocally, 

however, because there was no facilitation at the typical 

orientation in the Upright Cue condition relative to the 

Baseline condition. That is, observers were no more likely 

to choose the HD region as figure at 0° after presentation 

of the upright cue than without it, though there was a trend 

in the predicted direction. This leaves open the possibility 

that the upright cues did not activate their associated 

stored representations or that any such activation decayed 

over the lengthy lSI. Another possibility is that no 

facilitation was obtained at 0° because performance in the 

Baseline condition at 0° was close to or at a functional 

ceiling. Thus, it may not be the case that the cues were 

ineffective in activating their associated stored 

representations; rather, it may merely be the case that this 

effect could not be observed in the present experiment 

because of ceiling effects. Accordingly, the procedure was 
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altered in Experiment 2 so that the likelihood of choosing 

the HD region as figure in the Baseline condition was lower 

at 0°. Note that performance at atypical orientations in the 

present experiment was not at a functional ceiling, however. 

Therefore, any facilitation provided by the upright cue 

should have been observed. 

Nevertheless, the present results suggest that 

normalization was required even following the presentation 

of the upright cue. These results support the orientation

dependent account of shape recognition because cuing at 

upright did not eliminate the need to normalize as predicted 

by the orientation-independent account. 

The orientation-dependent account suggests that 

normalization is required for recognition whenever the parts 

labeled as top and bottom in the description do not match 

the parts labeled as top and bottom in the canonical 

orientation representation. This in turn suggests that the 

only way to eliminate normalization may be to set up new 

representations at atypical orientations. Indeed, choices of 

the HD region as figure were facilitated in the Same 

orientation Cue Condition relative to the Baseline condition 

when shape cues were compatible with figure-ground stimuli. 

This finding suggests that the presentation of a shape in 

the same orientation as the upcoming figure-ground stimulus 

had a greater influence on shape recognition processes for 
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shapes at atypical orientations, and thus, on initial 

figure-ground organization than did the presentation of the 

shape in its typical (upright) orientation (as in the 

Upright Cue condition) . 

More importantly, the facilitation observed at atypical 

orientations in the Same orientation Cue condition suggests 

that new representations were established during the course 

of the experiment, and that these representation could 

influence figure-ground organization. This explanation 

accounts for the facilitation at atypical orientations in 

the Same orientation Cue condition and it also accounts for 

the lack of facilitation at atypical orientations in the 

Upright Cue condition. If the representations of shape in 

memory specify the canonical orientation of the shapes they 

represent, as the results in the Upright Cue condition 

suggest, then the parts labeled top and bottom in the input 

description must match the parts labeled top and bottom in 

the representation in order for representations to be 

accessed without normalization. On the one hand, performance 

at atypical orientations in the Upright Cue condition did 

not differ from performance in the Baseline condition 

because observers did not set up a new representation 

capable of being matched directly by the input description 

at these orientations. Hence, the effect of orientation in 

this condition, as in the Baseline condition, must be 



completely overcome by a process of normalization, or 

recognition fails. 
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On the other hand, performance at atypical orientations 

in the Same Orientation Cue condition was facilitated 

because observers saw the shape cues at each of the test 

orientations and were able to set up a new representation 

that labeled the location of parts in the same way as the 

input description. Hence, new representations were set up at 

atypical orientations and recognition occurred without 

normalization in the Same Orientation Cue condition. 

Nevertheless, in the Same Orientation Cue condition, 

the HD region continued to be chosen as figure more often 

when the figure-ground stimulus (and cue) were presented at 

the typical orientation than at atypical orientations. This 

finding suggests that new representations have less 

influence on initial figure-ground organization than do pre

existing canonical representations. Tarr and Pinker (1989) 

also showed that new representations can be set up at 

atypical orientations following sufficient practice with the 

stimuli. However, Tarr and Pinker showed that new 

representations were functionally equivalent to canonical 

representations inasmuch as observers normalized to these 

representations when inputs were presented in nearby 

orientations. In addition, latencies to name target stimuli 

presented at upright did not differ from latencies to name 
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target stimuli presented at orientations in which new 

representations had been set up. Hence, Tarr and pinker's 

results suggest that both pre-existing and new 

representations can support recognition, or at least naming, 

equally well, provided the target stimulus is presented at 

atypical orientations a sufficient number of times. Exactly 

how much prior experience is required is difficult to 

determine on the basis of Tarr and Pinker's results. 

Nevertheless, it is possible that performance at atypical 

orientations differed from performance at the typical 

orientation in the Same orientation Cue condition of the 

present experiment because sufficient prior experience was 

not provided. In this view, the difference between the 

facilitation provided by pre-existing and new 

representations would decrease as more experience was given 

at each atypical orientation. 

One way experience might affect the amount of 

facilitation produced by a representation is by affecting 

the threshold activation level in the representation. In 

particular, the orientation effect observed in the Same 

orientation Cue condition may reflect the fact that new 

representations require more activation to reach threshold 

than pre-established canonical representations. The 

likelihood of choosing the HD region should be greater at 0° 

than at atypical orientations because pre-established 
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canonical representations have lower threshold activation 

levels; whereas, new representations have higher threshold 

activation levels. I will refer to this account of the 

orientation effect in the Same orientation Cue condition as 

the "threshold activation" account. 

This threshold activation account also predicts that 

the amount of facilitation observed in the Same orientation 

Cue condition at 0°, relative to the Baseline condition, 

should be greater than the amount of facilitation observed 

at atypical orientations. As mentioned above, the fact that 

more facilitation was not observed at 0° than at atypical 

orientations may be due to a functional ceiling effect. 

The results presented thus far may be summarized as 

follows: First, the results support an orientation-dependent 

process of recognition. The representations of shape in 

memory specify the canonical orientation of the shapes they 

represent. Second, the facilitation observed at atypical 

orientations in the Same orientation Cue condition suggests 

that normalization can be overcome by establishing new 

representations at these orientations. 

One question that remains for the orientation-dependent 

account is: Must support for canonical orientation 

representations imply that the process of normalization is 

mental rotation? Performance in the Imagined Rotation 

condition is relevant to this question. 
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Subjects in the Same orientation Cue condition were 

more likely to choose the HD region than subjects in the 

Imagined Rotation condition, at least at atypical 

orientations. This finding suggests that seeing (and then 

continuing to imagine) a shape in the same orientation as 

the test stimulus had a more profound influence on shape 

recognition processes than did imagining the rotation of an 

upright shape to the desired orientation. 

The difference between the Imagined Rotation and Same 

orientation Cue conditions cannot be explained simply by 

saying that observers were given insufficient time to 

imagine rotating their images to the desired orientation in 

the Imagined Rotation condition: The effects of orientation 

on RTs to decide on the left or right location of the 

asterisk in the left-right discrimination task were equal in 

the Imagined Rotation condition and the Same orientation Cue 

condition, suggesting that the shape and orientation cues 

were equally effective in these two conditions. 

One reason choices of the HD region as figure at 

atypical orientations were not facilitated as much in the 

Imagined Rotation condition as in the Same Orientation Cue 

condition may be that the specification of top and bottom 

was not changed in the transformed representation in the 

Imagined Rotation Condition. That is, following the imagined 

rotation, the object-centered top and bottom may have 
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continued to be specified with respect to the shape's 

typical, or canonical, top and bottom. So, even though the 

imagined representation was in the same orientation as the 

figure-ground stimulus, the parts labeled as top and bottom 

at atypical orientations may not have matched in the 

Imagined Rotation condition, whereas they did match in the 

Same orientation Cue condition. As predicted by the 

orientation-dependent account, shape recognition should be 

poor whenever the parts labeled as top and bottom in the 

description do not match the parts labeled as top and bottom 

in the representation. One advantage to actually seeing the 

shape at atypical orientations, as in the Same Orientation 

Cue condition, rather than simply imagining the shape 

rotating to those orientations, as in the Imagined Rotation 

condition, may be that the representation of the shape in 

the Same Orientation Cue condition specifies the same 

viewer-centered or environment-centered top and bottom as 

the figure-ground test stimulus does. 

The finding that facilitation in the Imagined Rotation 

condition is less than that in the Same Orientation Cue 

condition is important because it calls into question the 

relation between normalization and mental rotation. A 

critical component of the normalization process occurring 

prior to the initial access to stored representations must 

be the repeated re-specification of top and bottom in the 
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description until a match is found in memory. For instance, 

what was originally labeled as the bottom in the description 

of a shape misoriented from its typical orientation by 180° 

must be re-labeled as the top before it can be matched to 

its best-fitting representation. A process that transforms 

the orientation of the description while preserving its 

original top and bottom specification would not be of much 

use to an orientation-dependent process of shape 

recognition. Therefore, to the extent that mental rotation 

does not serve to re-define the top and bottom of a shape, 

it cannot serve as the process of normalization. 

An obvious objection to this conclusion is that the 

original top and bottom are preserved throughout a mental 

rotation because the shape was already recognized, and that 

absent recognition, top and bottom specification are not 

preserved by mental rotation processes. 

However, there is some suggestive evidence that top and 

bottom labels rotate with unfamiliar shapes as well: For 

instance, in a recent adaptation of Rock's (1983) 

demonstration, Reisberg and Chambers (1991) presented 

subjects with a drawing of the state of Texas, misoriented 

by 90°, among a set of novel abstract shapes (see Figure 

18a). When presented in this way most subjects did not 

recognize this shape as anything familiar. Subjects were 

then instructed to create a mental image of the shape and to 
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BOTTOM TOP 
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TOP 
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Figure 18. One of the shapes used by Reisberg and Chambers 

(1991). Figure a depicts the state of Texas misoriented by 

90°; the viewer-centered top and bottom are also labeled in 

the picture for the sake of illustration. Figure b depicts 

the shape after it is rotated 90° back to its canonical 

orientation; the parts labeled top and bottom do not change. 

Figure c depicts the change in top and bottom following 

instructions to re-define the location of parts. 
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imagine rotating it 90°, a rotation that brought Texas into 

its canonical orientation (see Figure 18b). Subjects were 

again asked whether they recognized the shape. No subjects 

did. Subjects only correctly recognized the shape as the 

state of Texas when they were explicitly instructed to re

define the top and bottom of the shape (see Figure 18c). 

These findings suggest that the initial assignment of top 

and bottom were preserved throughout mental rotation even 

though the shape was not recognized. 

In short, the current findings suggest that the 

normalization process may not be isomorphic to mental 

rotation processes (see also Jolicoeur & Landau, 1984; 

Peterson, Kihlstrom, Rose, & Glisky, 1992). Evidence that 

initial access to stored representations requires mental 

rotation may be based on false logic (that the similarity of 

the slopes implies similarity of processes) or it may 

reflect post-access aspects of naming. 

The last finding that must be discussed in Experiment 1 

concerns performance on trials in which the shape cues were 

incompatible with the figure-ground stimuli. Recall that the 

shape cues were incompatible on half of the trials in which 

figure-ground stimuli were presented. Previous studies 

(Peterson & Graham, 1974; Farah, 1985) of imagery-perception 

interaction, using the same 50% probability of image-target 

compatibility, have shown that imagery interferes with the 
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detection of stimuli when the imagined shape does not 

correspond to the target shape: Target stimuli are detected 

less well when the image and target are incompatible than 

they are when no image is formed at all. In addition, 

Peterson and Graham (1974) also showed that target stimuli 

are named less accurately when the image and target are 

incompatible than they are when no image is formed at all. 

On incompatible trials in the present experiment, the 

HD region was chosen as figure less often than it was in the 

Baseline condition. The magnitude of the difference was 

progressively larger across the Upright Cue, Imagined 

Rotation, and Same Orientation Cue conditions. However, 

performance only differed reliably from the Baseline 

condition at 00 and 1800 in the Same Orientation Cue 

condition. 

These results appear to be caused by top-down 

activation rather than bottom-up activation as follows. It 

is known that top-down activation may occur through the 

operation of attentional mechanisms, intentional mechanisms, 

or both (Farah, 1985; 1989; Peterson et aI, 1991). Farah 

(1985; 1989; Neisser, 1976) has argued that imagining a 

shape draws attention to, and thus activates, a 

representation in the same way that perceiving a shape does. 

In addition, Peterson et al (1991) have argued that one way 

in which observers' intentions may operate is by the top-
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down activation of structural memory representations. Top

down activation of one shape may also serve to inhibit other 

shape representations. 

Although subjects in the present experiment were not 

given explicit intention instructions, they may have 

interpreted the imagery instructions as an implicit 

instruction to try to see the shape depicted by the cue in 

the figure-ground stimulus. When shape cues were presented 

in their typical orientation in the Same orientation Cue 

condition, top-down activation of the compatible shape 

representation may have served to inhibit other stored 

representations. When the incompatible figure-ground 

stimulus was presented, the structural representation 

corresponding to the shape depicted by the HD region may 

have been inhibited by the prior activation of the 

structural representation associated with the cue. 

consequently, shape recognition processes may have been 

slowed sufficiently so that outputs to figure-ground 

organization were weaker or were delayed relative to the 

Baseline condition. Hence, a decrement in choices of the HD 

region as figure was observed at the typical orientation in 

the Same orientation Cue condition. 

Because the figure-ground stimuli did not provide a 

good match to shape representations at 600 and 1200 (see 

Table 1) no decrement in choices of the HD region as figure 
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on incompatible trials was observed at these orientations. 

Note that a decrement in HD-as-figure choices was observed 

at 180° in the Same orientation Cue condition. In this 

orientation the HD region may have provided a better match 

to a pre-existing structural representation than it did in 

figure-ground stimuli presented at 60 or 120°. Some evidence 

consistent with this interpretation can be seen in Figure 

15: There was a slight increase in the likelihood that the 

HD region was chosen as figure at 180° in the stimuli used 

as test figures on the incompatible trials (although the 

likelihood of choosing the HD region did not differ at the 

various atypical orientations in this experiment). Given the 

structure of my experiment, where chance performance results 

when no shape representations are accessed, inhibition can 

only be observed in those situations where a significant 

contribution from shape recognition processes is observed 

(as when there is a good match between the description and a 

stored representation). Indeed, on the incompatible cue 

trials in the Same orientation Cue condition, the HD region 

was chosen as figure less often in both the 0° and 180° 

conditions than it was in the Baseline condition. These 

results, obtained on the incompatible trials, suggest that 

whenever a representation is activated via certain kinds of 

top-down activation, whether at typical or atypical 

orientations, the resultant activation serves to inhibit 
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other structural representations in shape memory. 

Note that the ordering of the conditions on the 

incompatible trials (Upright Cue, Imagined Rotation, and 

Same orientation Cue) was the opposite of the ordering of 

the conditions on the compatible trials. One top-down factor 

that may have changed as a result of condition was 

observers' intentions to try to see the shape depicted by 

the cue in the figure-ground picture (Peterson, et aI, 

1991). Because subjects were not given explicit intention 

instructions in this experiment, the continuation of this 

strategy may have depended upon its perceived success. 

Hence, the top-down activation associated with observers' 

intentions may have been weaker when less of a relation was 

seen between the cue and the figure-ground stimulus. 

Consider the Upright Cue condition, for example. 

According to the orientation-dependent account, the parts 

labeled as top and bottom in the input description must 

match the parts labeled as top and bottom in the 

representations in order for shape representations to be 

accessed without normalization. In the Upright Cue 

condition, the top and bottom specification of the shape 

depicted in the cue matched the figure-ground stimulus on 

only 8% of the trials. Consequently, observers' intentions 

may not have been as strong in the Upright Cue condition as 

in the Same orientation Condition where the cue matched the 
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target in terms of both shape and top/bottom specification 

on half of the trials. Hence, the top-down activation of the 

representation corresponding to the cue may have been weaker 

and consequently the inhibition of other representations as 

well. Had bottom-up activation been responsible for the 

decrease in seeing the HD region as figure on incompatible 

trials, this effect should have been observed when the 

incompatible figure-ground stimulus was presented at the 

typical orientation in the Upright Cue condition. 

For the Imagined Rotation condition, as described 

above, the parts labeled as top and bottom in the mental 

image did not provide a good match to the parts labeled as 

top and bottom in the description at any orientation except 

0°. Thus, even though both shape and orientation information 

were provided on 50% of the trials in the Imagined Rotation 

condition, the form of the knowledge was not optimal for 

influencing the figure-ground organization of the target 

stimulus. Therefore, observers may not have perceived the 

relationship between the cue and the target and hence may 

have had weaker intentions to try to see the shape depicted 

by the cue in the figure-ground task. 

Note that the process by which intention operates may 

be distinct from the process of imagining the cue. Subjects 

in the Imagined Rotation condition did just as well on the 

left-right discrimination task as subjects in the Same 
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orientation Cue condition. Yet, subjects were less likely to 

choose the HD region as figure on incompatible trials in the 

Same orientation Cue condition, relative to the Baseline 

condition, than subjects in the Imagined Rotation condition. 

Top-down activation associated observers' intention may 

require mental imagery, but the computation of a mental 

image may not be sufficient for such top-down activation. 

Intention may depend upon how the image is put to use. 

Note also that any differences in the amount of top

down activation due to observers' intentions across the 

Upright Cue and Same orientation Cue conditions cannot serve 

as a possible explanation of why facilitation was not 

observed at atypical orientations in the upright Cue 

condition. On the contrary, the difference in observers' 

intentions across the upright Cue condition and the Same 

Orientation Cue condition follows from the lack of 

facilitation in the Upright Cue condition, not vice-versa. 

In sum, the results of Experiment 1 are consistent with 

the orientation-dependent account of shape recognition. 

Before this conclusion can be stated unequivocally, however, 

the possibility that stored representations were not 

activated by the shape cues must be explored. Remember, the 

cues failed to facilitate choices of the HD region as figure 

at 0° in any of the three cuing conditions reported in 

Experiment 1. This experiment constitutes a valid test of 



the orientation-independent account only if it can be 

demonstrated that the upright cue activates a pre

established shape representation corresponding to the HD 

region. 
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In particular, the fact that observers imaged the shape 

cues, in addition to seeing them, raises the possibility 

that the image itself served as the representation against 

which inputs were matched in all conditions. That is, it is 

possible that the requirement to imagine the shape cue did 

not activate the corresponding shape representation in 

memory (be it pre-existing or new), but rather served itself 

as the representation to which the description was matched. 

I will refer to these representations as "form-specific" 

representations. According to this explanation, form

specific representations, created as a result of imaging the 

cues, would be seen as the sole source of facilitation 

observed in this experiment, even in the typical 

orientation. This view would attribute both the orientation 

effect in the Same orientation Cue condition and the 

orientation effect in the Baseline condition to an unprimed 

canonical orientation representation. This alternative, 

form-specific explanation is important because the 

conclusion that the representations of shape in memory are 

orientation-dependent rests upon the assumption that pre

existing structural representations were indexed by the cues 
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in this experiment and that these structural representations 

were capable of influencing performance on the figure-ground 

task. The form-specific explanation is consistent with both 

the orientation-dependent account and the orientation

independent account. Given the importance of this 

alternative explanation to the goal of determining the 

nature of representations in shape memory, Experiments 2 and 

3 were designed to distinguish between the form-specific 

account and the threshold activation account of 

facilitation. 
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The primary purpose of this experiment was to test 

whether shape cues presented in their typical orientation 

activated pre-existing structural representations. 

Accordingly, shape cues and figure-ground stimuli were 

presented only in their typical orientation. Tc ensure that 

facilitation at the typical orientation could be observed in 

this experiment, the exposure duration of the figure-ground 

stimulus was decreased from 86 ms to 43 ms to lower the 

likelihood that the HD region was chosen as figure in the 

Baseline condition. All other experimental parameters 

remained the same as in Experiment 1. with lower proportions 

of HD as figure choices in the Baseline condition, there 

will be more room to observe any effects of the cue that are 

present on compatible trials. Note, however, that because 

floor effects occur near 50% in this procedure, the lowering 

of HD as figure choices in the Baseline condition may 

preclude the possibility of seeing decreases in HD region as 

figure choices on incompatible trials. For the purposes of 

identifying shape representations as orientation-dependent 

or orientation-independent, it is critical to ascertain 

whether or not the upright cue can facilitate performance on 

the figure-ground task. Accordingly, the question of whether 

facilitation could be observed at the typical orientation 
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was addressed in Experiment 2. 

Both novel and familiar shapes were used in this 

experiment; novel shapes were used in place of familiar 

shapes presented at atypical orientations in order to reduce 

the number of orientations tested. The novel figure-ground 

stimuli can be seen in Figure 19; their associated shape 

cues can be seen in Figure 20. The use of novel stimuli 

allowed me to assess the form specific account of the 

priming effects obtained in Experiment 1 as well. 

According to the form-specific account, novel shape 

cues should produce equal amounts of priming to that 

produced by familiar shapes because facilitation is mediated 

by a representation created by imagining the shape cue. 

According to the threshold activation account, upright 

familiar shape cues should produce more priming than novel 

shape cues because pre-existing representations have lower 

threshold activation levels than new representations. Novel 

shape cues might produce as much priming as familiar shapes 

presented at atypical orientations because a new 

representation underlies both types of shapes. In short, the 

form-specific account and the threshold activation account 

can be distinguished in this experiment by the relative 

amounts of facilitation produced by familiar and novel shape 

cues on compatible trials. 



Figure 19. The twelve novel figure-ground stimuli used in 

Experiment 2. 
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Figure 20. The six novel shape cues used in Experiment 2. 
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It is possible that new representations have higher 

threshold activation levels than pre-existing structural 

representations. In that case, facilitation may not be 

observed for novel shapes in Experiment 2 because the 

threshold may not be reached within the 43 ms exposure 

duration employed here. This finding is also consistent with 

the threshold activation account as long as the priming 

associated with familiar shapes is greater than that 

associated with novel shapes. 

Method 

Subjects. The subjects were 48 students in an 

introductory psychology course at the University of Arizona. 

Subjects participated in the experiment for course credit. 

Twenty-four subjects were assigned to each of the two 

conditions (Baseline and Cue) in a counterbalanced fashion. 

All subjects had normal or correct-to-normal vision. 

Stimuli and Apparatus. There were two stimulus 

conditions in the present experiment. The twelve familiar 

figure-ground stimuli and six corresponding shape cues were 

the same as in Experiment 1. The twelve novel figure-ground 

stimuli shown in Figure 19 were created by partitioning the 

contour of each of the original figure-ground stimuli at 

minima of curvature (as defined from within the LD region), 

and scrambling the resultant parts. Both regions of the 

novel figure-ground stimuli were low in denotivity (LD). As 
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in the familiar figure-ground stimuli, the two regions were 

equated for area and convexity. The compatible and 

incompatible novel stimuli were scrambled versions of the 

original compatible and incompatible stimuli. The twelve 

novel figure-ground stimuli ranged from 3.50 to 5.70 in 

height and from 1.60 to 4.80 in width. As in Experiment 1, 

four versions of each figure-ground stimulus were created in 

which the left-right location and the color of the two 

regions was varied. 

The six novel shape cues shown in Figure 20 were 

created by drawing a full, symmetrical version of one region 

of the novel figure-ground stimuli. The region chosen for 

this purpose was always the region that had been the LD 

region in the original figure-ground stimuli. The six novel 

shape cues ranged from 4.8 0 to 5.70 in height and from 2.20 

to 5.70 in width. Familiar figure-ground stimuli were 

presented only in their typical orientations, novel figure

ground stimuli were presented only in the orientation shown 

in Figure 19. 

Procedure. The procedure used in the present experiment 

was the same as that used in the Baseline and Upright Cue 

condition of Experiment 1. Half of the eight practice trials 

were with familiar shapes and the other half were with novel 

shapes. There were a total of 24 experimental trials in the 

present experiment. Each of the six familiar and novel shape 
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cues were presented twice: Once before a compatible figure

ground stimulus and once before an incompatible figure

ground stimulus. stimuli were presented in six blocks 

consisting of four trials each. Four sequences of six orders 

were constructed in the same manner as in Experiment 1. 

Incompatible stimulus pairings for novel shapes were the 

same as the incompatible stimulus pairings for familiar 

shapes in Experiment 1 at 0°. After the experiment was 

completed, subjects were asked to provide any interpretation 

they may have had for the novel shape cues. 

Data Analysis. In what follows, I refer to the 

likelihood that a "target" region was chosen as figure. For 

familiar figure-ground stimuli, the target region is the HD 

region, as it was in the Experiment 1. For novel stimuli, 

the target region is the region that had been the LD region 

in the original figure-ground stimuli. (This was the region 

matched by the cue on compatible trials). 

Results 

Figure-Ground 

As expected, the likelihood of choosing the target 

region as figure when familiar shapes were depicted in the 

figure-ground stimuli was lower in the compatible and 

incompatible Baseline conditions in this experiment than it 

was in Experiment 1. This decrease in the likelihood that 

the target region was chosen as figure should allow any 



136 

facilitation to be observed in this experiment. 

compatible shape cues: The likelihood that the target 

region was chosen as figure in the Baseline and Cue 

conditions is shown in the upper part of Table 4. An ANOVA 

was performed with stimulus Type (familiar vs. novel) as a 

within-groups factor and Condition (Baseline vs. upright 

Cue) as a between-groups factor. Observers were more likely 

to choose the target region when preceded by a cue than when 

no cue was presented (E(1,46) = 9.51, P < .005). More 

importantly, observers were more likely to choose the target 

region as figure when the shape cue was a familiar shape 

than when the shape cue was a novel shape. This is reflected 

in a significant interaction between stimulus Type and 

Condition (E(1,46) = 4.47, P = .04). In fact, performance 

was not facilitated at all when novel shape cues preceded 

novel figure-ground stimuli (E < 1). 

Incompatible shape cues: The likelihood that the target 

region was chosen as figure in both the Baseline and Cue 

conditions is shown in the lower part of Table 4. comparison 

of the Baseline and Cue conditions indicated that the 

incompatible shape cues (either familiar or novel) had no 

adverse effect on performance, E < 1. Observers were more 

likely to choose the target region of the familiar figure

ground stimuli as figure than they were to choose the target 
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Table 4 
Likelihood that the target region was chosen as figure in 
the Baseline and Cue conditions for stimulus types when the 
shape cue was compatible and incompatible (standard errors 
are presented in parentheses). Facilitation is equal to 
(Cue - Baseline). 

stimulus Type Baseline Cue Facilitation 

Compatible Condition 

Familiar 0.49 (0.04) 0.69 (0.04) 0.20 

Novel 0.52 (0.03) 0.56 (0.03) 0.04 

X 0.51 (0.02) 0.62 (0.03) 

Incompatible Condition 

Familiar 0.65 (0.04) 0.66 (0.04) 0.01 

Novel 0.51 (0.04) 0.46 (0.04) -0.05 

X 0.58 (0.03) 0.56 (0.03) 
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region of the novel figure-ground stimuli as figure, ~(1,46) 

= 19.62, 2 = .0001. However, this main effect of stimulus 

Type did not interact with Condition, ~ < 1. 

Naming responses for the novel shape cues 

There was very little agreement among subjects as to 

what the novel shape cues depicted, thus confirming our 

intuitions that the target regions of these novel figure

ground stimuli were low in denotivity. The highest 

proportion of subjects agreeing on a single interpretation 

was 12%, the lowest was 4%. The largest proportion of 

subjects are listed by figure in Table 5. 

Discussion 

There were two main findings in this experiment. First, 

priming was evident at 0°. Second, more facilitation was 

observed for familiar shapes than for novel shapes. Together 

the results suggest that pre-existing representations can be 

activated by the shape cues employed in these experiments; 

otherwise, performance would have been equal across the 

novel and familiar shapes. That more priming was observed 

for familiar shapes than for novel shapes suggests that the 

form-specific account of priming can be dismissed as the 

sole explanation of the facilitation observed in Experiment 

1. The current findings also suggest that facilitation at 

upright was not observed in Experiment 1 because performance 

was at a functional ceiling in the Baseline condition. Had 
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Table 5 
Highest proportion interpretations given to the novel shape 
cues in Experiment 2 

Novel Shape Cue Interpretation Proportion 

Scrambled Bell vase .08 

Scrambled Hydrant spaceship .08 

Scrambled Lamp plate of armor/ 
royal crest .12 

Scrambled Stopsign stringray .12 

Scrambled Windmill vase .04 

Scrambled Woman necktie .04 
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priming occurred for misoriented stimuli in Experiment 1 it 

would have been visible because the baseline was low enough 

to permit facilitation to be observed. Hence, the conclusion 

that the representations in shape memory are orientation

dependent can be stated with more confidence in light of the 

present findings. 

consistent with the threshold activation account of 

priming, more priming was associated with the prior 

activation of pre-existing representations than with the 

establishment of new representations. The question of 

whether or not the difference between familiar and novel 

shapes actually reflects lower activation levels in pre

existing representations cannot be answered definitively by 

the present experiment, however. Other explanations 

involving multiple activation sources (e.g., both bottom-up 

and top-down) for pre-existing representations as opposed to 

primarily top-down activation sources for new 

representations are also consistent with the obtained 

results. Indeed, it is also possible that the greater amount 

of priming associated with familiar shapes was due the fact 

that both an activated pre-existing representation and a 

form-specific representation mediated performance at 

upright; whereas, only form-specific representations mediate 

performance at atypical orientations or with novel shapes. 

These alternative explanations do not jeopardize the 
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conclusion that the representations of shape in memory are 

orientation-dependent, however, and so will not be 

entertained in the remainder of this paper. 

The fac·t that no priming was observed in the novel 

stimulus condition of Experiment 2 suggests that the amount 

of activation provided by a 43 ms exposure of the figure

ground picture, together with top-down priming, was not 

sufficient to raise the representation to threshold, or at 

least to a threshold necessary to influence figure-ground 

organization. If the assumption that novel shapes are 

equivalent to familiar shapes presented at atypical 

orientations is correct, then no priming would have been 

observed for familiar shapes had they been presented at 

atypical orientations in this experiment. However, the 

finding that no priming was observed in the novel stimulus 

condition in the present experiment, but was found with 

familiar shapes presented at atypical orientations in the 

Same orientation Cue condition of Experiment 1, raises the 

possibility that these two types of stimuli are not 

equivalent. Hence, the difference between the familiar and 

novel stimulus conditions observed in this experiment may 

not actually support the threshold activation account. For 

instance, it is possible that subjects were better able to 

imagine the upright familiar shapes than the novel shapes in 

this experiment. consequently, the difference between 
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familiar and novel stimuli may reflect the fact that a form

specific representation was not formed for the novel shapes 

in this experiment. 

In the next experiment, evidence is sought in support 

of the assumption that novel stimuli are equivalent to 

familiar stimuli presented at atypical orientations. with 86 

ms exposures of both novel and familiar figure-ground 

stimuli, priming should be observed for novel shapes that is 

of the same magnitude as that observed for familiar shapes 

presented at atypical orientations. However, if the lack of 

priming observed in the present experiment was due to the 

lack of a form-specific representation, then priming should 

not be observed for novel shapes even after the exposure 

duration is increased. 
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The primary purpose of this experiment was to test 

whether the short exposure duration used in Experiment 2 

accounted for the failure to find facilitation for novel 

figure-ground stimuli on compatible trials. In the present 

experiment, the same stimuli as those used in Experiment 2 

were exposed for 86 ms, the exposure duration used in 

Experiment 1. In addition, both the figure-ground stimuli 

and the shape cues were presented at all six orientations, 

as in Experiment 1. As such, this experiment serves as a 

replication of the Same orientation Cue condition in 

Experiment 1 for the familiar shapes (except that subjects 

did not have to perform the additional left-right task). If 

novel shape cues are equivalent to familiar shape cues 

presented at atypical orientations, then the facilitation 

observed from novel shape cues should be equal to that 

observed for familiar shape cues at atypical orientations. 

On the other hand, if novel shape cues are not imaged as 

well as familiar shapes, then no facilitation should be 

observed in the novel stimulus condition. In either case, 

there should be no orientation effect for novel shape cues 

because they have no pre-existing structural 

representations; hence, no canonical orientation has been 

coded for novel shapes. 
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It should also be noted that because the test stimulus 

will be exposed for long durations in Experiment 3 (as like 

Experiment 1, but unlike Experiment 2), baseline choices of 

the HD regions as figure may again be sufficiently high so 

as to preclude the possibility of observing priming in the 

0° condition. It was necessary to increase the exposure 

duration in the present experiment in order to observe 

whether or not the priming obtained for novel shape cues was 

equivalent to that obtained for familiar shapes at atypical 

orientations. 

Method 

Subjects. The subjects were 48 students in an 

introductory psychology course at the University of Arizona. 

Subjects participated in the experiment for course credit. 

Twenty-four subjects were assigned to each of the two 

conditions (Baseline and Same orientation Cue) in a 

counterbalanced fashion. All subjects had normal or correct

to-normal vision. 

stimuli and Apparatus. The stimuli were the same as in 

Experiment 2 except that all stimuli were now presented in 

each of the six orientations used in Experiment 1. 

Procedure. The procedure was the same in the present 

experiment as in the Baseline and Same orientation Cue 

condition of Experiment 1 except that subjects were not 

required to perform the left-right task. Half of the eight 



145 

practice trials were with familiar shapes and the other half 

were with novel shapes. There were a total of 144 

experimental trials in the present experiment. The order and 

structure of the six trial blocks was similar to Experiment 

1 except that the number of trials within each block was 

doubled due to the inclusion of the novel stimuli. 

Results 

Familiar Shapes 

Baseline Condition. The likelihood that the HD region 

was chosen as figure in both the compatible and incompatible 

Baseline conditions is shown in Figure 21 as a function of 

orientation. The likelihood that the HD region was chosen as 

figure was dependent on the orientation at which the figure

ground stimulus was viewed. Observers choose the HD region 

as figure more often when the stimuli were presented in 

their typical orientations than when the stimuli were 

presented in an atypical orientation. This is indicated by a 

significant effect of orientation f (3,69) = 6.10, P < .001. 

Overall, the HD region was chosen as figure more often in 

the stimuli used in the incompatible condition than in the 

stimuli used in the compatible condition, f(1,23) = 20.00, P 

< .0002, but this difference did not interact with 

orientation, (f < 1). 
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Figure 21. The likelihood that the target region was chosen 

as figure in both the compatible and incompatible Baseline 

conditions as a funotion of orientation when the stimuli 

were familiar. 
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Individual ANOVAs performed on the compatible and 

incompatible Baseline conditions replicated the effect of 

orientation found in the combined analysis (E(3,69) = 2.70, 

2 = .05; and E(3,69) = 6.35, R < .0008, respectively). The 

HD region was chosen as figure more often at 00 than 60 and 

1200 in both conditions (all 2'S < .05). However, the 

likelihood of choosing the HD region as figure at 00 did not 

differ from the likelihood of choosing the HD region as 

figure at 1800 in either condition (both R'S > .15). There 

was no difference in the likelihood that the HD region was 

chosen as figure across the atypical orientations in the 

compatible condition (E < 1); but there was a difference in 

the incompatible condition (E(2,46) = 4.59,2 < .03). The 

likelihood of choosing the HD region as figure at 1800 was 

greater than the likelihood of choosing the HD region as 

figure at 60 and 1200 (both R'S < .04). As in Experiment 1, 

the likelihood of choosing the HD region as figure remained 

above chance at atypical orientations (all 2's < .01). 

Same orientation Cue Condition: Compatible shape cues. 

The likelihood that the HD region was chosen as figure in 

the Same orientation Cue condition is shown in Figure 22 as 

a function of orientation. The likelihood that the HD region 

was chosen as figure was affected by orientation. A main 

effect of orientation (E(3,69) = 3.32, 2 = .02) indicated 
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Figure 22. The likelihood that the target region was chosen 

as figure in the Same orientation Cue compatible condition 

relative to the Baseline compatible condition as a function 

of orientation when the stimuli were familiar shapes. 
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that the HD region was chosen more often when figure-ground 

stimuli were presented in their typical orientations than 

when they were presented in atypical orientations (all 2'S < 

.03). However, the difference between performance at 00 and 

1800 orientations did not reach significance (2 = .13). 

Again, performance at atypical orientations did not differ 

from one another (E < 1). 

The Same orientation Cue condition and Baseline 

condition differed when figure-ground stimuli were presented 

in their typical orientations (2 = .03). Moreover, observers 

chose the HD region at each atypical orientation more often 

in the Same orientation Cue condition than in the Baseline 

condition (all 2'S < .03). 

Same orientation Cue Condition: Incom2atible shape 

cues. The likelihood that the HD region was chosen as figure 

when the shape cues were incompatible with the figure-ground 

stimuli can be seen in Figure 23. The likelihood that the HD 

region was chosen as figure in the Same orientation Cue 

condition did not vary as a function of orientation (E < 1). 

Observers were significantly less likely to choose the 

HD region in the Same Orientation Cue condition than in the 

Baseline condition when the figure-ground stimuli were 

presented at 00 and 1800 (2 = .002, and 2 = .005, 

respectively). Performance did not differ across the two 
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Figure 23. The likelihood that the target region was chosen 

as figure in the Same orientation Cue incompatible condition 

relative to the Baseline incompatible condition as a 

flnction of orientation when the stimuli were familiar 

shapes. 



conditions at 60 or 120°, however (n = .09, and n = .12, 

respectively). 

Novel Shapes 
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Baseline Condition. The likelihood that the target 

region was chosen as figure in both the compatible and 

incompatible Baseline conditions is shown in Figure 24 as a 

function of orientation. The likelihood that the target 

region was chosen as figure was not dependent on orientation 

(E (3,69) = 1.56, n = .21). The target region was chosen as 

figure more often in the compatible Baseline condition than 

in the incompatible Baseline condition, E(1,23) = 17.07, n < 

.0004, but this difference did not interact with 

orientation, (E < 1). 

Individual ANOVAs performed on the compatible and 

incompatible Baseline conditions also failed to show a 

significant effect of orientation (E(3,69) = 1.47, n = .23; 

and E < 1, respectively). Performance in the compatible 

Baseline condition was significantly above chance at 60 and 

180° (n < .02 and n < .05, respectively). Performance in the 

incompatible Baseline condition was significantly below 

chance at 60 and 120° (both pIS < .05). 

Same orientation Cue Condition: Compatible shape cues. 

The likelihood that the target region was chosen as figure 

in the Same orientation Cue condition is shown in Figure 25 
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Figure 24. The likelihood that the target region was chosen 

as- figure in both the compatible and incompatible Baseline 

conditions as a function of orientation when the stimuli 

were novel shapes. 
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as a function of orientation. The likelihood that the target 

region was chosen as figure was not affected by orientation 

(F(3,69) = 1.15,2 = .33). The target region was chosen as 

figure more often in the Same orientation Cue condition than 

in the Baseline condition at all orientations (all 2'S < 

.04). 

Same orientation Cue Condition: Incompatible shape 

cues. The likelihood that the target region was chosen as 

figure when the shape cues were incompatible with the 

figure-ground stimuli can be seen in Figure 26. The 

likelihood that the target region was chosen as figure in 

the Same orientation Cue condition did not vary as a 

function of orientation (E < 1). The likelihood that the 

target region was chosen as figure did not differ between 

the Same orientation Cue condition and the Baseline 

condition at any orientation (all 2's > .66). 

Relation between Familiar Shapes at Atypical orientations 

and Novel Shapes 

The likelihood that the target region was chosen as 

figure in the familiar stimulus condition was averaged 

across atypical orientations and the likelihood that the 

target region was chosen as figure in the novel stimulus 

condition was averaged across all orientations to assess 

whether novel shapes facilitated performance to the same 
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Figure 25. The likelihood that the target region was chosen 

as figure in the Same orientation Cue compatible condition 

relative to the Baseline compatible condition as a function 

of orientation when the stimuli were novel shapes. 
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Figure 26. The likelihood that the target region was chosen 

as figure in the Same orientation Cue incompatible condition 

relative to the Baseline incompatible condition as a 

function of orientation when the stimuli were novel shapes. 
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degree as familiar shapes presented at atypical 

orientations. Facilitation was defined as the likelihood 

that the HD region was chosen as figure in the Baseline 

condition minus the likelihood of choosing the HD region as 

figure in the Same orientation Cue condition. The amount of 

facilitation observed in the familiar stimulus condition was 

M = 0.13 and the amount of facilitation observed in the 

novel stimulus condition was M = 0.12. An ANOVA was 

performed which tested the interaction between stimulus Type 

(familiar vs. novel) and Condition (Baseline vs. Same 

orientation cue). This interaction failed to reach 

significance (E < 1). Both the main effect of stimulus Type 

and Condition were significant (E(1,46) = 33.57, 2 < .0001; 

E(1,46) = 22.22; 2 < .0001, respectively). 

Discussion 

The main finding in this experiment was that novel 

shapes showed the same amount of facilitation as familiar 

shapes presented at atypical orientations relative to their 

respective baselines. Hence, the failure to find priming for 

novel shapes in Experiment 2 was due to the short exposure 

durations of the figure-ground stimuli. As such, the greater 

facilitation observed for familiar shapes relative to novel 

shapes in Experiment 2 cannot be accounted for by a lack of 

form-specific representations in the case of novel shapes. 

Although the amount of priming observed for familiar shapes 
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at upright was the same as that observed for novel shapes, 

this reflects a functional ceiling effect as shown in 

Experiment 2. Hence, the present results, in conjunction 

with the results obtained in the previous two experiments, 

support the orientation-dependent account of shape 

recognition. 

The orientation effect observed in Experiment 1 in the 

Same orientation Cue condition was replicated in the present 

experiment when the familiar shape cues were compatible with 

the figure-ground stimulus. Likewise, a decrease in the 

likelihood that the target region was chosen as figure was 

once again observed at 00 and 1800 when familiar shape cues 

were incompatible with the figure-ground stimulus. The only 

discrepancy between the present results and the results of 

Experiment 1 concerned the failure to find a significant 

difference between performance at 0 and 1800 in both 

Baseline conditions. It is not apparent why this difference 

was not observed. It is important to point out, however, 

that performance at 00 did differ from performance at 60 and 

1200 in both Baseline conditions. 

Finally, as expected, there was no effect of 

orientation in the novel stimulus condition. There was no 

decrease in the likelihood that the target region was chosen 

as figure when novel shape cues were incompatible with the 

figure-ground stimuli. 
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The findings obtained in the present experiments 

support the orientation-dependent account of shape 

recognition by demonstrating that normalization is required 

prior to initial access to canonical orientation 

representations whenever the location of parts labeled as 

top and bottom in the input description do not match the 

canonical top and bottom specified in the representation. 

This evidence was obtained in a new paradigm in which 

figure-ground decisions are measured. This paradigm has 

advantages over naming studies because figure-ground 

decisions may better reflect perceptual processing than 

naming, and hence, may serve as a better measure of access 

to stored shape representations. One of the central 

challenges remaining to the orientation-dependent account of 

shape recognition lies in providing an adequate description 

of this process of normalization. 

Although the nature of the normalization process was 

not revealed in the present set of experiments, evidence was 

obtained that constrains this process. The primary purpose 

of normalization is to re-define the parts labeled as top 

and bottom in the description until a match is found in 

memory. Previous studies (Jolicoeur, 1985; 1988; Maki, 1986; 

Tarr & Pinker, 1989) have argued that the process of 
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normalization is mental rotation. As such, mental rotation 

has been assumed to somehow transform the specification of 

top and bottom in the description. contrary to this 

assumption, the results obtained in the Imagined Rotation 

condition in Experiment 1 suggest that the process of mental 

rotation may not be suited for this purpose. Mental rotation 

may itself require that a given specification of top and 

bottom be preserved throughout the transformation. Hence, to 

the extent that this is an inherent property of the process 

of mental rotation, this process cannot serve as the process 

of normalization. 

However, this conclusion was based upon evidence 

obtained from tasks in which observers were explicitly 

instructed to imagine rotating to a pre-specified 

destination (e.g., to imagine rotating the shape 1200 in the 

clockwise direction). This task may itself require that 

parts labeled as top and bottom be preserved throughout the 

transformation in order to determine when the transformation 

is complete. It is possible that under other conditions 

mental rotation can occur without preserving the 

specification of top and bottom. 

One possibility is that mental rotation, in the role of 

normalization, occurs in all directions simultaneously 

(Peterson, personal communication). In this case, there is 

no pre-specified destination and thus no requirement that a 
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given part be labeled as top. This account of normalization 

also predicts a linear relation between recognition latency 

and orientation, assuming that the process is terminated as 

soon as an appropriate match is found in memory. The time to 

recognize a misoriented shape would always be determined by 

the fastest access to the correct stored representation-

i.e., latency would always be based on the shortest route to 

the typical orientation, as demanded by the mental rotation 

function. As such, this account of normalization is in 

accordance with Cooper and Shepard's (1973/1982) argument 

that a process of normalization cannot itself require that 

the top be known prior to rotation. 

Another transformational approach to normalization has 

recently been proposed by Ullman (1989). Ullman has denied 

Cooper and Shepard's (1973/1982) claim that normalization 

along the shortest path requires the prior identification of 

top and bottom. Ullman has argued that the specification of 

three "anchor" points on a misoriented stimulus provides 

sufficient information to enable the alignment of the 

description with stored representations. These anchor points 

can be extracted from the stimulus in a bottom-up fashion, 

and thus, recognition can occur without requiring the output 

of higher-level processes (such as the identification of top 

and bottom). 

Ullman's approach may show that normalization can be 
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driven by purely bottom-up information; however, it is not 

obvious whether the mere extraction of anchor points in the 

description is sufficient to determine the shortest route to 

the upright. This is merely assumed in his theory. Indeed, 

there is no inherent reason why an analog process of 

normalization must operate in Ullman's account of shape 

recognition. That is, Ullman's account of normalization does 

not demand that recognition latencies increase as a function 

of orientation. Moreover, Ullman assumes that the mere 

alignment of the description with the representation is what 

is required of the process of normalization. This account of 

normalization is reminiscent of a template matching approach 

to visual shape recognition. However, the results in the 

Imagined Rotation condition in Experiment 1 suggest that 

alignment of the description to the same orientation as the 

representation is not sufficient for access to stored 

representations. Rather, what is required of normalization 

is that the parts labeled as top in the description also 

match the parts labeled as top in the representation. 

Consequently, Ullman's theory of alignment may not provide 

an adequate account of the process of normalization. 

In short, most conceptions of normalization have 

understood the re-definition of part locations to involve a 

transformation of the description. This conception is no 

doubt linked to the fact the process of normalization has 
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traditionally been construed as a process of mental rotation 

(see Rock, 1973). However, the relation between 

normalization and mental rotation is based on similarities 

between the magnitude of slopes describing performance. 

Research in other areas of visual perception (e.g., Pashler, 

1987; Egeth & Dagenbach, 1991) has shown that it is 

difficult to infer the nature of psychological processes on 

the basis of slope comparisons. Similar difficulties arise 

when slope comparisons are used as evidence that 

normalization is mental rotation. On the one hand, findings 

which show that naming RTs vary across orientation in the 

same way as standard mental rotation tasks (e.g., mirror

normal discrimination) may reflect post-access processing 

(see Chapter 2). More critically, evidence obtained by 

Jolicoeur himself (1985; 1988) suggests that the two 

functions are not even that similar. Jolicoeur consistently 

finds that the time to name a shape misoriented by 1800 is 

faster than would be expected by a process of mental 

rotation. Typically, this anomalous data point has been 

ignored in the literature. For example, in his papers 

showing the similarity of slopes of mental rotation 

functions and normalization functions, Jolicoeur based his 

slope comparisons on RTs for shapes presented at 

orientations ranging between a and 1200 only. Performance at 

1800 was clearly different in the mental rotation task and 
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the recognition task. Clearly, different notions of the 

process of normalization are needed and Jolicoeur's data may 

provide some clues as to the correct notion. 

One recent proposal has been offered by Peterson, 

Kihlstrom, Rose, and Glisky (1992). In this view, 

recognition latency varies as the shape is rotated further 

from its canonical orientation because the representations 

of shape in memory are organized into subsets of different 

reference frame specifications. For instance, suppose a body 

was presented upside-down. All representations that had a 

vertical top-bottom axis would be searched first. If this 

search was unsuccessful, then all representations that had a 

1800 shift in the specification of top and bottom would be 

searched next. At this point, a match would be found between 

the description and the representation because both specify 

that the part corresponding to the head is labeled as the 

bottom and the parts corresponding to the feet are labeled 

as the top. This search through subsets of representations 

that share the same reference frame specification accords 

with the pattern of latencies observed in Jolicoeur's (1985; 

1988) naming experiments. This approach to normalization is 

appealing because it does not depend upon a transformational 

process. However, the adequacy of this proposal awaits 

empirical test. 

Another issue that was addressed in the present series 
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of experiments concerned the question of multiple 

orientation-dependent representations. Evidence was obtained 

which suggested that normalization to the canonical 

orientation representation can be overcome by establishing 

new representations at atypical orientations. These 

representations are new in the sense that they label shape 

parts as the top and the bottom differently than the 

canonical orientation representation. The claim that new 

representations mediated facilitation when familiar shapes 

were presented at atypical orientations was strengthened by 

the evidence obtained using novel shapes in Experiment 3. 

with novel shapes it is quite clear that any facilitation 

must be based on a new representation. These findings showed 

that the amount of facilitation associated with novel shapes 

(at any orientation) was equivalent to the amount of 

facilitation associated with familiar shapes presented at 

atypical orientations. This evidence corroborates the 

evidence obtained by Tarr and Pinker (1989). Tarr and Pinker 

found evidence for new representations using novel shapes 

within the context of naming and mirror-normal 

discrimination; hence, the present results extend this 

research by showing that new representations can also 

influence initial figure-ground organization. 

Moreover, the present results also suggest that there 

are functional differences between pre-existing 
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representations and new representations. Pre-existing 

representations produce more facilitation than new 

representations relative to a Baseline condition. This 

greater facilitation may be due to lower threshold 

activation levels in pre-existing representations. This 

explanation is supported by the finding that no facilitation 

was observed for novel shapes when figure-ground test 

stimuli were degraded (i.e., when exposure duration was 

shortened) in Experiment 2; whereas, significant 

facilitation was observed under the same conditions for 

familiar shapes presented in their typical orientation. Such 

degradation would be expected to produce less activation in 

the associated representation. Hence, the difference in 

facilitation between familiar shapes presented in their 

typical orientation and familiar shapes presented at 

atypical orientations or novel shapes may be due to 

different threshold activation levels. 

Future experiments will be conducted to explore the 

extent of these functional differences. For instance, it is 

possible that the threshold activation level associated with 

a particular representation is controlled by the amount of 

experience with the corresponding shape. Tarr and Pinker 

(1989) provided subjects with extensive experience in their 

experiments which may have accounted for their failure to 

find functional differences between pre-existing 
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representations and new representations. subjects in the 

present experiments may not have received sufficient 

experience with familiar shapes presented at atypical 

orientations or with novel shapes. It is possible that the 

superior amount of facilitation associated with pre-existing 

representations would be diminished as the amount of 

experience with familiar shapes at atypical orientations or 

with novel shapes was increased. 

The discussion of functional differences between pre

existing and new representations in the present paper has 

focussed primarily on quantitative factors such as the 

amount of prior experience; however, it is also possible 

that other, more qualitative, differences may be uncovered. 

Cooper, Schacter, Ballesteros, and Moore (1992) have shown, 

within the context of an implicit memory paradigm, that new 

representations are abstract in the sense that they are 

invariant with respect to size and reflection. Thus, it 

would be interesting to explore whether the new 

representations underlying figure-ground organization have 

similar invariant properties. In particular, it would be 

interesting to explore whether there are differences between 

pre-existing and new representations with respect to 

invariances for size, reflection, translation, and so on. 

A more fundamental question, however, concerns the 

sense in which a new representation may be said to mediate 
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shape recognition (and initial figure-ground organization). 

When shape recognition occurs, it is typically assumed that 

the correct top and bottom of the shape are known. For 

instance, consider the recognition of a body. When we 

recognize an inverted body, we know what that the head is at 

the top and the feet are at the bottom with respect to the 

body, regardless of its actual orientation on the retina or 

in the environment. When the canonical orientation 

representation is accessed by the inverted body the parts 

corresponding to the head and feet are correctly labeled as 

the object-centered top and bottom, respectively, despite 

the mismatch between the top in viewer-centered coordinates 

and object-centered coordinates. 

However, how does recognition of the body occur when a 

new representation mediates recognition? For instance, 

suppose a new representation of the body has been set up at 

1800 so that the part corresponding to the head is labeled 

as the bottom and the parts labeled as the feet are labeled 

as the top. Although the input description can be matched 

directly to this new representation when the body is 

presented upside-down, in what sense does this match 

constitute recognition, if by recognition we mean that the 

correct assignment of top and bottom have been accessed? 

This question remains as a challenge to the multiple views 

account of shape recognition as proposed by Tarr and Pinker 
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(1989) . 

My finding that new representations can influence 

initial figure-ground organization must be reconciled with 

previous research. For instance, Rock and Kremen (1957) have 

shown that prior experience with novel shapes does not 

influence performance in a subsequent figure-ground task. In 

their experiment, Rock and Kremen were concerned to show 

that input descriptions must first be organized into figure 

and ground before they can access stored representations. 

This notion follows from the "Hoffding function" (Hoffding, 

1891). The Hoffding function states that descriptions are 

matched to representations on the basis of similarity. 

Accordingly, figure-ground organization must occur before 

the similarity of the description to stored representations 

can be computed. Based on this hypothesis, figure-ground 

organization must precede shape recognition. Hence, prior 

experience with novel shapes should not influence initial 

figure-ground organization because access to the prior 

experience (in the form of a memory representation) can only 

occur after figure-ground organization. 

Recently, Peterson et al (1991), Peterson and Gibson 

(1991), and Peterson and Gibson (forthcoming) showed that 

the Hoffding function need not constrain access to stored 

representations. Rather, descriptions can be matched to 

stored shape representations without first being organized 
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into figure and ground, perhaps because the shape contour 

can be partitioned from both sides simultaneously. The 

resultant parts on either side of the contour can then be 

matched to stored shape representations in parallel without 

entailing prior organizational principles such as figure

ground. This simultaneous partitioning hypothesis allows 

shape recognition processes to influence figure-ground 

computations. 

Granted that the simultaneous partitioning hypothesis 

is correct, the question that must now be addressed is why 

Rock and Kremen did not find significant facilitation 

following prior experience whereas the present study did? 

The answer to this question may lie in the different 

procedures used in the two experiments. Rock and Kremen 

showed subjects novel shapes under the guise of an ESP 

experiment. During the "study phase", subjects were told to 

try to project the shape to another person sitting in the 

next room. Following this study phase, subjects were given a 

five minute break after which they participated in a figure

ground task. 

The figure-ground stimuli used by Rock and Kremen were 

similar to those used in the present experiment in that 

there was a central, vertical contour that separated the two 

regions. Both regions depicted novel shapes. Approximately 

half of the figure-ground stimuli contained a region that 
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depicted the novel shapes learned during the study phase. 

Each figure-ground stimulus was presented for 1 s, and 

subjects were asked to report which region (black or white) 

appeared to be figure. In this context, subjects were no 

more likely to report seeing as figure those regions 

containing the stimulus they had seen during the study phase 

than were subjects who did not have prior exposure to these 

shapes. On the basis of these results, Rock and Kremen 

concluded that prior experience has no effect on initial 

figure-ground organization. 

In contrast, subjects in the present experiment saw a 

shape cue immediately before each figure-ground test 

stimulus. This difference in the time lapse between the 

presentation of the novel shape cue and the ensuing novel 

figure-ground stimulus may be critical to the facilitation 

of figure-ground organization. A long time lapse between the 

presentation of the novel shape cue and the novel figure

ground stimulus may affect figure-ground organization 

because the representations associated with the cue may no 

longer be activated. According to this explanation, no 

facilitation should be observed for novel shapes (or for 

familiar shapes presented at atypical orientations) in the 

present paradigm following long intervals between the 

presentation of the cue and figure-ground stimulus. 

Another interesting finding obtained in the present 
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experiments was that there was a decrease in the likelihood 

that the HD region was chosen as figure when familiar shape 

cues were incompatible with the figure-ground stimuli. 

Moreover, this decrease was observed only at 0 and 1800 in 

the Same orientation Cue condition. This pattern of results 

was interpreted as showing that the prior activation of a 

stored shape representation prevents or "inhibits" all 

incompatible shape representations from reaching a certain 

absolute level of activation. According to this account, the 

decrement in performance on incompatible trials should be 

observed when the activation in the incompatible shape 

representation would have surpassed this absolute level of 

activation, as when the HD region of figure-ground stimulus 

directly matches a canonical orientation representation. 

Furthermore, the fact that inhibition was only observed with 

familiar shapes at 0 and 1800 in the Same orientation Cue 

condition suggests that the responsible mechanism is 

controlled by top-down processes. One top-down mechanism 

that may have varied as a function of cue condition is 

observers' intentions to try to see the shape cue in the 

figure-ground stimulus. However, the present results do not 

allow a more exact characterization of the mechanism 

mediating the effects on incompatible trials. One 

interesting question that remains is whether the top-down 

mechanism operates after descriptions are matched to stored 
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representations or whether this mechanism operates by 

preventing descriptions from accessing their corresponding 

representations. Future experiments are planned which will 

decide between these two top-down mechanisms. 

An intriguing finding was also obtained in the left

right discrimination task in Experiment 1. In the absence of 

prior information, tasks like mirror-normal discrimination 

have been understood to invoke the process of mental 

rotation because the "handedness" of the representation can 

only be determined by aligning the shape's frame of 

reference with the left-right axis of the viewer (Hinton & 

Parsons, 1981). Hence, mirror-normal discrimination has been 

understood to involve an implicit left-right discrimination. 

Consequently, tasks such as mirror-normal discrimination and 

left-right discrimination have been understood to invoke the 

process of mental rotation for the same reason. 

Previous studies have shown that a preparatory 

imagined rotation from the typical orientation to an 

atypical orientation eliminates the effect of orientation on 

mirror-normal discrimination, as does actually seeing the 

shape cue in the same orientation as the upcoming test 

stimulus (Cooper & Shepard, 1973/1982). This suggests that 

the handedness of the shape's frame of reference can be 

rotated with the shape, once the left-right poles have been 

identified at the typical orientation. However, mirror-
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normal discrimination requires the use of asymmetrical 

shapes. The results obtained in the left-right 

discrimination task in Experiment 1 using symmetrical shapes 

suggest that left-right information cannot be carried by 

shapes such as these. Neither a preparatory imagined 

rotation to the upcoming orientation nor actually seeing the 

shape cue in the upcoming orientation eliminated the effect 

of orientation in the left-right task. If mental rotation 

occurs in order to define the left-right poles (with respect 

to the viewer) of an object-centered representation, then 

the current findings suggest that the specification of left 

and right cannot be carried by symmetrical shapes. This 

finding in turn calls into question the notion that a 

preparatory imagined rotation of a shape involves 

transforming the handedness of the shape representation to 

atypical orientations in mirror-normal discrimination tasks 

involving asymmetrical shapes. 

Indeed, other strategies would be available for 

discriminating whether asymmetrical shapes were mirror or 

normal following a preparatory imagined rotation. For 

instance, it may be possible to use the transformed 

representation as a template. The direction of certain 

characteristic features in the input could be compared with 

the direction of the corresponding features in the 

representation (e.g., the leg of the letter R should be in 
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front). In short, the residual effects of orientation 

following a preparatory imagined rotation to an atypical 

orientation (or actually seeing the shape at an atypical 

orientation) in the present experiment suggests that 

directions such as left and right can only be defined by the 

egocentric coordinate system. Such information may not be 

carried by a shape-based representation that has been 

transformed from the typical orientation to an atypical 

orientation. Further research must be conducted to determine 

whether the effects of orientation on left-right 

discrimination can be eliminated by transforming the 

egocentric coordinate system (Parsons, 1987). Research such 

as this would elucidate the nature of mental rotation. 

In conclusion, a new paradigm involving figure-ground 

decisions has been used to infer the nature of shape 

representations. This paradigm has advantages over naming 

tasks because figure-ground decisions may better reflect 

perceptual processes than naming. On the basis of this 

research, it was concluded that the representations of shape 

in memory are canonical orientation representations, and 

that a process of normalization is required prior to the 

initial access to canonical orientation representations. 
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