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Size effects in visual recognition memory
are determined by perceived size

BRUCE MILLIKEN and PIERRE JOLICOEUR
University of Waterloo, Waterloo, Ontario, Canada

Recognition memory for shapes has been shown to depend on differences between the size of
shapes at the time of encoding and at the time ofthe memory test (Jolicoeur, 1987). Experiment 1
of the present paper replicates this effect and establishes a set of parameters used in the subse
quent experiments. Experiment 2 considers the results of Experiment 1 in light of the distinc
tion between "perceived" size, which, under normal viewing conditions, varies minimally with
changes in distance between the observer and object, and "retinal" size, which varies propor
tionally with viewing distance as an object is moved closer to or farther from an observer. Sub
jects studied novel shapes and performed a recognition memory test in which the distance from
the subject to the viewing screen at the time of testing was different from that at the time of
encoding. The viewing distance and the size of the shapes were manipulated such that perceived
and retinal sizes were dissociated. The results suggest that the size-congruency effect in memory
for visual shape occurs as a result of changes in the perceived size of shapes between the encod
ing and the testing phases, with little or no contribution of retinal size per se.
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It has long been established that alterations in the orienta
tion of a shape can affect one's ability to recognize that
shape (Rock, 1956, 1973, 1974; Rock, Di Vita, & Barbeito,
1981; Rock & Heimer, 1957). Such effects have been at
tributed to the fact that changes in orientation can lead to
"changes in perceived shape," thereby provoking failure
of the observer to make contact with the appropriate in
ternal representation. Rock (1974, p. 81) notes, however,
that alterations of size, color, or type of contour do not
change perceived shape. In so saying, Rock (1974) im
plies that internal representations of shape are orientation
dependent but are independent of other variables, such
as size. If this is the case, then recognition memory should
not be affected by alterations in the size of shapes.

However, recent studies by Jolicoeur (1987) and Kolers,
Duchnicky, and Sundstroem (1985) have shown that rec
ognition memory is sensitive to size as well. The studies
presented in this paper are concerned with the effects of
size on recognition memory; the method used to study
size effects is very similar to that used by Jolicoeur (1987).
Jolicoeur had subjects study a group of shapes that were
of two different sizes. Following this study phase, sub
jects participated in a recognition phase involving the set
of shapes that the subjects had studied and an identical
number of shapes not seen previously. Of the shapes seen
previously, half of the shapes that were studied small were
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shown small at test time, and half were shown large. Simi
larly, half of the shapes studied large were shown large
at test time, and half were shown small. The subjects' task
in the test phase was to decide as quickly and accurately
as possible whether or not they had studied the shape be
fore, while ignoring any size differences. Subjects rec
ognized shapes that were studied and tested at the same
size more quickly and accurately, in general, than they
recognized those studied at one size and tested at a differ
ent size. Jolicoeur (1987) labeled this pattern of results
a size-congruency effect. The term size congruency will
be used in this paper as well and will refer to the rela
tionship between the size of a shape at encoding and the
size of the same shape during testing.

Jolicoeur (1987) concluded that size-dependent recog
nition performance suggests that shapes may be encoded
in long-term memory in a format that is size dependent.
Granted this possibility, none of the previous studies ex
amining size effects on recognition memory performance
have addressed the distinction that can be made between
retinal size, which varies with the distance between the
external pattern and the observer, and perceived size,
which, under normal viewing conditions, remains con
stant despite said changes in distance. If the distance be
tween the observer and the external pattern is the same
during encoding as during the recognition test, then
changes in the objective size of a shape results in cor
responding changes in both the retinal and perceived size
of the shapes. In short, without changes in the distance
between the observer and the external pattern, retinal and
perceived size are confounded with one another. There
fore, even if the recognition task is sensitive to the format
of representations in long-term memory, to conclude that
"size" is represented in that format is, de facto, an under-
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description. A question that begs answering is whether
it is retinal or perceived size that is encoded as part of
the representation. The experiments described in the
present paper address this issue by having subjects make
recognition decisions from a distance that decouples reti
nal size from perceived size.

EXPERIMENT 1

Experiment I was designed to replicate the size
congruency effect observed by Jolicoeur (1987), as well
as to establish a set of size parameters that would serve
for the remaining experiments. The method used differed
from that of Jolicoeur (1987) in a number of respects. The
stimuli were adapted from the set of 40 stick figures used
in Experiment lb by Jolicoeur (1987). However, 5 of the
40 stick figures that contained closed portions (i.e., "4"
has a closed portion, "F" does not) were modified so
that none of the 40 shapes contained closed portions in
the present experiments. The reason for this change was
that, with so few of the shapes having closed portions,
it seemed possible that the closed portion would be used
as a memory cue irrespective of the rest of the shape. The
shapes were presented as white antialiased lines! (Tanner,
Jolicoeur, Cowan, Booth, & Fishman, 1989) on a black
background, instead ofthe black lines on white background
used by Jolicoeur (1987). Shapes were displayed on the
monitor of an Amiga 1000 microcomputer rather than on
a two-way projection screen or on the monitor of an
Apple II microcomputer. Finally, a size ratio of2: 1 was
chosen for the "large" and "small" shapes used in this
study. None of the changes to the Jolicoeur (1987) proce
dure was expected to affect the results on its own; how
ever, because there were a large number of small changes,
it seemed desirable to replicate the size-congruency ef
fect using the above procedure before attempting to mea
sure potential variations in the effect in further studies.

Method
Subjects. The subjects were 23 undergraduates and I graduate

student at the University of Waterloo, who were paid for their par
ticipation. All subjects had normal or corrected-to-normal vision.
The subjects were tested by five different experimenters, four of
whom tested 4 subjects each. The final 8 subjects were tested by
one of the authors.

Materials. Each stick figure was made up of six line segments,
with the constraints that each segment met another segment only
at its endpoint and that, otherwise, line segments could not cross
over one another. Each stick figure consisted of one segment of
length 10 units, two segments oflength 5 units, andthree segments
of length 3 units, similar to those used by Jolicoeur (1987). The
shapes were displayed as white antialiased lines (Tanner et aI., 1989)
on a black background on an Amiga 1000 microcomputer moni
tor. The average visual angle subtended by the shapes was 3.ZO
when presented at the small size and6.4° when presented at the
large size. Examples of the shapes may be seen in Figure I.

Procedure. Each subject participated in one session lasting about
20 min. Approximately half of this time was spent informing the
subject of the task before it began and debriefing the subject after
the task ended. There were two phases to each session: a study phase
and a test phase. During the study phase, the subject was asked
to rest his/her chin in a chinrest and to study shapes as they ap-

Figure 1. Examples of shapes used In tbe experiments.

peared one at a time on the monitor, which was located 83 cm in
front of the subject. The subjects were informed before the study
phase that their recognition memory for the shapes would be tested
immediately after the study phase. They were also informed that
size differences between shapes were to be considered irrelevant.
Immediately following the study phase, the subjects participated
in a test phase in which shapes were again presented to the subject
one at a time. The subjects were asked to discriminate, as quickly
and accurately as possible, whether or not the shape on the screen
was one of the ones they had studied.

All 40 shapes were used in each of the experimental sessions.
The shapes were divided at random into two sets of 20 shapes (Set A
and Set B). Half of the subjects studied Set A items, and the other
half studied Set B items. There were 40 presentations in the study
phase, consisting of two presentations of each of the shapes from
one of the two sets. There were 40 presentations in the test phase
as well, consisting of one presentation of each of the shapes from
both sets. Thus, in the test phase, the subject had seen exactly one
half of the shapes before (targets), and exactly one half of the shapes
were new (foils). The order of presentation of the shapes within
boththe study phase and the test phase was random; in the test phase,
no more than four targets or four foils were allowed to appear
consecutively.

Of the set of 20 shapes that the subject studied, 10 were shown
at a small size (3.2°) during the study phase and 10 were shown
at a large size (6.4°). In the subsequent test phase, of the 10 shapes
studied small, 5 were shown small and 5 were shown large. Simi
larly, of the 10 shapes studied large, 5 were shown large and 5
were shown small. Thus, at each of the test sizes, half of the shapes
were shown at the same size as that when studied and half were
shown at a different size. Moreover, the groups of 5 shapes that
comprised each of these four cells for a particular subject were
broken up, and the shapes were distributed among the remaining
three cells for the subsequent subjects. The set of 20 shapes that
the subject did not study served as foils in the test phase. Foils were
counterbalanced in the same manner as targets, with study size as
a dummy variable. In the full design, then, a shape could be studied
large or small, tested large or small, and be a target or a foil. Each
of the 40 shapes was represented in each of the possible eight cells
of the full design once every 8 subjects.

In the study phase, each of the 20 target shapes was shown once
to the subject and then shown again to the subject in a different
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Figure 2. Mean response times and mean percent error rates In
Experiment I.
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Discussion
The minor changes to Jolicoeur's (1987) method did

not change the results significantly. Here too, shapes that

Analysis offoils. The data gathered from each subject
for the foils alone were submitted to a repeated measures
ANOVA, with study size and test size as within-subject
factors. For both RTs and error rates, there were no sig
nificant effects (ps > .20, in all cases).

Also, the data from each subject for both targets and
foils were submitted to a repeated measures ANOVA with
target/foil, study size, and test size as within-subject fac
tors. Target shapes were responded to significantly faster
0,660 msec) than were foils (2,524 msec) [FO,23) =
29.27,MSe = 1.224270XIQ6,p < .0001]. The three-way
interaction between target/foil, study size, and test size
was significant in the error rate analysis [F(1,23) = 9.71,
MSe = 1.0384 x I<P,p < .005] and marginal in the RT
analysis [F(1,23) = 3.40, MSe = 3.152304 x IQ5, P <
.08]. These results reflect the fact that the study size x
test size interaction occurs for target trials but not for foils.

Results
The mean correct RTs on target trials for each subject

at each study and test size were submitted to a repeated
measures analysis of variance (ANOV A), treating study
size and test size as within-subject factors," These means
collapsed across subjects are shown in Figure 2.

The only significant result was the interaction be
tween study size and test size [FO,23) = 4.52, MSe =
5.031771 x I~, P < .05]. It is clear in Figure 2 that
whether subjects responded more quickly to shapes tested
small or to shapes tested large depended on the size at
which the shapes were studied. In other words, faster RTs
were associated with shapes that were shown at the same
size in both the study phase and the test phase.

Note that the study size x test size interaction depicted
in Figure 2 is not a perfectly symmetric crossover inter
action. The mean RT for shapes whose test size was large
(1,770 msec) was moderately slower than that for shapes
tested small (1,550 msec) (p < .15).

The mean percent error rates on target trials for each
subject, study size, and test size were submitted to the
same ANOVA as were the RTs (the mean percent error
rates for each study size and test size are displayed in the
bottom panel of Figure 2). Again, the only significant ef
fect was the study size x test size interaction [F(I,23) =
10.89, MSe = 1.2391 x I(P,p < .004]. In agreement with
the RTs, there was a tendency to make fewer errors on
shapes that were shown at the same size in both the study
phase and the test phase.

random order, with no break between the two presentations of the
set of shapes. Each shape appeared in the middle of the computer
monitor for 6 sec. The shape then disappeared and was followed
by a blank interval of 2 sec. The presentation of the next target
shape followed the blank interval. In all, the study phase lasted ap
proximately 5 min. The subjects were then asked to start the test
phase after being reminded of response-button hand assignments.
Each test phase trial consisted of a fixation point for 750 rnsec, then
a blank interval for 500 msec, followed by the test shape. The test
shape stayed on the screen until the subject made a response. The
subject rested the index finger of each hand on separate response
buttons and was asked to press the response button corresponding
to his/her dominant hand if the shape was a target or to press the
nondominant-hand response button if the shape was a foil. Response
time (RT) was measured as the interval between the onset of the
shape and the response of thesubject. There was an intertriaJ interval
of2 sec between the subjects' response and the fixation point of the
next trial. The first three trials of the test phase were always foils.
This was done so that the errors that are often associated with a sub
jects' first few buttonpresses would occur on foils, which (as is
described below) were ofless theoretical interest than the target trials.

The target trials provide a situation where a correct response os
tensibly requires a match between the external test shape and an
internal representation of that shape. The sensitivity of this process
to size mismatches suggests that size is encoded in this internal rep
resentation. Moreover, since study size was a dummy variable for
the foils in this experiment, the study size X test size interaction
that characterizes a size-eongroency effect was not expected for the
foils. For this reason, an analysis of the foils is presented after that
for the targets and is considered only briefly.
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were shown at the same size at the time of encoding and
testing were recognized more quickly and accurately than
were those shown at different sizes. This effect was not
observed for the foils, but only for target trials, where the
test shape appeared at one of two sizes in the study phase.

The different results for targets and foils can be ex
plained easily. When a foil appeared on the screen, it may
have been necessary to perform a search of all large and
small shapes in memory to conclude that no such shape
was presented at either size in the study session. This
would lead to longer RTs for foils than for targets, and
it would lead to RTs for foils being independent of test
size (as well as, of course, the dummy-variable study
size). However, on 50% of the occasions when a target
appeared on the screen, it appeared at the same size as
it did when studied. If indeed shapes are stored together
with their size in memory, and if a target shape of incon
gruent size needs to be transformed in some way in order
to match its internal representation, then we would ex
pect that RT to recognize a target would be quicker if the
test size corresponded to the study size. Thus, it is only
RT for targets that would be expected to depend on the
correspondence between study size and test size.

In contrast to Experiment I, the subjects in Experiments
2 and 3 were asked to study shapes shown at only one
size. Knowing the size at which all of the shapes were
encoded may provide subjects with a shorter route to a
correct rejection. For example, if a subject who studied
only small shapes is presented with a large test shape, and
if that subject realizes that an immediate size transforma
tion is the most expedient route to a decision, then foils
tested large will differ from foils tested small by exactly
the amount of time necessary for that transformation.
Thus, with a unique study size, there is reason to expect
a test-size effect for both targets and foils. Indeed, in both
Experiments 2 and 3, the foils exhibited a test-size effect
in the anticipated direction. As was mentioned earlier,
however, the more pertinent analyses are those of the tar
get data. For this reason, the results for foils will no longer
be presented in detail. 3

EXPERIMENT 2

As was suggested in the introduction, when subjects are
situated the same distance from the viewing screen dur
ing encoding and testing, retinal size and perceived size
are confounded with one another. It was the purpose of
Experiment 2, therefore, to tease apart retinal and per
ceived size by manipulating the distance from the subject
to the monitor.

One group of subjects studied shapes at a small test size
from a close test distance and performed a recognition
test with shapes both at the same objective size as the study
phase and at twice the objective size of the study phase.
The decoupling of retinal size from perceived size was
accomplished by having these subjects perform a portion
of their test phase from the same distance as the study
phase and a portion from twice the distance of the study
phase. Note that from twice the study distance, size con-

stancy dictates that the small shapes should be perceived
as being the same size as in the study phase, despite the
fact that the retinal image of such shapes is now half the
size of the study phase. Similarly, large test shapes should
be perceived as having a different size despite the identical
sizes of the retinal images across the study andtest phases.

The other group of subjects studied shapes at a large
size from a far distance and performed a recognition test
with shapes at both large and small objective sizes. Again,
the subjects performed a portion of recognition trials from
the same distance as the study phase and a portion from
a distance that dissociated retinal size from perceived size
(in this case, half the study distance).

If it is retinal size that is encoded as part of the repre
sentation of shape, then shapes studied and tested at the
same retinalsize should be recognized more quicklyand/or
accurately than shapes studied and tested at different reti
nal sizes. In terms of our design, to the extent that chang
ing the test distance reverses the direction of the test-size
difference, the retinal-size hypothesis is supported.

Method
Subjects. Forty-seven undergraduates and I graduate student at

the University of Waterloo comprised the two groups of 24 sub
jects, who were paid for participation in this experiment. All sub
jects had normal or corrected-to-normal vision and were naive as
to the purpose of the study.

Materials. The stimuli andapparatus were the same as those used
in Experiment 1.

Procedure. Much of the procedure of Experiment 2 was identi
cal to that of Experiment I. Details that differ are mentioned below.

Two groups of subjects participated in a study phase and a test
phase, as in Experiment 1. However, study size was no longer
manipulated within subjects. Each group studied shapes at one size
only and then was tested with shapes of two different sizes.

Study small/close group. The subjects studied small shapes from
a distance of 66 cm. The shapes subtended an average visual angle
of 4.0· along the longer of the horizontal or vertical axis. Follow
ing the study session, half of the subjects completed 20 recogni
tion trials from the same distance (congruent test distance condi
tion) and then the final 20 recognition trials from twice the study
distance (132 em) (incongruent test distance condition). The other
half of the subjects completed the first 20 recognition trials from
132 em (the incongruent test distance) and the second 20 recogni
tion trials from 66 cm (the congruent test distance). The test phase
was briefly interrupted after the first 20 recognition trials while the
experimenter moved the table (at which the subject sat) andthe chin
rest to the appropriate test distance.

In the congruent test distance condition, the 20 recognition trials
were comprised of 10 targets and 10 foils. Five targets and 5 foils
were presented at the same objective size as in the study phase,
and 5 targets and 5 foils were presented at twice the objective size
of the study phase. Because this condition was nearly identical to
Experiment I, it was expected that shapes tested small would be
recognized more quicklyand/or accurately thanshapes tested large,
since the small objective size matched that of the study phase.

In the incongruent test distance condition, the 20 recognition trials
were comprised of 5 large and 5 small targets, and 5 large and 5
small foils. However, the distance from the subject to the computer
monitor was twice that in the study phase. As a result, the large
test shapes subtended an average visual angle of 4.0·. Note that
this is exactly the visual angle subtended by the shapes when studied
at a small objective size from half the distance. Thus, in the incon
gruent test distance condition, the retinal size of theobjectively large
test shapes was the same as the retinal size of the objectively small
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Test Size

Figure 3. PredictioDS conforming to the percelved-8ize hypothesis
(top) and the retlnal-slze hypothesis (bottom) In the 1nc00000000IJt test
distance condition of Experiment 2.

nized more efficiently when tested large, since the large
shapes are the same retinal size as when studied (the test
distance being "far"). The retinal-size hypothesis, then,
predicts that changing the test distance will reverse the
direction of the test-size effects that make up the study
size by test size interaction, again resulting in a study size
x test size interaction, but in the opposite direction (see
bottom of Figure 3).

Response times. The mean correct RTs and error rates
on targets, for both groups of subjects (i.e., both study
size/distances), both test distances, and both test sizes are
presented in Table I.

Study small/close and largelfar groups combined. The
mean correct RTs for the two groups, two test distances,
and two test sizes were submitted to a repeated measures
ANOVA that treated groups as a between-subject factor
and test distance and test size as within-subject factors.

None of the statistical tests involving test distance were
near significance (allps > .24). Most importantly, there
was no hint of a test distance x test size interaction
(F < I). Figure 4 displays the group x test size means,
collapsed across test distance. The ANOVA performed
on the collapsed data revealed a significant group x test
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Results
Before looking at the data, it would be helpful to con

sider what would be expected were the size effects due
solely to changes in retinal size (retinal-size hypothesis)
or solely to changes in perceived size (perceived-size
hypothesis). First. consider that the principal variables
involved in the analyses were study size/distance (between
subjects), test distance (within subjects), and test size
(within subjects). Note that when the test and study phases
are performed from the same distance (congruent test dis
tance condition), the retinal- andobjective-size hypotheses
both predict a study size/distance x test size interaction.
as retinal and perceived size are confounded. This would
merely replicate the standard size-eongruency finding of
Experiment I. However, when the test and study phases
are performed from different distances (incongruent test
distance condition), retinal and perceived sizes are dis
sociated and the retinal- and perceived-size hypotheses
make different predictions.

Ignoring potential main effects of test size and study
size, Figure 3 displays the two predictions for the incon
gruent test distance condition. The hypothetical data in
the top portion conform to the prediction of the perceived
size hypothesis. Note that the pattern is identical to that
predicted for the congruent test distance condition. In
short, the perceived-size hypothesis predicts that test dis
tance does not affect the study size x test size interaction.
On the other hand, the data in the bottom portion con
form to the prediction of the retinal-size hypothesis. Here,
the direction of the interaction has changed completely.
Shapes studied large are recognized more efficiently when
tested small, since the small shapes in the test phase (the
test distance being "close") are the same retinal size as
when studied. Similarly, shapes studied small are recog-

studied shapes. The small test shapes, in contrast, which subtended
an average visual angle of 2.0°, did not match in retinal size with
the shapes in the study phase, but they did match in objective size.
If the size-congruency effect observed in Experiment I is attribut
able to the objects' sharing the same retinal size across the study
and test phases, then this group of subjects should recognize ob
jectively large test shapes more quicklyand/or more accurately than
the objectively small shapes in the incongruent test distance condition.

Across each group of 8 subjects, every shape appeared once in all
possible combinations of target/foil, test distance, and test size. As
in Experiment I, groups of shapes that appeared together in a par
ticular ceIl of the design for one subject were distributed among
the remaining ceIls for subsequent subjects, so that any two shapes
appeared together in the same ceIl a minimum number of times.

Study large/far group. The subjects studied large shapes from
a distance of 132 ern. Again, the studied shapes subtended an aver
age visual angle of4.0° in the study phase. The test phase was iden
tical to that for the small/close group, described above. Thus, in
the congruent test distance condition (132 ern), the subjects were
expected to show a pattern similar to that of Experiment I. In the
incongruent test distance condition, objective and retinal size were
dissociated from one another. If retinal size congruency is respon
sible for the size-eongruency effect observed in Experiment I, then
objectively small shapes should be recognized more quickly and/or
accurately than objectively large shapes, since the retinal size of
the small shapes (4.0°) from a close distance (66 ern) matches that
of the objectively large studied shapes from twice the distance
(132 em).
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Table I
Mean Correct Response Times (RTs; In MlIIlseconds) and Mean Error Rates

(ERs; In Percent) for tbe Study Close/Small and Study Far/Large Groups
at Each Test DIstance for Each Test Size In Experiment 2

Study Small/Close Group Study Large/Far Group

Test Close Test Far Test Close Test Far

RT ER RT ER RT ER RT ER
Test Small 1,192 7.5 1,235 11.7 1,109 15.8 1,194 12.5
Test Large 1,447 17.5 1,555 18.3 1,097 9.2 1,089 12.5

Note-Close distance = 66 ern; far distance = 132 cm; small size = 2° from far,
4° from close; large size = 4° from far, 2° from close.

Test Size

Figure 4. Mean response times and mean percent error rates for
targets at each test size for both groups In Experiment 2.

size interaction [F(1,46) = 15.89, MSe = 9.038099 x 10'"
p < .0003]. Collapsed across test distance, then, both
groups tended to recognize shapes more quickly when they
were the same perceived size across the study and test
phases. That is, the difference between the RT means for
shapes tested small and shapes tested large changes sign
across the two groups (-287 msec, for the small/close
group; +60 rnsec, for the large/far group). However, the
test-size effect was not equally large for the two groups.
This is reflected in the significant main effect of test size
[F(1,46) = 6.94, MSe = 9.038099 x IQ4,p < .02]. Small
shapes were recognized more quickly (1,183 msec) on the

whole than were large shapes (1,296 msec). Also, the
large/far group responded marginally faster (1,122 msec)
than did the small/close group (1,357 msec) [F(1,46) =
3.91, MSe = 6.795545 x 105

, p < .06].
To more easily compare the results obtained with those

predicted by the retinal- and perceived-size hypotheses,
the data were separated by congruency of the test distance
with the study distance. Mean RTs for the subjects from
both groups were submitted to two repeated measures
ANOVAs that treated study size/distance as a between
subject factor and test size as a within-subject factor.

Congruent test distance. The study size/distance x test
size means for the congruent test distance condition are
displayed in the upper portion of Figure 5. As expected,
study size/distance interacted significantly with test size
[F(1,46) = 11.38,MSe = 6.815789xIQ4,p < .01]. The
subjects who studied small shapes (from close) recognized
those shapes more quickly when they were also small in
the test phase. Similarly, the subjects who studied large
shapes (from far) recognized those shapes more quickly
when they were also large in the test phase.

Incongruent test distance. The study size/distance x
test size means for the incongruent test distance condi
tion are displayed in the upper portion of Figure 6. Again,
the interaction between study size/distance and test size
was significant[F(I,46) = 7.17, MSe = 9.222631 x IQ4,
p < .02]. As was true in the congruent test distance con
dition, the subjects recognized objects of congruent per
ceived size faster than they recognized objects of con
gruent retinal size when testing was done from a distance
that dissociated the two.

The data were also separated by group and analyzed
in repeated measures ANOVAs that treated test distance
and test size as within-subject factors.

Study small/close group. There was a main effect of
test size [F(1,23) = 21.64, MSe = 9.156218x IQ4, p <
.0002], with no hint of a test size x test distance inter
action (F < I). On the whole, small shapes were recog
nized much more quickly than were large shapes. Analysis
of the simple main effects of test size revealed a significant
difference both at the close test distance (1,192 vs, 1,447
msec) [F(1,23) = 12.35, MSe = 6.304433 x IQ4, p <
.002] and at the far test distance (1,235 vs. 1,555 msec)
[F(1,23) = 9.19, MSe = 1.336361 x IQ5, p < .006]. In
both cases, small shapes were recognized more quickly.

Study largelfar group. No significant effects were found
in this analysis. However, it is important to note that the
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Test Size

Figure 5. Mean response times and mean percent error rates for
targets at the congruent test distance in Experiment 2.
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Figure 6. Mean response times and meaD percent error rates for
targets at the incongruent test distance in Experiment 2.

Congruent test distance. Although there were no sig
nificant effects in this analysis, the pattern of error rates
making up the group x test size interaction did not sug
gest a speed-accuracy tradeoff (see bottom of Figure 5).

Incongruent testdistance. Group interacted significantly
with test size [F(1,46) = 4.47, MSe = 2.376812xIQ1,
p < .04]; small shapes were recognized more accurately
in the study small/close group, and large shapes were rec
ognized more accurately in the study large/far group (see
bottom of Figure 6). As was true for the RTs, the sub
jects showed better memory for shapes that were the same
perceived size in the study and test phases. No other ef
fects approached significance (all Fs < I).

Error rates were also separated by group and analyzed
in repeated measures ANOVAs corresponding to those
of the RTs.

Studysmall/close group. The only significant effect was
that of test size [F(1,23) = 4.83, MSe = 3.449041 x IQ1,
p < .04]. More errors were made on large shapes (17.9%)
than on small shapes (9.6%). An analysis of the simple
main effects revealed that, although the direction of the
difference was the same at both test distances, small shapes
were significantly more accurately recognized than were

study
large/far

_ study
" small/close

large

_ study
:' small/close

6 study
6---""7"'-----, large/far

- 1600
IIIa-- 1500
elle....

1400Eo!
ell
III

= 13000
Q.
III
ell 1200

==«l 1100
ell

~
1000

25.0-~-- 20.0
ell..
~ 15.0...
0...... 10.0l";lil
=:
«l
ell 5.0
~

0.0
small

direction of the RT difference between items tested large
and items tested small is consistent across the test distances
and that this direction is the same as that which would
be predicted by an influence of perceived size.

Error rates. The mean percent error rates on target
trials for the two groups (study size/distances), two test
distances, and two test sizes were also submitted to a re
peated measures ANOVA that treated groups as a between
subject factor and test distance and test size as within
subject factors.

Studysmall/close andlarge/jar groups combined. Again,
none of the statistical tests involving test distance were
near significance (all ps > .25), and there was no hint
of a test distance X test size interaction (F < I). The only
significant effect in this analysis was the groups X test
size interaction [F(1,23) = 6.79, MSe = 2.406568 X lQ1,
p < .02]. The study small/close group subjects recog
nized small shapes more accurately, whereas the study
large/far group subjects recognized large shapes more ac
curately (see bottom of Figure 4).

The error rates from the congruent and incongruent test
distance conditions were submitted to the same analyses
as were the corresponding RTs.
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large shapes only at theclose test distance (7.5% vs. 17.5%)
[F(1,23) = 4.31, MSe = 2.782193x1()l, p < .05J.

Study large/far group. Although there were no signifi
cant effects in the overall analysis, it should be noted that
at the close test distance (the subjects studied from far),
the subjects made more errors on the small shapes (15.8%)
than on the large shapes (9.2%). In the analysis of simple
main effects, this difference proved to be significant
[F(1,23) = 4.60, MSe = 1.159834X io-, P < .05J. In
other words, shapes of congruent perceived size were rec
ognized more accurately than were shapes of congruent
retinal size.

Discussion
The perceived-size hypothesis predicts that study size/

distance should interact with test size in the same manner
in both the congruent and the incongruent test distance
conditions. This is indeed what occurred in Experiment 2.
In other words, when small shapes were studied from
close, recognition speed and accuracy were better for
small shapes at the far test distance (where the large shapes
were the same retinal size). Furthermore, when large
shapes were studied from far, recognition speed and ac
curacy were better for large shapes at the close test dis
tance (where the small shapes were the same retinal size).
The retinal-size hypothesis, which predicted that the direc
tion of the test-size effects would be opposite in the con
gruent and incongruent test distance conditions, was ob
viously not substantiated.

The significant main effect of test size on RT replicated
the effect that was found in Experiment 1. Therefore, it
seems unlikely that small shapes were recognized more
quickly than large shapes in the present experiments only
by chance. If size scaling (see Besner, 1983; Besner &
Coltheart, 1976; Bundesen & Larsen, 1975; Jolicoeur &
Besner, 1987; Larsen, 1985; Larsen & Bundesen, 1978;
Posner & Mitchell, 1967; Sekuler & Nash, 1972) is a sim
ple analog transformation, then we might expect that the
time needed to scale a large representation to a small size
would be the same as that needed to scale a small repre
sentation to a large size. If so, one would expect no main
effect of test size. The significant main effect of test size
in Experiment 2 suggests either that scaling time depends
on the direction of scaling (small to large or large to small)
or that the absolute size of shapes may have processing
consequences in our task as well.

Accommodating an effect of absolute size is not a simple
matter, however, because it is not always the smaller
shapesthat are recognized faster. Jolicoeur (1987) described
seven study size X test size interactions using RT data
gathered using various stimuli, and under varying display
and size ratio conditions. On some occasions, shapestested
small were recognized faster than shapes tested large; on
others, the opposite was true. In similar studies by Kolers
et al. (1985), this inconsistency appears in two, near
identical, face-recognition studies. In the first, faces tested
large and studied small were recognized more often than
were faces tested small and studied large. In the second,
the opposite was true. Kolers et al. (1985) suggested that

perhaps different kinds of shapes have different ideal pre
sentation sizes. Their proposal suggests a more general
solution to the problem. If there is a stage of processing
that precedes size normalization, and if that stage of pro
cessing is sensitive to absolute size, then nonsymmetric
effects of test size would not rule out analog transforma
tions. For example, the test-size effect in Experiment 2
can be accounted for by a normalization routine that is
initiated later in time when a large shape appears than
when a small shape appears. Why it would be initiated
later for the large shapes used in the present experiments
but for small shapes in other experiments is not clear at
this time. In any case, main effects of test size do not pre
vent us from profitably studying issues of size ratio
reflected by interactions between study size and test size.

A methodological issue not yet considered is that when
the objective size of a shape is doubled, that shape takes
up a larger proportion of the area of the computer monitor.
As a result, the perceived- and retinal-size manipulation
in Experiment 2 was confounded with the closeness of
the shapes to the edge of the display monitor. Although
we cannot rule out the possibility that size with respect
to the monitor contributes to the size-congruency effect,
Jolicoeur (1987) found a size-eongruency effect in experi
ments where the size of the large shapes ranged from 30°
to 2.6°. It seems unlikely, therefore, that the size of shapes
with respect to the monitor plays a predominant role in
the size-eongruency effect.

EXPERIMENT 3

The results of Experiment 2 show that shapes encoded
at a particular size are recognized better when they are
perceived as having the same size at the time of testing.
Presumably, this occurs because the perceived size of a
shape is stored as part of the representation of that shape
in memory. If the perceived size of a test shape matches
that of its corresponding internal representation, recog
nition is relatively quick, since there is no need to preempt
the match by a scaling operation. Perceived size, for its
part, is traditionally thought of as being determined jointly
by the size of the retinal image of the object and the per
ceived distance of the observer from the object. The size
distance invariance hypothesis (Epstein, Park, & Casey,
1961; Kilpatrick & Ittelson, 1953) is a formal statement
of the geometric rule that describes the relationship be
tween size and distance perception: "A retinal projection
or visual angle of given size determines a unique ratio
of apparent size to apparent distance" (Kilpatrick & Ittel
son, 1953, p. 224).

Clearly, we assumed the size-distance invariance hy
pothesis to be true when we concluded that shapes dis
played at the same objective size in Experiment 2 were
perceived as being the same size, regardless of the test
distance. Note, however, that since perceived size depends
on perceived distance, the perceived-size-congruency ef
fect leads to an advantage for objectively same-sized
shapes in Experiment 2 only because relative distance was
perceived veridically in both the study phase and the in-



congruent test distance condition of the test phase. In other
words, if subjects had ample depth cues to help them per
ceive distance in, say the study phase, but reduced depth
cues leading to nonveridical distance perception in the test
phase, then objectively same-sized shapes would no longer
be the same perceived size across the study and test
phases. Furthermore, assuming that congruency in per
ceived size leads to the size-eongruency effect, the ad
vantage in recognition for objectively same-sized shapes
documented in Experiment 2 would be compromised.

In Experiment 3, subjects in one of two groups studied
small shapes from 66 cm and then were tested on small
and large shapes from 132 cm under reduced-viewing
conditions (reduced group). A second group of subjects
participated in the same task, but under full-viewing con
ditions (full group). Obviously, the group tested under full
viewing conditions is expected to recognize objectively
small shapes more quickly and accurately than large
shapes, replicating the perceived-size-congruency effect
found in Experiments I and 2. To properly anticipate the
results of the group tested under reduced-viewing condi
tions, a brief consideration of previous studies of size and
distance perception under reduced-viewing conditions is
warranted.

In their pioneering work in the field, Holway and Boring
(1941) had subjects adjust the size of a comparison shape
to that of a standard shape whose distance from the subject
varied. Subjects viewed the shapes monocularly, through
an artificial pupil, and down a long reduction tube. They
found that, under these conditions, subjects adjusted the
comparison stimulus to be very nearly the same retinal size
as the standard stimulus (see also Lichten & Lurie, 1950).
Holway and Boring's (1941) interpretation of their data
was that, under reduced conditions, perceived size is based
directly on retinal size rather than indirectly on distance.
This interpretation subsequently received considerable sup
port (Brosgole, PlaHovinsak, Roig, & Notaro, 1985;
Epstein & Landauer, 1969; Landauer & Epstein, 1969).

However, Gogel (1965, 1969a, 1969b, 1971; Gogel &
Da Silva, 1987a, 1987b) has convincingly argued that sub
jects do not directly perceive retinal size. Instead, in the
absence of distance cues, subjects assume a particular dis
tance and make size estimates accordingly. The tendency
to adopt a particular distance in the absence of distance
cues, then, implies that Holway and Boring's (1941)
retinal-size matches were a result of implied equidistance
of the standard and comparison shapes (Gogel, 1965,
1969a; see also Wallach & McKenna, 1960). More gener
ally, the equidistance tendency states that as depth cues
between two visible objects are reduced, the two objects
appear increasingly near each other in depth, regardless
of their physical depth separation (Gogel, 1965, 1969a).

At any rate, if Gogel's (1965, 1969a, 1969b, 1971) view
that perceived size is a function of perceived distance
under reduced-viewing conditions is correct, then we can
anticipate the results of Experiment 3, contingent upon
subjects' perception of distance under reduced-viewing
conditions. If subjects in the reduced group perceive their
test distance to be less than 132 em, then the size-
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congruency effect should be attenuated in the reduced
group. This follows because the underestimated test dis
tance should render the perceived size of the small test
shapes to be smaller than their perceived size at the time
of study. Similarly, to the extent that subjects perceive
themselves to be closer to 66 em than to the aetual132 em
from the computer monitor, the perceived size of the large
test shapes should approach the perceived size of the small
studied shapes. Only in the event that perceived distance is
greater than 132 em should we expect the size-eongruency
effect to be enhanced in the reduced group relative to that
in the full group.

Method
Subjects. Forty-eight undergraduate students at the University

of Waterloo were paid for their participation in the experiment. The
subjects were assigned to one of two groups on the basis of the
order of their participation. The data for 7 additional subjects were
excluded owing to near-chance performance. All subjects had nor
mal or corrected-to-normal vision and were unaware of the pur
pose of the experiment prior to participation.

Materials. The shapes used in Experiment 3 were the same as
those used in Experiments I and 2. The small shapes subtended
visual angles of 4 0 from 66 cm and r from 132 em, whereas the
large shapes subtended visual angles of 8° from 66 em and 4°
from 132 cm.

Procedure. Any details of the procedure not mentioned here can
be assumed to have been identical to those of Experiment 1.

The study phase was identical for the two groups; each subject
studied 20 small shapes from a distance of 66 em. The test phase
differed for the two groups in that one group of subjects (full group)
performed the recognition test with full-distance cues and the other
group of subjects (reduced group) performed the recognition test
with reduced-distance cues.

Both groups of subjects performed the recognition test from a
distance of 132 ern. During the test phase, half of both the target
and foil shapes were shown large and half were shown small. Across
each block of 8 subjects, each shape was represented once in each
of the cells created by the factorial combination of the two groups,
two test sizes, and target/foil conditions. The order of presentation
of the shapes within both the study phase and the test phase was
random. No more than four consecutive targets or foils were al
lowed to appear in the test phase.

For both the full group and the reduced group, the study and test
phases took place in adjacent rooms using identical Amiga micro
computers. Different rooms were used so that the apparatus needed
to reduce distance cues could be set up in advance of the subjects'
arrival and left intact between subjects in the reduced group. Eight
subjects from the full group were run initially, then 16 from the
reduced group, 16 from the full group, and finally 8 more from
the reduced group. Such an ordering reduced to a reasonable amount
the setting up and dismantling of equipment while controlling for
possible effects of testing order across the two groups.

The subjects in the full group sat in a fully lit room, with an un
obstructed view of the monitor in front of them. The subject rested
his/her chin in a chinrest and placed the index finger of each hand
on the response buttons on the table in front of him/her. The sub
jects were asked to respond as quickly and accurately as possible
by pressing the dominant-hand response button for shapes that they
had studied and the nondominant-hand response button for shapes
they hadnot studied. Furthermore, each subject was given a detailed
explanation of what a speed-accuracy tradeoff was; they were in
structed to avoid engaging in such a tradeoff while responding as
quickly as possible. The detailed instructions were given to the
subjects in order to try to reduce the number of different ways in
which the response instructions would be interpreted. Previous
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studies had demonstrated that subjects vary considerably in the im
portance they attach to the speed. as opposed to the accuracy. part
of the instructions.

Each subject in the reduced group sat in a dark room, with an
eye patch over the nondominant eye, and looked through a reduc
tion tube whose end was flush with the computer monitor. The
reduction tube had a rectangular plastic frame within which was
a cylindrical tube made of black bristol board. The end closest to
the subject was covered by another piece of bristol board in which
two eye holes were cut. Small paper cylinders. 100 mm in length
and the same diameter (17 mm) as the eye holes, were lined with
black paper and placed in the eye holes such that only a minuscule
portion (2 mm) protruded back toward the subject. Inside the reduc
tion tube. the far end of the small cylinders rested on a cardboard
platform lined with tape to keep the cylinders in place. The intent
of the eye patch, of course. was to have the subject view the shapes
monocularly. The reduction tube obscured the subject's view of
the environment around the computer monitor. The small cylinders
within the eye holes made it very difficult for the subject to move
the head without losing sight of the monitor. thus reducing the pos
sibility that the subject could pick up movement parallax cues to
depth. Finally, a large sheet of cardboard was hung from the ceil
ing, with an area cut out to fit tightly around the reduction tube.
The cardboard obstructed the subject's view of approximately three
fourths of the testing room. Again. the subjects were instructed in
detail to respond as quickly and accurately as possible by pressing
the dominant-hand response button for shapes they had studied and
the nondominant-hand response button for shapes not studied.

Following the test session. thesubjects in the reduced group were
asked to compare both their distance from the monitor in the test
phase and the size of the shapes in the test phase with those in the
study phase. The subjects were asked if the distance between them
selves and the monitor was the same in the two phases. greater in
the test session. or smaller in the test session. They were then asked
whether the size of the shapes in the study phase, relative to the
small and large shapes in the test phase. was closer to the small
test size, closer to the large test size. or midway between the two
test sizes.

Results
Distance and size comparisons. All 24 subjects in the

reduced group judged that they were further from the
screen in the test phase than in the study phase. More than
half of these subjects mentioned that the reduction appara
tus gave them the impression that they were looking down
a long tunnel. Thirteen subjects said that the size of shapes
during the study phase was closest to the large test size,
7 said it was closest to the small test size, and 4 said it
was in between.

Note that we can infer from the relative distance judg
ments that the subjects uniformly believed themselves to
be farther than 66 ern from the screen in the test phase.
Moreover, from the relative size judgments, we may in
directly infer that the majority of the subjects made their
size estimates on the basis of a perceived distance that
was closer than the actual 132-em distance to the screen
(objects that appear closer than they actually are also ap
pear smaller). Further evidence that perceived distance
was less than 132 em comes from the subjects' ability to
see the tunnel-like form of thesmall reduction tube, mean
ing that there was enough light emitted from the monitor
to illuminate the inside of the reduction tube. This light
may have formed a visible aperture at the far edges of
the tube, not far from the observer. With the aperture be-

ing spatially localized, the equidistance tendency (Gogel,
1965, 1969a) may have caused the stimuli to appear close
to the same distance as the aperture and, thus, closer to
the observer than the actual 132 em."

As a result, the objectively small shapes in the test phase
for the reduced group were not the same perceived size
as the shapes of the study phase. Instead, the perceived
size of the studied shapes must have been somewhere in
between that of the small and large test shapes. This leads
to the prediction that the size-congruency result expected
in the full group should be attenuated in the reduced group.

Response times. The mean correct RTs on target trials
for each subject were submitted to repeated measures
ANOVAs for each group individually, treating test size as
the lone within-subject variable. The data for both groups
were submitted to a third repeated measures ANOV A,
which treated groups as a between-subject factor.

The mean correct RTs to targets for each group at each
test size are presented in the top portion of Figure 7. The
subjects in the full group recognized small shapes signifi
cantly faster than large shapes 0,054 vs. 1,161 msec)
[FO ,23) = 4.61, MSe = 2.997638 x 10", P < .05). The
subjects in the reduced group, however, showed a non
significant difference in the opposite direction (1,333 vs.
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Figure 7. Mean response times and mean percent error rates for
targets in Experiment 3.



1,291 msec) (F < 1). In the combined groups analysis,
this interaction between groups and test size was signifi
cant [F(I,46) = 3.56, MSc = 3.76281Ox 1()4,p < .035;
one-tailed]. S

Error rates. The mean percent error rates on target trials
for each subject were submitted to analyses correspond
ing to those described for the RTs. The bottom portion
of Figure 7 presents the test-size means for each group.

There were no significant effects in either the individual
or the combined groups analyses. It should be noted, how
ever, that the direction of the test -size effects for the full
and reduced groups were the same as in the correspond
ing RT data (13.3% vs. 15.8%, in the full group; 14.6%
vs. 12.1%, in the reduced group). Therefore, a speed
accuracy tradeoff was not responsible for the pattern of
RTs described above.

Discussion
Results from the subjects in the full group, on target

trials, replicated theperceived-size-congruency effect found
in Experiment 2. Shapes studied small were recognized
more quickly when they were shown small in the test
phase, despite the change in distance. The subjects in the
reduced group recognized shapes equally quickly at both
sizes, suggesting that the absence of distance cues impeded
whatever it was that allowed for better recognition of small
shapes in the full group. The most likely explanation is
that these subjects did not perceive the shapes as having
the same size either because they were unable to gauge
distance accurately or because visual angle played a more
prominent role in determining size.

The results of Experiment 3 also help to resolve a meth
odological issue that has been ignored to this point in time.
Because the width of the constituent lines of the shapes
was the same at the two sizes, it can be argued that the
larger shapes had a slightly different texture, effective con
trast, and absolute brightness than did the smaller shapes.
That is, the pixel ratio of line to background was higher
for small shapes than for large shapes. Therefore, shapes
of identical perceived size in Experiment 2 also had iden
tical line-to-background pixel ratios, while shapes of iden
tical retinal size had different line-to-background pixel ra
tios. Congruency in perceived size, then, was confounded
with congruency in line-to-background pixel ratio. In Ex
periment 3, however, the pixel ratio of the small test
shapes was congruent with that of the studied shapes for
both groups, yet these shapes were better recognized only
in the full group, where adequate cues to distance were
available. Thus, the congruency of line-to-background
pixel ratio can be presumed not to have played a predom
inant role in the results of Experiment 2.

This is not to say that the reduction conditions were
completely successful in eliminating all depth cues. For
example, the subjects were able to detect light reflecting
off of the sides of the small reduction tube, giving them
the impression that they were looking down a tunnel.
Also, in that the width of the constituent lines of the shapes
was constant, the subjects could have used this infonna
tion, as well as accommodation cues, to determine that
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they were farther from the screen in the test phase than
in the study phase. The point to be made, however, is
that, even under imperfectly reduced conditions, veridical
distance perception is unlikely. Our results show that in
deed distance, and thus size, was perceived nonveridically
under our reduced conditions, thereby leading to the at
tenuation of the size-congruency effect.

GENERAL DISCUSSION

Experiment 1 showed that the size-congruency effect
in recognition memory is robust, by replicating the ef
fect with a modified version of the methodology used
originally by Jolicoeur (1987). The results of Experiments
2 and 3 converge in suggesting that the size-congruency
effect in recognition memory is the result of perceived
size being encoded as a functional part of the representa
tion of shape.

We have based the conclusion that size is a part of long
term memory representations of shape on the assumption
that recognition occurs through the matching of an exter
nal shape with a unique internal representation of that
shape. However, it is possible that there are a number
of different levels of representation for every shape in
memory and that size information may be available at an
intermediate level of representation instead of, or as well
as, at a permanent, long-term level of representation. If
size congruency with an intermediate level representation
can facilitate memory, then the size-congruency effect
need not imply that the more permanent representations
of shape are size dependent. As a result, the present results
should be considered in light of models of recognition that
posit multiple levels of representation.

An example of a multistage model is that proposed by
Marr and Nishihara (1978; Marr, 1982) in which stimu
lus equivalence is achieved by the transformation of
vantage-point-specific representations (primal sketch, 2~
dimensional sketch) that are defined with respect to a
viewer-centered coordinate frame, to vantage-point
independent representations (3-dimensional model) that
are defined within an object-centered coordinate frame.
The intermediate, vantage-point-specific representations
contain information about retinal size. The 3-dimensional
models contain information about perceived size (retinal
size corrected for viewer-centered distance). Both levels
of representation could be involved in the recognition
process, provided they are retained in memory and ac
cessible during recognition. The present results, however,
constrain which level of representation is apparently in
volved in the size-congruency effects explored in the
present article. Our results suggest that perceived size is
controlling the size-congruency effect. Because the first
level of representation at which perceived size is repre
sented explicitly is the level of 3-dimensional models, our
results suggest that the primal sketch and 2 ~-dimensional

sketch are not playing a functional role in the size
congruency effect.

It should also be noted that insofar as a model deals
with the various problems of changing vantage points



94 MILLIKEN AND JOLICOEUR

(size, orientation,location) in the same manner, one might
expect the effects of such variables on recognition to be
similar in nature. For example, since we have found rec
ognition memory not to depend on retinal size in the
present experiments, one might also expect recognition
memory not to depend on retinal orientation. Although
there is some evidence to suggest that recognition of novel
shapes is more sensitive to environmental than to retinal
orientation (Rock & Heimer, 1957), more recent work
by McMullen and Jolicoeur (1990) suggests that if sub
jects are aware that shapes may be shown at different
orientations, a retinally aligned frame of reference is likely
to be adopted in recognition of disoriented shapes. Indeed,
the subjects were aware that shapes could be presented
at different sizes in the present experiments because they
were instructed that shapes differing only in size were to
be considered identical. This discrepancy between the
reference frame used to compensate for changes in size
and orientation in the recognition process may be cause
for concern for models that group size and orientation
together in an attempt to resolve, in a single step, the
problems introduced by changing vantage points.

Another account of the size-congruency effect that ob
viates the need for size-dependent representations is one
that assumes that encoding processes are sensitive to size,
but that representations themselves do not represent size
explicitly. For example, Goldmeier (1972) has noted that
changing the size of a shape can affect the way in which
an observer" groups" its elements. Ifa shape is encoded
in a group-dependent format, but one where size is not
directly represented, then size-dependent recognition may
occur as a by-product of the different groupings. Other
theories downplay the role of structural representations
altogether and instead argue that memory consists of the
procedures used to encode a stimulus (Kolers & Roediger,
1984). As such, memory would be sensitive to an attri
bute of shape to the extent that the attribute has an im
pact on the way a stimulus is encoded. Although it is pos
sible that such encoding processes are most affected by
perceived size, changes in grouping, for instance, seem
more naturally accounted for by changes in retinal size.
The fact that the size-eongruency effect depends on per
ceived size and not retinal size, therefore, makes an en
coding account of the data less attractive than a represen
tation account.

Various alternative explanations have been offered, but
the most convincing conclusion based on past and present
results remains that the perceived size of a shape is a func
tional part of its internal representation. Furthermore, the
results presented in this article suggest that, although hu
man memory may not be able to afford to have an entry
for every vantage-point-dependent representation of each
and every object, it seems able to afford more than one
instance of a particular shape category when these in
stances typically differ in their perceived size. As such,
the present results provide additional support for models
of pattern recognition that make use of a number of spe
cific representations for a shape, as well as transforma
tions that mediate recognition when the input does not

match exactly anyone of the encoded representations (see
Jolicoeur, 1985, 1988, 1990; Jolicoeur & Milliken, 1989;
Takano, 1989; Tarr & Pinker, 1989).

In the case of pattern size, changes in vantage point are
unlikely to result in different internal representations,
since it seems that the mechanisms that mediate size con
stancy in perception also govern the nature of the mem
ory representations of visual shape. Such a pattern of
results is exactly what we would expect if there are strong
functional relationships between what is perceived and
what is remembered (see Kosslyn, 1980).
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NOTES

I. Antialiasing is a technique used to smooth the jagged edges that
characterize straight lines drawn by simple line-drawing algorithms on
many microcomputers.

2. Correct RTs were submitted to an outlier analysis that eliminated
suspiciously large or small RTs (3.3%, 5.8%, and 3.1% of the data in
Experiments 1,2, and 3, respectively). For each cell in thedesign, the
highest and lowest RTs were temporarily excluded and the mean and
standard deviationof the remaining RTs were calculated. An upper limit
of the mean plus four standard deviations and a lower limit of the mean
minus four standarddeviationswere set. If the hightemporarilyexcluded
RT was less than the upper limit, then it was reincludedin the cell. Simi
larly, if the low excluded RT was greater than the lower limit, then it
was reincluded in the cell. If either or both RTs were not reincluded,
then the above procedure was repeated with the remaining members of
the cell. The analysis ended when both temporarily excluded RTs were
reincluded in the cell.

3. Note that extensive analyses of the data gathered on foil trials in
all experiments were conducted. However, since the results in no way
contradict our interpretation of the target data, and since signal detec
tion measures are not applicable to reaction time data, we decided that
their inclusion in the paper would result in unnecessary distraction.

4. Under completelyreducedconditions, the specifictIistona tmdmcy
causes objects to be seen at a distance of between 2 and 3 m (Gogel,
1971). However, under panialIy reduced conditions, the equidistance
tendency is the more powerful in determining perceiveddistance(Gogel,
1965, 19698).

5. Our prediction based on the distance and size estimates of subjects
was that the size-congruency effect found in the full group would be
attenuated in the reduced group. This is in accord with both Gogel's
(1965, 1969a) view of size and distance perception andwith Holway
and Boring's (1941) view that retinal size can be perceived directly.

(Manuscript received July 18, 1990;
revision accepted for publication July 25, 1991.)

Notices and Announcements

Call for Assistance in
The Compilation of a History of the Psychonomic Society

The Governing Board of the Psychonomic Society is pleased to announce that Robert C. Bolles
has agreed to serve as the first Historian of the Society.

All members who might have information relevant to this undertaking are invited to send it
directly to Dr. Bolles. Founding members and those who attended the early meetings are espe
cially encouraged to record their reminiscences. While Dr. Bolles hopes to collect as much infor
mation as possible relevant to the history of the Society, he will concentrate first on the early history.

Dr. Bolles's address is Department of Psychology, University of Washington, Seattle, Washing
ton 98195 (phone: 206-543-2631).


