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ACTION AND MEMORY

Peter Dixon and Scott Glover

I. Introduction

-~ In this chapter, we will advance a single principle as an explanation of a

Z:trilgty .of effects in the control of action. Simply stated, that principle is that
| n 18 memory. More specifically, the selecti !
:\‘ . ! 1on and control of an action
‘ ?zliggds on what actions have begn performed in similar situations in the past
i k. Izy Wﬁys, this is r_10t a new idea, and the relationship between memor3;

b ;1; 1ont asa ll(o?g history in motor control (cf. Kerr, 1983). The advance in
4 esent work lies in three elaborations on thi Copmital i

1s essential idea. First

1 : ! , We

ins;r:; ;c)l;';t a \s:rt)]; larg}el: number of previous actions are effectively maintained
and that the use of that memory in the ¢

: ' : urrent context follow
(o] i :
Sttlma} (i.e., Bayesmn) mc?chamcs. Second, we extend the idea that memory
re;;rin{[l.es action to the kinematics of actions rather than simply movement

ation or programming. Thus, memor i
: i y determines movement d i

‘as well as movement selection. Thi i S
: . Third, we apply this fr
. 1 » we y amework to a range of
“pf :nomepa that are not typically conceived of in this way, including egects
' T;petllt:on, pe.rceptual. and semantic context, and adaptation
N Zlc apter 1s organized as follows. First, in Section II, we present the
“‘, determierrlne?ﬁs Qf our approach and summarize the critical variables that
- e the 1nterpla}{ between action and memory. Second, in Section
| Th,es :V.e feslew a _Yarlety of phenomena that bear on th’is analysis
* include repetition effects on posture choice and response time effects.
| context-induced perceptual illusions on posture choice and mo’vement
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trajectory, and effects of semantic context. In each case, we present some
illustrative simulations to indicate how the model coulq be elaborated in
order to apply to those results. Third, in Section IY, we discuss severgl other
effects that would seem to provide compelling ev1denpe for something like
the hypothesized role of memory in action. These_ include effe.:cts cg the
predictiveness and reliability of contextual 1qformatlon, 'adaptatlon effects,
and memory-contrast effects. Finally, in Section V, we discuss the common
elements of and differences between our approach and a range of related
theoretical ideas.

II. Basic Approach

The core assumption of this approach is that memory includes.a vast reposito-
ry of information about previous actions. In general terms, this assumption 1s
consistent with instance-based models of memory such as those proposed by
Hintzman (1976), Logan (1988), and Jacoby and Brooks (1984), amgng
others. For the present purposes, it is not necessary tg make any detaile
assumptions about the format or content ofthose memories; we.m'erelil assutme
that portions of that information can be made available when it 1s relevant. ;
We assume that movements are specified by movement parameters an
that these can be modeled as continuous real numbers. In any real move-
ment, there are a large number of such parameters involved, and therehare
any number of complex dependencies among the pa.ramete.r values. .Fur; er,
we assume that movement parameters often have h1erarch.1ca.1 relatlonshlps.
For example, one parameter in a reaching moyement may indicate Wl.leé : erta
movement is to the left or right, a subordinate parameter' may indicate
whether the movement is near or far, and an even more detailed parameter
may indicate whether the wrist is extended or flexed (cf. Rosenbaum, Igenfnz;
& Derr, 1983). Alternatively, movement parameters may be conceive o1 :
hierarchical constraints on movement dynamics (e.g., Saltzman & Ke sn;
1983). Although we make no commitment to the content of such n}llpvsriz/ :
parameters at this point, we believe it is reasona'ble to assume that high- o8
parameters would specify a movement in relatively abstract t_ernlls, sucleve1
the egocentric location or direction of a goal or target, whlle OWEZS e
parameters would be relevant to details of movement mechanics, suct & Y
contraction of particular muscles or mqscle groups. For.the demons ier o
in the present paper, we consider situagll())ni in which a single parame
| interesting aspects of behavior.

l)eélis\f/:;intt()hizl gggkground, thge basis of our model is very simply that tt};e tazk (;35
movement selection amounts to estimating movement' pgramete.rs ?seward
previous actions and the current context. Formally, this is a straightfor
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problem in Bayesian estimation. The distribution of previous values of the
movement parameter constitute the prior distribution, f{(m). For simplicity,
we assume that the distribution is normal with mean ,,,. The current context,
¢, determines some subset of previous actions that are relevant to the current
situation, and typically the posterior distribution, fimc), is also a normal
distribution that depends on the reliability of the contextual information
and the variance of the prior. In particular, the mean of the posterior is a
weighted sum of the expected value of the movement parameter based on the
prior (i.e., 1,) and the value of the movement parameter in similar contexts

(m,):

‘:Umlc — (1 8 pc‘)ﬂm + P (1)

where p. is a correlation coeficient that indicates how diagnostic the context is
of the appropriate movement parameter. This formulation is equivalent
to predicting the movement parameter from memory using least-squares
regression.

A central element of this framework concerns how actions are controlled.
We assume that the current context ¢ includes a mental representation of an
actor’s goals and intentional strategies, as well as a cognitive interpretation
of the stimulus environment. Thus, the movement parameters that are
retrieved from memory should only be those that are appropriate to those

- goals and interpretations, rather than simply responding to the immediate
- stimulus in a mechanical fashion. It is clear that such a mechanism suffices to
- control action in a general way. For example, eating actions will be retrieved
- for the food in front of you only if you are hungry. However, we envision a
detailed hierarchy of such goals that are capable of controlling actions with
‘ much more precision. In particular, we assume that in general there will be a
- complex interplay between memory for previous actions, one’s current goals
: and intentions, and the cognitive interpretation of the situation. In effect,

one’s intentions and interpretations determine how memory is used in the

- service of action (cf. Allport, 1980; Norman, 1981; Norman & Shallice, 1986;
- Schmidt, 1975). However, in the present development, we are primarily
- concerned with experimental tasks in which the subject’s goals can be
- assumed to be fixed and the variation in movements can be analyzed in
. terms of the visual and experimental context.

III. Applications

”iI'he key to generating interesting results using this framework lies in analyz-
Ing the nature of the current context and what it indicates about the appro-
Priate movement parameters. In this section, we consider several classes of
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effects and illustrate how those effects can be explained by a suitable analysis
of the current context and its relationship to action memory. First, we
consider repetition effects, both in posture choice and in response time
measures. Our analysis is that these effects can be explained by simply
assuming that the context includes the history of immediately preceding
actions and that such history is generally predictive of future actions. Second,
we consider dynamic effects in which a movement parameter varies over the
course of an action. Our interpretation of such results is that the current
context includes information derived from the current ongoing action as well
as static information available prior to movement onset. Third, we consider
semantic effects on action. In this case, the explanation lies in the assumption
that context includes the current contents of consciousness and that move-
ment selection will be affected by the range of concepts being attended and
rehearsed. Finally, we turn to situations in which the informativeness of the
preceding history of movements is deliberately manipulated. These results
similarly follow from the view that the selection of movement parameters
depends on memory for action and context.

A. REPETITION EFFECTS IN POSTURE CHOICE
1. Evidence

The simplest evidence that action depends on memory consists of intertrial
dependencies. There are many possible ways to demonstrate such dependen-
cies. For example, Glover and Dixon (2001a) had righthanded subjects reach
out and pick up a small bar on a tabletop; the orientation of the bar varied
from 5-35° clockwise from the sagittal plane. Subjects grasped the bar with
the thumb and forefinger of their right hand in either a wrist-abducted
(thumb-right) posture or a wrist-adducted (thumb-left) posture. Not surpris-
ingly, we found that the hand posture used to grasp the bar varied systemat-
ically with the orientation of the bar. For example, when the bar was
oriented relatively far in the clockwise direction, subjects were much more
likely to grasp the bar with the wrist abducted (that is, with the thumb on the
right). However, in a post hoc analysis of these data, there was also a
repetition effect: Subjects tended to use the same posture as they had on
the previous trial, independent of the bar orientation. These data are shown
in Fig. 1. As the orientation of the bar increases in a clockwise direction from
sagittal, the probability of selecting the wrist-abducted posture increases:
However, if one has just completed a wrist-abducted grasp on the previous
trial, the entire function is shifted so that that posture is more likely to be
repeated. We interpret this to mean that the recent use of a posture primes
that action and increases the likelihood of that action on the subsequent
trial.
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Fig. 1. Repetit.ion effects on posture choice in the data of Glover and Dixon (2001a)
Smooth curves depict the model simulation described in the text. ]

Cpmparable repetition effects were observed by Dixon (2002). In this case
- subjects were asked to reach and touch a target location while avoiding ar;

bstacle (a vertical rod) that interposed the initial position of the hand and
. the target location. The arrangements of the obstacle and the possible target

‘When the target was to the far left of the obstacle, subjects almost always’
\ side. However, central target positions were more
; blguqus, and subjects moved to either the left or right on different trials
hf: choice of posture for these central positions, though, depended on wha£
Ction was performed on the previous trial, as shown in Fig. 3: Following a
Ove to the right, for example, subjects were more likely to move to the
£ tr,efs::/lel:tn wlllen the target position was relatively far to the left. Crucially,
e otn y o;curred whe1.1 the target on the previous trial was similar
A get on t ¢ present trial. As shown in Fig. 4, the choice of posture
central t'arget trials was affected by the previous action only when the
Vious action was also to a central target.
gE\{en more gompelling evidence for the mediating role of similarity was
glnf:d by. Dixon (2003). The experimental task was the same as in Dixon
2): Subjects reached around an obstacle to touch a target location. In
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Fig. 2. Stimulus arrangement in Dixon (2002). Subjects reach around a vertical pole to
touch a gray square target; the figure depicts the 10 possible locations for the target.

this case, though, two different types of backgrounds and targets were used:
The target was either a gray square against a dark background or a blue
cross against a red striped background. Even though this stimulus manipu-
lation was completely independent of the required action, it still had an effect
on posture choice: Movements to the central targets were likely to resemble
the action on the preceding trial when either that action also involved a
central target or the target and background were of the same form.

Comparable stereotypy in movements has also been observed in other
contexts. For example, Diedrich, Thelen, Smith, and Corbetta (2000) found
that infants who were likely to persevere in a reaching task also showed more
consistency in movement trajectory across successive trials. Similarly, Jax
and Rosenbaum (2003) found that movements designed to avoid an obstacle
tended to be repeated on subsequent trials even when the obstacle was no
longer present. These results seem to clearly implicate the role of memory for
previous actions in the selection and control of current actions.

Fig. 3.

P(Move Right)

1 : Re',petition effects on posture choice in Dixon (2002). Smooth curves depict the
~ model simulation described in the text.
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2. Model

The memory approach to repetition effects is based on the assum.;;tlc.)n ﬁtl}11at
when the context remains the same, actions are often repgated. Life is 'led
with repetitive actions: When eating, for example, a series of 'Ve‘iy similar
actions will take place, one after another. When. typing, very similar move-
ments are made in succession. When picking fruit, the general form of each
reach is similar even if the specific target Yar'ies from one momen.t tc.>1 the next.
Thus, having just performed one action, itis a ggod bet that a similar ac‘tlon
will follow. Any large repository of information qbout previous actions
would reflect this contingency. Crucially, though, this repeate'd-aciuon ct:ont-
tingency is mediated by the similarity in the mental agd sﬂu:iltlong ck:lon e;; :
Eating actions are only repeated as long as food remains and one IT blllnin}:i
typing actions are performed only as long as the keyboard is avai af im N
one has a goal of finishing a paper; and‘so on. Thus, the more prcfmseho of
the contingency is that actions are likely to be repeated only when
ins the same. .

Co?;eziéz??o model repetition effects, we thus elabora.te the conteyft ¢ in
Eq. (1) in several ways. First, we assume that there is a cp}rlrct:;latlor(l)vleri
memory between the movement parameter usesi on one t.rlal wit de m v
ment parameter used on the next. Howeve.r, this corre'latlon depends onthat
similarity in the context between the two tnals.. In partlcular,. we assume i
the movement parameters on successive trials have a bivariate nort i
distribution with correlation parameter s that c.lepends on the cqntex lllso
similarity. Second, we assume that current stimulus conﬁgural‘uor} athe
provides a constraint on the movement parameter. For example, l?ike]y
configuration shown in Fig. 2, periphergl targets on the left are }rlnore -
to cue leftward movements, whereas perlphera_l targets on the rig t are .
likely to cue rightward movements. However, in our analys1s,.thls c(;)nz g
is a product of one’s movement history rather. than a goal-directed ¢ o
tation done at the time of movement selection. Put another wayl, Al
individual’s movement history, targets to the left of an oblst;c ec 8
typically been reached by moving.arour.ld the obstaclg to tht(;,1 eleft o
quently, a stimulus configuration in Wthh. the target is on the .
obstacle is more likely to lead to the selection of those previous a

ing to the left. : 4
m(;)vli?t%ng these elements together, one can deriye expression for theI:1 {)e(:iteir;s
or distribution of the movement paragnither, glveiré ;?ec gg{cr:n(;cfc; Overr’lent

imilari he previous context, an e previous ¢ |

;I;I;rlgﬁégr.t (I)nthrIt)icular, this will be a normal distribution with mean

2
tmlpe,s = (1 = 8 — pc) fim + P + pemic 2
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where p, indexes the constraint provided by the current context, s depends
on the similarity in context between the current and previous trial, and p is
the movement parameter used previously.

As an illustration, this formulation was fit by eye to the data in Fig. 1
and 3. (Because the number of parameters is large relative to the degrees of
freedom in the data, the graphs here and in subsequent simulations must
be regarded as illustrations rather than “fits.””) In both graphs, we assumed
that negative movement parameters corresponded to leftward movements,
that posifive values indicated rightward movements, and that [ii=00,
Equation (2) was then used to calculate the probability of the best estimate
of the movement parameter being larger than 0 (i.e., the probability of a
rightward movement). As can be seen, it is straightforward to recover the
same qualitative pattern of results. Based on the Bayesian estimation me-
chanics, the model predicts a repetition effect because past actions are
predictive of future actions, and it predicts the role of similarity because
such repetitions generally occur only with similar contexts.

B. REPETITION EFFECTS IN RESPONSE TIME
1. Evidence

. There is an extensive history of research on repetition effects using response
. timeasa dependent variable. It has long been known that in choice reaction
| tasks, repeated responses are faster than nonrepeated responses. An impor-
. tant problem in this area has been to disentangle effects of repeating the
~ response from those of repeating the stimulus. For example, Bertelson
~ (1965) had subjects perform tasks in which there were two possible stimuli
~ for each response. The critical comparisons involved three kinds of trials:
. Those on which the stimuli differed but the response was the same; those on
~ Which both the stimulus and response were the same; and those on which
- both the stimulus and the response differed. He found th
IeSponse produced a substantial benefit even when the stimuli were different.

However, other researchers using the same type of manipulation have failed

1o replicate this result and have found substantial repetition effects only
- When the stimuli were the sa

» me (e.g., Smith, 1968; Smith, Chase, & Smith,
} 1973). Generally, repetition effects can occur across intervening trials; for
- SXample, responses will be faster when the stimulus and response matches

at from two trials ago, regardl
though repetition effects decli

at repeating the

10 a simple decay over time (e.g., Pashler & Baylis, 1991; Smith et al., 1973).

Pashler and Baylis (1991) argued that the similarity of the stimuli on
Peated-response trials

is a critical variable in determining whether the
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repeated responses are fast. In their results, different-stimulus/same-response
trials were about as fast as same-stimulus trials when the stimuli on succes-
sive trials differed in a superficial and irrelevant manner (e.g., letter color
when responses must be made on the basis of letter identity). But when the
stimuli differed more significantly (e.g., upper and lower case letters), the
advantage for different-stimulus/same-response trials was more modest, and
when the stimuli mapped to the same response shared only stimulus category
(letters vs. digits), the trials were almost as slow as different-response trials.
Similar conclusions can be drawn from repetition effects observed in other
paradigms. For example, Huettel and Lockhead (1999) found that in dimen-
sional filtering tasks, responses were fast when both the irrelevant dimension
and the correct response matched that on the previous trial. Gratton, Coles,
and Donchin (1992) found comparable results in a letter-flanker task:
Repetition effects on response time and error rates were specific to cases in
which the irrelevant noise characters matched those on the previous trial.

Several authors have proposed what might be termed shortcut accounts of
these repetition effects. In this form of explanation, there is an explicit or
implicit comparison of the current stimulus with the stimulus presented on
a previous trial. When the match is sufficiently close, the response from the
previous trial can be produced; otherwise, a more time-consuming compu-
tation must be undertaken to identify the appropriate response. This general
approach has been elaborated to incorporate a variety of different kinds of
factors known to modulate repetition effects. For example, Schvaneveldt
and Chase (1969) investigated the notion that the comparison process de-
pends on a memory trace of the previous stimulus that decays over time.
Huettel and Lockhead (1999) accounted for effects of stimulus similarity in
terms of an explicit comparison process. Pashler and Baylis (1991) explained
effects of alternating response hand by assuming that shortcut links could
exist between relatively abstract descriptions of the required response. How-
ever, all of these mechanisms share the assumption that repetition effects
arise because of the involvement of mechanisms that do not come into play
with nonrepeated-response trials.

2. Model

Rather than assuming that repeated trials are somehow a special case, in our
approach we assume that the responses for repeated stimuli are generated by
the same process that generates responses on nonrepeated trials. The differ-
ence is that repeated stimuli provide a greater degree of constraint on the
nature of the response to be performed and, by virtue of that constraint,
produce more rapid responding. In order to model response time, we assume
that the perceptual information that determines the nature of the current
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context is not available instantaneously but rather develops over time. I
other words, the stimulus has to be recognized and interpreted in the con.te I‘:
of the cur?ent goals and intentions—a time-consuming process. Without th}'(
stlmglus mfornption, both the similarity of the current céntext to thlz
previous trial (1.6., s in Eq. [2]) as well as the relevance of the histor
of previous-actions (i.e., p.) would revert to a default value of 0. Howevery

both should increase as the stim i
ulus is processed. In particular
that the mean of the posterior is: . e B

Mmlp,c,s(t) =[1- u(t)s — u(t>pc]Mm +u(t)sp + u(t) peme (3)

where u(f) increases monotonically from 0-1 over time.

Clearly, when the context is similar to that on the previous trial, the best
estimate of the movement parameter will change more quickl }‘rom te}f
de;fault based on the prior distribution, p,,. An illustration is grovided ifl
Fig. 5. If we arbitrarily assume that in this simulation response time effect
reflect the time to cross a threshold of 1, the figure suggests a repetition eff i
of about 70 ms (relative to a different stimulus and response). The de eeg
dence of the repetition effect in this formulation on stimulus sirﬂilarity iSIleSO-

Same Stimulus /
Same Response

Similar Stimulus /
Same Response

~

Movement Parameter
>

-1
; Different Response
il 3 0 | | J] V | |
100 200 300 400 500 600
Time (ms)

Fig. 5. Si i iti
g Simulation of repetition effects on response time as a function of stimulus similarity

- across trials.
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shown in Fig. 5. In this case, when the current stimulus is less similar to the
previous (i.e., s is smaller), the repetition effect reduces to about 30 ms.

Related assumptions suffice to account for several other findings related to
repetition effects. For example, it seems plausible to suppose not only that
actions are likely to repeat immediately, but also with some frequency after a
short delay. However, as the temporal gap increases, the likelihood that an
action will be repeated becomes progressively less. For example, short
pauses are common in the train of repeated actions involved in eating.
However, after a significant delay it becomes much more likely that the meal
is finished and that the associated actions will not reoccur for some time. As
a consequence of this temporal relationship, the predictive value of a previ-
ous action for the upcoming trial can be expected to fall off with delay, and
the parameter s in Eq. (3) would decline monotonically with the delay
between actions. A similar analysis can also be used to explain the effects
of intervening trials.

C. VisuaL CoNTEXT EFFECTS IN POSTURE CHOICE
1. Evidence

An important problem in the control of movements concerns the role of
vision. Milner and Goodale (1995) have argued that actions are controlled
on the basis of a visual pathway that is distinct from that which informs
conscious perceptual judgments. Among normal individuals, a crucial piece
of evidence for this position concerns the effects of context-induced visual
illusions such as the Ebbinghaus circles illusion. For example, Aglioti, De
Souza, and Goodale (1995) found that when subjects reach out to grasp a
disk surrounded by a context of smaller circles, the grip aperture was
relatively unaffected by the visual illusion, even substantially prior to the
end of the reach trajectory. This pattern of results and its interpretation have
generated a great deal of debate (e.g., Bruno, 2001; Franz, 2001; Glover,
2002), and it is fair to say that both the circumstances under which illusions
affect action and the magnitude of these effects remain largely unresolved
issues.

One aspect of this debate concerns when during an action the effects of
visual context are assessed. Generally, subjects gradually increase their grip
aperture during most of the reach and then decrease the aperture as the hand
nears the target. The maximum grip aperture may be achieved when the
action is 65-80% complete. A number of studies that have found relatively
little effect of visual context have measured grasping at this point of maxi-
mum grip aperture. However, more substantial effects of visual illusions can
be found when grip aperture is measured somewhat earlier in the reach
trajectory. For example, Glover and Dixon (2002a) examined the effect of

of object size and visual context. Smoot
text.

S
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the Ebbinghaus circles illusion. Subjects were asked to reach out and grasp a
target dis_k lying on a tabletop, surrounded by drawings of either larger or
smaller circles. In perceptual Jjudgments, the larger surrounding circles cause
the target to he Judged as smaller, and the smaller surrounding circles
cause the tgrget to be judged as larger. An effect of context can also be
found. on grip aperture 50% through the reach, as shown in Fig. 6. Clearly
the grip aperture is affected by the size of the target, so that a larger grip i;
usF:d for larger disks. However, grip is also affected by the context: Larger
grip aperture is found with a small surrounding context than with a large
surrounding context.
' Clear effects of visual context can also be found when there is relatively
little opportunity to correct the choice of posture in the course of the
movement. In the task used by Glover and Dixon (2001a), subjects reached
qut and gra_sped a short wooden dowel with their thumb and forefinger with
either a wrist-abducted (thumb-right) posture or a wrist-adducted (thumb-
left) posture. An important aspect of the task was that it was awkward or
costly in terms of time and effort to change grip posture after the movement
was under way. In order to examine effects of visual context, the bar was
placed on a background grating that was oriented either 10° clockwise or 10°

55

53}
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51
501 Large Context

49

Grip Aperture (mm)
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Fig. 6. Grip aperture at 50% of reach in the data of Glover and Dixon (2002a) as a function

h curves depict the model simulation described in the
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counterclockwise from the sagittal plane. When the background was orient-
ed counterclockwise from sagittal, the bar appeared slightly more clockw.lse
than when the background was oriented clockwise from sagittal, and vice
versa. That is, the orientation of the bar relative to the t?ackground _had an
effect on the perceived orientation of the bar. As shown in Fig. 7, this effect
was also reflected in the choice of posture: Wrist-abducted postures were
more likely with the counterclockwise background, and wrist-adducted
postures were more likely with the clockwise backgrour'ld. :

Other evidence that illusions can affect action planning was obtained by
Glover and Dixon (2004). In this case, subjects were asked to jump .from one
end to the other of a Miiller—Lyer illusion laid out on .the ﬂoqr. As in Glover
and Dixon (2001a), it was difficult to adjust one’s trajectory in the course of
the movement, and, similarly, the visual context had an effect on .perf_or-
mance: Subjects jumped farther for the “wings out” version of the illusion
figure than for the “wings in” version.

2. Model

The role of many context-induced visual illusions in motor control' is
straightforward to explain in the present framework. Indeed, Bay§s1an
accounts of perceptual phenomena have some precedent (e.g., Knill &

1.0

—10° Background
Grating
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P(Wrist Abducted)
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Fig. 7. Posture choice in Glover and Dixon (2001a) as a functic?n of visual context and bar
orientation. Smooth curves depict the model simulation described in the text.
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Richards, 1996). For example, Richards, Jepson, and Feldman (1996) dis-
cussed the role of context in the interpretation of line drawing elements;
Weiss, Siomcelli,-and. Adelson (2002) used Bayesian estimation to account
for some visual motion illusions; and Mather (2000) suggested that some
geometric illusions could be explained by Bayesian integration mechanisms.
In the present application, we assume that, in the world, visual context is
correlated with other aspects of the visual array. As a consequence, context
is predictive of the posture required to grasp the target. Consider the
Ebbinghaus circles illusion. In this effect, for example, adjacent larger circles
make the central target circle appear smaller. However, from a Bayesian
perspective, this is perfectly sensible because in the world, small objects are,
on average, smaller than surrounding objects. Thus, the size of an object
relative to its surround will be predictive of its absolute size. Moreover, there
is some reason to suspect that under a range of circumstances, perceptual
information about relative size will be more readily available than informa-
tion about absolute size. For example, if the stimuli are viewed without head
movements and without other surrounding visual context, the perceptual
cues to distance may be minimal, and, consequently, estimates of absolute
size based on the retinal image would have a degree of uncertainty. However,
estimates of relative size would be unaffected by variation in distance: An
object that is 10% larger than nearby objects will remain 10% larger regard-
less of the distance to those objects. The result is that, prior to the move-
ment, the subject may know how much smaller or larger the target is relative
to the surrounding circles but may not have accurate information about the
absolute size of the stimuli. Under such conditions, it would not be
surprising if relative-size information contributed to the estimation of the
movement parameter.

To be more precise, we assume that the internal representation of size is
logarithmically related to physical size. This would be consistent with the
Weber—Fechner scaling of size magnitude and is likely to be at least approx-
imately true under other formulations. A logarithmic representation of size
implies that relative size (measured as the ratio of the size of the target to the
size of the surrounding circles) would correspond to size difference in the
internal representation. Suppose further that the represented size of grasp-
able objects one encounters has a normal distribution and that the repre-
sented size of a second object in its immediate surround has a similar,
independent distribution. In that case, relative size (i.e., the difference in
the represented sizes) will also have a normal distribution and will have a
correlation of .7 with the actual size of the target object. Thus, in principle,
relative size should be predictive of the absolute size. The extent to
which relative size should influence grip aperture will depend on how reliable
the relative size and absolute size information is in the environment in which
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the grip aperture has to be selected. However, if the absolute size informa-
tion is at least partially fallible, one would expect to see some eff@ct of
independent information concerning relative size: Indeed, as we previously
argued, in many contexts relative-size information F:ould be much more
robust and precise than information about absolute size.

To apply these considerations to the choice of movement parameters, we
assume that estimates of the movement parameter can be gene.rated based on
both relative size information, r, and absolute size information, a. In ea.ch
case, a parameter value is selected based on prior movements associated with
that information, namely, m, and m,. In general, the movement parameter
based on absolute size and that based on relative size will be corr.elated.
However, we may write the estimate of the movement by calculating the
unique contribution of each:

Hmlar = (1 — Pmar — pmr.a),um + PmarMa + Pimr.aMy (4>

where p,,.,., and p,,, , are partial correlations that index thc? unique contrlbq-
tion of @ and r. This result is formally similar to that in Eq. (2), gnd it
produces similar patterns of predictions. The match pf this fo.rmul_atlon to
the grip aperture data of Glover and Dixon (2001a) is shovyn in Fig. 6. As
can be seen, the approach readily accounts for the effect of visual context on
grip aperture early in the reach. : wos ot sens i

The same approach suffices for the orientation illusion {nvestl.gated by
Glover and Dixon (2001a). In this case, we assume that the orientation Qf the
bar relative to the background is mildly predictive of the absolute or}enta-
tion of the bar. Consequently, if the absolute orientatioq of the bgr is not
immediately apparent, the relative orientation would provide some informa-
tion about the appropriate movement parameter. As before, we argue th2)1t
the predictive value of relative orientation accrues from an individual’s
history of actions in the world. For example, it seems plausible to suppose
that there are commonly visual elements in one’s work.space that are aligned
roughly with the sagittal plane. Such elements might include the edges of i
desk or table, pieces of paper or tools, and so on. Thege elements in eﬁec
generate a frame of reference against which the orlentgtlon' of o.ther objgcts
might be judged. As argued with respect. to relative size, 1nformat10r;
concerning the orientation of objects rela_tlve to that. frame of rgferepc_
might be much more precise than information concerning egocentric orler}c
tation. Moreover, relative orientation will be predlctlye of .egocent.rlh
orientation even when the frame of reference is not. precisely ahgnedlwi !
sagittal. On average, for example, objects thgt are oriented some\?vha}f c ocrk
wise from sagittal will also tend to be clockwise of oth.er elements in tf e 1nge
space. Given this analysis, Eq. (4) applies just as readily to the use of rela
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orientation as it does to relative size. In Fig. 7, we assume that positive
values of the movement parameter indicate a wrist-abducted posture, and
Eq. (4) is used to predict the probability that the parameter is greater than 0.

As with the size illusion, the approach provides a good account for the
obtained results.

D. DyNAMIC VISUAL CONTEXT EFFECTS
1.  Evidence

A critical result for understanding effects of visual context is that those effects
vary over the course of the reach trajectory. Early in the reach, the visual
context has a fairly large effect on grip aperture, and this effect gradually
declines as the hand approaches the target. This pattern of results has been
obtained with the Ebbinghaus circles illusion (Glover & Dixon, 2002a), with
the background-induced orientation illusion (Glover & Dixon, 2001a,b,c),
with the Muller-Lyer illusion (Heath, Rival, & Binsted, 2004), with visual
feedback (Glover & Dixon, 2001a,c, 2002a; Heath et al., 2004), and
without visual feedback (Glover & Dixon, 2001a,c, 2002a; Heath et al.,
2004).

A central consideration in evaluating such results is what counts as a
“fairly large” effect. Glover and Dixon assessed the magnitude of the illusion
effects by comparing them to the effects of the physical stimulus at the same
point in the movement trajectory. For example, early in a reach, there is only
a small effect of the physical size of a target disk on grip aperture, and
consequently one would expect effects of visual illusion to be similarly small.
As the reach progresses, the effect of disk size on grip aperture become more
pronounced, and one would expect visual illusion effects to be more appar-
ent as well. Thus, one technique used to assess the magnitude of the visual
illusion is to scale those illusion effects by the size of the effect of the physical
stimulus.

This pattern of results can be seen in the results of Dixon and Glover
(2001). In these experiments, subjects grasped a target disk that was either
28, 30, or 32 mm in diameter; adjacent to the target was a context disk that
Was either smaller (26 mm) or larger (34 mm). The context disk generates a
contrast effect comparable to that obtained with the Ebbinghaus circles
illusion, so that in perceptual judgment tasks, the target is judged as smaller
alongside a large context disk and larger alongside a small disk. Figure 8
shows the effects of the physical disk size and the visual illusion over the

- course of the reach. In the upper curve, the effect of disk size is expressed as
e the slope of the grip aperture x disk function; the lower curve indicates the

] Size of the context effect (i.e., the difference in grip aperture between small

- and large contexts). Clearly, the effect of disk size increases over time; the
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Fig. 8. Effect of context and disk size in Dixon and Glover (2001) as a function of
movement proportion. Smooth curves depict the model simulation described in the text.

effect of context initially increases as well, but then it declines as the hand
nears the target. Figure 9 shows the scaled context effect, that is, the effect of
the context divided by the magnitude of the disk size effect. Based on the
scaled context effect, our analysis is that the effect of the context is large
initially and decreases monotonically over time. Concurrently, the effect of
the represented disk size increases over time as the grip comes to be adapted
to the size of the disk. These two trends combine to generate the nonmono-
tonic trend shown for the “raw” context effect shown in Fig. 8. The raw
effect of the illusion is largest at about halfway through the reach. At this
point, there are fairly substantial effects of disk size on grip aperture, but the
hand is still far enough from the target that the effect of the illusion has not
been reduced completely.

Glover (2002; see also Glover & Dixon, 2001a) interpreted these and
similar results as supporting a distinction between action planning and
action control, rather than a distinction between perception and action as
argued by Milner and Goodale (1995). He suggested that the initial planning
of the action depended heavily on contextual information in the stimulus
environment and, as a consequence, was influenced by the context-induced
visual illusions such as the Ebbinghaus circles display. Subsequently,
though, different visual information is used in the course of the online

- Depending on the experimental
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control of the action. This control information is tuned to the discrepancy

between the hand posture in the course of the reach and the

contours. Consequently, final target
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t }ftl(‘ﬁl is much less affected by the visual illusions, and the magnitude of
¢ 1llusion effects decreases as the movement trajectory unfolds

2. Model
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acccz;:ircl:tr ;greﬁplam dynamic effects, we build on the formulation of Eq. 4) to
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e ge over time rather than simply
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from the experimenter to initiate the movement. Second, we assume that new
information becomes available as the movement unfolds. An obvious com-
ponent of such new information is the discrepancy between the current
movement parameter and the target. Because movements are usually not
planned perfectly, such discrepancy will be associated with suitable correc-
tions of movement parameters in an individual’s history of movements.
Discrepancy information can be critical because it is likely to be much more
precise and reliable than other perceptual information as the movement
progresses. One can readily see, for example, whether a grip aperture is
smaller or larger than a target to be grasped as the hand nears the target.
Even without visual feedback, proprioceptive information concerning hand
posture is likely to become more precise as the hand moves (e.g., Pagano &
Turvey, 1995). Consequently, the estimation of a movement parameter
based on the relationship between the current state of the effector and the
target is likely to be very precise and reliable late in a movement.

Prediction based on discrepancy is, of course, simply another way of
saying that movement control uses feedback. The only point of putting it
in these terms is to demonstrate that the use of feedback can be conceived
as another way of estimating movement parameters based on memory.
In particular, feedback can be included in the estimate of the movement
parameter as follows:

Hmjarad = (1 = Pmard = Pmrad — pmd.ar)ﬂm + PmaraMa (5)

+Pmr.aamy + Pmd.arMg

As before, the p parameters are partial correlations that index the contribu-
tions of each source of information, independent of the others, and the ms
indicate the corresponding movement parameter values. The dynamic effects
of context arise in this approach because the availability of the discrepancy
information follows a different time course than the relative and absolute
size information. Thus, to be more precise, the formulation should be:

,um[a,r,d(t) = [1 s u(t)pma.rd R u(t)pmr.ad o V([)pmd.ar],um (6)
+u(t)pma‘rdma & = u(t)pmr.admr = V(t)pmd.armd

Here, u(r) increases after the onset of the stimulus or movement signal, and
¥(?) increases as the movement unfolds. Thus, although both  and v increase
monotonically over time, u is assumed to increase relatively early in the
movement trajectory as stimulus information is processed and the goal of
moving to target is formed, whereas v increases more slowly as discrepancy
information is acquired over the course of the movement. The predictions
represented by Eq. (6) concern the estimated value of relatively high-level
movement parameter, rather than the kinematics of the physical movements
themselves, and in a more complete account these predictions would have to

—ﬁ—
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be filtered through a model of the actual movement mechanics. Nevertheless,
as shown in Fig. 8 and 9, this simplistic formulation successfully captures the
essential features of the dynamic effect observed by Dixon and Glover
(2001). In Figure 8, the left axis shows the effect of the actual size of the
object (represented as the slope of the grip aperture x disk size relation),
represented in Eq. (6) by u(?) pmaram, + V() Pma.armg. The right axis shows
the effect of context as predicted by U(t) Py aamy. It increases at first because
the movement takes time to be planned and executed; the effect decreases
near the end of the reach as more reliable information becomes available.
Figure 9 shows the predicted effect of the illusion when scaled by the
predicted effect of actual target size.

E. SEMANTIC EFFECTS
1.  Evidence

Several authors have demonstrated that effects of context on reaching are
not limited to visual context but also include apparently irrelevant semantic

short distance away. Specifically, higher peak velocities were observed when
reaching to objects labeled “long” than to objects labeled “short,” similar to
that observed for objects that are actually farther away (Jeannerod, 1984).

subsequent reaching and grasping movement than the word grape, even
though the words were not predictive of actual object size.

In many ways, these semantic effects are similar to the effects of visual
illusions. For example, they are found near the middle of the reach
trajectory, and they tend to be minimal by the time the hand reaches the

reach. Our interpretation of these dynamic effects is comparable to that

. Proposed for effects of visual illusions: The effect increases initially as

the system responds to the target and the signal to move, and then
decreases as discrepancy information becomes available over the course of

- the movement.
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Fig. 10. Effect of semantic context in Glover et al. (2094) as a function of movement
propoftion. Smooth curves depict the model simulation described in the text.

Another, quite different source of evidence concerning semantic ?gg%t)s
comes from experiments by Bargh (e.g., Barg‘lz, Chen,”& Burrolzvs, ntl.
When subjects were primed with the concept “elderly, 'Fhey su seqlue y
walked more slowly when leaving the lab. On our analys1s,~ this resu tdmag
occur because the activation of an “elderly” stereotylplg f)ninesb relzg;ie \?ed

i i i i ikely to be r

tions, including slow walking, and these are more !
dll?ring the subsequent planning and control of actlops. We suspect that dﬂ]]gls
priming may be comparable to the priming of grasping posture observc.:t nz
Glover et al. (2004; Glover & Dixon, 2002b) and Gentilucci and Gangita
(1998; Gentilucci et al., 2000).

2. Model

Because of the similarity to the visual illusion effects, it is nffot surpr1ws1§ig E}lﬁé
the same computational framework suffices fqr sema.ntl.c e efcts (a;sor ac.tions
critical step is to note that semantic context is pr.ed{ctlve o Illna e
just as the visual context is. For example, whep picking up raan ftlfl er,. o
typically thinking about. the c.onﬁeptthgfkaiﬁglz gl;ucinger :;/;}; c; W On‘, i
picking up a grape, one is typically lin ab s ) ol
ivati the apple concept is predictive of the pos ne:
;};Zszcgga;g);e?fand thgpactivation of the grape concept is predictive of a
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grape-grasping posture. Of course, the predictive value of such activations is
not very high since there are many circumstances in which the one may think
about these concepts without grasping the objects. Nevertheless, as in the
previous development, these weakly predictive effects can contribute to the
estimation of the movement parameter when other sources of information

are not perfectly reliable. F ormally, the prediction is precisely the same as
that for the effects of relative size context:

,Ufm[a,e,d(t) = [1 - u(t)pma.ed - u(t)pme.ad = V(t)pmd.ae},um (7)
+u<t)pma.edma + u(t)pme.adme =+ V(t)pmd,aemd

except that here, the prediction is based on the semantic context, e, rather
than relative size. The model predicts the same form of dynamic effect, and,

as can be seen in Fig. 9, it provides a reasonable match to the obtained
results.

F. SummaRry

We have outlined a variety of results pertaining to the influences of visual,
experiential, and experimental context on action and have demonstrated
how each can be explained by assuming that movement parameters are
estimated on the basis of previous experience. The core idea in this frame-
work is simply that people have a great deal of available information about
previous actions and that this information is used in an optimal (i.e., Bayes-
ian) fashion to estimate movement parameters in the current context.
Because it is reasonable to suppose that actions are often repeated, these
assumptions predict repetition effects in posture choice and speeded re-
Sponse tasks; because a target’s visual context is often predictive of the
appropriate posture, we can predict effects of context-induced visual illu-
sions on action; because feedback and other sources of information become
available in the course of an action, we can explain the dynamic time course
of illusion effects; and because semantic context is predictive of actions,
We can account for semantic effects on movement trajectories as well. Thus,
the approach integrates a wide range of different kinds of effects under a
single conceptual and computational framework.

Alternative explanations have previously been proposed for some of these

- results. For example, repetition effects in response time have been explained

- by “shortcut” processes that curtail computation of a response when the
Stimuli on successive trials match, and the dynamic illusion effects have been

. €xplained on the assumption that different visual pathways subserve action
. Planning and action control. Our argument, though, is that the memory and

- action framework is more general and parsimonious because it subsumes
. these other explanations. For example, the use of a distinct visual pathway




166 Dixon and Glover

during action control can be thought of as simply another source of infor-
mation that can be used as a memory retrieval cue to make dynamic predic-
tions of movement parameters. However, in Section IV we review several
other results that would seem to implicate specifically the ability of the
motor control system to make Bayesian-like predictions based on previous
experience. These results provide evidence for something akin to the present
approach over and above any gain in parsimony or comprehensiveness.

IV. Other Evidence on Memory and Action

A. PREDICTIVENESS OF RELATIVE SIZE

One result that seems to implicate the use of memory in action derives from
the manipulation of the predictiveness of visual context in an experimental
session. The usual manner in which one would vary visual context in an
experiment would be to factorially manipulate the contextual information
and the physical nature of the target. For example, in Dixon and Glover
(2001), 28-, 30-, and 32-mm target disks were paired with either a 26-mm
context disk or a 34-mm context disk. Although this design ensures that the
size of the context disk does not predict the size of the target, relative size in
fact does predict the target. For example, if relative size is defined as the size
of the target divided by the size of the context, there is a modest correlation
of .38 between relative and absolute size. Thus, irrespective of the movement
history with large and small objects, one should expect an effect of relative
size simply on the basis of the experience subjects have with the stimuli in the
experiment.

A straightforward test of this interpretation is to alter the design of the
stimuli so that relative size is no longer predictive of grip aperture. Dixon,
Glover, and Schneider (2003) used context disks that were either a fixed
percentage larger or a fixed percentage smaller than the target. The results of
this manipulation are compared to the usual, orthogonal manipulation of
context size in Fig. 11. The results demonstrate that in the crucial middle
portion of the reach trajectory, the orthogonal manipulation of context pro-
duces a greater effect of context on grip aperture than when relative size is fixed
and provides no information. This result strongly suggests that the dynamic
effect of visual context depends on the predictive value of that context.

B. RELIABILITY OF PERCEPTUAL INFORMATION

Another manipulation that should produce related effects pertains to the
reliability of perceptual information. In general, the magnitude of the con-
text effect (i.e., pmraa in Eq. [6]) Will depend in a complex way on the

] nerease the effect of relative size informati
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shown in the figure as well; the differing results. for the Fwo conditions Ivetts
generated simply by varying the reliability of information about absolute

size.

C. ADAPTATION TO EXPERIMENTAL CONTEXT

A third source of evidence pertaining to the inforrzlza(;[(i)\;%riess ?if tt}lfee Ocroigrtlzt
i d Dixon use -
comes from adaptation effects. Glover an i : LA
ion illusi i d Dixon (2001a): Subjects reac
tion illusion previously used by Glover an . . b .
out and picked up a bar resting on a grating oriented Iei1therth f:loclzvrvlhsz r?lr
i i rather than changing r -
10° counterclockwise from saglttal: However, . e
ly from trial to trial, the orientation of the background grating remal(rjlfin
fixed for a block of 14 trials. While a clear effect of context was cibser\;znse
the first half of each block, it disappeared by thq secopd haflf.h nbzr (Wé
subjects had become “adapted” to the illusory orientation of the .sition
use the term experimental context to refer to such effects of the cc;ntaﬁ)oVisual
of blocks of trials, and reserve the term visual context for effects of the
ray on any given trial.) ; 3
arT})llese res?llftgs are precisely what one would ex;;ect if thte 1;1126\:, eonf1 erIi:tAs
i ion i i i by memory for recen ts.
ntation information was mediated : / o
g?eifiously argued, the orientation of objects relative to other elements in

. Parameters. On our analysi

Action and Memory 169

work space might be much more precise than egocentric orientation. How-
ever, because objects in the work space are unlikely to be perfectly aligned,
corrections would need to be applied dynamically in grasping targets. The
crucial observation is that, as long as the workspace is relatively stable, the
corrections applied on one reach would be similar to those applied on
subsequent reaches. Thus, because the correction applied on previous trials
is likely applicable to subsequent trials, it can be used in estimating the
movement parameters. In effect, the adaptation effect is a form of repetition
effect, but pertaining to corrections. In this respect, the adaptation effect is a
natural generalization of the results simulated so far. More formally, these
ideas can be expressed as a variation of Eq. (4):

Hmlark = (1 = Pmark = Pmr.ak — Pmk),um + PmarMg + Pmr.aly + Ppgy (8)

where £ is the history of corrections, Pmi indexes how reliable those correc-
tions are as an estimate of the movement parameter on the current trial, and
my is the estimate of the movement parameter based on those previous
corrections. We assume that My represents the pooled information from
previous trials according to an exponential weighting function, so that the
most recent trials are most likely to be predictive of the current trial and
more distant trials less likely. This would seem to capture the notion that the
elements of the workspace that comprise the frame of reference are only likely
to be stable in the short term (cf. Scheidt, Dingwall, & Mussa-Ivaldi, 2001).

D. MEMORY-CONTRAST EFFECTS

Another type of evidence for the role of memory in action comes from the
work of Haffenden and Goodale (2002a,b). Haffenden and Goodale (2002a)
used a surface texture as a cue to an object’s size. For example, a texture of
triangular shapes might be associated with large objects, and a texture of
circular shapes with small objects. Subsequent reaches to a medium-sized
object were influenced by the texture on its surface, so that, for example, grip

-~ aperture was smaller when the surface texture matched the previously viewed

large objects. This result suggests a memory-based size-contrast effect. For
example, experience with the large objects of a particular texture makes the
medium-sized object with the same texture appear smaller by comparison,
and this effect was evident in the grip trajectory. Haffenden and Goodale

" (2002b) examined the consequences of varying a target’s position on such
- Cue effects (using color in this case rather than surface texture). Cue effects
. Were observed for movements made to targets presented in a single location
: but not for movements to targets whose location varied.

These results clearly implicate memory in the selection of movement
s, the size of an object relative to previous
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encounters with similar objects can function as a relative-size cue just as does
the size of an object relative to other objects in the work space. Thus, we can
account for this result using a variant of Eq. (4), except that the information
about relative size would be based on memory rather than comparisons to
other, simultaneously visible objects. Consistent with our analysis of repeti-
tion effects, the use of memory in these circumstances is specific to the details
of the action and the situation. Thus, varying target position reduces or
eliminates the cue effects because movements of a different type (i.e., to a
different location) are relevant to the estimation of the movement parameter.

V. Relation to Other Approaches

Although the present proposal is unique in at least some respects, it is closely
allied with a variety of extant theories. Perhaps the most germane is the theory
of motor control proposed by Rosenbaum, Loukopoulis, Meulenbroek,
Vaughn, and Englebrecht (1995). They proposed that actions were accom-
plished by evaluating stored postures in terms of their match to a target. The
stored postures in turn determine both final joint angles needed to arrive at the
target and (implicitly) properties of the movement trajectory. What is differ-
ent about the present proposal is that we assume that the use of the stored
postures is based not on the intended target position but rather on task goals
and the stimulus configuration. Further, much of the power in our framework
derives from the more general use of context to constrain an extensive
memory for previous actions.

Smith et al. (1973) proposed a conceptually related approach to account
for repetition effects on response time. They argued that in order to identify
a response, the stimulus must be compared to a set of possible stimulus-
response pairs in short-term memory. To explain repetition effects, they
assumed that the search of short-term memory was ordered by recency, so
that the stimulus responded to on a recent trial is more likely to be encoun-
tered first. This is comparable to our framework in that contextually appro-
priate responses are selected from memory based on the match to the current
stimulus configuration. Although we would not exclude the possible involve-
ment of short-term memory in our approach, we assume that the selection of
a response depends more generally on a long-term memory repository of
previous actions. Moreover, the recency effect in our account follows in &
straightforward fashion from the principles of optimal estimation rather
than requiring ad hoc assumptions concerning the ordering of search.

The present conception is also similar in many respects to the instance
theory of automaticity (Logan, 1988). In this account, memory traces of
prior episodes with a stimulus and task race independently, and the winner

—*—
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determin i i
1.ncreasese;: the response on a given trial. Because the number of instances
ver time, the average speed of the winner will increase, in keeping
i 3

Ci
a t g £
> g
pIESGIlt appIC&Ch, S EStlIIlate mov EllleIlt paIaInEtCIS based on a F CSteIlCI

tline), the selectiqn of that previous instance might have some of the sam
p cI;p‘er(til.es as the independent race process envisioned by Logan .
Scrib(;fj Lrﬁeatr(l)d W(;)?eﬂt (2004) used precisely the same mechanics as de
model the control of saccadic e i !
g y€ movements. In particular
' ction of a movement parameter i
estimation based on previous i i Ay
experience. Similarly, Vett
(2000) developed a related B i iR e
. ayesian account of some
; i aspects of movemen
ynamics. However, the concern in these studies was with the integration o;

;1%1; ;\;ﬁg ‘?1315; tﬁ?}e}: potentially larger role of memory for action was not
ocus. The present work builds on these ;
o . ' n these ideas but accounts for
ge of visual and semantic contex
_ t effects by assumin
ac}l{zxelsBare bgsed on a large repository of previous actions in memor}}/g o
Andersoiyemgn Ne{tpproach to the use of memory is also related to the idc;as of
' an ilson (1989). They proposed that the current context pro-
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VI. Conclusion

We argue that the role of memory in action provides a coll;ct;fontof pox;v:triilﬁ
inci derstanding a wide range of effects on

explanatory principles for un . . g e

i he interpretation of action
and action control. Moreover, t ; e
i imati t parameters provides a variety .

Bayesian estimation of movemen i
isi dictions. For example, as predic y

and perhaps surprising pre . o et

iti ffects on posture choice are medi
proach, repetition e n pe . e
imilarity; i llusions and visual contex p
similarity; effects of visual i . ta e
i i tion about the target is impov ;
larger when other visual informa ; o v
i i ientation cues vary with the exp
effects of relative size and orien . e,
have provided merely an ou

context. In the present chapter, we . rc i
i icati f these ideas and have only tou

more comprehensive application o : e PR

lysis that would ultimately .
few aspects of the conceptual ana i .

;everthgess we believe that the present demonstrations provide clear

evidence of the power of this approach.
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SELF-GENERATION AND MEMORY

Neil W. Mulligan and Jeffrey P. Lozito

I. Introduction

It 13 probably r‘egarded as a truism that active or self-initiated encodin,
%loe ruces Superior memory than does passive or perceptual encodingg.
3 61: are any number pf re'search areas that support such a view. In educa-
lona researgh, much is written on the superiority of active as opposed to
gg(s)zl)veR learning strategies.(e.g., Kalem & Fer, 2003; Michael & Modell
E bétteersiz;;:}; n(:ge?:gs?ﬁ:fz ;yplcalli/ shows1 that self-generated argument;

guments supplied by a speaker (e.g., Pett

Ostrom, & Brock, 1981). Memory research indicates that carryi & .
ﬁzgroig produ(t:)es1 better' memory for the act than merely viewing ti/lenfc:)igfl zcl)rrl
iy %erln\gr acdiscrlptlon of the action (the enactment effect; Engelkamp,
Like\’mse e:é tc? en, Guynn, Engelkamp, Kormi-Nouri, & Foley, 2001).
o t,h egS rating vgrbal materials leads to better memory than does
P o tftme mat.erlals (the generation effect; Slamecka & Graf, 1978).
B Well'o semantic elal?oratlon may ‘pe encompassed in this generaliza-
i .ﬂg;reeall;eart ::ir:llla;ngc ;la}tlborgtlon 1mplies both greater active involve-

: nd heavier reliance on self-inijti i
(e.g.,‘ fl“allby. & Haslam, 2003). This idea is also implllil;:llalgi/d tﬁzg(r:ie:sslré%
ve a , With a con i

;eg(il-lrcetll;r; (;ndzczllf.’-lmtl.ated encoding (and retrieval) processes, as thecloorcrzlllltsag;
i Ines in memory (F:.g., Anderson & Craik, 2000). These and
ndings are quite supportive of the traditional view ‘“that material
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