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Two experiments investigated the differential representation of the figure and ground of a picture
in visual short-term and long-term memory. It is known (Hitch, Brandimonte, & Walker, 1995) that
subjects find it more difficult to combine mental images of two separately presented pictures in order
to identify a novel form when the two pictures are incongruent in color (i.e., when a black-on-white
line drawing has to be combined with a white-on-black drawing). In the present experiments, the fig-
ures were depicted in solid form to allow color congruity to be varied independently for figure and
ground. Results showed a clear impairment in image combination when the to-be-combined figures
were incongruent in color (black-on-gray and white-on-gray) but not when their grounds were in-
congruently colored (gray-on-black and gray-on-white). In this way, image combination was seen to
be supported by a representation of the object depicted in the picture rather than by a literal repre-
sentation of the picture itself (i.e., a pictorial code). In line with previous findings, the same repre-
sentation was seen to support image combination based on short-term memory (Experiment 1) and
long-term memory (Experiment 2), provided that in the latter case verbal recoding was precluded.
When verbal recoding was allowed, image combination based on long-term memory was insensitive

to color congruity, implying the involvement of a more abstract structural representation.

Although the distinction between short-term and long-
term memory has been discussed most in relation to ver-
bal memory, a similar distinction has been proposed for
visual memory (Avons & Phillips, 1980, 1987; Phillips,
1983). The fundamental distinction in both domains con-
cerns the durability of representations, but there are other
distinctions common to the two domains. For example, in
contrast with long-term memory, both verbal and visual
short-term memory are assumed to have limited capacity.
According to one view, visual short-term memory can
preserve information about a single item only, typically
the most recent, and is further limited by the complexity
of'this item (Avons & Phillips, 1980; Kikuchi, 1987; Phil-
lips, 1983).

In addition, in each domain, controlled processes are
thought to counteract the lability of the representations in
short-term memory and to perform operations on them. In-
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deed, short-term visual memory has been characterized
as an active process of visualization that sustains a detailed
representation of an item in order that it can, for example,
be compared with a succeeding item (see Christie & Phil-
lips, 1979; Phillips & Christie, 1977a, 1977b). In the con-
text of visual imagery, Farah (1984) and Kosslyn (1980)
have argued that the maintenance, inspection, and ma-
nipulation of visual images is mediated by operations on
the contents of a limited capacity short-term visual buffer,
which can be fed by a recent percept or an image derived
from long-term memory.

Finally, in both domains it has been assumed that the
durability of a memory representation is directly related
to its level of abstractness—a view that is the essence of
the levels of processing approach to memory (Craik &
Lockhart, 1972). In the visual domain, increased abstract-
ness has been associated with enhanced durability and
with invulnerability to the presentation of succeeding
visual stimuli (Avons & Phillips, 1987; Ellis, Allport,
Humphreys, & Collis, 1989). For example, Ellis et al.
distinguished two types of representation involved in the
recognition of pictures of objects. One type preserves in-
formation that is specific to the conditions under which
the depicted object is viewed (e.g., lighting, angle of view,

484



and viewing distance). The other type of representation
is more abstract and preserves structural information in-
dependently of view-specific features (e.g., a description
of the spatial arrangement of a sample of primitive vol-
umetric forms, or geons, such as spheres, cylinders, and
wedges; see Biederman, 1987). Using a picture matching
task, Ellis et al. demonstrated that the first type of rep-
resentation, though derived quickly, is less durable and
more susceptible to interference from the presentation of
additional visual information. This is consistent with
the idea that long-term visual memory is associated with
relatively more abstract representations than is short-
term visual memory. However, more recent evidence il-
lustrates that long-term visual memory can draw on ei-
ther type of representation depending on task demands.
Biederman and Cooper (1991, 1992) and Cooper and
Schacter (1992) have shown that long-term explicit
recognition memory for pictures of objects draws on a
view-specific representation, as revealed by a sensitivity
to changes in the size, location, and left-right orienta-
tion of the depicted object. On the other hand, Bieder-
man and Cooper (1991, 1992) and Biederman and Ger-
hardstein (1993) have examined long-term priming
effects in the naming of pictured objects and observed a
lack of sensitivity to nonstructural differences between
the priming and primed objects, implying the involve-
ment of a structural representation. Similarly, Cooper,
Schacter, and their colleagues have demonstrated that
priming in the object decision task is not diminished when
the priming and primed objects differ in size or in left—
right orientation (Cooper & Schacter, 1992; Cooper,
Schacter, Ballesteros, & Moore, 1992; Schacter, Cooper,
& Delaney, 1990; Schacter, Cooper, Delaney, Peterson,
& Tharan, 1991). It would appear, therefore, that whereas
short-term visual memory normally draws on view-spe-
cific representations, long-term memory can draw on ei-
ther view-specific or view-independent representations,
depending on task demands.

Further evidence for distinct forms of visual repre-
sentation emerges from differential associations with the
verbal memory system and with verbal processes more
generally. It is now known that verbal recoding can in-
fluence performance on visual imagery tasks and does
so differently according to whether the tasks draw on
short-term or long-term visual memory (Brandimonte,
Hitch, & Bishop, 1992a, 1992b, 1992c¢; Hitch, Brandi-
monte, & Walker, 1995). For example, Brandimonte
et al. (1992b) and Hitch et al. explored an image combi-
nation task in which subjects were required to superim-
pose two visual images, a remembered image and a cur-
rent image of a recent percept, in order to identify an
emergent form. The emergent form could not be identi-
fied from either one of the component images alone, but
instead required the images to be accurately superim-
posed (Figure 1). In a short-term memory condition, the
to-be-combined visual stimuli were presented in imme-
diate succession. In a long-term memory condition, there
was a learning phase in which the set of first members of
the pairs of to-be-combined stimuli were repeatedly pre-
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sented until the subject could visualize each one in turn.
Then, in the testing phase, the second member of each
pair was presented in turn and subjects had to combine
each one with an image of its partner from the learned
set. The impact of verbal recoding on image manipula-
tion was assessed in two ways in these studies—by vary-
ing the nameability of the to-be-manipulated items and
by requiring subjects to suppress articulation during the
presentation and retention of nameable items. Whereas
performance based on short-term memory was insensi-
tive to verbal recoding, performance based on long-term
memory was enhanced when verbal recoding was pre-
cluded. This is taken as evidence that short-term visual
memory is supported by literal representations of visual
stimuli independently of verbal processes. It is also taken
as evidence that long-term visual memory is normally
supported by representations that are more abstract,
though still sufficiently close to the projected shape to
support image combination, and whose use is contingent
on verbal recoding. In addition, however, the results have
been taken to imply that, when verbal recoding is pre-
cluded, long-term visual memory can also draw on a rep-
resentation equivalent to that supporting short-term vi-
sual memory.

In the most recent of these studies, Hitch, Brandi-
monte, and Walker (1995) enquired about any qualitative
differences in the nature of the two forms of representa-
tion supporting image combination. More specifically,
they tested the idea that whereas short-term visual mem-
ory preserves the surface features of objects (and fea-
tures that generally would be specific to the viewing con-
ditions), long-term memory normally does not. To this end
they manipulated a surface feature of the to-be-combined
stimuli, namely their color (black/white). Whereas in the
earlier image manipulation experiments the stimuli were
always black line drawings on a white surface, in their ex-
periment the stimuli were produced in two versions, as
black-on-white and white-on-black pictures. In a condi-
tion in which the surface features of the to-be-combined
stimuli were congruent, both stimuli appeared either as
black-on-white or as white-on-black pictures. In a condi-
tion in which the surface features of the to-be-combined
stimuli were incongruent, one picture was black-on-white
and one was white-on-black. It was argued that if the rep-
resentation supporting image combination preserves sur-
face details, color incongruity should have a detrimental
effect on performance. If, however, the representation
does not incorporate such details, but is purely structural,
color incongruity should have no effect. Hitch et al. stud-
ied image combination with nameable stimuli and found
that performance in the short-term condition was sensi-
tive to color congruity in the predicted way, whereas per-
formance in the long-term condition was insensitive to
color congruity. Furthermore, in agreement with earlier
results concerning the impact of verbal recoding, when
articulation was suppressed, performance in the long-
term condition became sensitive to color congruity in
just the same way as performance in the short-term con-
dition. Once again, it was as if precluding verbal recoding
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induced a switch from relying on a view-independent
structural description to relying on a representation equiv-
alent to that associated with short-term memory. All this
was interpreted by Hitch et al. as support for Kosslyn’s
(1980) view that whereas short-term visual memory is
concerned solely with the visual appearance of things,
long-term visual memory is concerned with both the vi-
sual appearance of things and their structure. Further-
more, they concluded that whereas visual short-term
memory is independent of verbal processes, visual long-
term memory interconnects with such processes and with
verbal long-term memory.

Exactly how visual representations preserve view-spe-
cific information from a picture requires further explo-
ration. For instance, view-independent structural repre-
sentations are object based, but it is uncertain whether
this is also the case for view-specific representation. It is
possible, for example, that view-specific information is
preserved through a literal representation of the visual
stimulus (i.e., the picture) rather than through a more de-
rived representation of the depicted object. In their in-
vestigation of priming effects in the identification of pic-
tures of familiar objects, Warren and Morton (1982)
claimed that repetition priming between identical pic-
tures was mediated by a literal representation of the first
picture. Similarly, with regard to memory for pictures of
faces, a distinction has been drawn between a view-
independent structural code of a depicted face and a literal
representation of the picture itself (Bruce & Valentine,
1985; Roberts & Bruce, 1989; Young, Hay, McWeeny,
Flude, & Ellis, 1985). Bruce and Young (1986) have called
this literal representation the “pictorial code” and char-
acterized it as a 2-D description incorporating details of
the grain and flaws in a picture, as well as features relating
to lighting, static pose, and facial expression. They have
argued that the same code can be established for any vi-
sual pattern.

The present study focuses on the nature of the visual
representation preserving surface color in image combi-
nation and the question of whether this is a representa-
tion of the picture itself or a representation of the object
depicted in the picture. To decide between these two al-
ternatives, the color congruity of the drawn object (the
figure) was manipulated independently of the color con-
gruity of the background picture surface (the ground).
When a literal representation of the picture is used, both
manipulations of congruity would be expected to influ-
ence image combination, since both figure and ground
are integral aspects of the picture. In contrast, when a
representation of the depicted object alone is used, the
color congruity of the figure should influence image com-
bination, but not the color congruity of the ground, since
this does not belong to the depicted object. Appropriate
testing of these alternatives involves contrasting perfor-
mance across the color-congruent and color-incongruent
conditions separately according to whether the manipu-
lation of congruity applies to the figure or to the ground.
Experiments 1 and 2 examined the impact of color con-
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gruity on short-term and long-term memory, respec-
tively. In the case of long-term memory, the impact of
color congruity was examined in two conditions. In one
condition verbal recoding of the to-be-remembered stim-
uli was allowed, whereas in the other condition verbal
recoding was prevented by articulatory suppression. Ac-
cording to the evidence reviewed above, the representa-
tion that supports image combination in short-term mem-
ory also supports performance in long-term memory when
verbal recoding of the component stimuli is precluded. In
this way, color congruity is expected to have comparable
effects on short-term and long-term memory when, in the
latter case, verbal recoding is prevented by articulatory
suppression.

EXPERIMENT 1

Method

Subjects. One hundred sixty volunteers from 18 to 32 years of
age took part in the experiment. They were all students at Lan-
caster University who were tested individually in their hall of res-
idence. They were not paid for their participation.

Materials. Four sets of stimuli were prepared on cards measur-
ing 17 X 22 cm. Each set consisted of six pairs of figures, the first
figure in each case being a drawing of a nameable object. When
combined, each pair of figures formed a composite figure that was
itself easily named. The pictures were based on the line drawings
used by Brandimonte et al. (1992b) and by Hitch et al. (1995).
However, the color of an outline drawn figure can be ambiguous,
being free to adopt either the color of the lines or the color of the
background surface on which the lines are drawn. To remove this
ambiguity and more clearly segregate the color of the figure from
the color of the ground, the figures were produced as solid 2-D
forms rather than as line drawings (Figure 1). Two sets of pictures
were prepared for use in the conditions in which the color con-
gruity of the figure was manipulated. One set consisted of black
figures on a gray background, and the other set consisted of white
figures on a gray background. Two sets of pictures were also pre-
pared for use in the conditions in which the color congruity of the
ground was manipulated. One set consisted of gray figures on a
black background, and the other set consisted of the same gray fig-
ures on a white background. The alternative color formats for the
to-be-combined pictures are illustrated in Figure 2 with reference
to the manipulation of color congruity for one of the figures. Three
additional pairs of combinable stimuli were drawn on transparen-
cies for use in training and appeared as black figures on a white
background.

Design. Twenty subjects were randomly assigned to each of
eight experimental conditions, obtained by crossing the two factors
stimulus region and color combination, with the constraint that the
ratio of males to females was the same in each condition. Stimulus
region refers to whether the color of the figure or the color of the
ground of the to-be-combined stimuli was manipulated. Color
combination refers to the colors assigned to the critical region of
the to-be-combined pictures. The two values for color (black and
white) yielded four combinations for the color of the first and sec-
ond stimuli to be combined (white—white, black—black, white—
black, and black—white). The first two of these four combinations
represent the color-congruent conditions of the experiment, and
the second two combinations represent the color-incongruent con-
ditions. The presentation order of the stimuli was counterbalanced
within each of the eight conditions, with half the subjects encoun-
tering the pairs in one random order and half encountering them in
the reverse order.
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Figure 1. The six pairs of stimuli used in the image combination
task, reproduced as white figures on a gray ground.

Procedure. Prior to the experimental trials, subjects received
training in the image combination task using the transparencies.
The first stimulus of the first practice pair was presented for 2 sec,
followed immediately by presentation of the corresponding second
stimulus. The experimenter then superimposed the two trans-
parencies by sliding one over the other to demonstrate how, when
properly positioned, superimposition of the two patterns created a
novel figure. The subject had to name the figure resulting from the
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combination. This procedure was carried out for each of the three
pairs of practice stimuli.

Each subject was then shown the card containing the first mem-
ber of the first pair of experimental stimuli for 2 sec. The card was
then removed from view and replaced by the second member of
the pair, again for 2 sec. Immediately after presentation of the sec-
ond card, the subject was asked to combine the two stimuli in his/
her mind’s eye and to identify the new figure resulting from this
combination. This procedure was repeated for all six pairs of ex-
perimental stimuli.

Results

A response to the combination task was counted as
correct if it was included among, or was an obvious syn-
onym of, responses given by a separate group of subjects
to pictures of the combined stimuli (see Brandimonte
etal., 1992a; Hitch et al., 1995). Figure 3 shows the mean
number of correct responses obtained in each condition,
along with the corresponding confidence intervals, as

for position only I‘

Figure 2. An illustration of the alternative color formats of the to-
be-combined stimuli when the congruity of the figure is manipulated.
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Figure 3. Results of Experiment 1. The mean number of correct
image combinations (maximum = 6) in short-term memory accord-
ing to the color congruity of figure and ground.

recommended by Loftus and Masson (1994). It is clear
that although image combination was impaired when the
color of the figure was incongruent within each pair, it
was not influenced by the color congruity of the ground.

Discussion

The results indicate that color incongruity impairs
image combination when it involves the color of the figure
but not when it involves the color of the ground. Because
the visual representation associated with short-term
memory does not appear to incorporate surface details of
the ground against which an object is depicted, it does
not seem to be a literal representation of the picture it-
self, but instead appears to be a representation of the de-
picted object. Although this representation is more ab-
stract than a literal representation of the picture, the fact
that it incorporates the depicted object’s surface color
confirms that it is less abstract than the view-independent
visual representation normally associated with long-
term memory (see Hitch et al., 1995).

EXPERIMENT 2

Hitch et al. (1995) have argued that the same visual
representation that supports image combination in short-
term memory also supports performance in long-term
memory when verbal recoding of the component stimuli
is precluded. If so, then when verbal recoding is pre-
cluded, the differential effect of color congruity for fig-
ure and ground should also apply to long-term memory.
Experiment 2 tested this prediction by repeating Exper-
iment 1 using a long-term memory procedure. In one con-
dition, verbal recoding was prevented by requiring sub-
jects to suppress their articulation while endeavouring to
learn the stimuli. In a second condition, no steps were
taken to prevent verbal recoding, and, on the basis of pre-
vious results (Hitch et al., 1995), it was predicted that
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color congruity would have no effect on image combina-
tion performance.

Method

Subjects. Three hundred twenty subjects from 18 to 33 years of
age were recruited in the same way as for Experiment 1. They were
all tested individually and were not paid for their participation. An
equal number of subjects were assigned to the suppression and no-
suppression conditions.

Materials and Design. Materials and design were the same as
those in Experiment 1.

Procedure. Presentation of the experimental stimuli followed
the long-term memory procedure described by Hitch et al. (1995).
Subjects were shown the first members of the six pairs of stimuli
and were required to learn these to the criterion that they were
confident they could remember them in the order in which they
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Figure 4. Results of Experiment 2. The mean number of correct
image combinations (maximum = 6) in long-term memory (LTM)
according to the color congruity of figure and ground, shown sepa-
rately for the conditions without (upper panel) and with (lower panel)
articulatory suppression.



had been learned. This was achieved by presenting the series of six
pictures three times at a rate of 5 sec per item (previous studies
having shown this to be successful; see Brandimonte et al., 1992a,
1992¢, and Hitch et al., 1995). Immediately after this learning
phase, subjects received training in the image combination task
in the manner described in Experiment 1. After practicing the task,
they were asked to generate an image of the first picture of the
learned series. They were then shown the other member of the
pair for 2 sec and asked to combine the two pictures mentally to
discover the new form. Once they had named the resulting com-
posite figure, the procedure was repeated until all six combinations
had been attempted. Throughout the learning phase, half of the
subjects were required to suppress their articulation by continu-
ously uttering an irrelevant sound (“the—the—the...”). Suppression
was not required during the image combination phase. The other
subjects were not required to suppress their articulation at any
point.

Results

The criteria for successful image combination were
the same as those used in Experiment 1. Figure 4 shows
the mean number of correct responses in each condition
of the image combination task, along with the corre-
sponding confidence intervals. In the absence of articu-
latory suppression, it is clear that there were no effects of
color congruity, whether this involved the figure or the
ground of the to-be-combined stimuli. For the articula-
tory suppression condition, however, it is clear that
image combination was impaired when the color of the
figure was incongruent within each pair, but was not in-
fluenced by the color congruity of the ground.

Discussion

When verbal recoding is precluded, image combina-
tion based on long-term memory shows the same pattern
of sensitivity to color congruity as was observed in the
short-term memory condition of Experiment 1. Thus,
color incongruity impaired image combination when it
involved the color of the figure but not when it involved
the color of the ground. Once again, therefore, image
combination was being supported by a representation of
the depicted object rather than by a literal representation
of the picture itself. In this way, the results provide fur-
ther support for the view that the form of visual repre-
sentation supporting short-term memory also supports
long-term memory when verbal recoding is precluded.
When such recoding is allowed, image combination is
insensitive to color congruity, confirming the involvement
of a representation that does not preserve the surface
characteristics (in this case color) of the to-be-combined
stimuli.

Notice that the effect of articulatory suppression is
being interpreted as arising from its preventing verbal re-
coding of the items rather than providing general dual-
task interference. This interpretation is consistent with
the known effects of item nameability on image manip-
ulation (Brandimonte et al., 1992a, 1992c¢). Further-
more, if suppression had influenced performance simply
as a secondary task making demands on central pro-
cessing resources, it would have been expected to inter-
fere with image combination rather than facilitate it (Fig-
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ure 4). Considering verbal recoding itself, this is not
thought to reflect a shift toward relying on verbal mem-
ory codes to perform the image combination task, as such
codes would not be adequate for that purpose. Instead, it
is understood to reflect a shift toward relying on an al-
ternative nonverbal representation that is particularly
concerned with an object’s structure rather than with its
surface and view-specific features. Such a shift might
reflect the dependence of object naming on the catego-
rization of objects according to their structure, and it has
already been noted in the introduction that object nam-
ing, in contrast with explicit picture recognition, draws
on view-independent structural representations (see Bie-
derman & Cooper, 1992).

The present results may be related to the “verbal over-
shadowing” effect—the detrimental impact of generat-
ing a verbal description of a visual stimulus on recogni-
tion memory for that stimulus (Schooler & Engstler-
Schooler, 1990). This effect has been interpreted rather
loosely as arising because verbalization produces a ver-
bally biased memory representation that interferes with
the application of the original visual memory. It is under-
stood that the original visual memory remains uncontami-
nated by verbalization and is capable of supporting mem-
ory performance when, for example, recognition decisions
are made under time pressure (Schooler & Engstler-
Schooler, 1990). It seems, however, that the alternative
memory representation, though verbally biased, is not a
verbal code. Thus, overshadowing occurs in relation to
stimuli that are difficult to distinguish verbally, and the
adequacy of the verbal descriptions generated by sub-
jects shows no association with the accuracy of recogni-
tion in the overshadowing condition (Schooler & Engstler-
Schooler, 1990). By dissociating distinct forms of visual
representation on the basis of their differential associa-
tion with verbal recoding, the present study encourages
the view that verbal overshadowing reflects the utiliza-
tion of a nonverbal memory that is distinct from the orig-
inal visual memory. In turn, the verbal overshadowing
effect suggests that the differential association of verbal
recoding with distinct forms of visual representation
may not be confined to image manipulation.

GENERAL DISCUSSION

Previous studies have shown that two dissociable
forms of visual representation support image combina-
tion. One form is relatively abstract, preserving an ob-
ject’s structure but not its surface color. It supports image
combination when two conditions hold: when the proce-
dure draws on long-term memory and when the stimuli
are recoded verbally at encoding. If either of these con-
ditions is not satisfied, image combination is supported
by a more literal visual representation in which nonstruc-
tural information, such as surface color, is preserved.

The present results indicate that the representation
preserving surface color is a description of the depicted
object rather than a literal representation of the picture it-
self (i.e., it is not the pictorial code of Bruce & Young,
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1986). Support for this comes from the finding that
whereas the color congruity of the figure influences image
combination, the congruity of the ground does not. Were
it a literal representation of the picture itself, then the
congruity of both figure and ground should have been
influential.

There is other evidence that an object depicted in a
picture, along with its nonstructural features, can be rep-
resented separately from the background against which
it appears. For example, Wilton (1989) has shown that
people can remember the color of a geometric figure very
well despite, at the same time, struggling to remember
the color of the background against which the figure ap-
peared.! In addition, Jolicoeur and Cavanagh (1992) have
shown that the representation supporting the mental ro-
tation of an alphanumeric character need not incorporate
details of the background on which the character appeared.
More specifically, they demonstrated that whereas the
ability to rotate a mental image is sensitive to whether the
character itself rotated during presentation, it is not sen-
sitive to rotational movement of the background on which
the character appeared.

It would seem, therefore, that at least three forms of
representation can be derived from a picture of an ob-
ject—a literal representation of the picture itself, a rep-
resentation of the depicted object that incorporates non-
structural features, and a view-independent structural
representation of the depicted object.

In isolating the second of these three representational
forms, the present study has demonstrated comparable
effects of color congruity on short-term and long-term
memory, provided verbal recoding is prevented from
contributing to performance based on long-term mem-
ory. This demonstration is consistent with evidence from
previous studies of image combination indicating that
the representation incorporating nonstructural informa-
tion can contribute to image combination based on ei-
ther short-term or long-term memory. In contrast, the
contribution of the structural representation to image
combination seems to be confined to long-term memory.
As Hitch et al. (1995) pointed out, this evidence is in-
compatible with the view that the representations sup-
porting short-term and long-term visual memory are re-
spectively and exclusively associated with surface and
structural descriptions (see Humphreys & Bruce, 1989).
Instead, the evidence from image combination is com-
patible with Kosslyn’s (1980) view that whereas short-
term visual memory is concerned solely with the visual
appearance of things, long-term visual memory is con-
cerned with both the visual appearance of things and
their structure. Thus, results from the image combina-
tion task converge with the conclusions drawn from re-
cent studies of explicit picture recognition, object nam-
ing, and object decision discussed in the introduction.
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NOTE

1. Wilton (1989) also demonstrated the same superior memory for
the color of a figure over the color of the ground on which it appeared
when the stimuli to be remembered were visual images generated from
short verbal descriptions. This reinforces the general view, reflected in
the present work, that perception and imagery share many resources
and can draw on equivalent representational forms.
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