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Size and reflection effects in priming: A test of
transfer-appropriate processing

KAVITHA SRINIVAS
Boston College, Chestnut Hill, Massachusetts

Prior research has suggested that priming on perceptual implicit tests is insensitive to changes in
stimulus size and reflection. The present experiments were performed to investigate whether size
and reflection effects can be obtained in priming under conditions that encourage the processing of
this information at study and at test, as predicted by transfer-appropriate processing. The results in-
dicate that priming was affected by a change in the physical size of an object when study and test
tasks required a judgment about the real size of pictorial objects (e.g., deciding whether a zebra pre-
sented small or large on the screen was larger or smaller than a typical chair), and when the test task
required the identification of fragmented pictures. However, a change in left-right orientation had
no effect on priming when study and test tasks required a judgment about the left-right orientation
of familiar objects, or when the test task involved the identification of fragmented pictures. This dif-
ference between size and reflection effects is discussed in terms of the differential importance of size

and reflection information in shape identification.

When we perceive objects in everyday situations, we
must represent specific perceptual information (e.g.,
their size, left-right orientation, etc.) about these objects
to aid later identification and recognition. Recent re-
search suggests that the perceptual information utilized
in later object identification (i.e., naming or judgments
that require the structural analysis of an object) differs
from the information utilized in episodic recognition
(i.e., in the recollection of a specific encounter with an
object). The typical paradigm used to demonstrate this
dissociation involves contrasting memory performance
on two types of memory tests. In implicit memory tests,
studied objects are re-presented in a test phase along with
nonstudied objects, and participants are asked to name
the objects as quickly as possible (see, e.g., Biederman &
E. E. Cooper, 1991a, 1991b, 1992) or are asked to judge
the three-dimensional plausibility of the objects (e.g.,
L. A. Cooper, Schacter, Ballesteros, & Moore, 1992).
The measure of implicit memory is the degree of facili-
tation (or priming) in naming or object decisions for
studied objects relative to nonstudied objects. In explicit
memory tests, participants are presented the same set of
studied and nonstudied objects, but are asked if they can
recollect whether they studied a given object earlier. The
interesting finding is that performance on implicit mem-
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ory tests is not affected by changes in the size or left—
right orientation of studied objects, whereas performance
on explicit memory tests is adversely affected by study-
to-test changes in size and left-right orientation (see,
e.g., Biederman & E. E. Cooper, 1991a, 1992; L. A.
Cooper et al., 1992; Jolicoeur, 1987; Milliken & Joli-
coeur, 1992)."

One interpretation of this finding is that implicit mem-
ory tests tap structural object representations that spec-
ify the shape of objects in terms of their parts and the
spatial relations between the different parts. Because
changes in size or in left-right orientation do not affect
the description of the object in terms of its parts or its
spatial relations, these changes are assumed to have a
minimal effect on implicit memory performance (Bieder-
man & E. E. Cooper, 1991a, 1992; L. A. Cooper et al.,
1992). In contrast, explicit memory tests are hypothe-
sized to tap episodic representations of objects that in-
clude distinctive spatial, temporal, and contextual infor-
mation about objects (L. A. Cooper et al., 1992). Because
changes in size or in left-right orientation alter the dis-
tinctive spatial attributes of objects, they are assumed to
have an adverse effect on recognition memory.

Further, some theorists have postulated that structural
and episodic representations of objects are simultaneously
formed in two separate memory systems whenever an
object is perceived. By these accounts, implicit memory
tests that require the perceptual analysis of objects (such
as naming, identification of three-dimensional plausibil-
ity, naming of fragmented objects, etc.) employ the per-
ceptual representation system (PRS) or the procedural
memory system dedicated to the perception of objects,
whereas explicit memory tests tap an episodic or declar-
ative memory system that is involved in the conscious
recollection of objects, words, and events (e.g., Squire,
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1992; Tulving & Schacter, 1990). The PRS for visually
presented objects is assumed to be based in the inferior
temporal cortex (IT), because data from the neuroscience
literature suggest that it is the terminal region responsi-
ble for higher level object identification (Schacter, 1992).
Indeed, data from cell-recording and lesion studies indi-
cate that the IT is responsible for object identification
across changes in stimulus size, reflection, and location
(see Miyashita, 1993; and Plaut & Farah, 1990, for re-
views), and this is consistent with the results obtained
with priming. The episodic system is assumed to be de-
pendent on the hippocampus and is thought to include
input from several other cortical systems, such as the
shape-based system in the IT (or the “what” system) and
the system involved in visuospatial processing (or the
“where” system) (Biederman & E. E. Cooper, 1992;
Squire, 1992; Ungerleider & Mishkin, 1982).

Apart from the neural analysis of dissociations be-
tween explicit and implicit memory tests discussed
above, processing differences between explicit and im-
plicit tests also account for some dissociations. This pro-
cessing analysis of explicit—implicit dissociations is pro-
vided by the transfer-appropriate processing framework.
The basic tenet of this approach is that performance on
memory tests benefits most when encoding operations
overlap maximally with retrieval demands of a particu-
lar test (Kolers & Roediger, 1984; Morris, Bransford, &
Franks, 1977; Roediger, 1990). By this account, for most
explicit tests and conceptual implicit tests that empha-
size the semantic relationship between the studied and
tested word (e.g., when participants are asked to produce
exemplars to category names such as animal after study-
ing an exemplar such as elephant in another context), the
overlap in encoding and retrieval processes must occur at
a semantic level in order to facilitate performance (Blax-
ton, 1989; Jacoby, 1983; Roediger, Weldon, & Challis,
1989; Srinivas & Roediger, 1990). In contrast, for per-
ceptual implicit tests that emphasize a perceptual rela-
tionship between studied and tested words (e.g., when
participants are asked to name fragmented words such as
e_ep__n_ after studying elephant), the overlap in en-
coding and retrieval processes must occur at a percep-
tual level.

The transfer-appropriate processing framework pro-
vides a reasonable explanation of some dissociations
with explicit and implicit memory tests in the verbal do-
main (see Roediger & McDermott, 1993, for a recent re-
view). Thus, for example, explicit and conceptual im-
plicit tests are affected by meaningful elaboration at
study (Blaxton, 1989; Hamann, 1990; Rappold & Hash-
troudi, 1991, Srinivas & Roediger, 1990), whereas per-
ceptual implicit tests are affected primarily by changes in
the perceptual aspects of a studied word, such as its
modality (e.g., Blaxton, 1989). However, the transfer-
appropriate processing approach cannot readily account
for dissociations between explicit and implicit nonver-
bal tests due to changes in size or reflection. Because
these are perceptual changes, and because the implicit
memory tests in question are perceptual as well, one

would expect that the match in size or reflection between
study and test should affect perceptual implicit tests such
as naming and object decision rather than conceptual
explicit tests such as recognition memory. However, one
could still argue within this framework that size and reflec-
tion information have no effect on naming or on impossible/
possible decisions, because they are irrelevant to task per-
formance on these tests. Of course, this is a post hoc ex-
planation of size and reflection effects, but this does not
mean that the framework cannot be used to successfully
predict experimental outcomes. In particular, the princi-
ple has been useful in prior research in demonstrating
that dissociations are possible within perceptual implicit
tests that tap the same memory system when the task de-
mands of the perceptual tests differ. A selective review
of these studies is provided below.

The best example of dissociations between two per-
ceptual implicit tests is the effect of a change in domain
(pictures or words) between study and test. Priming on a
picture fragment completion task is enhanced when pic-
tures are presented at study relative to when words are pre-
sented at study, but the reverse is true for word fragment
completion tasks (see, e.g., Srinivas & Roediger, 1990;
Weldon & Roediger, 1987). According to the transfer-
appropriate processing framework, the dissociation oc-
curs because perceptual implicit tests such as fragment
completion are sensitive to the perceptual match be-
tween study and test stimuli, and this match is better in
the case of studied words on a word fragment completion
test and studied pictures on a picture fragment comple-
tion test. Further, the account predicts that priming on
these perceptual tests should be sensitive to type of stim-
uli presented at study and test. For instance, priming
should be greater on word and picture fragment comple-
tion when the same fragmented word or picture appears
both at study and at test than when an intact or a differ-
ent fragmented version is presented at study. This find-
ing has now been obtained in both word fragment com-
pletion (Gardiner, Dawson, & Sutton, 1989) and picture
fragment completion (Srinivas, 1993; but see Snodgrass
& Feenan, 1990, and Biederman & E. E. Cooper, 1991b,
for exceptions).

Similarly, it could be argued from the transfer-
appropriate processing principle that priming on a pic-
ture fragment completion test should be enhanced when
fragmented pictures rather than intact pictures are pre-
sented at study, but intact picture naming performance
should show the reverse pattern. This prediction has
been confirmed in recent experiments by Snodgrass and
Hirshman (1994) on two explicit and two implicit mem-
ory tasks. In these experiments, participants studied ob-
jects that were fragmented at different levels (ranging
from Level 1, which was the most fragmented version, to
Level 7, which was the almost complete version). On the
two explicit tests, the participants were presented with
fragmented or intact versions of the object for episodic
recognition. On the two implicit tests, the participants
were presented with the same fragmented or intact ver-
sions for naming. The results indicated better perfor-



mance when study and test conditions matched (intact—
intact or fragmented—fragmented) than when they did
not match (intact—fragmented or fragmented—intact), re-
gardless of the explicit/implicit nature of the tests. These
findings suggest that for both explicit and implicit mem-
ory tests, the critical determinant of memory test perfor-
mance is the match in encoding and retrieval operations;
that is, the processing of fragmented figures at test is fa-
cilitated most by the processing of similar fragmented
figures at study, whereas the processing of intact pictures
at test is facilitated most by the processing of complete
figures at study.

The crucial question that these studies raise is whether
the transfer-appropriate processing framework can be
used to make specific predictions about size and left-
right orientation effects on perceptual implicit tests. On
the basis of this principle, one would predict that changes
in size or left-right orientation should affect implicit
memory performance if task demands at encoding and
retrieval require the processing of this information. Con-
verging evidence was sought in the present experiments
by exploring this issue across several implicit and ex-
plicit memory tasks. Experiments 1 and 2 explored the
effects of encoding and retrieval demands on the repre-
sentation of size in priming tasks, and these findings
were contrasted with a recognition memory test in Ex-
periment 3. Experiments 4 and 5 explored the effects of
encoding and retrieval demands on the representation of
left-right orientation in priming, and these results were
contrasted with data from recognition memory tests in
Experiments 6 and 7. Because the manipulation of en-
coding and retrieval demands in these experiments was
achieved primarily through study and test tasks, these
tasks are described briefly below.

In Experiment 1, priming was assessed on a size judg-
ment task that was designed to encourage the encoding
of size at study and at test. The task required participants
to decide whether an object presented on the screen was
typically larger or smaller than a “standard” chair. The
physical size of the object was also manipulated so that
the object appeared large or small on the computer
screen. Previous studies (Davidoff & Ostergaard, 1988;
Paivio, 1975) with variants of this task have reported a
Stroop-like interference when the physical size of the ob-
ject on the screen was incompatible with its size in mem-
ory (e.g., a zebra presented small on the screen or a tele-
phone presented large on the screen). These findings
imply that the task requires the encoding of object size,
even when it is irrelevant to task performance. There-
fore, it was predicted that if participants performed the
size judgment task at study and at test, size information
about objects would be important both at encoding and
at retrieval and would therefore be included in perceptual
object representations. In Experiment 2, encoding of size
was encouraged by the use of the size judgment task, but
priming was assessed at test on another perceptual im-
plicit task, picture fragment naming. Although the frag-
ment naming task does not explicitly require the retrieval
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of size information about objects, it was hypothesized
that size compatibility between study and test would
have an effect on the task because size alterations of the
fragments can affect the gaps in the contour for a partic-
ular object. Further, because fragment naming seems
sensitive to the contours presented at study and test so
that performance is actually better for degraded versions
of studied objects rather than complete versions (Snod-
grass & Hirshman, 1994; Srinivas, 1993), it was pre-
dicted that the lack of overlap in contour between study
and test due to a change in size would affect priming. Ex-
periment 3 was an attempt to replicate previous findings
obtained with an explicit recognition memory test (Bie-
derman & E. E. Cooper, 1992; L. A. Cooper et al., 1992;
Jolicoeur, 1987; Milliken & Jolicoeur, 1992), but with
the same size judgment encoding task as that used in Ex-
periments 1 and 2 at study.

In Experiment 4, the use of left—right information was
encouraged at study and test by asking participants to de-
cide whether familiar objects faced left or right on the
computer screen. When used at encoding with novel ob-
jects, the left-right task has been reported to promote the
creation of three-dimensional descriptions of the struc-
ture of objects relative to other tasks that require elabora-
tive processing (Schacter, Cooper, & Delaney, 1990). The
interesting question is whether the use of the task at en-
coding and retrieval would result in effects of left-right
orientation on priming. Experiments 5—7 also required
the encoding of left-right orientation information at
study, but the test tasks were either fragment completion
(Experiment 5) or recognition (Experiments 6 and 7), for
reasons already outlined.

EXPERIMENT 1

Method

Participants. Forty-eight Boston College undergraduates par-
ticipated in this experiment in partial fulfillment of a course re-
quirement.

Materials. Forty-eight digitized line drawings of objects were
selected from the Snodgrass and Vanderwart (1980) norms. Large
versions of the line drawings could be contained in a circle with a
diameter that subtended a visual angle of 17.22°. Small versions
were created by reducing the line drawings by 50% on both x and
y dimensions. Small versions could be contained in a circle with
a diameter that subtended a visual angle of 8.8°.

Design. A 3 (study condition: small, large, or nonstudied) X 2
(test condition: small or large) X 2 (response: larger than a chair,
smaller than a chair) within-subjects design was used. Of the 48
line drawings, 24 represented objects that were larger than chairs,
and the other 24 represented objects that were smaller than chairs
in real life. The 48 items were then divided into six blocks of 8
items each (4 representing objects larger than chairs, and 4
smaller than chairs). Each block was rotated across the six study—
test conditions to ensure that each item appeared equally often in
each condition across participants. Study and test items were pre-
sented in a different random order for each participant. Both la-
tency data and accuracy data were the dependent measures on this
task.

Procedure. The participants were tested in small groups, on
three Dell computers. In the study phase, they were instructed that
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they would see a set of line drawings of objects on the computer
screen that would vary in size. They were asked to make a judg-
ment about whether the object represented by the line drawing
was larger than a prototypical chair, or smaller than a chair. They
were instructed to base this size judgment on their knowledge
about the real size of the objects, and they were told to ignore the
size variations of the objects on the computer screen. The partici-
pants were also asked to make this judgment as quickly and as ac-
curately as possible, by pressing a green (left) mouse key if the
object was larger than a chair, and a red (right) mouse key if it was
smaller than a chair. If they failed to respond by pressing the
mouse key within 5 sec, the next stimulus was presented. The par-
ticipants were also instructed to use their preferred hand in mak-
ing the response. A C program was used in this (and all subse-
quent experiments) to control stimulus presentation and to record
the latency and accuracy data. In the study phase, 10 practice
items and 32 target pictures were presented to each participant.

At the end of the study phase, participants were engaged in an
unrelated distractor task for 5 min. The instructions given in the
test phase were identical to the instructions given at study, except
that participants were also informed that the experimenter was in-
terested in observing the effects of practice on the size judgment
task. No mention was made of the relationship between study and
test items. Ten practice items were presented before the presenta-
tion of the 48 target items.

Results and Discussion

The following conventions will be adopted in report-
ing all the experiments in this paper. All the results re-
ported as being reliable exceeded the .05 level of confi-
dence, unless specified otherwise. The results of the
analyses of variance (ANOVAs) and the ¢ tests are re-
ported on the basis of subject (F)) or item (F,) variabil-
ity. Further, because in most of the experiments the pri-
mary dependent measure is latency, the latency data are
discussed first, followed by the accuracy data. Tables
1A-1B show the latency and accuracy data on the size

Jjudgment task as a function of the different conditions at
study and at test.

The results indicate that participants encoded size
at study, despite being told to ignore the changes in the
size of the object on the computer screen. Specifically,
the participants showed a Stroop-like interference when
objects larger than chairs in real life were presented in
a small size on the screen (91-msec effect), and conversely,
when objects smaller than chairs were presented in a
large size on the screen (98-msec effect). Repeated mea-
sures ANOVAs confirmed that this interaction between
the response (larger or smaller than a chair) and the
studied size (large or small) was reliable [F,(1,47) =
15.83, MS, = 28,359; F5(1,46) = 15.57, MS, = 17,176].
Similarly, in the accuracy data, only the interaction be-
tween the response and studied size was reliable [F;(1,47)
= 6.77, MS, = .005; Fy(1,46) = 4.24, MS, = .004].
These results replicate previous findings reported by
Davidoff and Ostergaard (1988) and Paivio (1975). No
other effects from the study phase approached signifi-
cance.

The results on the size judgment task at test are pre-
sented separately in Table 1B for the two types of re-
sponses (larger or smaller than a chair). As shown in the
table, the latency data indicate, once again, an interac-
tion between the type of response (larger or smaller than
a chair) and the physical size of the stimulus on the
screen at test (large or small), suggesting a Stroop-like
interference at test when the physical size of the object
on the screen did not match the response {F(1,47) =
15.22, MS, = 23,982; F,(1,46) = 27.25, MS, = 10,137],
and suggesting that size information was utilized at test
as well. Because the nature of the response (larger or
smaller than a chair) was not relevant for the priming

Table 1A
Accuracy (PC, Proportion Correct) and Latency (RT, in Milliseconds)
for the Size Judgment Task at Study in Experiment 1

Response
Study “Larger than a chair” “Smaller than a chair”
Condition RT PC RT PC
Small 1,165 91 1,022 97
Large 1,074 .94 1,120 .94
Interference 91 .03 98 .03
Table 1B

Accuracy (PC, Proportion Correct) and Latency (RT, in Milliseconds)
for the Size Judgment Task at Test in Experiment 1

Response Combined
“Larger than a chair” “Smaller than a chair” Across Response
Study Small Large Small Large Small Large
Condition RT PC RT PC RT PC RT PC RT PC RT PC
Small 871 94 867 97 835 99 871 .96 853 .97 869 .97
Large 937 94 783 .98 854 99 824 96 896 .97 804 .97
Nonstudied 1,074 93 962 97 908 99 935 94 992 96 948 96

Note—The column headings “Small” and “Large” refer to the physical size of the stimulus on
the screen at test. The row headings “Small” and “Large” refer to the physical size of the stim-

ulus on the screen at study



analysis, the data were collapsed across the two types of
responses. Instead, the data were analyzed for the size
match and size mismatch across study and test.

As expected, priming was obtained for studied items;
facilitation relative to the nonstudied small or nonstud-
ied large conditions was observed in the small-small
(139 msec), large—large (144 msec), large-small
(96 msec), and small-large (79 msec) study conditions.
These priming effects were larger for conditions that
maintained size between study and test (small-small and
large—large) relative to conditions that involved a size
change between study and test (large—small and small-
large). Repeated measures ANOVAs confirmed these
observations. The priming effect (difference between
studied and nonstudied items) was reliable in both the
subject and the item analyses [F(1,47) = 25.64, MS, =
12,258; F,(1,47) = 16.15, MS, = 20,817]. Priming
scores were computed and subjected to a separate analy-
sis to explore the effects of maintaining or changing size
between study and test. There was a reliable main effect
of study—test compatibility in size [F,(1,47) = 8.49,
MS, = 15,429; F5(1,47) = 7.78, MS, = 13,395]. This
effect did not interact with the size of the stimulus at test
(Fs < 1), suggesting that the advantage of maintaining
size was obtained on both large and small items at test.
Analysis of the accuracy data revealed no statistically
reliable effects, primarily because performance was at
ceiling.

Two major findings emerged in this experiment:
(1) The size judgment task appeared to require the en-
coding of size information even when participants were
explicitly instructed to ignore size information while per-
forming the task, and (2) as expected, priming was ad-
versely affected by size changes between study and test
when the study and test tasks required the processing of
size information. Experiment 2 was an attempt to repli-
cate this effect of size alteration on a picture fragment
naming task.

EXPERIMENT 2

Method

Participants. Sixty-six Boston College undergraduates partic-
ipated in this experiment in partial fulfillment of a course re-
quirement.

Materials. Only one of the line drawings used in Experiment 1
was replaced because an appropriate picture fragment could not
be constructed for the object (cloud). Corresponding picture frag-
ments for the 48 line drawings selected in Experiment 1 were con-
structed by randomly deleting 8 X 8 pixel blocks in the image
until approximately 80% of the contour had been deleted from the
image. Contour deletion was done first on the large images by a
C program. Subsequently, these fragmented versions were re-
duced by 50% on both the x and y dimensions. A sample of these
images is provided in Figure 1.

Design. A 3 (study condition: small, large, or nonstudied) X 2
(test condition: small or large) within-subjects design was used.
As in Experiment 1, 24 of the 48 line drawings represented objects
that were larger than chairs, and the other 24 represented objects
that were smaller than chairs. Other design details were identical
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Figure 1. Examples of intact and fragmented versions of ob-
jects shown in the two sizes.

to those in Experiment 1. The task at test was picture fragment
naming.

Procedure. The participants were tested in small groups, with
three Dell computers. The procedures used in the study phase
were identical to the procedures in Experiment 1. At the end of the
study phase, the participants were engaged in an unrelated dis-
tractor task for 5 min. They were then instructed that they would
see a new set of line drawings of objects that were incomplete or
fragmented. They were asked to press the green (left) mouse key
as soon as they could identify the object, and to type the correct
name for the object. The object was replaced by a prompt to enter
the name of the object as soon as the participants pressed the
mouse key. The next trial was initiated by another keypress. If the
subject failed to respond within a period of 5 sec, he/she was pre-
sented with the next item. The participants were encouraged to
guess the identity of the object and to respond with the first name
that came to mind. Ten practice items were presented before the
presentation of the 48 target items.

Results and Discussion

Tables 2A~2B provide a summary of the results of Ex-
periment 2, for both the size judgment task at study and
the picture fragment completion task at test.
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Table 2A
Accuracy (PC, Proportion Correct) and Latency
(RT, in Milliseconds) in the Size Judgment Task
at Study in Experiment 2
Response
Study “Larger than a chair” “Smaller than a chair”
Condition RT PC RT PC
Small 1,151 91 1,130 .93
Large 1,075 95 1,140 91
Interference 76 .04 10 .02
Table 2B

Accuracy (PC, Proportion Correct) and Latency
(RT, in Milliseconds) in the Picture Fragment Naming
Task at Test in Experiment 2

Test Size
Study Small Large
Condition RT PC RT PC
Small 1,562 .73 1,419 .83
Large 1,754 76 1,430 .88
Nonstudied 2,021 49 1,900 .62

Note—Test size (“Small,” “Large”) refers to the physical size of the
stimulus on the screen at test. The row headings “Small” and “Large”
refer to the physical size of the stimulus on the screen at study.

The results at study indicated once again that partici-
pants processed size information while performing the
size judgment task, even though size was irrelevant to
task performance. Thus, the participants were slower at
classifying objects larger than chairs when the size of the
object was small on the screen as opposed to when it was
large on the screen (a 76-msec effect in latency, 4% dif-
ference in accuracy). However, this pattern was not ob-
tained with objects that were smaller than chairs (there
was only a 10-msec advantage in latency, and a 2% ad-
vantage to classifying objects that were small relative to
those presented large). Repeated measures ANOVAs on
the latency data indicated that the interaction between re-
sponse type (larger or smaller than a chair) and size of
the object at study (small or large) was reliable or ap-
proached significance [F|(1,64) = 4.83, MS, = 32,882;
Fy(1,46) = 3.27, MS, = 17,735; p < .07]. A similar in-
teraction was observed in the accuracy data [F(1,65) =
2.94, MS, = .02, p <.09; Fy(1,47) = 6.19, MS, = .02].

The results of the picture fragment naming task at test
indicated a large benefit in latency and accuracy respec-
tively for the small-small (459 msec, .24), large—large
(470 msec, .26), large—small (267 msec, .27), small-large
(481 msec, .21) studied conditions. Reliable facilitation
occurred in the studied conditions relative to the non-
studied conditions in the latency [F(1,63) = 79.22,
MS, =77,959; F,(1,37) = 40.56, MS, = 199,754] and
accuracy [F(1,65) = 169.30, MS, = .01; F,(1,47) =
72.82, MS, = 0.02] data. To explore the effect of main-
taining or changing size between study and test, priming
scores in the four conditions were again subjected to a
separate analysis. The data indicated an effect of study—
test compatibility in size in the latency [F,(1,63) = 4.64,

MS, = 122,777; F5(1,37) = 3.09, MS, = 156,348; p <
.08], but not in the accuracy data (Fs < 1). However, the
interaction between study—test compatibility and the size
of fragments at test was reliable in the subject analysis
of the latency data [F(1,63) = 5.41, MS, = 93,353;
Fy(1,37) = 2.28, MS, = 110,645; p <.13] and in the ac-
curacy data [F|(1,65) = 5.65, MS, = .02; F»(1,47) =
7.74, MS, = 0.01]. Individual ¢ tests revealed larger
priming effects in latency for small fragments presented
in the same size at study and test than for those that were
changed in size [#(65) = 3.03,1,(47) = 2.07]. A similar
advantage for fragments maintained in size occured for
large fragments, but only in the accuracy data [#(65) =
2.09, t,(47) = 2.29]. No other effects reached signifi-
cance. Overall, the data suggest an effect of changing
size on picture fragment naming, on either the accuracy
or the latency measures.

The pattern of results from Experiments 1 and 2 sug-
gests that size information is included in the representa-
tions that mediate priming, when size needs to be
processed at study or at test. In other words, size effects
occurred in the two experiments primarily because the
processing of size information was encouraged both at
study and at test. These results support a transfer-
appropriate processing account of memory test perfor-
mance, and attests to the flexibility with which objects
are represented in the perceptual representation systems
(Roediger & Srinivas, 1993).

Experiment 3 was designed to replicate the effects of
size on recognition memory reported in prior studies (Bie-
derman & E. E. Cooper, 1992; L. A. Cooper etal., 1992;
Jolicoeur, 1987; Milliken & Jolicoeur, 1992) with the
procedures and materials used in Experiments 1 and 2.

EXPERIMENT 3

Method

Participants. Thirty Boston College undergraduates partici-
pated in this experiment in partial fulfillment of a course require-
ment.

Materials and Design. The materials and design of this ex-
periment were identical to those in Experiment 1.

Procedure. The participants were tested in small groups, with
three Dell computers. In the study phase, the participants were
asked to discriminate objects that were larger than chairs from ob-
jects smaller than chairs. The study procedures were identical to
those in Experiments 1 and 2. At the end of the study phase, the
participants were engaged in an unrelated distractor task for
5 min. Following the distractor tasks, they were instructed to dis-
criminate studied objects from nonstudied objects as quickly and
as accurately as possible, and they were instructed to ignore any
variations in size in making their judgments. The participants
were asked to press the green (left) mouse key to indicate studied
objects, and the red (right) mouse key to indicate nonstudied ob-
Jjects. Ten filler items were presented along with the 48 target
items at test.

Results and Discussion

Tables 3A—3B present the accuracy and latency data
for the size judgment task at study and the recognition
memory task at test.



Table 3A
Accuracy (PC, Proportion Correct) and Latency
(RT, in Milliseconds) in the Size Judgment Task
at Study in Experiment 3

Response
Study “Larger than a chair” “Smaller than a chair”
Condition RT PC RT PC
Small 1,029 91 1,036 .96
Large 962 .97 970 .93
Interference 67 .06 —66 .03
Table 3B

Accuracy (PC, Proportion Correct) and Latency
(RT, in Milliseconds) in the Recognition Memory Task
at Test in Experiment 3

Test Size
Study Small Large
Condition RT PC RT PC
Small 889 .97 928 .92
Large 926 93 848 .96
Nonstudied 1,044 .86 1,038 .86

(correct rejection)

Note—Test size (“Small,” “Large”) refers to the physical size of the
stimulus on the screen at test. The row headings “Small” and “Large”
refer to the physical size of the stimulus on the screen at study.

The results of the size judgment task at study are sur-
prising, because they do not completely replicate the pat-
tern found in Experiments 1 and 2. Although there was
interference in the processing of objects that were larger
than chairs when the objects were presented small on the
screen, a similar interference was not obtained for ob-
jects that were smaller than chairs. For the small objects,
a speed-accuracy tradeoff was observed such that in the
accuracy data, the size congruency effect was in the ex-
pected direction, but this was reversed in the latency
data. These observations were confirmed by repeated
measures ANOVAs; the interaction between response
(larger or smaller than a chair) and the physical size of
the object at study (large or small) was not reliable by
participants or by items in the latency data (F, F, < 1),
but was reliable in the accuracy data [F(1,29) = 7.57,
MS, = .01; F»(1,46) = 6.39, MS, = .01]. Further, the
main effect of studied size was reliable in the latency
data [F(1,29) = 6.90, MS, = 20,224; F5(1,46) = 8.94,
MS, = 10,605], indicating that small objects were
processed more slowly than large objects. However, this
effect was not reliable in the accuracy data.

Together, the results for the size judgment task at
study do indicate a Stroop-like interference effect for ob-
jects larger than chairs such that the physical size of the
object on the computer screen interfered with the judg-
ment about real size. However, this effect was not ob-
tained with objects smaller than chairs, although it was
obtained in Experiment 1 and to a smaller extent in Ex-
periment 2. There is no apparent reason for this discrep-
ancy, because the participants were treated identically in
the study phase and were presented with the same mate-
rials in all three experiments. Despite the discrepancy in
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the data, it is clear that the participants were encoding
size information at study in the present experiment, be-
cause large processing differences were found between
small and large views in the latency data, and a Stroop-
like interference effect was obtained with one of the re-
sponses. The next issue of interest was the effect of en-
coding size information on the recognition memory task.

As expected, the results at test indicated an effect of
maintaining size between study and test relative to
changing size between study and test. Thus, better per-
formance was obtained for the large—large condition
than for the small-large condition (80 msec and .04 dif-
ference in latency and accuracy, respectively), and better
performance was obtained for the small-small condition
than for the large—small condition (37 msec, and .04 dif-
ference in latency and accuracy, respectively). The effect
of maintaining size between study and test was reliable
in both the latency data [F;(1,29) = 4.58, MS, =
22,577; F,(1,47) = 6.71, MS, = 38,825] and the accu-
racy data [F|(1,29) = 6.85, MS, = .01; F5(1,47) = 6.61,
MS, = .01], suggesting once again that recognition
memory is affected by changes in size even when partic-
ipants are explicitly asked to ignore size changes in mak-
ing their judgments about the study status of a particular
object.

Clearly, Experiments 1-3 provide evidence that size
changes affect performance on both explicit and implicit
memory tests when the processing of size is encouraged
at study and at test. Experiments 4-7 examined whether
similar results would be obtained with another percep-
tual attribute (left-right orientation). Experiment 4 was
designed to explore the effects of encoding left-right
orientation information at study on a task that also re-
quired the processing of left-right orientation at test.

EXPERIMENT 4

Method

Participants. Forty Boston College undergraduates participated
in this experiment in partial fulfiltment of a course requirement.

Materials. Eighty Snodgrass and Vanderwart (1980) line
drawings were selected for this experiment. The objects had a
clear left-right orientation.

Design. A 2 (study status: studied or nonstudied) X 2 (orienta-
tion at study: left or right) X 2 (orientation at test: left or right)
within-subjects design was used. The 80 items were then divided
into eight blocks of 10 items each. Each block was rotated across
the eight study—test conditions to ensure that each item appeared
equally often in each condition across participants. Study and test
items were presented in a different random order for each subject.
Both the latency data and the accuracy data were the dependent
measures on this task.

Procedure. The participants were tested in small groups, with
three Dell computers. In the study phase, the participants were
asked to discriminate objects that faced left from objects that
faced right, as quickly and as accurately as possible. The partici-
pants responded by pressing the green (left) mouse key for ob-
jects that were oriented left, and the red (right) mouse key for ob-
jects that were oriented right. The participants used their preferred
hands to perform the task. At the end of the study phase, the par-
ticipants were engaged in an unrelated distractor task for 5 min.



448 SRINIVAS

Table 4
Accuracy (PC, Proportion Correct) and Latency
(RT, in Milliseconds) in the Left—Right Judgment Task
at Test in Experiment 4

Test Orientation

Study Left Right
Orientation RT PC RT PC
Left 559 98 565 .98
Right 555 .98 565 97
Nonstudied 594 97 582 .97

Following the distractor task, the participants were instructed to
perform the left-right judgment again to 80 target items (40 stud-
ied and 40 nonstudied).

Results and Discussion

Table 4 presents the latency and accuracy data on the
left-right judgment task at test. (The results at study indi-
cated no differences between objects that were oriented
left and those that were oriented right. This result is not
surprising, because objects were assigned to the left or
right orientation equally often across participants.)

The data indicated a benefit in the processing of stud-
ied objects as opposed to nonstudied objects, although
the magnitude of the priming effects in this experiment
was considerably smaller than the priming obtained in
Experiments 1 and 2. The smaller priming effects are
likely due to the ease of the left-right judgment task as
opposed to the other tasks, reflected in the shorter non-
studied latencies on this task than on other tasks. Prim-
ing in the studied conditions was 35 msec in the left-left
conditions, 17 msec in the right—right conditions, 39 msec
in the right-left conditions, and 17 msec in the left—right
conditions. Accuracy data were at ceiling and will not be
discussed further.

The main effect of study status was reliable [F(1,39) =
10.58, MS, = 5,530; F»(1,79) = 9.47, MS, = 8,858], in-
dicating reliable priming in the studied conditions. To
explore the effect of maintaining orientation across study
and test for studied items, priming scores were computed
for the four study—test conditions and subjected to a sep-
arate analysis. There was no reliable effect of study—test
compatibility (Fs < 1), indicating no adverse effects on
priming as a result of a change in orientation between
study and test.

Surprisingly, the results indicated no effect of main-
taining orientation between study and test despite ori-
enting participants to explicitly encode left-right infor-
mation at study and at test. One possible explanation for
the lack of an effect of orientation in Experiment 4 is the
small size of the priming effects observed in this exper-
iment. Thus, the failure to find an effect of changing ori-
entation may be due to the lack of sensitivity of the
left—right decision task and to floor effects. This possi-
bility was tested in Experiment 5 by examining the ef-
fects of orientation changes on picture fragment naming.
Because priming effects on this task tend to be larger in

magnitude, it was hypothesized that the test would reveal
effects of changes in left—right orientation.

EXPERIMENT 5

Method

Participants. Twenty-four Boston College undergraduates
participated in this experiment in partial fulfillment of a course
requirement.

Design and Materials. The design and materials used in this
experiment were identical to those used in Experiment 5, except
that fragmented versions of the line drawings were also created
for use at test. The fragments were produced by deleting 8 X 8
pixel blocks randomly as in Experiment 2.

Procedure. The procedures at study were identical to those in
Experiment 4. At test, the participants were instructed to name
fragmented versions of the line drawings as quickly and as accu-
rately as possible. The participants pressed a mouse key as soon
as they could name the fragment, and then they typed in their re-
sponses. Eighty target fragments (40 studied and 40 nonstudied)
were presented at test; 20 were in the same orientation as at study,
and 20 were in a different orientation.

Results and Discussion

Table 5 presents the latency and accuracy data on the
picture fragment task at test.

As can be seen in the table, priming was obtained in ail
the studied conditions: left-left (263 msec, .12), right—
right (324 msec, .15), left-right (340 msec, .11), and right—
left (328 msec, .08) study conditions. Repeated mea-
sures ANOVAs indicated that these priming effects were
reliable both in the latency [F(1,23) = 14.35, MS, =
245,951; F5(1,57) = 28.35, MS, = 151,380] and in the
accuracy data [F1(1,23) = 45.27, MS, = .02; F»(1,79) =
45.56, MS. = .04]. Separate analysis for the priming
scores in the studied conditions indicated no effects of
maintaining orientation between study and test in the la-
tency data (Fs < 1) and only a marginally significant ef-
fect in the item analysis in the accuracy data [F(1,23) =
1.38, MS, = .02; F»(1,79) = 2.91, MS, = .03; p < .10].

Overall, the data in the picture fragment naming task
suggest little or no effects of changing orientation be-
tween study and test, which is once again a surprising re-
sult, given the sensitivity of the picture fragment naming
task to size changes in Experiment 2. One possible ex-
planation for the discrepancy between the two experi-
ments is perhaps to be found in the specific demands of
picture fragment naming. Size alteration directly affects

Table 5
Accuracy (PC, Proportion Correct) and Latency
(RT, in Milliseconds) in the Picture Fragment Naming Task
at Test in Experiment 5

Test Orientation

Study Left Right
Orientation RT PC RT PC
Left 2,369 78 2,344 75
Right 2,304 .74 2,360 .79
Nonstudied 2,632 .66 2,684 .64




the ability to complete picture fragments because it af-
fects the spacing between contours, whereas changes in
left-right orientation do not affect picture fragment nam-
ing, because the change does not affect the overall con-
tour of the fragment. Support for this argument may be
found in the data of Experiments 2 and 5: large fragments
were easier to name than small fragments in Experi-
ment 2 [F(1,63) = 23.15, MS, = 177,630; F5(1,37) =
9.96, MS, = 242,167, for latency; F(1,5) = 49.97,
MS, = .03; F(1,47) = 23.35, MS, = .04, for accuracy],
but there was no difference in overall fragment naming
performance for left-facing and right-facing fragments
(Fs < 1) for latency and accuracy data). Thus, the differ-
ential effects of size and orientation on picture fragment
naming appear to reflect the differential sensitivity of
picture fragment naming to size and left-right orienta-
tion changes.

A second possible explanation for the lack of orienta-
tion effects on picture fragment naming is that the task
of extracting orientation at study was not sufficiently de-
manding for participants to encode orientation distinctly.
This is certainly likely, and it cannot be ruled out by the
present experiments. However, it appears that even when
the task at study involves the difficult extraction of
shape, picture fragment naming is not affected by alter-
ations of left-right orientation. In this study, participants
were first presented with intact or fragmented line draw-
ings of objects along with the objects’ names, and they
were asked to rate the difficulty with which they could
identify the fragmented or intact objects (Srinivas &
Roediger, 1996). At test, studied objects were presented
with nonstudied objects in the same orientation as at
study or in a different orientation. Although the data re-
vealed robust priming effects, no effects of changes in
left-right orientation occurred for fragments studied ei-
ther as intact pictures or as fragments. Clearly, these data
suggest that the lack of left-right orientation effects ob-
served in this experiment are not merely due to the rela-
tive ease with which the study task was performed.

In the next two experiments, I explored the effects of
changes in left-right orientation on recognition memory.
Experiment 6 was analogous to the o/ld—new recognition
memory test used in Experiment 3 and the test used by
L. A. Cooper et al. (1992) with novel objects. In this test,
participants were asked to disregard orientation changes
when judging whether an object had been studied earlier.
Experiment 7 examined memory for left-right orienta-
tion of studied objects and was designed to replicate Bie-
derman and E. E. Cooper’s (1991a) findings for recog-
nition memory with familiar objects.

EXPERIMENT 6

Method

Participants. Twenty-four Boston College undergraduates
participated in this experiment in partial fulfillment of a course
requirement.

Design and Materials. The design and materials used in this
experiment were identical to those in Experiments 4 and 5.
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Procedure. The procedures at study were identical to those
used in Experiment 5; the participants were asked to perform the
left-right decision task at study. At test, the participants were in-
structed to indicate whether the object presented on the screen had
been studied. They were asked to ignore changes in orientation
when making their judgments. They pressed the left mouse key
for studied objects and the right mouse key for nonstudied objects.
Eighty target items (40 studied and 40 nonstudied) were presented
at test; 20 were in the same orientation as at study, and 20 were in
a different orientation.

Results and Discussion

Surprisingly, the results on the recognition memory
test revealed no effects of changing orientation between
study and test; the performance on left—left and right—
right conditions was not reliably different from the per-
formance on the right-left and left-right conditions in
either the accuracy or the latency data (Fs < 1; see
Table 6). Thus, the results of this experiment fail to repli-
cate the findings reported by L. A. Cooper et al. (1992).
Note however, that L. A. Cooper et al. used novel objects
in their experiments to demonstrate the sensitivity of
recognition to left-right orientation, whereas the present
experiment was conducted with familiar objects.

In fact, recent results suggest that it is difficult to ob-
tain left—right orientation effects in recognition memory
for familiar objects when participants are instructed to
disregard orientation in making their judgments. For in-
stance, Rajaram (1996) obtained an effect of altering
size, but no effect of altering left-right orientation on
overall recognition accuracy for familiar objects. Fur-
ther, the only other experiment that yielded an effect of
left-right orientation with familiar objects was explic-
itly designed to test memory for orientation (Biederman
& E. E. Cooper, 1991a). Thus, in Biederman and E. E.
Cooper’s (1991a) study, participants were instructed to
discriminate studied familiar objects presented in the
same orientation from studied objects presented in a dif-
ferent orientation. Because the results of their study re-
vealed that participants could perform this discrimina-
tion reliably, Biederman and E. E. Cooper (1991a)
argued that reflection information was included in the
representations mediating explicit memory, even for fa-
miliar objects. Experiment 7 was therefore designed to
test whether left-right orientation information is in-
cluded in the representations mediating explicit memory,
although this information is sometimes disregarded in
recognition decisions. The instructions, procedure, and

Table 6
Accuracy (PC, Proportion Correct) and Latency
(RT, in Milliseconds) in the Recognition Memory Test
in Experiment 6

Test Orientation

Study Left Right
Orientation RT PC RT PC
Left 1,008 75 1,057 .70
Right 1,020 77 1,062 .68
Nonstudied 1,053 .84 1,019 .88
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analyses used in this experiment were similar to those
used by Biederman and E. E. Cooper (1991a). The partic-
ipants received the same list at study as in Experiment 6,
but at test, they were only presented with studied objects.
The instructions were changed in this experiment so that
the participants were asked to respond “studied” only if
the object had been presented in the same orientation at
study. If the participants had failed to encode orientation
at study, they would be expected to perform at chance
(.50) on this test.

EXPERIMENT 7

Method

Participants. Twenty-four Boston College undergraduates
participated in this experiment in partial fulfillment of a course
requirement.

Design and Materials. The design and materials used in this
experiment were similar to those used in Experiment 6, except
that the participants were presented with 80 items in one of two
orientations at study (left or right) and with the same 80 items at
test. Half the items at test were presented in the same orientation,
and half in a different orientation.

Procedure. The procedures at study were similar to those used
in Experiment 6, except that the participants studied a longer list
of items. At test, the participants were instructed to indicate
whether the object presented on the screen had been studied be-
fore in the exact same orientation. Participants pressed the green
(for “same”) or red (for “different”) mouse key as soon as they
could make their judgments.

Results and Discussion

The results on this modified recognition memory test
clearly revealed that participants had encoded studied
orientation: accuracy in the left-left (.80) and right-right
(.73) conditions was different from chance (where chance
was .50). Moreover, this did not seem to be a result of a
response bias to respond “same,” because correct rejec-
tions in the left-right (.59) and right-left (.55) condi-
tions were also better than chance performance. Analy-
ses confirmed these observations both with the combined
hits [¢,(23) = 9.81, t,(79) = 13.48] and with correct re-
jections [#;(23) = 2.38, t,(79) = 2.54]. The mean la-
tency for correct responses was 1,708 msec.

The results of this experiment replicate Biederman and
E. E. Cooper’s (1991a) findings regarding memory for
left-right orientation for familiar objects. Specifically,
participants could use left-right orientation information
effectively to discriminate between objects studied in the
same orientation and those changed in orientation. Yet,
when participants were instructed to disregard orienta-
tion information on a recognition memory test, they were
clearly able to do so successfully.

GENERAL DISCUSSION

The goal of the present experiments was to examine
whether size and left—right orientation effects could be
obtained on perceptual implicit memory tests when the
tasks performed at encoding and at retrieval required the
processing of this information. Overall, the data sug-

gested size effects on perceptual implicit tests that were
expected to show such effects because of their task de-
mands. Thus, changes in size between study and test had
an adverse effect on a size judgment task (Experiment 1)
and on a picture fragment naming task (Experiment 2)
because participants had encoded size information at
study and both tasks utilized size information. Not sur-
prisingly, recognition memory also revealed an adverse
effect of a size change, thus replicating previous results
(Biederman & E. E. Cooper, 1991a; L. A. Cooper et al.,
1992; Jolicoeur, 1987; Milliken & Jolicoeur, 1992).

However, changes in left-right orientation had no ef-
fect on perceptual implicit tests, even under conditions
that encouraged the processing of orientation informa-
tion both at study and at test. Thus, little or no adverse
effects of changing orientation occurred when partici-
pants judged the left-right orientation of an object at
study and performed either the same left-right judgment
task at test (Experiment 4), or a picture fragment naming
task at test (Experiment 5). These results suggest that the
sensitivity to processing demands observed with size ef-
fects do not generalize to left-right orientation. Further,
the alteration of left-right orientation did not affect old—
new discriminations when participants were instructed
to ignore orientation changes (Experiment 6). Neverthe-
less, participants could reliably discriminate between
items presented in the same orientation versus those
changed in orientation (Experiment 7), suggesting that
orientation information is included in the representations
that mediate explicit memory. The theoretical implica-
tions of these findings are discussed below.

As discussed in the introduction, according to the sys-
tems account, the lack of size and orientation effects on
perceptual implicit memory tests is due to the fact that
these tests tap shape-based representations of objects in
the IT that are insensitive to changes in size, left-right ori-
entation, and location (Biederman & E. E. Cooper, 1992;
L. A. Cooper et al., 1992; Schacter, 1992). In contrast,
recognition memory is assumed to be affected by changes
on these dimensions because these are distinctive spatial
attributes of objects that are utilized in episodic memory.
Further, some theorists have argued that because size and
orientation are spatial or metric attributes, their influence
on recognition memory indicates that episodic represen-
tations include shape-based information computed by the
IT along with spatial information computed by the
“where” system (Biederman & E. E. Cooper, 1992).

However, dissociations between explicit and implicit
memory tests also occur because of differences in
their processing demands, as predicted by the transfer-
appropriate processing framework (see, e.g., Roediger
et al.,, 1989). One difference in the task demands of typi-
cal explicit and implicit tests is that most explicit tests rely
heavily on semantic or conceptual processing of items,
whereas most implicit tests (such as naming or judgments
regarding the three-dimensionality of objects) rely on per-
ceptual processing of items. Of course, this conceptual—
perceptual difference cannot explain the findings obtained
here and in other prior research with regard to the effects



of changes in size or left-right orientation. As in prior re-
search, the present experiments indicated perceptual ef-
fects of size (and to some extent left—right orientation) on
a conceptual recognition memory test.

Nevertheless, the framework is useful in exploring the
extent to which representations are flexibly encoded in
the perceptual representation systems or in the episodic
systems (Roediger & Srinivas, 1993). Specifically, the
issue is whether size and left-right orientation informa-
tion is optionally included in the perceptual representa-
tion systems when the perceptual implicit test requires
the processing of such information, or when the pro-
cessing of size and orientation information is encour-
aged at study. The results provide evidence that on the
one hand, size information can be optionally included in
the perceptual representations mediating priming. On
the other hand, left-right orientation did not appear to
be included as easily, despite the fact that orientation in-
formation was processed at encoding and at retrieval.

These data suggest that the transfer-appropriate pro-
cessing principle must be construed as operating within
the constraints of different memory systems (see Roedi-
ger & Srinivas, 1993, and Schactér, 1992, for similar ar-
guments). Thus, for instance, if one assumes that the
functional property of the perceptual representation sys-
tems is to specify the identity of objects across changes
in size, left-right orientation or location (or, in the case
of words, across changes in type font), then such attri-
butes would be typically excluded or ignored by tasks
that tap this system (such as naming and possible/
impossible decisions in previous work). However, as
suggested by the findings from the present experiments,
some attributes of objects such as size may be optionally
included within these systems when the processing of
such attributes is encouraged at encoding and/or at re-
trieval (size judgment task in Experiment 1, and picture
fragment naming task in Experiment 2). A similar find-
ing has been reported by Graf and Ryan (1990) with re-
gard to the effects of typography in word identification
(a perceptual implicit test). In their experiments, typog-
raphy manipulations had no effect on priming under
elaborative encoding conditions, but did have an effect
under conditions that encouraged the processing of the
physical features of words at encoding. Together, the
data from the present experiments and from prior research
(Graf & Ryan, 1990; Snodgrass & Hirshman, 1994) em-
phasize that there is flexibility in the encoding and re-
trieval operations of a particular perceptual representation
system for certain attributes of objects (e.g., size or ty-
pography), but not for others (e.g., left-right orientation).

This conceptualization of the perceptual representa-
tion systems raises a difficult question for future re-
search. How does one successfully predict the attributes
that can be optionally utilized by the perceptual repre-
sentation systems (e.g., size or type font) versus those at-
tributes that are not utilized even when their processing
is encouraged at study and at test (e.g., left—right orien-
tation in the left-right task)? Unfortunately, there is no
method that can be used a priori to determine this issue.
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At this point, the only speculative explanation of the dif-
ference between size and left-right orientation is that
size information is sometimes useful in discriminating
between different objects (e.g., a volley ball from a golf
ball), and may therefore be optionally represented in the
system for objects (Roediger & Srinivas, 1993). In con-
trast, left-right information is typically never useful in
discriminating between different natural objects and
hence may not be represented even optionally within this
system. If this argument is correct, it would imply that
size information should be excluded in the perceptual
system for words even if encoding and retrieval of this
information is promoted at study and test. In contrast,
left—right information would be critical in the perceptual
system for words because left-right orientation infor-
mation can discriminate between certain letters of the al-
phabet (e.g., “d” vs. “b”).

There is no conclusive evidence to support this hy-
pothesis within the domain of verbal perceptual priming
tests, either with size or left-right orientation. Indirect
evidence regarding the representation of orientation in-
formation comes from the work of Kolers and others
(e.g., Kolers, 1976; Kolers & Perkins, 1975), who docu-
mented substantial specificity in re-reading transformed
text that had been presented earlier. However, the issue
of whether these results are due to representations of
specific items in a particular orientation, or simply due
to the acquisition of a general pattern-analyzing skill is
still unresolved (see Tardiff & Craik, 1989). Similarly,
research by Paivio (1975) with a task similar to the size
judgment task used in these experiments provides clues
regarding the importance of size information for object
representations as opposed to verbal representations.
Paivio obtained a Stroop-like interference on a size com-
parison task (where participants decided if a zebra or a
lamp was larger when the zebra was presented smaller
than the lamp visually) only with pictorial stimuli. When
participants were presented with the names of the pic-
tures in a large or small size on the same size compari-
son task (the word zebra was presented smaller than the
word lamp), no interference effects were obtained from
the physical size of the words on the screen. In other
words, physical size information seems more intimately
tied to object representations than to verbal representa-
tions. However, the evidence is only suggestive at this
point, and the issue of whether size or left-right orienta-
tion information is represented for verbal stimuli needs
to be tested directly in a standard priming paradigm.

One other somewhat puzzling aspect of the present
findings is the differential effects of size and left-right
orientation on recognition memory. Note that although the
participants were asked to ignore changes in size (Ex-
periment 3) and changes in orientation (Experiment 6)
in the two recognition memory experiments, they seemed
to be able to successfully ignore encoded orientation
(Experiments 6), but not encoded size (Experiment 3).
Given that familiar objects were used in both these ex-
periments, it is surprising that encoded size had any ef-
fect at all on recognition memory, because the partici-
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pants could have responded simply on the basis of a con-
ceptual code. There is no obvious explanation for this
finding; however, it should be pointed out that size and
left-right orientation do carry different sorts of infor-
mation for episodic judgments. For instance, Milliken
and Jolicoeur (1992) have pointed out that recognition
memory is affected by the distal, and not proximal, size
of objects. A change in the distal size of an object typi-
cally implies that it is a different object (e.g., if a bird seen
yesterday is changed in size today, it usually implies that
it is a different bird). Therefore, size may be more impor-
tant for recollective judgments about objects. In contrast,
a change in left-right orientation information does not
imply a different object, although the encoding of such
spatial information may be important for certain pur-
poses such as navigation (e.g., imagine trying to find a
car you parked 20 min ago in a large parking lot; shape
information alone would be woefully inadequate). There-
fore, left-right information may sometimes be ignored at
retrieval when shape information alone is adequate for
the recollection. This functional explanation provides a
plausible account for the differential weighting of size
and left-right orientation information in recognition
memory, but it is admittedly speculative and needs to be
tested in future research.
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