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Shape constancy: The effects of changing shape
orientation and the effects of changing

the position of focal features

GLYN W. HUMPHREYS
Birkbeck College, University ojLondon, London, England

Five experiments examined the time taken to judge that two consecutive elongated geometrical
shapes had the same structure, irrespective of their orientation. Shape transformations either
changed the orientation of the principal axis while maintaining the relative locations of focal
features or maintained the orientation of the principal axis while changing the relative locations
of focal features, or they changed both. Experiment 1 demonstrated that changes in the orien
tation of the principal axis were more detrimental to matching than were changes in the loca
tions of the shape's focal features. Indeed, the time taken to match same-orientation shapes
was the same as that taken to match shapes that maintained the same position in the visual
field. Further experiments showed that this result was not due to differential apparent motion
in the transformation conditions, that it was not due to response bias, and that it generalized
across shapes. However, the result was different when subjects could predict the location of the
to-be-matched stimulus. In this case, performance was principally affected by the position of the
focal feature of the shape and not by the shape's orientation. It is suggested that the results
reflect the efficiency with which subjects can construct matching representations for the stim
uli. When subjects cannot predict stimulus locations, they generate representations by describ
ing shape structure relative to the shape's principal axis. When the axis of the to-be-matched
shapes is constant, subjects can use the same procedure in generating this representation for
both shapes, facilitating matching relative to the case in which the orientation of the axis changes.
When subjects can predict the stimulus location, they selectively attend to the focal features
of shapes, minimizing the effects of shape orientation.

People can recognize familiar shapes when they are
seen from novel viewpoints. This ability to achieve
shape constancy even when the retinal projection
changes is a primary characteristic required of any
visual processing system, and should be accounted
for by any theory of shape recognition (Marr, 1980).
The present paper explores some of the processes
that enable shape constancy to be achieved.

Studies of the efficiency with which subjects achieve
shape constancy across a range of stimulus transfor
mations can inform us about the nature of the pro
cesses involved. A common task in such studies is
simultaneous or successive form matching, in which
subjects decide whether two forms have the same
identity. A number of studies have investigated the
effects, on matching, of transformations in size (e.g.,
Bundesen & Larsen, 1975; Larsen & Bundesen, 1978;
Sekuler & Nash, 1972) or orientation (e.g., Cooper
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& Shepard, 1973, 1975; Metzler & Shepard, 1974;
Shepard, 1975; Shepard & Metzler, 1971). In some
tasks, subjects discriminate between transformed
shapes and their reflections, knowing the structural
identity ofthe shapes and the type of transformation
by which they will differ. For instance, Shepard and
Metzler (1971) presented subjects with perspective
line drawings of three-dimensional shapes at differ
ent orientations and asked them to decide whether
the shapes were physically the same or whether one
was a reflection of the other. A common finding is
that reaction time (RT) to match forms is a linear
function of the size of the transformation, suggesting
that shape constancy is achieved by the transforma
tion of an internal representation of a shape in a
manner isomorphic with the external transformation.

However, this is not the only, or perhaps even the
usual, means of achieving shape constancy. There
are cases in which subjects cannot predict the trans
formation or the internal representation appropriate
to a shape. Shape constancy in this circumstance re
quires the generation of a representation that is
viewpoint-independent from one that is viewpoint
dependent. For instance, Rock, DiVita, and Barbeito
(1981) showed subjects novel two- or three-dimensional
wire figures, and then tested for the recognition of



the figures following an orientation transformation.
They found that altering the relative positions of the
top and bottom of the object was more detrimental
to recognition than altering only the positions of the
sides. This result led Rock et al. to argue that shapes
were represented by a description of their top and
bottom features and the location of the sides between
the top and bottom. Consequently, the most disrup
tive orientational transformation will alter the rela
tive positions of the top and bottom features.

A related proposal concerning the processing of
simple geometric shapes has been made by Braine
(1978; Braine, Relyea, & Davidman, 1981). She, like
Rock et aI., argues that shapes are recognized by a
hierarchical process of feature description; however,
she proposes that this process first codes only the
top position, and then proceeds in a top-to-bottom
direction. The top position is characterized by the
presence of a focal feature and by the vertical orien
tation of the main axis of the shape. Because the
feature-description process is hierarchical, recogni
tion will proceed most efficiently when the focal fea
ture is at the top of the shape. Transformations pro
ducing a change in the relative position of the top of
the shape willmost affect recognition.

The proposals of Rock et al. and Braine maintain
that shapes are represented internally by a structural
description based on important characteristics of the
shape. They differ in the importance assigned to
bottom-position features and in specifying a means
by which the top position can be assigned. However,
both suggest that the top-position feature provides
the primary reference coordinates for the representa
tion. Because the coordinate system is then based on
a feature of the object, the representation so formed
is viewpoint-independent and so would enable shape
constancy to occur. Transformations generating
changes in viewpoint-dependent codings of the (top)
reference feature will give rise to problems in deriving
shape constancy.

Work in the field of computer vision also suggests
that shape constancy depends on a structural descrip
tion based on an object-centered coordinate system
(e.g., Hinton, 1981; Marr, 1979, 1980, 1982; Marr
& Nishihara, 1978). However, this approach con
trasts with the feature-based account in proposing
that the coordinate system is derived from a more
global property of the shape than the position of
focal features. For instance, Marr and his co-workers
have argued that a suitable coordinate system may
be determined by the orientation of the principal axis
of the shape (Marr, 1982; Marr & Nishihara, 1978).
According to this account, changes in the orientation
of a shape may be more disruptive to shape constancy
than changes in the position of focal features.

It is difficult to apply this argument directly to
Rock et al. experiment because the effects of the trans
formations on the principal axis were not directly
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controlled. Nevertheless, many of the transforma
tions producing changes of the top and bottom posi
tions also appear to have changed the orientation of
the principal axis (see Figures 1 and 2 in Rock et al.,
1981). It seems reasonable to conclude that their
findings are consistent with these proposals.

There are also other examples supporting the axis
based account. For instance, consider the shapes pre
sented in Figure 1. Mach (1897) first noted that, de
spite the fact that all the individual shapes were at the
same orientation, subjects reported that the isolated
shape was seen as a diamond whereas the shapes in
the oblique line were seen as squares. The different
descriptions for these shapes appear to arise because
the shapes in the oblique line are represented relative
to a coordinate system based on the elongated axis
of the configuration; in contrast, the isolated shape
is represented relative to its salient vertical axis of
symmetry (cf. Goldmeier, 1936; Julesz, 1971; Rock
& Leaman, 1963). Relative to these axes, descriptions
appropriate to a square and a diamond arise. Consis
tent empirical evidence has been reported by
Humphreys (1983). Subjects had to decide as quickly
as possible whether successive forms had the same or
different numbers of sides. Two types of shape were
used, those with an unambiguous, elongated prin
cipal axis (isosceles triangles and elongated penta
gons) and those with an ambiguous principal axis
(squares and regular hexagons). Matching shapes
could be orientational transformations of one another,
so the task demanded matches of shape identity in
dependent of the transformation. Humphreys found
that orientational transformations that changed the
axis aligned with the vertical disrupted the matching
of shapes with ambiguous principal axes (e.g., when
a square was transformed 45 deg within-the-plane,
into a diamond). Similar transformations did not
disrupt the matching of shapes with an unambiguous
principal axis (e.g., when an isosceles triangle was
transformed 45 deg within-the-plane). These data
suggest that shapes were matched using a coordinate
system derived from the shape's principal axis. For
shapes with an ambiguous principal axis, the axis
of description will be determined by alignment of the

o
Figure 1. Mach's demonstration.
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Method

A. Parallelogram transformations
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right coding of the angles at the top of the shape and
therefore may produce some change in the local fea
ture descriptions; they also alter the orientation of
the shape's principal axis. Transformation e alters
only the absolute position of the shape in the visual
field. Both the axis-based account and the feature
based account predict that transformations a and
b will be more disruptive to matching than transfor
matione.

Subjects
There were 16 paid members of the Birkbeck College subject

pool, 10 females and 6 males. Each subject took part in one ex
perimental session lasting about 40 min. All subjects had normal
or corrected-to-normal vision.

Figure 2. The shapes and transformation conditions used in
Experiment 1.

Unless otherwise stated, the same method was used in Experi
ments 2-5.

Apparatus and Stimuli
Stimulus presentation, timing, and data collection were con

trolled by a PDP-111l0 computer. Stimuli were plotted on an
Advanced Instruments oscilloscope (02 250) equipped with a P-31
rapid-decay phosphor. The subjects viewed the display from a
distance of 50 ern, and their heads were fixed in a vertical position
by means of a cushioned headrest; they fixated a central cross
subtending a visual angle of 0.5 deg horizontally and vertically.
The shapes were plotted as follows: The first shape was plotted
in the right upper quadrant of the screen relative to the central
cross, with the bottom left point of the shape falling on the same
coordinate as the center of the cross. This shape was successively
rotated to 180 deg about the Y-axis, to 180 deg about the X-axis,
and to 180 deg about the Y-axis and 180 deg about the Xvaxis,
to create the reflections in left upper, right lower. and left lower
quadrants, respectively. This procedure was conducted for both
the parallelograms and the triangles.

The parallelograms had 2-cm-long bases and 3-cm-long sides.
and the bottom left acute angle of the first plotted shape (right
upper quadrant) was 30 deg. The right upper quadrant triangle
had the same base length as the equivalent parallelogram (2 ern).
and the top apex of the triangle fell at the top right-hand corner
of the parallelogram. The bottom left acute angle of the first

EXPERIMENT 1

In order to test whether a change in the orientation
of a shape's principal axis or a change in the position
of its focal features is the more disruptive to shape
constancy, Experiment 1 pitted the two factors against
each other. A successiveform-matching task, similar
to that used by Humphreys (1983), was employed.
Either single triangles or single parallelograms were
presented, and subjects decided whether successive
shapes had the same or a different number of sides.
Matching shapes were either identical or orienta
tional transforms of one another. Examples of the
shapes and the transformations are shown in Figure 2.

The transformations were chosen to vary either
the orientation of the shape or the position of its
focal feature. The predictions of the axis-based and
the feature-based theories differ over which of these
manipulations will most affect shape matching.

For the triangles, the feature-based account pre
dicts that transformation a should be less disruptive
than transformations band e, because the position
of the focal feature in the triangle remains at the top
or the bottom following only transformation a. Trans
formation b may also be less disruptive than trans
formation C, because the position of the focal feature
remains on either the right or left in the former but
not the latter condition. In contrast, the axis-based
account proposes that transformation e should be
least disruptive because only it maintains the orien
tation of the principal axis.

Parallelograms, unlike triangles, do not contain a
focal feature, and whichever features fall at the top
of the shape may be used as the primary reference
coordinates. Transformations a and b alter the left!

axis with the vertical. Changing the shape description
relative to this axis disrupts matching.

Unfortunately, it is likely that the manipulations
used by Humphreys (1983) not only altered the orien
tation of the principal axis of the stimuli but also
the position of their focal features. For instance, the
shapes with ambiguous principal axes probably had
ambiguous focal features (e.g., top horizontal line
vs. top apex for normal and transformed squares),
whereas this was not so for the shapes with an un
ambiguous principal axis (e.g., an isosceles triangle).
If the orientational transform that aligned different
axes with the vertical also aligned different focal fea
tures, it is possible that the disruption to matching
was due to a change in the focal feature.

The present paper set out to test whether transfor
mations that change the relative orientation of a
shape's principal axis affect shape constancy more
than transformations that change the relative locations
of its focal feature. The aim was to evaluate which of
these two properties is used to derive the coordinate sys
tem for viewpoint-independent shape representation.



plotted triangle was thus 15 deg. The parallelogram and triangle
stimuli so created have salient elongated axes of symmetry.

The subjects made manual buttonpress responses, and a given
response caused an interrupt in the presentation program enabling
RT to be measured from the onset of the second (target) stimulus.

Design
Each stimulus was paired with every other stimulus equally

often, creating four conditions in which consecutive shapes (STI
and ST2) had the same number of sides. These conditions, shown
in Figure 3, were: (I) same position (STI and ST2 identical),
(2) vertical-axis transformation (0, STi in the right upper or lower
quadrant and ST2 in the left upper or lower quadrant, or vice
versa), (3) horizontal-axis transformation (b, STi in the right or
left upper quadrant and ST2 in the right or left lower quadrant,
or vice versa), and (4) same orientation (c, STi in the right or left
upper quadrant and ST2 in the left or right lower quadrant, or
vice versa). The same four transformation conditions occurred
when consecutive shapes had different numbers of sides.

Procedure
The subjects were instructed to match consecutive shapes on the

basis of whether they both contained three or both contained four
sides ("same" response) or whether one had three and the other
four sides ("different" response). They were told the set of shapes
and asked to make the same/different decision as quickly as pos
sible without making errors. Half the subjects responded "same"
with the preferred hand and "different" with the nonpreferred
hand; the hand-response assignment was reversed for the other
subjects.

Immediately following a response, the subjects were presented
with feedback about their response accuracy. Feedback was the
word CORRECT or ERROR, which appeared on the scope during
the intertrial interval of 1.5 sec.

There were 512 experimental trials presented in four separate
blocks (128 trials per block). Within each block, each stimulus was
paired with each other stimulus and occurred first or second in
this pairing twice (16 trials per condition per block). The subjects
initiated a block of trials by pressing both response buttons simul
taneously; once initiated, though, display timing throughout the
block was controlled by the computer. On each trial, the fixation
cross was presented for 500 msec, followed by STI for 50 msec,
an lSI of 200 msec, during which the screen was blank, and ST2
for 200 msec. These display timings have been shown to produce
reliable transformation effects on successive form-matching per
formance (Humphreys, 1983). The order of presentation of the
shape pairs within each block was randomized for each subject
by computer.

Prior to the experimental trials, the subjects were given 48 prac
tice trials, in which each condition was presented six times.
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Results

The mean RTs in each condition were calculated
for each subject. RTs ± 3 SD from each subject's
mean in each condition were discarded along with all
error responses. Since "same" and "different" re
sponses may depend on different underlying proces
ses (see, e.g., Bamber, 1969), these responses were
analyzed separately. This procedure was followed in
all the present experiments.

RT Data: "Same" Responses
Mean correct RTs and percentage errors for "same"

responses are shown in Table 1.
The data were submitted to a two-way repeated

measures analysis of variance, with shape (parallel
ograms and triangles) and condition (same position,
vertical-axis transformation, horizontal-axis trans
formation, and same orientation) as fixed effects and
subjects as a random factor. There was a statistically
significant main effect of conditions [F(3,4S) = 13.32,
p < .001]. Neither the main effect of shape nor the
conditions x shape interaction was reliable [F(l,IS)
=1.09, p > .05, and F < 1.0, respectively].

The conditions effect was further investigated using
the Newman-Keulstechnique. RTs in the same-position
and the same-orientation conditions were faster than
those in the vertical-axis and the horizontal-axis trans
formation conditions (all comparisons p < .01).
However, there was no difference between the same
position and the same-orientation conditions, or be
tween the vertical-axis and the horizontal-axis con
ditions.

RT Data: "Different" Responses
"Different" responses were separated according

to whether ST2 was a parallelogram (and STl a tri
angle) or whether ST2 was a triangle (and STl a paral
lelogram). Mean correct RTs and percentage errors
as a function of ST2 shape and the transformation
condition are shown in Table 1.

Table I
Mean Correct RTs (in Milliseconds) and Percentage Error (PE) on "Same" Response Trials, as a Function of Shape and Transformation

Condition, and on "Different" Response Trials, as a Function of Sf2 Shape and Transformation Condition, in Experiment 1

"Same" Response Trials

425 0.6
461 2.1
463 2.3
421 1.2

"Different" Response Trials

487 1.6
475 1.8
476 1.5
484 1.8

Same Position
Vertical-Axis Transformation
Horizontal-Axis Transformation
Same Orientation

Same Position
Vertical-Axis Transformation
Horizontal-Axis Transformation
Same Orientation

RT

Parallelogram

PE

Triangle

RT PE

412 0.7
440 1.8
453 2.2
418 1.3

484 1.8
471 1.3
462 1.5
472 1.9
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A two-way repeated measures analysis of variance
was conducted, with ST2 shape and transformation
condition as fixed effects and subjects as a random
effect. The main effects of shape and condition did
not approach significance [F < 1.0 and F (3,45) =
1.24, p > .05, respectively]. The shape x condition
interaction was similarly nonsignificant (F < 1.0).

Error data
Relatively low error rates were recorded. In all

cases, the error data followed the same pattern as the
RT data (see Table 1). Because of this, no analysis
of the error data was carried out. RTs were not traded
off with response accuracy.

Discussion

Transformations of triangles that maintain the
orientation of the principal axis while changing the
position of focal features from the top or bottom of
the shape (in the same-orientation condition) disrupt
shape matching less than transformations that change
the orientation of the principal axis while maintain
ing the position of the focal feature at the top or bot
tom of the shape (in the vertical-axis condition). The
transformation in the same-orientation condition
also disrupted shape matching less than the trans
formation in the horizontal-axis condition, which
changed the orientation of the shape but maintained
the focal feature at the left or right of the shape.
This finding suggests that the orientation of the prin
cipal axis plays a primary role in shape matching.

Interestingly, RTs to match shapes in the same
orientation condition were not different from RTs
to match identical shapes. Shape matching was not
facilitated by having shapes in the same position in
the visual field. Also, the transformation effects were
equivalent for parallelograms and for triangles, even
though the triangles changed their top-bottom direc
tion in the same-orientation condition whereas the
parallelograms did not. Table 1 shows that the direc
tion change apparently had a small detrimental effect
on RTs to match triangles (indicated by the differ
ences between the same-orientation and the same
position conditions and between the horizontal-axis
and the vertical-axis conditions). However, this ef
fect was not reliable.

The data indicate that shape matching could not be
made to operate here by subjects transforming their
internal representation of STl isometrically to the
external transformation of STl into ST2 (cf. Shepard
& Metzler, 1971). If this were the case, RTs in the
same-orientation condition should not have been
equivalent to RTs when STl and ST2 were in the
same position. Indeed, RTs should have been slowest
in the same-orientation condition because that in
volved a larger rotation than those present in the other

conditions (180 deg about the vertical plus 180 deg
about the horizontal).

Other accounts of how shape orientation affects
matching differ in their predictions about the effects
of the transformations on "different" response RTs.
One possibility is that shapes in the same orientation
appear more similar. It is well established that the
visual system responds rapidly to orientation infor
mation and that orientation differences are strong
segmentation cues (Beck, 1972; Julesz, Gilbert, Shepp,
& Frisch, 1973). It could be that constancy of orien
tation here biases a "same" response and that orien
tation change biases a "different" response. If "same
different" decisions are made when sufficient evi
dence is accumulated to exceed a criterion set for
either response (Krueger, 1978), "same" responses
will be faster in the same-orientation condition than
when the orientation changes. This account predicts
that, on "different" trials, RTs should be slower
when the shapes are in the same orientation relative
to the different orientation conditions.

A second possibility is that presenting any two
shapes in the same orientation in some way facilitates
their processing. For instance, it could be that sub
jects generate the description of a shape relative to
its principal axis and that information about the
orientation of the axis is maintained along with the
shape description. In this case, the processing of two
shapes in the same orientation may be facilitated be
cause subjects do not have to recompute orientation
information. This account predicts that "different"
RTs to shapes in the same orientation should be faster
than "different" RTs to shapes in different orienta
tions (i.e., in the vertical-axis and horizontal-axis
conditions).

Both of the above accounts depend on the assump
tion that similar processes underlie both "same" and
"different" responses. It may be, however, that
these responses are based on different processes and/
or on different forms of information. A typical find
ing in studies requiring subjects to make "same" or
"different" responses to pairs of stimuli is that
"same" responses are faster than "different" re
sponses (e.g., Bamber, 1969). This may be because
different stimuli create inhibition between internal
recognition or response processes (C. W. Eriksen,
O'Hara, & B. A. Eriksen, 1982; Proctor, 1981;Proctor
& Rao, 1983), or because subjects carry out a re
checking process before responding "different"
(Krueger & Shapiro, 1981). It is possible that either
inhibition between the different shapes or the recheck
ing process overrules any effects due to the similarity
of the shape orientations. For instance, although dif
ferent shapes may be encoded most quickly when
they are in the same orientation (because orientation
information does not need to be recomputed and/or
because they are more perceptually similar), the factors



that facilitate encoding may slow down "different"
decisions because of increased inhibition or longer
rechecking times. The net result of these two an
tagonistic effects may be to mitigate any effects of
orientation on "different" responses.

Analysis of the "different" response RTs failed to
show any effect of the relative orientations of mis
matching shapes. Also, "different" responses were
consistently longer than "same" responses (see Ta
ble 1). These results accord with the notion that dif
ferent processes were involved in "same" and "dif
ferent" responses, and that the extra processes in
volved in "different" responses negate the effects
of orientation found with "same" responses. Unfor
tunately, this claim rests upon acceptance of t~e null
hypothesis for "different" responses. Inspection of
the "different" response data indicates that same
orientation shapes were slightly harder to respond
"different" to than were different-orientation shapes
(Table 1), suggesting that there could have been a
small bias towards "same" responses when shapes
were in the same orientation. This possibility is ex
amined more thoroughly in Experiments 3-5.

EXPERIMENT 2

One difficulty in accepting that the results of Ex
periment 1 reflect the effects of orientation on shape
perception is that, with the short lSI used, apparent
motion between the stimuli may have been present.
It is possible that the effects were due to the proper
ties of apparent motion, such as the relative spacing
of the stimuli, etc. (Kolers, 1972); in this case, the ar
gument that the effects of orientation change are
pertinent to understanding shape perception is severely
weakened. In order to investigate whether the results
of Experiment 1 were due to differential apparent
motion, Experiment 2 was conducted. A strategy
similar to that adopted by Humphreys (1983) was
used: the time course of apparent motion between
shapes was contrasted with the time course of trans
formation effects on shape matching.

Transformation effects on shape matching were
examined at three ISis-50, 100, and 150 msec. In a
separate session, the subjects rated the perceived ap
parent motion between the shapes at the different
intervals. If the transformation effects on shape
matching are determined by apparent motion, sim
ilar differences between the transformation condi
tions should emerge in both tasks, and the transfor
mation effectsshould trace the samecourse over time.1

The use of three new ISis in Experiment 2 also al
lowed the results of Experiment 1 to be generalized
over a wider set of display timings.

Metbod

Six subjects, paid members of the Birkbeck College subject
pool, participated. There were four males and two females, each
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with normal or corrected-to-normal vision. The subjects took part
in two experimental sessions held on different days, with each
sessionlasting about 40 min.

The stimuli were the same as those used in Experiment 1 (Fig
ure 2). In one experimental session, the subjects performed the
same matching task as the subjects in the first study had. In the
other session, subjects rated the quality of apparent motion be
tween the consecutive shapes. Three ratings were possible, with
each rating corresponding to a phenomenally distinct type of il
lusory movement. Response 1 signified rigid movement of the
shape. This usually occurred between stimuli with the same shape.
Response 2 signified nonrigid movement, often involving defor
mation of the contours in STl and ST2. This usually occurred
betweendifferent shapes. Response3 signifiedno apparent motion.
This should have occurred with identical stimuli, which flickered
but did not move. The subjects were instructed to use identical
stimuli as the baseline for judging movement.

. Ratings 1 and 2 were made by pressing the response butt?ns.
When no response was made, rating 3 was recorded. The subJ~ts

were allowed an intertrial interval of 2.5 sec to respond, which
was easily sufficient for apparent movement to be rated. Following
each response, the subjects were given feedback specifying RIGID
MOVEMENT, NONRIGID MOVEMENT, or NO MOVEMENT,
for 500 msec prior to the next display sequence, to reinforce the
hand-response assignment.

For both sessions, there were three blocks of experimental trials,
one at each lSI (50, 100, and 150msec), with 128 trials per bl~k.
Within each block each stimulus was paired with every other stim
ulus and occurred 'first or second in the pair equally often, making
16 trials per condition per block. The stimulus and block of pre
sentation orders were randomized for each subject. STl was pre
sented for 50 msec and ST2 for 200 msec, The hand-response
assignment for both sessions was counterbalanced over subjects.

Results

The results for the two sessions were analyzed in
dependently.

Matcbing Task
RT data: "Same" responses. The mean correct RTs

for parallelograms and triangles, as a function of the
transformation conditions and the lSI, are shown
in Figure 3.

These data were analyzed in a three-way repeated
measures design analysis of variance. Transforma
tion condition (same/position, vertical axis, hori
zontal axis, and same orientation), lSI (50, 100, and
150 msec), and shape (parallelograms and triangles)
were fixed factors; subjects were treated as a random
factor. The main effect of transformation condition
was statistically significant [F(3,15)=7.67, p < .01].
The main effects of lSI and shape were not reliable
[F(2,10)= 2.88, p > .05, and F < 1.0, respectively],
nor were any of the interactions.

Newman-Keuls analysis of the main effect of trans
formation condition showed that RTs in the same
position and the same-orientation conditions were
faster than those in the vertical-axis and the horizontal
axis conditions (p < .05 and p < .01, respectively).
There were no differences between the same-position
and same-orientation conditions, or between the
vertical-axisand horizontal-axis conditions.

RT data: "Different" responses. The mean correct
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50

150 lSI (msec)

made by each. subject in each condition. When the
stimuli were the same shape, the subjects typically
used ratings 1 (rigid motion), when motion was seen,
and 3, when no motion was seen. When the stimuli
differed in shape, the subjects typically used ratings
2 (nonrigid motion), when motion was seen, and 3,
when no motion was seen.

The rating data were analyzed using analysis of
variance techniques. This is because the F test is rel
atively robust for violations of normality and homo
geneity of variance in discrete frequency data, pro
viding relatively large sample sizes are used (Bevan,
Denton, & Myers, 1974). Separate analyses were con
ducted for ratings between stimuli with the same shape
(rigid motion) and stimuli with different shapes (non
rigid motion).

Rigid apparent motion. The proportion of trials on
which rigid apparent motion was reported between
parallelograms and between triangles is demonstrated
in Figure 4.

A three-way repeated measures analysis of vari
ance was performed, with lSI, transformation condi
tion, and shape as fixed factors and subjects as a ran
dom factor. For this analysis, data from the same
position condition were omitted because ratings of
movement were made on only .35% of the trials.

There were statistically significant main effects of
lSI, transformation condition, and shape [F(2,16) =
15.64, p < .001; F(2,16)=9.04, p < .01; and F(I,8)
= 19.66, p < .01, respectively]. The interaction be
tween lSI and the transformation conditions was also
reliable [F(4,32) = 4.42, p < .01]. None of the other
interactions approached significance.

Newman-Keuls analysis of the main effect of lSI
showed that more apparent motion was reported when
the lSI was 50 or 100 msec than when it was 150 msec
(both p < .01). There was no reliable difference be
tween the two shorter lSI conditions. A similar analy
sis of the main effect of transformation condition
showed that more apparent motion was reported in
the horizontal-axis condition than in the same
orientation and vertical-axis conditions (both ps < .05),
which did not differ.

The lSI x transformation condition was also ex
amined using this technique. When the lSI was 50
msec, more movement was reported in the horizontal
axis condition than in the vertical-axis condition or

-0- - -0

Apparent Motion
Ratings of apparent motion were categorized as

the proportion of trials on which each rating was

FiKure 3. The mean correct RTs on "same" response triais in
Experiment 2. A, trianKles; B, paralleloKrams. Key:--.-
same position; - -0 -- horizontal-axis transformation; - - • - - ver
tical-axis transformation; --0--same orientation.
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RTs and percentage errors for different responses are
given in Table 2.

There were no reliable main effects of transforma
tion condition, lSI, or ST2 shape [F < 1.0, F(2,1O) =
2.85, and F(I,5)= 1.50, respectively; all ps > .05].
None of the interactions were reliable.

Error data. Only a small number of errors were
made, and in general these followed the same trends
as the RT data. For "same" responses, there were
fewer errors in the same-position and same-orientation
conditions (1.2070 and 1.9%, respectively) than in the
vertical-axis and horizontal-axis conditions (2.3%
and 2.5%, respectively). There were no clear differ
encesbetween the conditions for "different" responses.

Table 2
Mean Correct RTs (in Milliseconds) and Percentage Errors (PE) on "Different" Response Trials as a

Function of ST2 Shape, Transformation Condition, and lSI (in Milliseconds)

Parallelograms Triangles

50 lSI 100 lSI 150 lSI 50 lSI 100 lSI 150 lSI
-----

ST2 Shape RT PE RT PE RT PE RT PE RT PE RT PE

Same Position 511 0.7 457 1.2 464 1.0 483 1.2 439 0.7 423 l.l
Vertical-Axis Transformation 481 1.8 438 1.5 471 1.6 467 1.9 445 1.8 424 1.7
Horizontal-Axis Transformation 488 2.2 430 1.8 443 1.7 467 1.9 450 2.0 456 1.8
Same Orientation 465 2.3 471 1.9 451 2.0 484 1.8 437 1.9 460 1.9
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Figure 5. The proportion of trials on which apparent motion
was reported between different-shape stimuli in Experiment 2.
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spectively), The amount of apparent motion reported
at the shorter intervals did not differ reliably. Analy
sis of the transformation effect showed that less ap
parent motion was reported in the vertical-axis and
same-orientation conditions than in the same-position
and horizontal-axis conditions (p < .01 for compari
sons with the same-position condition; p < .05 for
comparisons with the horizontal-axis conditions).
Apparent motion was also less in the horizontal-axis
condition than in the same-position condition (p <
.05). There were no other differences between the
conditions.

Nonrigid apparent motion did not differ when ST2
was a parallelogram and when it was a triangle. Fig
ure 5 illustrates the proportion of trials on which it
was reported as a function of the transformation
conditions and lSI, pooled over stimulus order .

There are two important conclusions which can be
drawn from Experiment 2. One is that the results of
the matching task generalize over a range of ISIs from
50 to 200 msec. As in Experiment 1, RTs in the same
position and the same-orientation conditions were
faster than those in the vertical-axis and the horizontal
axis conditions. This difference was constant over
the ISIs studied, demonstrating the robust effects of
orientation change on matching performance. Com
pared with the effects of orientation change, chang
ing the position of the focal feature from the top to
the bottom of the shape had little disruptive effect.
The trend for faster matching in the vertical-axis
condition than in the horizontal-axis condition was
present but nonsignificant. More importantly, there
were again no differential transformation effects on
"different" responses. There is also no indication
in the data that "different" responses were more
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thesame-orientation conditiontp < .05 and p < .01,
respectively). There was no difference between the
vertical-axisand the same-orientation conditions.

When the lSI was 100 msec, there was again more
movement reported in the horizontal-axis condition
than in the vertical-axis condition or the same
orientation condition (both ps < .01), which did not
differ.

When the lSI was 150 msec, more movement was
reported in the horizontal-axis condition than in the
vertical-axis condition or the same-orientation con
dition (p < .01 and p < .05, respectively). Also, more
movement was now reported in the same-orientation
condition than in the vertical-axis condition (p < .05).

Nonrigid apparent motion. Similar analyses were
performed on the ratings for nonrigid apparent mo
tion. There were reliable main effects of lSI and
transformation condition [F(2,16)=12.39 and F(3.24)
= 8.76, ps < .001, respectively]. There was no effect
of ST2 shape (F < 1.0). None of the interactions ap
proached significance.

The main effects of lSI and transformation condi
tion were further analyzed using the Newman-Keuls
technique. Averaging over the shapes and transfor
mation conditions, more apparent motion was re
ported at the short ISIs (50 and 100 msec) than at
the longer lSI of 150 msec (p < .01 and p < .05, re-

Figure 4. The proportion of trials on which apparent motion
was reported between same-shape stimuUin Experiment 2. A, tri
angles; B, paraUelognms. Key: - - 0 - - horizontal-axis tnusfor
matlon; - - e - - vertical-axis tnnsformation; -e- same
orientation.
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difficult to make for same-orientation shapes than
for shapes in different orientations (Table 2). This is
consistent with the assertion that "different" and
"same" responses reflect different processes, and
that the processes involvedin responding "different"
to two shapes overrule any effect of their having the
same orientation.

The second important finding is that transforma
tion type and lSI produced different effects on per
ceived apparent motion and on shape matching. Rigid
apparent motion was seen only between matching
shapes. Irrespective of the lSI, rigid motion was seen
most often in the horizontal-axis condition, and it
did not differ for the same-orientation and vertical
axis conditions except at the long (l50-msec) lSI.
Nonrigid motion was seen between different shapes.
It was seen most between shapes in the same-position
condition, less between shapes in the horizontal-axis
condition, and least in the vertical-axis and same
orientation conditions. Both forms of apparent mo
tion decreased as the lSI lengthened.

The divergence between apparent motion ratings
and shape-matching performance illustrates that in
dependent mechanisms underlie these tasks. Appar
ent motion appears to have been affected primarily
by the relative distance between STl and ST2. Thus,
the strongest rigid motion was seen between shapes
in the horizontal-axis condition, because those shapes
were closer than were the shapes in the other trans
formation conditions. The strongest nonrigid motion
was seen in the same-position condition, in which
STI and ST2 were even closer than in the horizontal
axis condition. On the other hand, shape matching
was affected by whether the shapes were presented
in the same orientation. It seems reasonable to con
clude from this that the orientation effects are specific
to the processes involved in shape perception and
matching.

EXPERIMENT 3

Although the results of Experiment 2 suggest that
orientation effects are a product of shape perception
and matching, they are not informative about the
particular mechanisms involved. For instance, one
possibility is that the data reflect obligatory aspects
of shape perception (such as those involved in the
construction and maintenance of axis-based descrip
tions). Another possibility, though, is that the data
reflect an arbitrary strategy adopted by subjects to
discriminate matching and mismatching shapes. The
data from Experiments 1 and 2 indicate that any
effects were not due to the use of a lower "same"
response criterion for shapes in the same orientation,
since there were no transformation effects on "dif
ferent" responses. However, this argument depends
on the acceptance of the null hypothesis. A more
conclusive test of strategic effects on matching would
be to present the transformation conditions in differ-

ent trial blocks. In this case, subjects should adopt
an optimal strategy for each condition and any dif
ferences between the conditions due to the type of
strategy adopted should decrease. This was the pur
pose of Experiment 3, in which the transformation
conditions were run in separate blocks.

Method

Twelve paid members of the Birkbeck College subject pool par
ticipated in the experiment. There were seven males and three
females, and each had normal or corrected-to-normal vision. The
subjects took part in a single experimental session lasting about
40 min.

The stimuli were the same as in Experiments 1 and 2 (Figure 2).
However, in contrast to those experiments, the three transforma
tion conditions were presented in separate blocks of trials. For
each subject, the experimental session consisted of three blocks of
192 experimental trials. Within each block, stimuli were presented
in the same position on half the trials and in a position dictated
by the transformation condition on the other half. In each block,
there were 96 trials on which the stimuli had the same number of
sides; there were 48 "same" response trials for parallelograms
and for triangles, 24 in the same-position condition and 24 in the
transformation condition (vertical-axis, horizontal-axis, and same
orientation). Within each condition, each possible stimulus oc
curred equally often as STl and ST2. The same-position condition
served as the baseline from which to measure the relative effect
of the other transformation conditions in each block. The order
of the blocks was randomized for each subject. Prior to the ex
perimental trials in each block, the subjects received 32 practice
trials in the appropriate transformation condition.

The stimulus durations used in Experiment 1 were employed.
The subjects were instructed to match consecutive shapes on the
basis of the number of sides they contained. Half the subjects
responded "same" with the preferred hand, half responded "dif
ferent."

Results

RT Data: "Same" Responses
The mean correct RTs and percentage errors in

each block of trials for matching shapes are given in
Table 3. RTs in each block are broken down into those
made to same-position stimuli and those made to
stimuli in the transformation condition.

RTs were analyzed in a three-way repeated mea
sures analysis of variance. Trial block (horizontal
axis, vertical-axis, same orientation), shape (paral
lelogram and triangle), and condition (same position
and transformed) were fixed effects, and subjects
were treated as a random factor. The main effects of
trial block and shape were not statistically significant
[F(2,22)= 1.09 and F(l,ll) =2.45, respectively; both
ps > .05]. The main effect of condition was reliable
[F(l,ll) = 5.90, p < .05], demonstrating that RTs in
each transformation condition were slower than RTs
to shapes in the same position. Importantly, none of
the interactions were statistically significant.

RT Data: "Different" Responses
The mean correct RTs and percentage errors for

mismatching shapes are presented in Table 3.
There were no reliable effects of trial block, shape,
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Table 3
Mean Correct RTs (in Milliseconds) and Percentage Errors (PE) on "Same" and "Different" Response Trials

in Each Block of Trials in Experiment 3

Trial Block

Horizontal-Axis Transformation Vertical-Axis Transformation Same-orientation Transformation

Same Position Transformed Same Position Transformed Same Position Transformed

RT PE RT PE RT PE RT PE RT PE RT PE

"Same" Response Trials
Parallelogram 503 2.2 523 2.4 544 1.9 557 2.1 521 1.9 541 1.8
Triangle 490 1.9 508 2.3 494 2.3 518 2.6 506 2.1 531 2.2

"Different" Response Trials
Parallelogram 538 0.7 536 0.9 560 0.8 559 1.0 567 1.0 552 0.9
Triangle 530 0.8 539 1.0 553 1.1 558 1.3 566 0.9 558 1.1

or condition [F(2,22) =1.45, F < 1.0, and F(I,ll) =
1.02, respectively; all ps > .05]. None of the inter
actions approached statistical significance.

Error Data
The errors matched the RT results. For example,

for "same" responses, more errors were made when
the shapes were transformed than when they were
in the same position. There were few differences be
tween the transformation conditions (Table 3). Be
cause of the small numbers involved and the similar
ity between these and the RT data, no further analy
ses were performed.

Discussion

Contrary to the outcomes in Experiments 1 and 2,
there were no differences between the transforma
tion conditions in this study; also, RTs in all the
transformation conditions were slower than RTs in
the same-position condition. These results suggest
that the earlier findings were dependent on the par
ticular stimulus set used, perhaps indicating the na
ture of the similarity space adopted by subjects
(Lockhead, 1972). When the transformation condi
tions are presented to subjects at random, as in Ex
periments 1 and 2, RTs may be affected by similarity
relations between all the stimuli in the set. These re
lations appear to favor stimuli presented in the same
orientation. The effect of blocking the transforma
tions, as in Experiment 3, would be to confine the
similarity space to same-position stimuli and to the
stimuli in the particular transformation condition.
This may be expected to distance same-position stim
uli from transformed stimuli and to minimize differ
ences between the transformation effects. While it
is of interest to understand why same-orientation
stimuli might be grouped within a similarity space
under some circumstances, this argument does sug
gest that the results do not reflect obligatory pro
cesses in shape perception, because the nature of a
particular similarity space would be specific to the
experiment.

However, alternative arguments can be proposed
to account for the data. For instance, it may be that
blocking the transformation conditions allowed sub
jects to attend selectively to distinguishing local char
acteristics of the shapes and to ignore global shape
characteristics such as orientation. This possibility
exists because blocking the conditions in Experi
ment 3 reduced uncertainty about the spatial loca
tions of the stimuli, since ST2 could occur in only
one of two quadrants. With the display durations
used, subjects may have re-allocated attention fol
lowing STl to the informative local features in ST2.

One way to separate these accounts is to increase
uncertainty about the spatial locations of stimuli while
maintaining blocked presentation of the transforma
tion conditions. If the failure to find differential
transformation effects in Experiment 3 was because
subjects could selectively attend to focal feature loca
tions, increasing the locational uncertainty should
restore the effects.

EXPERIMENT 4

In Experiment 4, transformation conditions were
blocked, as in Experiment 3, but there was a greater
degree ofuncertaintyabout the spatial location of pos
sible targets. STl was always centered at fixation. To
prevent selective attention to the expected location of
a focal feature, ST2 was presented randomly at one of
four locations equidistant from fixation. To prevent
the use in Experiment 4 of particular strategies sub
jects might have used to match shapes in Experiments
1-3, ST2 was presented at a location some distance
from STI. For instance, subjects could not then base
decisions on the equality of angles meeting at fixa
tion, or the presence of a matching diagonal through
fixation, both of which strategies could have selec
tively benefited the same-orientation condition.

Method

There were 12 subjects, seven female and five male, all paid
members of the Birkbeck College subject pool. All subjects had
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either normal or corrected-to-normal vision, and each took part
in a single experimental session lasting about 40 min.

The stimuli were the same as those used previously. However,
STl was always centered at fixation and ST2 at a location ±10 em
away on both X and Y coordinates in one of the four quadrants
selected at random.

As in Experiment 3, there was blocked presentation of the
vertical-axis, horizontal-axis, and same-orientation transforma
tion conditions. There were three blocks of 128experimental trials.
Within each block, stimuli were in the same position on half the
trials and were transformed on the other trials; on half the same
position and transformation trials, they were the same shape,
and on the other half, they were different shapes. Within each
condition, each stimulus was equally often STl and ST2, and,
when ST2, each was presented equally often at each location.
Prior to each block, the subjects were given 32 practice trials in
the particular transformation condition, and the order of blocks
was randomized over subjects.

Stimulus durations were the same as in Experiments 1 and 3.
Half the subjects responded "same" with the preferred hand;
the response-hand assignment was reversed for the other subjects.

Results

RT Data: "Same" Responses
Responses for each shape in each condition in each

trial block were averaged over the four location posi
tions for ST2. The mean correct RTs and percentage
errors are presented in Table 4.

There was a reliable difference between perfor
mance in the horizontal-axis, vertical-axis, and same
orientation trial blocks [F(2,22) =4.25, p < .05];
there was also a reliable difference between the same
position and the transformation conditions [F(l,11)
=25.22, p < .001]. The only other reliable effect was
the interaction between the trial block and the trans
formation/same-position difference [F(2,22)= 7.66,
P < .01].

Pairwise comparisons were conducted to analyze
the transformation/same-position differences as a
function of the trial block. There was a reliable dif
ference between the size of the transformation effect
in the same-orientation block and the vertical-axis
block [F(l ,22) = 6.46, p < .025] and in the same
orientation block and the horizontal-axis block [F(1,22)

= 5.40, p < .05], but not in the horizontal-axis and
vertical-axis blocks (F < 1.0).

RT Data: "Different" Responses
The mean correct RTs and percentage errors are

given in Table 4.
There were no reliable effects of trial block, trans

formation effect, or ST2 shape [F < 1.0, F(l, 11)=
2.62, and F(1,11)=2.27, respectively; all ps > .05].
None of the interactions were statistically significant.

Error Data
As in all the present experiments, low error rates

were recorded. There was a tendency for more errors
to occur in the transformation conditions than in the
same-position conditions (Table 4), but there were no
other marked differences between the conditions.
There was no indication of a speed-error tradeoff.

Discussion

The data from this experiment demonstrate that
blocking the transformation conditions does not
eliminate the differential transformation effects, pro
viding subjects remain uncertain about the spatial
location of ST2. The data replicate the finding ob
tained in Experiments 1 and 2 that same-orientation
transformations were less detrimental to shape match
ing than were vertical-axis and horizontal-axis trans
formations. Also, as in the first two experiments,
performance in the same-orientation condition was
similar to that in the same-position condition. This
indicates that the failure to find these results in Ex
periment 3_was because subjects could selectively at
tend to the location of focal features in ST2, and not
because the transformation conditions were blocked.
The fact that orientation change affected perfor
mance even with a reduced stimulus set suggests that
the effect is not due primarily to the interstimulus
similarities present in the particular experiment.

The contrast between Experiments 3 and 4 dem
onstrates interesting limits on the conditions under

Table 4
Mean Correct RTs (in Milliseconds) and Percentage Errors (PE) on "Same" and "Different" Response Trials

in Each Block of Trials in Experiment 4

Trial Block

Horizontal-Axis Transformation Vertical-Axis Transformation Same-Orientation Transformation

Same Position Transformed Same Position Transformed Same Position Transformed

RT PE RT PE RT PE RT PE RT PE RT PE

"Same" Response Trials
Parallelogram 438 2.2 452 2.6 412 2.3 456 2.5 413 2.1 421 2.2
Triangle 439 1.9 495 1.8 415 2.1 450 2.4 414 2.0 415 2.1

"Different" Response Trials
Parallelogram 512 1.9 537 2.2 512 2.1 510 2.3 506 2.0 499 2.2
Triangle 542 1.6 514 2.4 509 2.1 497 2.8 549 1.8 514 2.3

--_.~_.- _.... --~._--- -- --------- -------



which orientation effects influence shape matching.
Orientation effects occur when there is spatial uncer
tainty and subjects cannot selectively attend to the
focal features in ST2; orientation effects can be elim
inated when subjects can attend to the locations of
the focal features discriminating the to-be-matched
shapes. One account of this contrast is that subjects
use global structural characteristics, such as the orien
tation of the principal axis, for shape representation
in conditions of high spatial uncertainty; they use
local structural characteristics, such as the identity
and location of a focal feature, in conditions of low
spatial uncertainty.

EXPERIMENT 5

Experiments 1-4 were concerned with establishing
the conditions under which orientation change af
fects shape matching using two shapes, triangles and
parallelograms. It is important to demonstrate that
the results also hold for other shapes with a principal
elongated axis, to show that they illustrate processes
general to the perception and matching of elongated
shapes. Experiment 5 was conducted for this pur
pose. Two new shapes were used (Figure 6). Both
shapes were generated from a rectangular base; in
one case one right-angled triangle was added to the
base, and in the other two right-angled triangles were

Figure 6. Tbe sbapes and transformation conditions used In
Experiment 5. Transformation a = vertical-1IXis condition; trans
formation b = borizontal-1IXis condition; transformation c = same
orientation condition.
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added. This created two shapes, each with a principal
elongated axis, differing in one focal feature (the
presence of the apex of the second triangle). These
shapes were subjected to transformations similar to
those used in the previous studies; however, the trans
formations operated about four points equidistant
from fixation. The shapes used in Experiment 5 had
two particular attributes that made them suitable for
the study: they could not be matched on the basis
of focal features near fixation, and they allowed a
direct test of the effects of left-right direction change
on matching. Single apex shapes in the vertical-axis
condition (a in Figure 6A) changed their left-right
direction relative to their focal feature on only half
the trials (bottom right - bottom left quadrant).
Similarly, single apex shapes in the horizontal-axis
condition (b in Figure 6A) changed their left-right
direction on half the trials (top right - bottom right).
If left-right direction change affects matching, RTs
should be slowest on the direction-change trials.

Method

There were 12 subjects, seven male and five female, all paid
members of the Birkbeck College subject pool. All subjects had
normal or corrected-to-normal vision and took part in one experi
mental session of about 35 min duration.

The subjects were presented with shapes from the set shown in
Figure 6. These shapes were created in the same manner as the ear
lier shapes, with the exception of the shape in the bottom left
hand quadrant, which was produced by a 18Q-deg rotation of the
top-right-quadrant shape about the y-axis followed by a 9O-deg
rotation within the plane, about a point 10 em to the left and below
fixation. This created left-right direction changes for all the trials
in the same-orientation condition and for half the trials in the
horizontal-axis and vertical-axis conditions.

The transformation conditions were presented at random. There
were three blocks of experimental trials, with 128 trials per block
(384 trials). Within each block, each stimulus was paired with
every other stimulus equally often and was presented first and
second in that pairing twice. Subjects were told the set of stimuli,
and were instructed to respond "same" if the two shapes on a
trial were physically identical irrespective of their relative orien
tations. Half the subjects used the preferred hand to respond
"same," and half used the preferred hand to respond "different."
STl was presented for 50 msec and ST2 for 200 msec, and there
was a blank lSI of 200 msec, .

/

Results

RT Data: "Same" Responses
In Table S, the mean correct RTs as a function of

the transformation condition and shape are pre
sented. A two-way repeated measures analysis of
variance was carried out. Condition (same position,
vertical-axis transformation, horizontal-axis trans
formation, and same orientation) and shape (single
and dual apex) were fixed effects, and subjects were
treated as a random factor. The main effect of con
dition was statistically significant [F(3,33)=4.60,
p < .01]. The effect of shape was not significant, and
nor was the shape x condition interaction [F(l,ll)
=2.82and F(3,33) =2.74, respectively;both ps> .05].
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Newman-Keuls analysis of the condition effect
showed that RTs were faster in the same-position and
the same-orientation conditions than in the horizontal
axis and vertical-axis conditions (p < .01 for the
same-orientation and horizontal-axis comparison,
p < .05 for all other comparisons). Same-position
and same-orientation conditions and vertical-axis
and horizontal-axis conditions did not differ.

To investigate the effects of left-right direction
change on performance, RTs in the horizontal-axis
and vertical-axis conditions for the single apex shape
were separated according to whether there was a left
direction change. No effects were apparent. In the
vertical-axis condition, the mean RT on same-direction
trials was 535 msec, and on different-direction trials,
it was 544 msec. In the horizontal-axis condition,
the mean RT on same-direction trials was 548 msec,
and on different-direction trials, it was 545 msec.
These differences did not approach significance
(both F< 1.0).

RT Data: "Different" Responses
Similar analyses were performed on the "different"

response RTs. Neither the main effects of condition
or ST2 nor the condition x shape interaction were
reliable [F(3,33)=2.81, F(l,ll) =2.24, and F(3,33)=
2.48, respectively; all ps > .05]. The mean correct
RTs as a function of the condition and ST2 shape are
given in Table 5.

Error Data
The error rate in this study was slightly higher than

in the previous experiments. This was most likely
because the discrimination between the shapes here
was more difficult than the discrimination between
parallelograms and triangles. Nevertheless, error
rates followed the same trends as the RT data (Ta
ble 5). RTs were not traded off against response ac
curacy.

Discussion

The data replicate the findings of Experiments 1,

2, and 4 with new stimuli. RTs were faster to the
same-shapestimuli in the same-positionand the same
orientation conditions than to the same-shape stimuli
when they were transformed about either the hori
zontal or the vertical axis..Also, RTs did not differ
in the same-position and the same-orientation con
ditions. This demonstrates that the results are not
confined to the particular stimulus set and discrim
ination task used.

Experiment 5 also confirms that, in the present
task, changes in the left-right direction of parts of
shapes have little effect on performance. One pos
sible reason for this is that we may not normally have
an explicit representation of the left-right direction
of a shape (Hinton & Parsons, 1981). Such a repre
sentation may be useful for a more limited number
of tasks (such as discriminating shapes from their re
flections), and its use may require operations quite
different from those investigated here (such as men
tal rotation).

GENERAL DISCUSSION

Four experiments (Experiments 1, 2, 4, and 5) have
been reported showing that the time taken to match
consecutive orientation-transformed shapes is less
when the orientations of their principal axes are con
stant than when they change. When this effect occurs,
performance is not affected by the absolute locations
of the shapes in the visual field: when the shapes' orien
tations are constant but their positions change, RTs
are equivalent to those obtained when their positions
are the same. Orientation effects were not apparent
with "different" responses. This suggests that they
were not caused by a bias toward responding "same"
to shapes in the same orientation. Also, the effects
were not related to differences in apparent motion
between the stimuli (Experiment 2), and they are un
likely to be due to similarity relations between stim
uli in the particular experiment (Experiment 4).

Taken together, the results suggest that presenting
matching shapes in the same orientation increases
their perceptual similarity relative to when they are

Table 5
Mean RTs (in Milliseconds) and Percentage Errors (PE) for "Same" and "Different" Response Trials in Experiment 5

Parallelogram Triangle

RT PE RT PE

"Same" Response Trials
Same Position 513 2.6 539 2.8
Vertical-Axis Transformation 540 3.5 563 3.9
Horizontal-Axis Transformation 546 3.4 581 4.1
Same Orientation 512 2.9 525 2.8

"Different" Response Trials
Same Position 622 3.2 570 3.6
Vertical-Axis Transformation 574 3.4 564 2.9
Horizontal-Axis Transformation 570 2.9 557 3.3
Same Orientation 572 3.1 576 3.2



presented in different orientations. One reason for
this might be that subjects generate axis-based shape
descriptions and maintain information about the
orientation of the axis. RTs to match shapes may
then be facilitated by presentation of the shape in the
same orientation because orientation information
does not have to be recomputed. The simplest ex
planation for the failure to find orientation effects
on "different" responses, then, is that "different"
responses involve more processes than "same" re
sponses. Typically, "different" responses were slower.
It may be that presenting different shapes in the same
orientation facilitates the computation of their shape
descriptions because orientation information does
not have to be respecified, However, matching orien
tation information may also activate internal recog
nition or response processes that are incompatible
with those activated by the mismatching shape descrip
tions (C. W. Eriksen et aI., 1982; Proctor, 1981).
Inhibition at the decision stage may cancel out any
facilitation of earlier processes.

The orientation effects on "same" responses are
specific to shape matching and perception, since
quite different effects were found with apparent mo
tion ratings. Apparent motion appeared to be deter
mined by the spatial proximity of the stimuli, with
more motion occurring for stimuli in close proximity,
both when same and when different shapes were pre
sented. This suggests that apparent motion was due
to processes concerned with local disparity detection
and not the global structural properties of the shapes
(e.g., Braddick, 1974). From this it seems that inde
pendent mechanisms can underlie shape perception
and apparent motion.

Interestingly, orientation effects do not generalize
to all instances of shape perception. The effects occur
primarily when subjects are uncertain of the spatial
location of the to-be-matched shapes (Experiments 1,
2, 4, and 5). Under this circumstance, subjects ap
pear to use the global property of principal-axis orien
tation to represent shapes internally. When spatial
uncertainty is reduced, though, subjects appear to
base shape representations upon salient local fea
tures, minimizing orientation effects (Experiment 3).
This result is important because it suggests that spa
tial attention can playa functional role in shape per
ception.

The present results were obtained using tasks in
which shape direction (up-down, left-right) was not
relevant for response purposes. However, this will
not be the case for all tasks or all stimuli. Clearly,
shape direction must be represented when subjects
have to discriminate between reflected stimuli; it may
also be important for simple physical matching tasks
with particular stimuli (such as faces; Yin, 1969).
One necessary question for future research, then, is
whether the present effects change according to the
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nature of the stimulus. This suggests the interesting
possibility that object perception and matching can
be influenced by the functional characteristics of the
object.
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NOTE

I. Another possible strategy to assess the effects of apparent
motion on shape matching, suggested by one referee, would be
to use ISIs sufficiently long to prohibit apparent motion. Un
fortunately, this procedure would then be more likely to demand
memorial representations than perceptual ones of stimuli. Also,
with longer ISIs, subjects may perform internal transformations
upon STI to match it with ST2 (Humphreys, 1983). RTs in the
matching task would then be less likely to reflect the similarity
of the perceptual representations determined by the stimuli.
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