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Effects of a prior verbal cue on memory for the final location of a moving
target were examined. Subjectswere presented with a cue informing them
which of two types of trial (bounce or crash) would be presented, and cue
validity was varied across subjects. After presentation of the cue, a circular
target appeared at one side of the displayand moved towarda barrier.The
target collided with the barrier and either bounced off the barrier (bounce
trials) or crashed through the barrier (crash trials). Shortly after the target
either bounced or crashed, the target and barrier simultaneouslyvanished.
Subjectsthen indicatedthe target'svanishingpoint by positioninga crosshair.
For bounce trials, judged vanishing point was generally displaced forward
in the direction of motion; for crash trials, judged vanishing point was
displaced either slightly forward or backward.Changing the probabilityof
cue validity did not change the overall displacementpattern of targets preceded by valid cues. Targets preceded by invalid cues, however, generally
showed less forward displacement (or more backwarddisplacement) than
targets preceded by valid cues. Content of the cue thus influenced the
subsequentmagnitudeof displacement,demonstratingthat displacementwas
not informationallyencapsulatedor cognitively impenetrable. Implications
of the data for theories of displacement and representationalmomentum
are discussed, and suggestions for a neural network model of the memory
shift phenomenon are advanced.
Memory for the final position of a circular target undergoing apparent
motion in a horizontal, vertical, or oblique direction (Hubbard, 1990)
or for the final orientation of a rectangle undergoing implied rotation
in a consistent clockwise or counterclockwise direction (Freyd & Finke,
1984; Kelly & Freyd, 1987) is shifted forward in the direction of
anticipated motion. Furthermore, the magnitude of the memory shift
is related to the apparent or implied velocity of the stimulus (Freyd
& Finke, 1985; Hubbard & Bharucha, 1988), direction of motion of
both the stimulus (Hubbard, 1990) and the context (Hubbard, 1993b),
constancy of stimulus shape (Kelly & Freyd, 1987), duration of the
retention interval (Freyd & Johnson, 1987), coherence of inducing
sequence (Freyd & Finke, 1984), similarity of the final stimulus to a
prototypical member of a category (Kelly & Freyd, 1987) or scheAMERICAN JOURNAL OF PSYCHOLOGY
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matically proper ending (Hubbard, 1993a), implied friction of the
stimulus with other elements in the display (Hubbard, in press), and
whether motion of the stimulus is embedded in an event hierarchy
(Verfaillie & d'Ydewalle, 1991). These memory shifts have been referred to as displacements for apparent linear motion, and as representational momentumfor implied rotational motion.
Although it is clear that such memory shifts occur, it is much less
clear whether these shifts result from modular, cognitively impenetrable processes (e.g., Finke & Freyd, 1989; Kelly & Freyd, 1987) or
from more nonmodular, cognitively penetrable processes (e.g., Hubbard & Bharucha, 1988; Ranney, 1989). A cognitive process is considered impenetrable if the outcome of that process is not influenced
by a subject's beliefs, knowledge, or goals (see Pylyshyn, 1981, 1984).
A cognitive process is considered modular if that process is characterized by a number of limitations such as domain (modality) specificity,
mandatory execution, rapidity of execution, and so forth (see Fodor,
1983), but perhaps the primary criterion of modularity is information
encapsulation. A process is informationallyencapsulated if (a) the output
of the process is insensitive or impenetrable to the beliefs or expectations of the organism, and (b) the input to the process is adequate
to compute a representation of the stimulus (Fodor, 1983). In essence,
information encapsulation involves bottom-up processing of the stimulus without any top-down cognitive penetration.
Representational momentum appears to exhibit several of the characteristics required of a modular process. Finke and Freyd (1985; see
also Finke, Freyd, & Shyi, 1986) reported that error feedback and
practice did not weaken the momentum effect, and so representational
momentum appears to be mandatory. Freyd and Johnson (1987) reported that forward memory shifts peaked at 300 ms and then declined
(although Hubbard and Bharucha, 1988, found robust memory shifts
after a delay of 2 s), and so representational momentum appears to
occur very rapidly. Freyd (1987) interpreted the failure of error feedback and practice, in conjunction with the finding that representational momentum occurs rapidly, as evidence that the representational
momentum effect is also informationally encapsulated, that is, not
affected by subjects' beliefs.
The immunity of the memory shift displacements to subjects'
beliefs or expectations has, however, been questioned. Hubbard and
Bharucha (1988, Exp. 4; see also Bharucha & Hubbard, 1992) presented an apparently moving circular target that moved in a straight
path within the confines of a square frame and that appeared to bounce
off the walls of the frame. When the target vanished just prior to or
at the moment of bouncing, memory for the vanishing point location

MEMORY SHIFTS AND MODULARITY

361

was shifted to a location behind the actual vanishing point; when the
target vanished just after the moment of bouncing, memory for the
vanishing point location was shifted to a location in front of the actual
vanishing point. In the former case, the direction of displacement was
opposite to the direction of motion, but in the latter case the direction
of displacement was in the direction of motion. In both cases, however,
displacement was in the direction of anticipated motion, rather than
in the direction of current motion. Because determination of the anticipated direction clearly involves subjects' beliefs and expectations
concerning future behavior of the target, these data suggest that at
least one aspect of the memory shift phenomenon is cognitively penetrable.
It is not entirely clear, then, what role subjects' beliefs concerning
target behavior play in the memory shift phenomenon, and therefore
whether the memory shift process can be considered modular. A more
direct way to test the effect of belief, and hence the possible modularity
of the memory shifts, is by manipulating the verbal instructions given
to groups of subjects seeing identical physical displays such that the
instructions induce differing expectations concerning the future behavior of the target. If verbal instructions do not influence the displacement patterns, then the memory shifts must be driven solely by
the physical display, a result consistent with modular processing. If,
however, verbal instructions do influence the displacement patterns,
then the memory shifts would be driven at least partly by the beliefs
induced by the verbal instructions concerning future behavior of the
target, a result inconsistent with modular processing.
EXPERIMENT

1

This experiment examines displacement patterns for two types of
display, bounce and crash, and the effects of verbal cues on the displacement patterns. At the beginning of each trial, subjects received
a verbal cue that indicated whether that trial would be a bounce trial
or a crash trial. Cue validity varied across subjects; one group received cues that were valid on 80% of the trials, a second group
received cues that were valid on 50% of the trials, and a third group
received cues that were valid on 20% of the trials. Subjects then saw
a moving circular target enter from one edge of the display and move
toward a barrier. In bounce trials, the target collided with the barrier,
bounced off the barrier, and traveled in the opposite direction for a
short distance; in crash trials, the target collided with the barrier,
crashed through the barrier, and continued to travel in the same
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direction for a short distance. The target and barrier then simultaneously vanished, and subjects marked the location at which the target
vanished.
If displacement results from cognitively impenetrable or modular
processes, then neither the content of the cue nor the probability of
cue validity should have any influence on displacement. If displacement results from cognitively penetrable or nonmodular processes,
then changes in either the content of the cue or in the probability of
cue validity may result in changes in the displacement pattern independent of changes in the physical display.
METHOD
Subjects
Subjects were 45 Dartmouth College undergraduates who participated for
extra credit in an introductory psychology course. All subjects were naive
to the hypotheses until after their data had been collected. Fifteen subjects
participated in the 80%, 50%, and 20% cue validity groups, respectively.

Apparatus
Stimuli were displayed on and data were collected by an Apple Macintosh
II computer equipped with a standard Apple monochrome monitor. Subjects
were allowed to adjust the viewing distance to achieve maximum comfort
and confidence in their responses.

Stimuli and design
Stimuli consisted of a moving circular target and a stationary barrier. The
target was a filled circle (black on a white background) 20 pixels (approximately 50') in diameter; the barrier was a straight line (black on a white
background) that stretched the entire length or width of the screen. The
total area of the display screen was 640 x 480 pixels (approximately 27? x
20? of visual angle). The target entered from an approximate midpoint of
one of the four edges of the screen and moved across the screen in a straight
line. There were four directions of motion: left-to-right (LR), right-to-left
(RL), top-to-bottom (TB), and bottom-to-top (BT). Target velocity was obtained by shifting the image of the target 1 pixel between the presentation
of successive images, yielding an apparent velocity of approximately 4.2?/s.
Target motion appeared smooth and continuous. The decay and refresh
rates of the monitor were rapid enough so that subjects did not perceive
afterimages; had any afterimages been present, they would have appeared
behind the target and biased subjects away from the standard forward displacement pattern. Pixels were square, so shifts of an equal number of pixels
horizontally or vertically resulted in shifts of equal distances and equal
apparent velocities. The target collided with the barrier and then appeared
to either bounce off or crash through the barrier. The target then vanished
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after traveling approximately 40 pixels (approximately 100') after either the
bounce or the crash.
Cue validity (i.e., whether the cue was valid on 80%, 50%, or 20% of the
trials) was treated as a between-subject factor. Validity (whether the cue on
a given trial was valid or invalid), direction (LR, RL, TB, BT), and trial
type (bounce, crash) were treated as within-subject factors. Subjects in the
80% group received 160 valid trials (4 directions x 2 vanishing points x 20
replications) and 40 invalid trials (4 directions x 2 vanishing points x 5
replications); subjects in the 50% group received 80 valid trials (4 directions
x 2 vanishing points x 10 replications) and 80 invalid trials (4 directions x
2 vanishing points x 10 replications), and subjects in the 20% group received
40 valid trials (4 directions x 2 vanishing points x 5 replications) and 160
invalid trials (4 directions x 2 vanishing points x 20 replications). Each
subject received a different random order of trials.

Procedure
Subjects were tested individually. They were first given a practice session
consisting of 12 trials which were randomly selected from the experimental
trials. To initiate each trial, subjects pushed a designated key. The word
BOUNCE or the word CRASH was then printed in the center of the screen.
After subjects read the cue, they pressed a second key. The barrier was
drawn and extended across the entire length or width of the screen in the
direction orthogonal to the direction the target would travel, and was located
approximately two-thirds of the distance across the screen from where the
target would appear. The target then appeared at one edge of the screen
and appeared to travel across the screen in a straight line toward the barrier.
The target collided with the barrier and appeared to either bounce off or
crash through the barrier. After either bouncing or crashing, the target
traveled a short distance and then the target and the barrier vanished simultaneously. After the target vanished, the cursor became visible on the
screen in the form of a "+" shape. Subjects positioned the center of the
cursor over the location where the center of the target had been when the
target vanished. The cursor was positioned by moving a computer mouse;
the screen coordinates of the cursor were recorded by pressing a button on
the mouse. Subjects then initiated the next trial.

RESULTS AND DISCUSSION
The difference

between the judged vanishing point and the actual
is
referred to as displacement. For each direction of
vanishing point
motion, displacement of the vanishing point along the axis of motion
is referred to as M displacement, and displacement along the axis
orthogonal to motion is referred to as O displacement. For LR and
RL, the axis of motion is the x-axis and the axis orthogonal to motion
is the y-axis; for TB and BT, the axis of motion is the y-axis and the
axis orthogonal to motion is the x-axis. M displacement is positive if
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the judged vanishing point is beyond (i.e., farther ahead in the direction of target motion) the actual vanishing point, and negative if
the judged vanishing point is behind (i.e., in the direction opposite
to target motion and through which the target would have already
passed) the actual vanishing point. O displacement is positive if the
judged vanishing point is to the right of the actual vanishing point
for vertical motion or above the actual vanishing point for horizontal
motion, and negative if the judged vanishing point is to the left of
the actual vanishing point for vertical motion or below the actual
vanishing point for horizontal motion.
M displacement
The M displacement scores (Table 1) were analyzed using a 3 (Cue
Validity) x 2 (Validity) x 4 (Direction) x 2 (Trial Type) ANOVA.
Validity significantly influenced M displacement, F(1, 42) = 45.52,
p < .001; in general, valid cues (x = 2.15) led to more positive M
displacement than invalid cues (x = .36). As shown in Figure 1, validity
Table 1. M displacements for left-to-right (LR), right-to-left (RL), top-tobottom (TB), and bottom-to-top (BT) motion in Experiments 1 and 2
Cue validitya
Trials
Crash
LR
RL
TB
BT
Bounce
LR
RL
TB
BT

100%
Valid

80%
Valid Invalid

2.41
-4.53
0.58
2.82
-4.79
1.28
-7.53 -12.79
21.54
18.55
7.93
10.58

11.21
4.58
-4.83
2.81

-7.20
-3.94
-7.89
-13.76
5.74
1.93
-4.82
-0.88

50%
Valid Invalid

20%
Valid Invalid

0.94
4.00
1.71
-6.40

0.59
1.96
-0.27
-8.13

0.70
6.49
-2.66
-8.96

-0.69
6.33
-1.70
-9.02

12.02
14.25
4.41
10.58

8.13
11.19
2.94
9.59

7.52
5.97
-0.93
9.74

7.27
4.66
-2.94
9.46

Note.The unit of measurementfor M displacement(along the axis of motion)
is a pixel. One pixel equals approximately2.5' of visualarc. Positivelysigned
M displacementsindicatejudged vanishingpoints beyond the actual vanishing point (i.e., farther in the direction of anticipatedmotion), and negatively
signed M displacementsindicatejudged vanishingpoints behind the actual
vanishing point.
"In the 100% cue validity condition (from Exp. 2), only valid trials were
presented. In the 80%, 50%, and 20% conditions (from Exp. 1), both valid
and invalid trials were presented.

365

MEMORY SHIFTS AND MODULARITY
8 -

-

6-

.a

4
4-

E

0

2-

-2-4 -

*

Valid Trials

o

Invalid Trials

0.2 -

-0.2a)

-0.6
C

ax

-1.0-

Ca

0
0

-1.8 20

30

40

50

60

70

80

90

100

Cue Validity(percentage)

Figure 1. Displacement as a function of the probability of cue validity in
Experiments 1 and 2 (M displacementdata displayedin the upper panel; O
displacement data displayed in the lower panel)
also interacted with cue validity, F(2, 42) = 6.39, p < .01, such that
as the probability of cue validity diminished, the differences between
valid and invalid cues also diminished. Bounce trials (x = 5.40) led
to larger positive M displacements than crash trials (x = -2.89),
F(1, 42) = 25.26, p < .001; trial type also interacted with direction,
F(3, 126) = 9.12, p < .001, such that the differences between crash
and bounce displacements were greater for LR, RL, and BT than for
TB (see Table 1). Direction also influenced M displacement, F(3, 126)
= 23.19, p < .001; orthogonal planned comparisons revealed that the
vertical directions demonstrated significantly more negative M displacement than the horizontal directions, F(1, 42) = 37.10, p < .001,
but no differences were found between LR and RL, F(1, 42) = 3.45,
p > .05, or between TB and BT, F(1, 42) = .17, p > .67. These
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direction effects are largely consistent with previous findings (e.g.,
Hubbard, 1990; Hubbard & Bharucha, 1988). No other factors were
significant, Fs < 1.35, ps > .25.
0 displacement
The O displacement scores are listed in Table 2, and were analyzed
using a 3 (Cue Validity) x 2 (Validity) x 4 (Direction) x 2 (Trial Type)
ANOVA. The Cue Validity x Validity interaction was significant,
F(2, 42) = 8.80, p < .001, such that when cue validity was low (50%
or 20%), O displacements were closer to zero on invalid trials than
on valid trials, but when cue validity was high (80%), O displacements
were closer to zero on valid trials than on invalid trials. Direction was
also significant, F(3, 126) = 44.66, p < .001, and orthogonal planned
comparisons revealed that the horizontal directions demonstrated significantly more negative M displacement than the vertical directions,
F(1, 42) = 49.85, p < .001. No differences between LR and RL were
Table 2. O displacements for left-to-right (LR), right-to-left (RL), top-tobottom (TB), and bottom-to-top (BT) motion in Experiments 1 and 2
Cue validity3
Trials
Crash
LR
RL
TB
BT
Bounce
LR
RL
TB
BT

100%
Valid

80%
Valid Invalid

50%
Valid Invalid

Valid

20%
Invalid

-3.26
-2.36
3.35
1.92

-6.41
-4.48
5.24
2.37

-6.40
-6.01
4.20
1.95

-3.67
-3.01
4.98
1.18

-3.75
-3.52
5.29
2.22

-2.37
-1.60
1.83
0.70

-2.16
-2.08
3.43
1.66

-2.56
-2.79
2.39
3.03

-5.37
-5.37
3.23
2.44

-5.96
-5.96
2.59
2.44

-5.77
-3.50
3.40
3.39

-4.03
-3.51
3.54
4.37

-4.21
-4.76
2.75
2.79

-3.93
-3.75
3.60
2.73

Note.The unit of measurementfor O displacement(along the axis orthogonal
to motion) is a pixel. One pixel equals approximately 2.5' of visual arc.
Positively signed O displacements indicate judged vanishing points above
(for horizontal motion) or to the right of (for vertical motion) the actual
vanishingpoint, and negativelysigned O displacementsindicatejudged vanishing points below (for horizontal motion) or to the left of (for vertical
motion) the actual vanishing point.
'In the 100% cue validity condition (from Exp. 2) only valid trials were
presented. In the 80%, 50%, and 20% conditions (from Exp. 1), both valid
and invalid trials were presented.
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obtained, F(1, 42) = 2.25, p > .14, but TB (x = 3.67) led to slightly
greater O displacement than BT (- = 2.33), F(1, 42) = 11.22,
p < .01. The downward bias in O displacement for horizontal motion
and the rightward bias in O displacement for vertical motion is consistent with previous findings. Direction also interacted with trial type,
F(3, 126) = 6.44, p < .001, and with Cue Validity x Trial Type,
F(6, 126) = 3.10, p < .01, such that relatively larger magnitudes of
negative O displacement are seen in horizontal motion when cue
validity is high. Trial type was marginally significant, F(1, 42) = 4.02,
p < .07, with a trend for bounce trials (x = -.79) to exhibit slightly
greater negative O displacement than crash trials (x = -.45). No other
factors were significant, Fs < 1.51, ps > .21.
Probability of cue validity influenced the pattern of overall M displacement; specifically, as the probability of cue validity diminished,
the differences in M displacement between trials when the cue was
valid and trials when the cue was invalid diminished. Additionally,
the magnitude of forward M displacement was smaller on invalid trials
than on valid trials. These findings suggest that information from the
cue was able to have some influence on the displacement process and
that displacement was at least partially penetrable. The similarity
between the displacement patterns for both valid and invalid cues on
each type of trial, however, suggests that it was the behavior of the
target stimulus, rather than subjects' expectations, that primarily determined the displacement pattern.
EXPERIMENT 2
In Experiment 1 subjects may have had some doubt as to whether
the cue on each trial would be valid, and this doubt may have influenced their responses even when the cue was valid. To more fully
assess the effects of this doubt, the data from the valid trials in Experiment 1 were compared with the data from Experiment 2 in which
there was no doubt that the cue was 100% valid.
METHOD
Subjects
Subjects were 15 undergraduatesdrawn from the same pool as in Experiment 1. None of the subjects had participatedin the previous experiment,
and all were naive to the hypothesesuntil after their data had been collected.
Apparatus
Apparatuswas the same as that used in Experiment 1.
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Stimuli and design
Stimuli were the same as those used in Experiment 1 with the following
exception: The BOUNCEor CRASHcue was valid on 100% of the trials.
Validity,direction, and trial type (bounce, crash) were treated as withinsubject factors. Each subject received 120 trials (4 Directions x 2 Vanishing
Points x 15 Replications)in a different random order.
Procedure.
Procedure was the same as in Experiment 1.
RESULTS AND DISCUSSION
M and O displacements were calculated as in Experiment 1.
M displacement
M displacements, listed in Table 1, were analyzed using a 4 (Directions) x 2 (Trial Type) ANOVA. Trial type significantly influenced
M displacement, F(1, 14) = 49.44, p < .001, such that M displacements
for bounce trials (x = 14.65) were significantly larger than M displacements for crash trials (x = -.26). Direction also influenced M
displacement, F(3, 42) = 24.56, p < .001. Orthogonal planned comparisons showed that horizontal motion led to larger M displacement
than vertical motion, F(1, 14) = 41.24, p < .001. There was no
difference between LR and RL, F(1, 14) = 1.04, p > .32, but TB
(x = 4.60) led to more positive M displacement than BT (x = 1.52),
F(1, 14) = 8.66, p < .02. These patterns are similar to those reported
previously. The Trial Type x Direction interaction was not significant,
F(3, 42) = 2 .44, p > .06.
O displacement
O displacements, listed in Table 2, were analyzed using a 4 (Directions) x 2 (Trial Type) ANOVA. Direction was highly significant,
F(3, 42) = 12.91, p < .001. Orthogonal planned comparisons revealed
that horizontal motion led to more negative displacement than vertical
motion, F(1, 14) = 14.59, p < .01, but no differences were found
between LR and RL, F(1, 14) = .50, p > .50, or TB and BT,
F(1, 14) = .48, p > .49. Neither trial type, F(1, 14) = .09, p > .76,
nor the Trial Type x Direction interaction, F(3, 42) = 2.32, p > .09,
was significant.
Comparison of Experiment 2 with Experiment 1
To evaluate the effect of cue validity on the responses to valid cues
with more certainty, displacements from the valid conditions in the
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80%, 50%, and 20% groups from Experiment 1 were compared with
displacements from the current experiment (a 100% group) and entered into an ANOVA with cue validity as a between-subject factor and
trial type and direction as within-subject factors (see Figure 1). Somewhat surprisingly, for M displacement, the cue validity factor did not
attain significance, nor did cue validity interact with any other factor,
all Fs < 1.70, ps > .18. Although the apparent difference between
the 80% group and the other groups is provocative and perhaps
suggestive that cues intermediate between certainty and chance might
lead to the most benefit (or the most cost), this trend failed to achieve
significance. As would be expected based on the previous analyses,
trial type, F(1, 56) = 57.51, p < .001, direction, F(3, 168) = 38.19,
p < .001, and the Trial Type x Direction interaction, F(3, 168) =
10.63, p < .001, were all significant.
For O displacement, cue validity did not attain significance, nor did
it interact significantly with direction or trial type, Fs < 1.10,
ps > .46. The Cue Validity x Direction x Trial Type interaction was
significant, F(9, 168) = 3.25, p < .01, and reflects the slightly larger
differences between displacements for horizontal and vertical motion
in crash trials in the 80% validity condition, but the meaning of this
interaction is not clear. As would be expected based on the previous
analyses, direction was significant, F(3, 168) = 55.31, p < .001. Trial
type did not significantly influence O displacement, F(1, 56) = 2.29,
p > .13, although the Trial Type x Direction interaction was significant, F(3, 168) = 8.23, p < .001, such that there is relatively little
difference between O displacements as a function of trial type when
the cue is always valid, but relatively greater differences as cue validity
becomes less certain.
Failure to find a significant difference in M displacement in the
valid trials between Experiments 1 and 2 might seem initially to
support the modularity position, but the strong validity effect in the
data of Experiment 1 makes it difficult to endorse the idea that displacement is modular. The combined data from Experiments 1 and
2 suggest that changing the probability of cue validity does not significantly change the way subjects respond to stimuli preceded by
valid cues. The data from Experiment 1 suggest, however, that a
stimulus preceded by an invalid cue is responded to differently than
an identical stimulus preceded by a valid cue; specifically, forward M
displacement decreases with invalid cues. Thus, whether a cue is valid
or invalid on a given trial influences displacement, but the mere
possibility of invalidity does not seem to have much influence on
displacement in valid trials.
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GENERAL DISCUSSION
The content of a cue given before the target appears influences
the magnitude of M displacement for that target. Changing the probability of cue validity, though, does not significantly change the pattern
of M displacements on valid trials, although smaller magnitudes of
forward M displacements are seen on invalid trials than on valid trials.
Therefore, at least some aspects of the displacement mechanism appear cognitively penetrable, and displacement does not result from
purely modular processes. The overall pattern of displacement for
each trial type, however, remain largely similar regardless of cue
validity, suggesting that some aspects of displacement appear cognitively impenetrable and are determined more by the display than by
subjects' expectations. It may be that displacement is determined by
a combination or interaction of these penetrable and impenetrable
components.
How can we account for the lessening of displacement with invalid
cues and the overall effect of cue content? One possibility is simply
that because the subjects are more aware of the possibility of different
trial types, they may attend more closely to the stimulus, and this
additional attention improves their performance. Alternatively, we
may also account for the pattern within a straightforward neural
network model (see also Hubbard, 1993b, 1994, for further details
of the framework). For example, consider a 3 x 3 array with locations
A, B, and C in the top row, D, E, and F in the middle row, and G, H,
and I in the bottom row. A subject observes a target moving from D
to E to F, and as the target moves, it activates neural network nodes
D', E', and F' at times T,, T2, and T3. At T1, D' would be active and
activation would spread to E' and F'. At T2, the target has moved
beyond D' and now E' is activated. At T2, activation at D' would be
decaying (as the target has advanced beyond D'), and little additional
activation from E' would be spreading to D' while even more additional
activation from E' would still be spreading to F'. At T2, then, F' would
possess more activation than D'. If remembered target location corresponds to some average or "center of activation," then remembered
location would be shifted forward in the direction of travel.
Effects of expectation would operate by influencing the distribution
of activation in the network. If a subject expects the target to travel
in a specific direction, then nodes corresponding to that specific path
may receive both spreading activation from the node representing
the target and additional activation based upon the subject's expectation of future target motion. The nodes corresponding to the path
of expected motion would thus be at relatively high levels of activation.
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Averaging of the activation from the node corresponding to the true
location of the target and from the nodes corresponding to the expected path of future target motion would shift the center of activation
relatively far forward from the true target location along the path of
expected future motion. If the target does not move in the anticipated
direction, however, the nodes corresponding to the actual path of
motion would have received spreading activation only from the target
and would not have received any additional activation based upon
the subject's expectations. In this case, there would be less total activation in front of the target, and so averaging of the activation from
the nodes corresponding to the true location of the target and from
the nodes corresponding to locations in front of the target would shift
the center of activation a relatively small distance from the true target
location.
Consider an example in which a valid cue leads the subject to expect
a crash trial. A vertical barrier is drawn and corresponds to locations
B, E, and H. The target enters from the left and passes through
location D before crashing through the barrier at location E and
traveling to location F beyond the barrier. What would happen in the
network? As the target passed through location D, activation would
be spreading from D' (where the target is) to E'. Once the target has
reached E, activation at D' will be decaying, and activation would be
spreading from E' to F'. During this time, F' would also be receiving
activation due to the subject's expectation that the target will subsequently travel through location F Total activation at F' will then
reflect both activation that has spread from the target and activation
created from the expectation, and so activation at F' would then be
higher than if no expectation had been induced. The center of activation, therefore, will be relatively far forward, and so displacement
will be relatively large.
What would happen in the network if the crash cue had been invalid
and the subject receives a bounce trial? Activation will still spread
ahead of the target, and areas ahead of the target (i.e., F') will still
receive more activation than they would have in the absence of expectation. If the target travels in an unexpected direction, such as
bouncing back to D, the total amount of activation at D' will be
relatively weak as activation has already been committed to F' (i.e.,
the node corresponding to the expected path of motion). The average
of the activations of D' and E' would be less than the average of the
activations of E' and F', and thus forward displacement would not be
as great with this invalid trial. A similar explanation can be constructed
for valid and invalid bounce cues. Thus, the model accounts for the
somewhat ironic finding that performance is actually more accurate
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(less overall total M displacement) when subjects are given invalid
cues by positing an averaging of perceptual-driven and expectancydriven components of the shift.
In conclusion, the content of a cue can influence the shifts in the
memory for the location at which a subsequently presented moving
target vanishes. If we take the current data in conjunction with that
reported in Bharucha and Hubbard (1992), it appears that some
aspects of displacement may be relatively penetrable, but other aspects
of displacement may be relatively impenetrable. Such claims are fully
consistent with the hypothesis of Finke and Freyd (1989) that although
the path of mental extrapolation may be cognitively penetrable, the
extrapolation itself must nevertheless occur. Therefore, even though
memory shifts may evidence many of the properties of modular processing, such shifts cannot be produced by purely modular processes
because the shifts are not informationally encapsulated-beliefs concerning future target behavior can influence the direction and magnitude of the memory shift.
Notes
Portions of these data were presented at the 31st Annual Meeting of the
Psychonomic Society in New Orleans, LA, November 1990. The author
thanksJamshed Bharuchafor helpful discussionsand thanks KrisTaylor for
assistancein data collection.
Correspondenceconcerning this article should be addressed to Timothy
Hubbard, who is now at the Department of Psychology,University of Arizona, Tucson, AZ 85721. Received for publicationJune 26, 1992; revision
received December 8, 1992.
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